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ANOTACIJA

Eiropas zalais kurss un mérkis sasniegt klimatneitralitati 117dz 2050. gadam pieprasa butiskas
parmainas bioekonomikas un energétikas nozarés. Parmainu TstenoS$anai nepietiek tikai ar
tehnologiskiem risinagjumiem, nepiecieSama ari politikas transformacija, kas balstas jaunakajos
zinatnes atklajumos un nodro$ina saskanotu ricibu dazados parvaldibas limenos. Efektiva un
koordingta politika ir priekSnoteikums resursu ilgtspgjigai parvaldibai, emisiju samazinasanai
un inovaciju ievieSanai praksé. Lai arT Eiropas Savienibas limenT noteiktie mérki ir skaidri
defin@ti un Skietami pietiek tikai ar to TstenoSanu, praksé progress dalibvalsts ir nevienmerigs.
Vairaki mérki — atjaunojamo energoresursu izmanto$anas palielina$ana, energoefektivitates
uzlaboSana, blakusproduktu parstrade un emisiju samazinaSana — netiek pilniba Tstenoti. Tas
notiek neskatoties uz to, ka tehnologijas ir kluvusas ekonomiski pieejamakas, un jau pieradits,
ka ievieSot pat vienkar$us pasakumus, pieméram, energijas taupibas praksi vai blakusproduktus
izmantojot augstakas pievienotas vértibas produktos, iesp&jams panakt biitiskus uzlabojumus.
Tadg] batiski identificét aspektus, kas kavé pareju uz ilgtspejigaku saimnieko$anas modeli. Saja
promocijas darba tiek analizgtas iesp&jamas barjeras un kavekli klimata politikas planoSana un
ievieSana, kas var biit saistiti gan ar administrativiem $kerSliem un politikas fragmentaciju, gan
ar vilcinasanos dalibvalstu lTmenT ieviest nepiecie§amas parmainas prakse.

Promocijas darba meérkis ir izstradat analitisku ietvaru klimata politikas novertésanai,
balstoties uz politikas saskanotibas analizi, $kér§lu un nepilnibu identificésanu un politikas
ievieSanas dimensiju izvertgjumu, lai formul€tu secindjumus un ieteikumus ilgtsp&jigakai
resursu parvaldibai. Darbs ir starpdisciplinars pétijums, kura apvienotas vides inZenierzinatnu
un politikas zinatnu metodes, pielietojot kvalitativu satura analizi, daudzkriteriju [émumu
pienemsanas metodes (TOPSIS, AHP), stratégiskas planosanas un izvértéjuma metodes (SVID,
TOWS), ka arT empiriskas datu vaksanas metodes un aptaujas.

Promocijas darbs ir veidots ka publikaciju kopa, kas balstas devinas tematiski vienotas
zinatniskajas publikacijas, kas izstradas doktorantiiras studiju ietvaros. Darba 1. nodala sniegts
literatiiras parskats par starptautiska un ES Itment noteiktajiem klimata mérkiem, analizgta
klimata politikas nozime to sasniegSana. 2. nodala aprakstitas galvenas promocijas darba
izmantotas metodes un to lietojums petijumu konteksta. 3. nodala ietver rezultatus un diskusiju,
kas strukturéti tris pétijuma segmentos: (1) politikas saskanotibas novert&jums, kas lauj noteikt
ogleklsaistigas lauksaimniecibas, bioekonomikas un energoefektivitates politiku horizontalo un
vertikalo koherenci; (2) §k&r$lu un nepilnibu identificé$ana politikas optimizacijai, izmantojot
gadijuma izp&tes atjaunojamo energoresursu un meza bioekonomikas sektora; (3) politikas
ievieSanas dimensiju analizi, ietverot rekomendaciju izstradi ilgtsp&jigiem risinajumiem
profesionalas izglittbas un akvakultiras nozargs, ka ar1 sabiedribas informétibas un
komunikacijas aspektus. Darbs tiek noslégts ar galveno pétijuma secinajumu apkoposanu.

Promocijas darbs ir izstradats latvieSu valoda, tas sastav no 302 lapaspusém, ieklaujot 9
pielikumus, ietver 31 attélu, 19 tabulas, 16 vienadojumus un 377 atsauces.



ANNOTATION

The European Green Deal and the goal of achieving climate neutrality by 2050 necessitate
substantial modifications to the bioeconomy and energy sectors. Technological solutions alone
cannot bring about this change; policy transformation based on the latest scientific findings,
ensuring coordinated action at various levels of governance, is also necessary. Effective and
coordinated policy is essential for sustainable resource management, reducing emissions, and
implementing innovation. Although the European Union’s targets are clearly defined, progress
in the Member States has been uneven. Several targets, such as increasing the use of renewable
energy sources, improving energy efficiency, recycling by-products, and reducing emissions,
are not being fully implemented. This is despite technologies becoming more affordable and
simple measures, such as energy-saving practices or using by-products in higher-value
products, being proven to lead to significant improvements. Therefore, it is important to identify
the factors hindering the transition to more sustainable management practices. This doctoral
thesis analyses possible barriers and obstacles in policy planning and implementation, which
may be related to administrative barriers, policy fragmentation and hesitation among Member
States to implement the necessary changes.

The doctoral thesis aims to develop an analytical framework for assessing climate policies.
This framework is based on policy coherence analysis, the identification of barriers and gaps,
and the assessment of policy implementation dimensions. The aim is to formulate conclusions
and recommendations for more sustainable resource management. This interdisciplinary study
combines methods from environmental engineering and political science. Qualitative content
analysis, multiple-criteria decision analysis methods (TOPSIS and AHP), strategic planning
methods (SWOT and TOWS) and empirical data collection methods are employed, as well as
surveys.

The doctoral thesis is structured as a collection of nine thematically unified scientific
publications developed during the course of the doctoral studies. Chapter 1 provides a literature
review of climate targets set at international and EU levels, analysing the importance of the
climate policy in achieving these targets. Chapter 2 describes the main methods employed in
the thesis and how they were applied in the context of the research. Chapter 3 contains the
results and discussion, structured into three research segments: (1) an assessment of policy
coherence to determine the horizontal and vertical coherence of carbon farming, bioeconomy
and energy efficiency policies; (2) an identification of barriers and gaps for policy optimisation,
using case studies in the renewable energy and forest bioeconomy sectors; (3) an analysis of
policy implementation dimensions, including the development of recommendations for
sustainable solutions in vocational education and aquaculture, as well as public awareness and
communication aspects. Thesis concludes with a summary of the main research findings.

This doctoral thesis is written in Latvian, consists of 302 pages including 9 appendices and
contains 31 figure, 19 tables and 16 equations, as well as 377 references.
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LIETOTIE SAISINAJUMI

AER — Atjaunojamie energoresursi

AHP — Analitiskais hierarhijas process

ANO - Apvienoto Naciju Organizacija

CO2 — Oglekla dioksids

CRCF regula — Eiropas Parlamenta un Padomes Regula (ES) 2024/3012 (2024. gada 27.
novembris), ar ko izveido Savienibas sertifikacijas satvaru pastavigai oglekla piesaistei,
ogleklsaistigai saimniekoSanai un oglekla uzkrasanai produktos

EAA — Ekosistému pieeja akvakultiirai

ES — Eiropas Savieniba

IAM — 17 ilgtsp@jigas attistibas mérki

IMTA — Integréta daudzlimenu akvakultiira

loT — Lietu internets

[PCC pamatnostadnes — 2006. gada Klimata parmainu starpvaldibu padomes pamatnostadnes
par valstu siltumnicefekta gazu inventarizaciju

IPRS — Diku tidenscelu sisteémas

IVN — letekmes uz vidi novértgjums

KLP — Eiropas Savienibas Kopgja lauksaimniecibas politika

LPP — Labakas parvaldibas prakses

MCDA - Daudzkriteriju lémumu pienemsanas metodes

MI — Maksligais intelekts

MVA — Megavoltampéri

NEKP2030 — Latvijas Nacionalais energgtikas un klimata plans 2021-2030

PAS — Sadalitas akvakulttiras sist€émas

PIKC - Profesionalas izglitibas kompetences centrs

PV — Fotoelementu paneli

RAS — Recirkulacijas akvakultiras sistémas

SAW — Svérto summu metode

SEG - Siltumnicefekta gazes

SES — Saules elektrostacijas

SLP — Sistematisks literatliras parskats

SVID - Stipras un vajas puses, iesp&jas un draudi

UNFCCC - Apvienoto Naciju Organizacijas Vispargja konvencijas par klimata parmainam
VES — Vgja elektrostacijas

TOPSIS — Alternativu prioritiz€Sana p&c lidzibas ar idealo risinajumu

TOWS - Draudi, iespgjas, vajas un stipras puses (Threats, Opportunities, Weaknesses,
Sthrenghts)

ZIZIMM — Zemes izmanto$anas, zemes izmanto$anas maina un mezsaimnieciba

Piezime par tulkoSanu. Darba sagatavoSana izmantots MI balstits tulkoSanas riks DeepL
(maksas versija) publikaciju tulkoganai latvieSu valoda. Autore ir parskatijusi un rediggjusi
tulkojumu un uznemas pilnu atbildibu par satura precizitati.
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IEVADS

Eiropas Savienibas (ES) dalibvalstis ir ieguldijusas ievérojamus resursus, lai nostiprinatu
ES ka ietekmiga regionala un globala dalibnieka nozimi. Vienlaikus katra dalibvalsts
individuali ir veicinajusi kop&o Eiropas projektu, uzpemoties saistibas un integréjot ES
politikas prioritates savas nacionalajas stratégijas. ES nevar skatit ka argju, no dalibvalstim
atdalitu strukttiru, jo ta pastav, tikai pateicoties dalibvalstu iesaistei un atbalstam. Tadgl
mérkiem, kas noteikti ES ITmenT, piem&ram, klimatneitralitates sasniegSanai, ir jabiit savstarp&ji
saskanotiem ar dalibvalstu individualajiem mérkiem. Pretgja gadijuma to TstenoSana prakse
klast fragment€ta un mazak efektiva. Ideala gadijuma politikas virsmérki tiek formuléti ES
Iimeni, p&c tam strukturéti nacionala Itmeni un Tstenoti vietgja parvaldiba, nemot vera
regionalas Tpatnibas un konkrétas politikas prioritates. Sada daudzlimenu koordinacija ir
biitiska, lai nodro$inatu, ka politikas dokumentos defin&tie uzdevumi ir savstarpgji papildinosi,
nevis pretrunigi. Pirmais solis §aja procesa ir normativo un planosanas dokumentu noveértéjums,
identificgjot to atbilstibu definétajiem mérkiem [1], [2].

Politikas saskanotiba ir Tpasi nozimiga klimata politikas konteksta, jo klimata parmainu
mazinasanai nepiecieSama gan horizontala gan vertikala integracija dazadu limenu un nozaru
normativajos un politikas dokumentos. Valdibam, izstradajot planoSanas dokumentus 1isa,
vidgja vai ilgtermina, janodrosina skaidrs nakotnes redzg&jums un konsekventa mérku sasaiste
starp dazadiem parvaldibas Iimeniem. Lémumu pien@méjiem ir jaspgj pielagot politikas
virzienus mainigajiem apstakliem un vienlaikus sistematiski ieklaut ilgtsp&jas un vides
dimensiju visos politikas planoSanas posmos. Tapé&c saskanotiba ir svariga ne tikai klimata
mérku sasniegSanai, bet ar pasas ES stabilitatei, jo ilgstosa disonanse starp dalibvalstim varétu
pastiprinat fragmentacijas riskus vai pat veicinat “vairaku atrumu Eiropas” scenariju [3], [4],
kas mazam valstim, tostarp Latvijai, varétu radit ekonomiskas atpalicibas risku un argja
apdraudgjuma iespg&jamibu.

Pétijjuma aktualitate

Politikas saskanotiba dazados parvaldibas limenos ir butisks virzitajspeks cela uz
klimatneitralitati, resursu efektivitati, siltumnicefekta gazu (SEG) emisiju samazinaSanu un
biologiskas daudzveidibas saglabasanu. Ta ir nozimigs priekS$nosacijums dalibvalstu
ekonomiskas stabilitates nodroSinasanai un konkurgtsp&jas stiprinasanai. Nesaskanota vai
pretruniga politika rada neprognozg&jamu vidi uznéméjdarbibai un investicijam. Neskaidribas
par kadas dalibvalsts politisko virzibu ne vien kave jaunu investiciju piesaisti, bet arT rada risku,
ka esoSie uznémumi savu darbibu parcels uz valstim, kur politiskie signali ir skaidraki. Savukart
saskanota un merktieciga politikas plano$ana un TstenoSana uzn€mumiem lauj dro$ak planot
ilgtermina investicijas attistiba un jaunu produktu virzisana tirgi.

Politikas saskanotiba bitiski ietekmé arT valsts budzeta efektivitati. Skaidri definéti merki
palidz novérst publisko Iidzeklu téréSanu dublgjosiem vai savstarpgji pretrunigiem
pasakumiem, vienlaikus radot iesp&u ar mazakiem finanSu resursiem sasniegt labakus
rezultatus, tos precizi virzot noteiktajiem attistibas mérkiem. Promocijas darba konteksta
btiski izcelt politikas saskanotibas ietekmi uz zinasanas balstitas bioekonomikas attistibu un
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energgtisko dro§ibu, kuras nodrosinasana batiska nozime ir atjaunojamo energoresursu (AER)
patsvara palielinaSana kopgja energijas bilancé. Daudzlimenu saskanotiba veicina energétisko
drosibu, 1pasi, ja valsts politika ir vérsta uz energoresursu diversifikaciju. Bioekonomikas
attistiSana sekme produktu ar augstaku pievienoto vertibu radiSanu ar mazaku resursu patérinu,
ka arT stiprina lauku teritorijas un nozaru izturétsp&ju. Saskanota un mérktieciga ricibpolitika
nodro$ina to, ka inovacijas, jauni produkti un tehnologijas netiek bremzgti nesaskanotu
politikas signalu del, bet gan atbalstiti un virziti tirga.

Ne mazak bitiska ir dalibvalstu starptautiska reputacija un ietekme. TO var nostiprinat,
konsekventi parnpemot un stenojot ES IimenT noteiktos mérkus nacionala ltmeni. Dalibvalstim
ir dazadi mehanismu, ka ietekmét 1émumu pienemsanu ES Iimeni, tacu péc kopgja 1émuma
pienemsanas ir nozimigi tos atbilstosi implementgt, ta apliecinot uzticamibu un sp&ju darboties
ka komandas spel&tajiem.

Rezumgjot, klimata parmainu, saspilétas geopolitiskas situacijas un globalas ekonomiskas
nestabilitates apstaklos politikas saskanotiba klGst par bitisku nepiecieSamibu visam
dalibvalstim. Ne tikai ka apliecindgjums demokratiskam veértibam, bet arT atbildiba par Parizes
noliguma, Eiropas zalaja kursa un Citos saistitajos politikas dokumentos pausto apnemsanos
izpildi klimata politikas jomas.

Darba meérkis un uzdevumi

Darba meérkis ir izstradat analitisku ietvaru klimata politikas novert€Sanai, kas balstits
politikas saskanotibas analiz€, $kér§lu un nepilnibu identificésana un politikas ievie$anas
dimensiju izvert€juma (ilgtsp&jigi risinajumi, inovacijas, resursu efektivitate un komunikacija),
lai formul&tu secinajumus un ieteikumus ilgtsp&jigai resursu parvaldibai. Lai sasniegtu pétijuma
merki, ir noteikti tris savstarpgji saistiti uzdevumi ar apakSuzdevumiem:

1. Politikas saskanotibas novertéjums:

1.1. analiz&t starptautiskos, ES un nacionalos normativos un politikas planoSanas
dokumentus bioekonomikas, energétikas un siltumapgades un dzesé$anas nozarés;
1.2. novertet meérku, instrumentu un pasakumu koherenci dazados politikas Iimenos;

2. Skérslu un nepilnibu identificesana politikas optimizacijai:

2.1. noteikt administrativos, normativos un institucionalos $k&r$lus sarazotas energijas no
AER palielinasanai un produktu ar augstaku pievienoto vertibu razosanai;
2.2. veikt gadfjuma izpétes sektoros, lai noteiktu potencialas optimizacijas iespgjas.

3. Politikas ievieSanas dimensijas ilgtspg&jigi risinajumi, resursu efektivitate un komunikacija:
3.1. novertet izglitibas un izglitibas iestazu lomu resursu efektivitates uzlabosana un
ilgtsp&jigas parejas nodrosinasana;

3.2. izpéetit ilgtsp&jigu akvakultiiras sistému attistibas potencialu, Tpasu uzmanibu
pievérsot tehnologiskajiem aspektiem un inovacijam;
3.3. komunikacijas ar sabiedribu loma ilgtsp&jigai resursu parvaldibai.
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Darba hipoteze

Sistematisks politikas dokumentu izvert€jums, nepilnibu un skérslu identificeSana, ka ar1
pieradijumos balstitu rekomendaciju izstrade var bitiski uzlabot politikas saskanotibu un
ievieSanas efektivitati, tadéjadi paatrinot Eiropas zala kursa merku sasniegSanu.

Zinatniska novitate

Promocijas darbs ir starpdisciplinars petijums, kurd apvienotas vides inzenierzinatn&s un
politikas zinatn&s izmantotas p&tniecibas metodes. Atskiriba no politikas zinatnu tradicionalas
pieejas, kur vides problemas tiek aplukotas, izmantojot noteiktas teorijas, piem&ram,
daudzlimenu parvaldibas, politikas saskanotibas vai ekologiskas modernizacijas prizmu, $aja
darba politikas saskanotiba un lietotie politikas instrumenti tiek skatiti ka praktiski mehanismi,
kuru efektivitati iespgjams sistematiski vertet, strukturét un optimizet. Politikas saskanotibas
un ievieSanas efektivitates izvert€§jums promocijas darba nav balstits vienota kvantitativu
indikatoru kopuma, bet gan politikas procesu analizé, kas lauj novértét saskanotibas,
caurredzamibas un ievieSanas kvalitates uzlabojumus.

Darba novitate izpauzas taja, ka satura analizes un politikas p&tnieciba ierastds pieejas
sistematiska literatliras analize, atslégvardu mekléSana, ekspertu aptaujas u.c. — tiek
papildinatas ar inZenierzinatném raksturigam metodém, pieméram, daudzkritériju l€émumu
pienemsanas (MCDA), empiriskas datu vak3anas un novértgjuma metodém. ST metodologiska
integracija lauj politikas saskanotibas un efektivitates vértéSanu padarit kvantitativaku un
salidzinamaku, tadgjadi radot jaunu skatfjumu uz politiku un normativo dokumentu analizi.

Bitiski, ka pétijjuma analizétie problémjautajumi, pieméram, zina$anas balstitas
bioekonomikas attistiba, ilgtsp&ja, AER ievieSana un SEG emisiju samazindjums un piesaiste,
ir vides inzenierzinatngs pétita problematika. Promocijas darba politikas un politikas
instrumenti tiek interpret€ti ka praktiski riki, kas nodroSina resursu ilgtsp&jigu parvaldibu,
inovaciju izveidi un ievieSanu. Tiek piedavats koncepts, kura ietvaros politikas mehanismi tiek
analiz&ti lidzigi ka inZeniertehniska sist€éma ar: (1) ievades punktu (definétie mérki, aktualie
normativie dokumenti, izmantotie resursi); (2) procesiem (politikas instrumentu kombinacijas,
skerslu identificésana); (3) izvadi (sasniedzami rezultati — SEG emisiju samazinajums, resursu
patérina optimizacija, AER tehnologiju ievie$ana). Promocijas darba aptvertie izp&tes lTmeni
un tematika redzami 1. attela.
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1. att. Promocijas darba izpé€tes ltmeni un aptvertas témas.

Praktiska nozime

Darbs sniedz pieradijumos balstitu pamatojumu, ka politikas dokumentus un normativo
regulgjumu padarit efektivaku un savstarp&ji saskanotaku. Izveidotais analitiskais ietvars ne
tikai lauj identificét trikumus un pretrunas starp ES iezimé&to nakotnes attistibas trajektoriju un
dalibvalstu Tstenoto, bet arT izstradat priekSlikumus to novérSanai. P&tljuma pieeja shiedz
praktisku ieguldijumu politikas plano$anas un veido$anas procesa uzlabosana, jo lauj politikas
mehanismus analizét k& sistematisku procesu, identificjot saskanotibas trikumus un
administrativas barjeras, ka arT piedavajot stratégijas to optimizacijai nakotnes mérku
sasnieg8anai. Nozaru uznémumiem pétijuma rezultati sniedz izveértgjumu par politikas vertikalo
un horizontalo saskanotibu, ilgtermina politikas virzieniem, kas lauj planot investicijas un
noteikt tehnologiskas attistibas virzienus. Zinatnes joma darbs piedava metodologisku ietvaru
politikas saskanotibas un efektivitates noveértésanai, ko iesp&ams piemeérot ari citu nozaru vai
valstu situacijas izp&tei. Politikas un normativo dokumentu izvértgjums kalpo ari ka butisks
instruments nakotnes aktualitaSu prognozesanai pétniecibas nozarés un pétamajas t€mas, jo ES
un dalibvalstu pétniecibas projektu konkursi ir ciesi saistiti ar politiski noteiktajiem mérkiem.
Sabiedribas ieguvums ir tieSi pakartots mingtajiem ieguvumiem, jo tadgjadi tiek sekméta
resursu izmantoSanas efektivitate, kas ietekmé energijas, partikas un produktu nodro§inajumu,
vienlaikus sekmé&jot SEG emisiju samazinajumu. Promocijas darbs ir nepieciesams, lai pareja
uz ilgtsp&jigu, zinasanas balstitu bioekonomiku, klimatneitralitati un resursu efektivitati notiktu
ne tikai stratégiju un politikas dokumentu limeni, bet ari praks€, savienojot ES noteiktos
stratégiskos mérkus ar realam darbibam dalibvalstis.

Papildus tam darba praktisko nozimi apliecina fakts, ka promocijas darba izstradatais AER
projektu administrativo procesu kartéjums [5] ticis izmantots Latvijas Investiciju un attistibas
agentira ka atbalsta materials sarunas ar potencialajiem investoriem, tadgjadi veicinot
informétibu par normativo regul&jumu petijuma ieklautajas valsts.
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Laktuka, K., Pakere, I., Lauka, D., Combining policy measures to reach long term
energy targets, 2021 IEEE 62nd International Scientific Conference on Power and
Electrical Engineering of Riga Technical University (RTUCON), Riga, Latvija,
2021.gada 15. —17.novembris.

Laktuka, K., Blumberga, D., Rozakis, S., Assessing Bioeconomy Development
Opportunities in the Latvian Policy Planning Framework, International Scientific
Conference of Environmental and Climate Technologies (CONECT2022), Riga,
Latvija, 2022.gada 11. —13.maijs.

Laktuka, K., Poca, P., Blumberga, D., Promoting sustainability in fisheries and
aquaculture through biodiplomacy, 1st International Conference on Sustainable
Chemical and Environmental Engineering, Rethymno, Kréta, Griekija, 2022. gada 31.
augusts — 4. septembris.

Laktuka, K., Vamza, I., Kubule, A., Blumberga, D., Rozakis, S., Opportunities for
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Promocijas darba struktiira

Promocijas darbs balstits tris tematiski vienotos pétjjuma segmentos, kuru mérkis ir
risinajumu identificéSana klimata politika ilgtsp&jigai attTstibai. Segmenti aprobgti, publicgjot

pétijumus starptautiski atzitos zinatniskajos Zurnalos un prezent&jot rezultatus starptautiskas

zinatniskas konferencgs. 1. tabula apkopoti darba izmantotie zinatniskie raksti, grup&ti pa trim
segmentiem, saglabajot to hronologisko publicé$anas secibu.
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1. tabula
Promocijas darba izmantotas zinatniskas publikacijas

Sadala Nr. Publikacijas nosaukums
Politikas saskanotibas 1.  Combining policy measures to reach long term energy targets
novertgjums 2. Assessing Bioeconomy Development Opportunities in the Latvian

Policy Planning Framework

3. A Comparative Analysis Of Bioeconomy Development In European
Union Countries

9.  Policy Coherence of the EU Carbon Removal Certification
Framework: Integration of Carbon Farming in Climate and
Agricultural Policy

Skerslu un nepilnibu 4. Renewable energy project implementation: Will the Baltic States

identificéSana politikas catch up with the Nordic countries?

optimizacijai 8.  Strategic Pathways for a Bioeconomy With High Value-added
Products: Lessons Learnt from the Latvian Forest Sector

Politikas ievieSanas dimensijas 5. Driving Sustainable Practices in Vocational Education

ilgtsp&jigi risindjumi, resursu Infrastructure: A Case Study from Latvia

efektivitate un komunikacija 6.  Towards Sustainable Intensification of Aquaculture: Exploring

Possible Ways Forward
7. The Role of Environmental Communication in Advancing
Sustainability in Fisheries and Aquaculture: A Case Study of Latvia

Promocijas darba struktira redzama 2. attéla, kur paradita tris pétjjuma Segmentu
savstarp&ja mijiedarbiba un to papildinosa loma analitiskaja ietvara. Darba centra atrodas
klimata politika k& pamatvirziens, ko nosaka Eiropas zala kursa stratégiskais ietvars. Eiropas
zalais kurss promocijas darba tiek interpretéts nevis tikai ka Eiropas Komisijas pazinojums, bet
ka simbols ES kopgjai virzibai uz klimatneitralitati un politiku integraciju §1 mérka
sasniegSanai. Ap klimata politikas kodolu izvietoti tris pétitie sektori — bioekonomika,
energgtika un siltumapgade un dzesé$ana, kuros analizéta politikas saskanotiba, administrativie
skersli un praktiskas ievieSanas dimensijas.
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2. att. Promocijas darba struktiira.
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Argjais gredzens attelo darba izmantotas metodes: literatiiras un dokumentu analizes
metodes; daudzkritériju lémumu pienemsanas metodes; stratégiskas planosanas un izveértéjuma
metodes; empiriskas datu vakSanas un novértéjuma metodes. 2. attéla shematiski atspogulota
ari seciga pieeja, sakot ar politikas saskanotibas novértéjumu, kas ir darba pirmais segments,
kam seko skér§lu un nepilnibu identificé$ana politikas optimizacijai, noslédzot ar treSo
segmentu, kura tiek skatitas politikas ievieSanas dimensijas. Sada struktiira atspogulo
promocijas darba izmantoto integréto analitisko ietvaru un pétijuma logisko secibu.

Promocijas darbs ietver ievadu un &etras galvenas nodalas: (1) literatiras analize; (2)
pétijuma metodika; (3) rezultati un diskusija; (4) secingjumi. Ievada izklastitas pétjjuma
aktualitates galvenas iezimes, promocijas darba novitate un praktiska nozime. Promocijas darba
merkis un hipotéze, ka arT aprakstita publicéto p&tljuma rezultatu aprobacija.

Darba 1. nodala sniegts literatiras parskats par starptautiska un ES limenT noteiktajiem
klimata mérkiem, analizéta klimata politikas nozime to sasnieg$ana, ka arT iezZiméti potencialie
risingjumi ilgtsp&jigas attistibas nodro$inasanai. 2. nodala aprakstitas galvenas promocijas
darba izmantotas metodes un to lietojums pétijumu konteksta. 3. nodala ietver rezultatus un
diskusiju, kas strukturéti tris pétijuma segmentos. Nosléguma, 4. nodala, apkopoti secinajumi.
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1. LITERATURAS ANALIZE

ligtspejigas parejas uz klimatneitralitati aktualitate

Apvienoto Naciju Organizacijas (ANO) Vispargjas konvencijas par klimata parmainam
(UNFCCC) pienemsana 1992. gada un tai sekojosais Kioto protokols 1997. gada iezimgja
pirmos starptautiskos solus cina pret klimata parmainam [6], [7], [8]. Parizes noliguma, kas
stajas speka 2016. gada novembrT un ar kuru tika aizstats Kioto protokols, tika izvirzits mérkis
nepielaut globalas temperatiiras paaugstinasanos virs 2°C, cenSoties panakt samazinajumu lidz
1,5°C salidzinot ar pirmsindustrialo Iimeni [9], [10]. Sos starptautiskos centienus papildina 17
ilgtspgjigas attistibas mérki (IAM), kas apstiprinati 2015. gada, pienemot ANO “ligtsp&jigas
attistibas programmu 2030~ [11].

ES Parizes noliguma konteksta ir apnémusies 1idz 2030. gadam samazinat SEG emisijas par
55 %, salidzinot ar 1990. gada limeni [12], [13]. ES icksgjas saistibas ir izklastitas Eiropas
zalaja kursa un Eiropas Klimata likuma, kura ir noteikts juridiski saisto§s mérkis lidz 2050.
gadam panakt klimatneitralitati. Sie mérki tiek Tstenoti, izmantojot tiesibu aktu paketi “Gatavi
merkraditajiem 55 %” (Fit for 55 %) [13], [14], [15]. Min&tais samazinajums attiecas ari uz
zemes izmanto$anas, zemes izmanto$anas mainas un mezsaimniecibas (ZIZIMM) nozari [6].

ANO 1987.gada Bruntlandes zinojuma ir icklauta viena no zinamakajam ilgtsp&jas
definicijam [16], defingjot ilgtsp&jigu attistibu ka “pasreizjo vajadzibu apmierinasana,
neapdraudot nakamo paaudzu sp&ju apmierinat savas vajadzibas” [17]. llgtsp&ja biezak tiek
saprasta arm ka “cilvéka darbibu ilgtermina noturiba, vienlaikus saglabajot vidi veseliga
stavokIT” [16]. llgtsp&jas jedziens musdienas tiek interpretéts dazadi, tapec butiski uzsvert tris
tas pilarus: ekonomisko, socialo un vides ilgtsp&ju. Ekonomiska ilgtsp&ja nozime cilvéku sp&ju
turpinat pelnit iztiku no konkr€tas darbibas; sociala ilgtspgja balstas uz sabiedribas piekrisanu
un atbalstu; savukart vides ilgtspgja - Uz sp&ju istenot darbibas, nenodarot kait€jumu videi un
neapdraudot resursu pieejamibu nakotné [16]. Visi tris ilgtsp€jas pilari ir savstarpé&ji saistiti un
nedalami [16], [18], tomér picaugosais globalais pieprasijums péc biologiskajiem resursiem
rada izaicinajumu lidzsvara panaks$anai starp tiem [16], [19].

Vides ilgtsp&ja un politika, kas veérsta uz piesarnojuma mazinasanu vai vides uzlaboSanu,
ES darba kartiba ir kop$ pagajusa gadsimta 70. gadiem [20], savukart nacionalu valstu valdibas
tikai nesen ir atzinu$as vides problému un ilgtsp&jas nozimi [21], [22]. Iigtsp&jigas razoSanas
sistémas ir batiskas, lai saglabatu ekosisttmu produktivitati un daudzveidibu, vienlaikus
nodrosinot partikas pieejamibu [23], [24]. RaZoSanas sistému un piegades k&Zu tie$a un netie$a
ietekme uz vidi, tostarp ar energijas pieprasijumu saistita ietekme, potenciali rada
apdraud&jumu vides ilgtsp&jai [23], [25]. Ekonomikas teorija ilgtsp&jiga ekonomiska attistiba
tiek skaidrota ka ekonomikas sistéma, kura razo$anas baze vai kopgjais kapitals laika gaita
paliek nemainigs [16]. Saja gadfjuma kapitals attiecas uz visaptverodu sistémas bagatibu,
ieskaitot tas cilvekresursus, vides un ekonomikas komponentes [16]. Planétas ierobeZotie
resursi limit€ neierobezotas izaugsmes iespgjas, bet taja pasa laika nav iesp&jams skaidri noteikt
sistémas robezas un kvantitativi novertét sekas [16]. Socialo ilgtsp&ju var definét ka kopienas
loceklu labklajibas uzlabosanu vai saglabasanu [16]. Sociala ilgtspgja ir versta uz godigas darba
prakses nodro$inasanu un centieniem mazinat socialo nevienlidzibu, uzlabot dzives kvalitati,
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aizsargat cilvektiesibas un novérst riskus, veicinot taisnigas un vienlidzigas socialas,
ekonomiskas un vides politikas pielagosanu [16], [26]. RazoSanas sisttmu zema finansiala
rentabilitate un nepietieckama izturétsp&ja apdraud socialo un ekonomisko ilgtsp&ju [23].

Bioekonomikas loma Eiropas zala kursa merku sasniegSana

Eiropas Komisija ir atzinusi, ka bioekonomika ir “sistémisko parmainu katalizators”
Eiropas zala kursa mérku sasniegSanai [27], veicinot ilgtsp&jigas prakses pieméroSanu tadas
bioresursu ieguves nozares ka lauksaimnieciba, meza nozare, zivsaimnieciba un akvakultiira,
palielinot iegiito resursu izmantoSanas efektivitati partikas un izejvielu razoSana un samazinot
atkaribu no neatjaunojamiem energijas avotiem [27], [28], [29]. Lai sekmigi integrétu
bioekonomiku dazadas nozares, nepiecieSams uzlabot sabiedribas informétibu, ipasi politikas
veidotaju un uznémumu vida, vienlaikus ievieSot jaunas parvaldibas prakses. Tas veicinatu
ilgtsp€jigi domajosas sabiedribas veidosanos [30].

2025. gada aprit 13 gadi kop$ pirmas Eiropas biockonomikas stratégijas “Inovacijas
ilgtspgjigai izaugsmei - bioekonomika Eiropai” pienemsanas [31], [32], tas uzdevums bija
paplasinat bioresursu izmantoSanu un ar tiem aizstat fosilo resursu lietojumu virkné produktu.
Veicinat pareju no “vecas” uz “jauno” bioekonomiku - zinaSanas balstitu un inovativu [32],
[33]. Uzlabot pasreiz€jo zemes izmanto$anas un resursu parvaldibas praksi, samazinat SEG
emisijas resursu ieguves un parstrades procesos, radito atkritumu daudzumu, attistot
blakusproduktu izmantosanu jaunu produktu raZo$ana ar augstaku pievienoto vértibu [32], [33].
Iedzivinat praks€ aprites ekonomikas principus, lidz minimumam samazinat neatjaunojamu,
neilgtsp€jigu resursu izmantoSanu, palielinat resursu izmantoSanas efektivitati - no mazak
sarazojot vairak [32], [33].

Kops bioekonomikas stratégijas pienemsanas, bioekonomika nav zaudgjusi savu aktualitati.
Gluzi pretgji, globalas klimata parmainas, sarezgita geopolitiska situacija, bioresursu un
energijas cenu pieaugums liek arvien vairak uzsvert nepiecieSamibu ilgtsp&jigi izmantot
bioresursus un péc iesp&jas samazinat fosilo resursu izmantoSanu [34], [35]. Arl Eiropas
Komisijas 2022. gada publicétaja bioekonomikas progresa zinojuma [36] tika parapstiprinata
nepiecieSamiba turpinat darbu pie 2012. gada strat€gija un ricibas plana, gan tas atjauninataja
2018. gada versija nosprausto mérku izpildes. Vienlaikus uzsverot, nacionalo bioekonomikas
stratégiju izstrades batiskumu [15].

Bioresursu plasais lietojums partikas, energétikas, ripniecibas un transporta nozares, padara
bioekonomikas stratégiju par dalu no plasaka politikas ietvara, kura uzdevums ir nodro$inat
saskanotibu starp planosanas dokumentiem un izmantotajiem instrumentiem bioresursu
parvaldiba ES un dalibvalstu Iimeni. Bioekonomikas attistibas potenciala izvert€&jums lauj
identificét politikas dokumentu savstarp€&jo koherenci gan starp nozarém, gan Kkatras nozares
ietvaros, parbaudot, cik konsekventi formuléti mérki un instrumenti [37]. Ar starptautiskiem
meérkiem saskanoti nacionalie ricibas plani var mazinat partikas un energoapgades riskus,
veicinat efektivaku bioresursu izmanto$anu un noverst strauju cenu pieaugumu [35]. Tapéc
viena no promocijas darba pétijuma jomam ir bioekonomikas mérku integracijas analize
politikas planoSanas dokumentos, izmantojot lejupverstu (top-down) pieeju, ka art saskanotibas
novert&jums dazados politikas limenos [34], [37], [38], [39], [40].
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Lauksaimniecibas un meZa nozares ir Latvijas bioekonomikas veicinatajas [41], [42]. MezZa
nozare un no tas iegitie resursi ir loti biitiski Latvijas bioekonomikai, neskatoties uz to, ka gan
koksnes, gan nekoksnes resursu potencials paslaik netiek pilniba izmantots [41], [43]. Latvijas
Bioekonomikas stratégija 2030 uzsver Latvijas kokripniecibas un mébelu razo$anas nozares
nozimi, jo dazadas kvalitates izejvielas, kas paslaik tiek eksportétas, varétu aizstat ar Latvija
razotiem produktiem ar augstu pievienoto vertibu, pieméram, kokskiedras platném, mebelem
vai koka modulu ekam [42], [44]. Iesp&jams attistit arT celulozes ripniecibu [42].

Lauksaimniecibas sektora cels uz klimatneitralitati: ogleklsaistiga lauksaimnieciba

Lai gan sakotngji tika uzskatits, ka ES klimata mérkus varétu sasniegt ar pakapeniskiem
klimata parmainu mazinasanas pasakumiem, tagad ir skaidrs, ka ar to nepietiks un bils
nepiecieSsama liela méroga oglekla dioksida (CO;) aizvakSanas pasakumi [14]. Viens no
iesp&jamiem risindjumiem ir plasaka ogleklsaistigas lauksaimniecibas praksu izmantosana. Jau
2004. gada veiktaja pétijuma Lal [45] noradija uz ZIZIMM sektora butisko lomu oglekla
sekvestracija dabiskajas ekosistémas noradot, ka to parveidoSana par agro-ekosisttmam var
izraisit augsnes organiska oglekla krajumu samazinasanos Iidz pat 60-75 %. Tant pat laika
identific€jot risinajumu - zemes apsaimniekoSanas prakses, kas neizraisa augsnes organiska
oglekla samazinasanos, bet gan palielina oglekla piesaisti [45].

Neraugoties uz zinatniski pamatoto ogleklsaistigas lauksaimniecibas prakSu potencialu
[46], [47], [48], ES lidz $im triika saskanotas sistémas, lai kvantitativi novértétu un atalgotu
§adu praksu ievieSanu. Tas tika mainits ar Eiropas Parlamenta un Padomes 2024. gada 27.
novembri pienemto Regulu (ES) 2024/3012, ar ko izveido Savienibas sertifikacijas satvaru
pastavigai oglekla piesaistei, ogleklsaistigai saimniekos$anai un oglekla uzkrasanai produktos
(CRCF regula) [49]. CRCF regula paplasinas papildu ienakumu iespgjas ka zalais
uznémeéjdarbibas modelis lauksaimniekiem un zemes apsaimniekotdjiem, ka ari bas
mehanisms, kas var€tu atbalstit ES dalibvalstu emisiju samazinasanas un piesaistes mérku
sasniegSanu saskana ar parskatito Eiropas Parlamenta un Padomes Regulu (ES) 2018/841 par
zemes izmanto$and, zemes izmanto$anas maina un mezsaimnieciba radusos SEG emisiju un
piesaistes ieklauSanu klimata un energétikas politikas satvara laikposmam 1idz 2030. gadam
[50].

ZIZIMM un CRCF regulas nosaka, ka oglekla piesaistei jabuit kvantitativi noteiktai, un
piesaistes aprékina metodologijam jabut saskanotam ar 2006. gada Klimata parmainu
starpvaldibu padomes pamatnostadném par valstu SEG emisiju inventarizaciju (IPCC
pamatnostadnes), lai nodro$inatu savietojamibu ar valstu nacionalajam SEG emisiju
inventarizacijas sisttmam [51], [52], [53]. Tad&jadi nakotné pastav iesp&ja, ka SEG emisiju
samazindjuma un piesaistes rezultati, kas panakti ZIZIMM un CRCF konteksta, biis salagojami
ar dalibvalstu zinosanas pienakumiem UNFCCC un Parizes noliguma konteksta, ka arT saskana
ar Regulu (ES) 2018/1999 par Energétikas savienibas parvaldibu [53], [54].

ligtspejigas akvakultiras: partikas nodrosinajuma un uzturvielu avots
Eiropas bioekonomikas stratégija definéta bioekonomika ir inovativa, uz zina$anam balstita
un apritiga, kas konceptuali atSkiras no tradicionaldas un resursu zina neefektivas
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konvencionalas bioekonomikas principiem [29]. Turpreti ickSzemes akvakultiiras sistémas
vesturiski izmantotas tradicionalas audzeSanas metodes var uzskatit par ilgtsp&jigakam neka
musdienu intensificétas akvakultiiras sistémas [55]. Tas tadel, ka tradicionalas akvakultiiras
sistémas bija cie$i integrétas saimniecibas darbiba, kur blakusproduktus un atliekas izmantoja
audz€to Gdens organismu baroSanai [55]. Akvakultiiras sisttmam ideala gadijuma butu jaspgj
atdarinat dabiskos apstaklus, kadus zivis un citi idens organismi vargtu atrast savvala, tacu §ada
pieeja ne vienmér ir saderiga ar intensifikaciju un razo$anas apjoma paaugstinasanu [16]. Lidz
ar to ilgtsp&jigas akvakultiiras praksei jatiek gala ar izaicinajumu nodro§inot nepartrauktu
baribas vielu piegadi Gdens organismiem, nenodarot kait€jumu eso$ajam ekosistémam un
neparsniedzot planétas dabiskas robezas [16], [23]. Pieaugosais pieprasijums péc ilgtsp&jigi
razotam olbaltumvielam ir veicindjis strauju akvakulttras sist€mu izaugsmi, apsteidzot liellopu
audzeSanas apjomus, un sekmgjis tas intensifikaciju [16], [23], [56]. Tomér intensifikacija ne
vienmér ir saderiga ar ilgtsp€jibas koncepciju [16].

Tropiskajas jaunattistibas valstis zivis un gliemjus var audzét ar zemakam izmaksam,
savukart produktu transportéSana uz ekonomiski attistitajam patérétajvalstim lidz $im nav bijis
butisks izmaksu faktors [16]. Tadgjadi attistitas merena klimata valstis ir neizdevigaka situacija,
jo audz€Sanas, raZzoSanas un darbaspéka izmaksas ir augstakas, un ir griiti konkurét ar saldétiem
produktiem no tropiskajam valstim [16]. TanT pat laika mérena klimata valstu tuvums tirgiem,
kuros ir augsts pieprasijums p&c svaigiem zivju produktiem, jauzskata par prieksrocibu, kas
nakotné biitu jaizmanto [16]. Lidz ar to jaatrod veids, ka samazinat audz&éSanas izmaksas un
intensificét akvakultiiru mérena klimata valstts, vienlaikus saglabajot ilgtsp&ju.

Energijas no atjaunojamiem energoresursiem ipatsvara palielindsana

AER izmantoSana paplasina riipniecibas attistibas iesp&jas, var veicinat ekonomikas
izaugsmi un radit jaunas darbavietas. Gan pasaule gan ES Sobrid atrodas globalas energétikas
parveides sakumposma. Energijas raZoSanas Ipatsvara palielina$ana no AER ir viens no
priek$noteikumiem cela uz klimatneitralam energétikas sistémam [15]. Nozimigi, lai pareja uz
AER notiktu sociali taisnigi, saglabajot par prioritati arT sociali neaizsargato iedzivotaju grupu
intereses ES dalibvalstis, vienlaikus nepaklaujot tos energétiskas nabadzibas riskam [15].

AER projektu TstenoSanas process var tikt sekmets vai arT kavéts atkariba no projektu
ievieSanas posmiem un procediiru parredzamibas [57], [58]. Galvenokart tapéc, ka
administrativie $kersli vai nesaprotamas procediiras, lai pieslégtos tiklam, var aizkavét AER
projektu isteno$anu pat par vairakiem gadiem [57]. Neskaidras un sarezgitas administrativas
procediras [59], neizprotams un nestabils normativais regul&jums vai negativa sabiedribas
attieksme var ietekmé@t investoru veélmi attistit AER projektus konkréta valstt [60], kas
ilgtermina var kaitét ES klimata mérku sasnieg8anai pareja no fosila kurinama uz AER [61].
Tapéc Eiropas Parlamenta un Eiropadomes 2018. gada 11. decembra Direktiva (ES) 2018/2001
par AER izmantoSanas veicinasanu ir noteikti pasakumi, kas biitu veicami administrativo
procediiru atvieglosanai un AER projektu TstenoSanas terminu saisinasanai [62].

Saules un vg€ja energijas integracija Baltijas valstu energijas tirgos péd&ja desmitgadg ir
turpindjusi pieaugt. 1.1. un 1.2. att€la paraditas v€ja un saules energijas sistému uzstaditas
jaudas un sarazota saules un v&ja energija Lietuva, Latvija un Igaunija laika posma no 2015.
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gada Iidz 2023. gadam (saraZotajai elektroenergijai, GWh) un Iidz 2024. gadam (uzstaditajai
jaudai, MW) [63]. Lietuva uzstaditas saules un v&ja energijas jaudas no 2015. gada lidz 2024.
gadam pieaugusas arkartigi strauji, salidzinajuma ar 2021. gadu saules energijai pat seskartigi
[63]. Ievérojamu izaugsmi piedzivojusas uzstaditas saules energijas jaudas Igaunija, kamér véja
energija butiskaku I€cienu piedzivojusi vien 2024. gada [63]. Tomér Latvija v&ja un saules
energijas sistemu integracija noris 1&nak — saules energijai piedzivojot manamaku izaugsmi
sakot no 2021. gada, kamér uzstaditajai v&a energijas jaudai no 2015. gada saglab@joties
gandriz nemainigai [63].

Uzstadita saules energijas jauda Sarazota saules energija
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1.1. att. Uzstadita saules energijas jauda (MW) un saraZotais elektroenergijas daudzums

(GWh) [63].
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1.2. attels Uzstadita v&ja energijas jauda (MW) un saraZotais elektroenergijas daudzums
(GWh) [63].

Atskiribas uzstaditaja saules un véja energijas jauda Baltijas valstis var skaidrot gan ar
atSkirigu atbalsta politiku katra valsti, gan ar dazadiem SkérSliem, kas rodas istenoSanas
procesa. Tadél viens no promocijas darba pétijuma posmiem bija procesa solu saules un v&ja
elektrostaciju uzstadiSanai Latvija, Lietuva un Igaunija izvért€jums un salidzindjums ar labas
prakses piemériem Somija, Norvégija un Zviedrija, lai identificétu butiskakos $kérslus AER
projektu TstenoSana.
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Izglittbas iestazu loma Klimata mérku sasniegsana

ANO IAM [64] tiesi ietekmé gan ilgtspgjigas izglitibas attistibu, gan €ku energijas paterinu.
SEG emisiju samazinaSana ir nozimiga So mérku, ka arT Parizes noliguma defineto saistibu
izpildei, jo 2021. gada &ku sektors radija 27 % no kopg&jam energétikas nozares emisijam [65],
[66]. Tlgtspgjiga izglitiba sniedz skoléniem zinasanas, vertibas un prasmes, kas nepiecieSamas
apzinatu lémumu pienemsanai un dzives kvalitates uzlabosanai, vienlaikus nodros§inot nakamo
paaudzu vajadzibas [67], un tad&jadi var butiski ietekmét virzibu uz klimatneitralitati [68], [69].
Tomer tikai ped&jos gados ir uzsverta izglitibas loma klimata merku sasniegSanas konteksta
[70]. Lai uzlabotu ilgtspgjibu, ir nepiecieSamas butiskas parmainas organizacijas, piegades
kédes un kopienas, un to var panakt tikai ar nepartrauktu macisanos un inovacijam [71]. Tapéc
spéciga profesionalas izglitibas sistéma var sniegt daudz prieksrocibu, pieméram, veicinot zalo
izaugsmi un palielinot darba razigumu [72]. Padzilinata izpratne par klimata parmainam var
iedvesmot skolénus aktivi iesaistities klimatneitralitates sasnieg8ana un radit atbildibas sajitu
vides joma [73], [74], [75]. Skolotdji var izmantot $o informaciju, lai uzlabotu skolénu izpratni
par klimata parmainu ietekmi un iedvesmotu vinus pieversties energijas taupibai, Tstenojot
izglitibas iniciativas, kas palielina vides apzinu [74].

Papildus ilgtsp&jigas izglitibas veicinaSanai ari izglitibas iestazu €kam ir biitiska nozime
primaras energijas patérina samazina$ana un motivéjosas macibu vides nodro$inasana [76].
Tam ir potencials butiski ietekm&t SEG emisiju samazinaSanu, izmantojot energoefektivitates
pasakumus un AER raZo$anu [77], [78]. Dazados pétijumos ir analiz&ts potencialais energijas
ietauptjums, ko iesp&ams panakt izglitibas iestazu €kas, pieméram, Spanija par 66 % tika
samazinats neatjaunojamas primaras energijas patérin§ un par 71 % CO2 emisijas [79]. Dazadu
scenariju optimizacija, kas ietver centralizéto siltumapgadi un zemes siltumsiiknus kombinacija
ar fotoelementu paneliem, sniedz vairakus izmaksu zina optimalus risindjumus, vienlaikus
nodroginot primaras energijas patérinu, kas vienads vai mazaks par 170 kWh/m? gada [79].
Tomeér ieguldijumu izmaksas un energijas tarifi buitiski ietekmé energoefektivitates un energijas
razo$anas pasakumu Pareto optimalitati [80]. Eku energijas patérina pakapes uzlabosanu no G
lidz B limenim var panakt, kombingjot energoefektivitates pasakumus, pieméram, eku argjo
norobezojoSo konstrukciju siltinaSanu un jaunu logu un durvju uzstadisanu, ar tadiem AER
razoSanas pasakumiem ka fotoelementu paneliem, biomasas apkures sisttmam, kombingtas
saules energijas sisttmam un apgaismes iericu nomainu [81]. Kazahstanas - Vacijas
universitates Almati, Kazahstana, gadijuma izp&té tika konstatéts, ka modernizacijas pasakumi
samazina CO> emisijas par 48-82 % [82]. Kopuma izglitibas iestazu €kam ir liels potencials
SEG emisiju samazinasana, izmantojot energoefektivitates pasakumus un AER izmanto$anu.

Promocijas darbs izstradats ka starpdisciplinars pé&tfjums, kura politikas un normativo
dokumentu analize tiek skatita no vides inZenierzinatnu perspektivas, nevis tradicionali
politikas vai tiesibu zinatn€s domingjosas pieejas. Lidzsingja petnieciba politikas saskanotibas
un iesvieSanas aspekti parsvara analiz€ti ar kvalitativam metodeém, kas sniedz biutisku
kontekstu, tacu ierobezo iesp&jas savstarpgji salidzinat politikas instrumentus un to IstenoSanas
rezultatus. Saja darba mingtie aspekti tiek kvantificéti, integréjot MCDA metodes (TOPSIS,
AHP) un empiriskas datu vakSanas un noveértgjuma pieejas politikas dokumentu analizg,
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tadgjadi izgaismojot politikas saskanotibas un regul§juma ievieSanas dimensijas, kas ar
kvalitattvam metod@m biezi ir griitak identificet un strukturét.

Zinasanu plaisa izriet no ta, ka zinatniskaja literattira domin€ pétijumi par Eiropas zala kursa
tehnologiskajiem un inovaciju ievieSanas aspektiem, savukart mazak analizéta politikas
ievieSanas kvalitate dalibvalstu limeni — administrativa kapacitate, procesu sarezgitiba,
politikas dokumentu un normativa reguléjuma interpretacija un ar to saistitie socialie faktori,
tostarp zinasanu un informétibas trikums, ka arT praktiskas ievieSanas $kérsli. Lidz ar to $is
pétijums risina vides inzenierzinatnu problematiku, kura ilgtsp€jigi risinajumi un tehnologijas
iestrégst ievieSanas posma tiesi politikas un administrativo procesu fragmentacijas, kapacitates
un zinasanu trikuma del.
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2. METODIKA

Promocijas darba metodika balstas Cetras galvenajas pieejas. Pirmkart, izmantotas
literatiras un dokumentu analizes metodes, lai izvertétu energoefektivitates pasakumus,
ogleklsaistigas lauksaimniecibas ES politiska un normativa ietvara politisko saskanotibu, ka ari
identificétu administrativos skérslus AER projektu stenosana. Otrkart, MCDA metodes lietotas
bioekonomikas stratégiju implementacijas novertéanai, profesionalas izglitibas kompetences
centru (PIKC) energoefektivitates novértéSanai, administrativo $kérSlu izvertéSanai un
prioritasu noteikSanai meza nozares bioekonomikas attistiba. Treskart, stratégiskas planoSanas
un izvertgjuma metodes izmantotas, lai identific€tu stipras un vajas puses, ka arl attistibas
scenarijus. Visbeidzot, ceturta pieeja ir empiriskas datu vak$anas un noveért§juma metodes -
aptaujas, objektu apsekojumi un datu vaksana, ka ar ekspertu vert&jumi, kas sniedza ieskatu
izglitibas iestazu istenotajos energoefektivitates un ilgtsp&jas pasakumos, atkldja projektu
stenotaju pieredzi par administrativajiem $kér§liem AER projektu realizacija un palidz&ja
identific&t atbilstosakos komunikacijas kanalus ilgtsp€jas jautajumu skaidro$anai. Promocijas
darba mérku sasniegsanai tika lietota jauktu metozu pieeja, apvienojot dokumentu un literatiiras
analizes metodes ar MCDA, stratégiskas planoSanas un izvért€juma vai empiriskas datu
vaksanas un noveértéjuma metodém (2.1. att.).

Literattiras Stratégiskas

un Daudzkritériju| planosanas | Empiriskas datu

dokumentu|  lémumu un vaksanas un

analizes | pienems$anas | izvért€juma | novert&juma

Zinatniskas publikacijas metodes metodes metodes metodes
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1. Combining policy measures to reach long term
energy targets

2. Assessing Bioeconomy Development
Opportunities in the Latvian Policy Planning
Framework

3. A Comparative Analysis Of Bioeconomy
Development In European Union Countries

4. Renewable energy project implementation: Will
the Baltic States catch up with the Nordic countries?
5. Driving Sustainable Practices in Vocational
Education Infrastructure: A Case Study from Latvia
6. Towards Sustainable Intensification of
Aquaculture: Exploring Possible Ways Forward

7. The Role of Environmental Communication in
Advancing Sustainability in Fisheries and
Aquaculture: A Case Study of Latvia

8. Strategic Pathways for a Bioeconomy With High
Value-added Products: Lessons Learnt from the
Latvian Forest Sector

9. Policy Coherence of the EU Carbon Removal
Certification Framework: Integration of Carbon
Farming in Climate and Agricultural Policy

2.1. att. Zinatniskas publikacijas un tajas izmantotas p&tniecibas metodes.
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P&tTjuma izmantotas metodes tika izv€l&tas, balstoties uz konkrétajiem izpétes jautajumiem
un nepiecieSamibu sistematiski novértét politikas un normativo dokumentu saturu, to
saskanotibu un Tstenosanas potencialu. Politikas un normativo dokumentu satura analize tika
izmantota gadijumos, kad nepiecieSams identificét mérkus, pasakumus un instrumentus,
savukart MCDA pieejas tika piemérotas, ja bija iesp&jams kvantificét stratégiju vai ricibpolitiku
savstarpgjo salidzinamibu. Analizes detalizacijas pakapi noteica arm dokumentu struktura, ja
politikas dokumentam bija izstradats ricibas plans, bija iesp&ams veikt padzilinatu un
kvantitativu novertgjumu, savukart dokumentiem tikai ar strat€égisko dalu novért&jums
aprobezojas ar mérku un instrumentu formalu saskanotibu. Attiecigi metozu pieméro$ana nav
saisttta ar analizes Itmeni (ES, nacionals vai lokals), bet gan ar to, cik liela méra konkrétais
dokuments lauj analiz8t ricibpolitikas saturu, piem@rojamos instrumentus un sagaidamo
ietekmi. Detalizéta metoZu piemérosana, datu avoti un analitiskie soli atspoguloti promocijas
darba ieklautajas publikacijas (1.-9. publikacija), kas veido §T pétijuma empirisko un analitisko
pamatu.

Promocijas darba ietvaros horizontala politikas saskanotiba tieck definéta ka noteikto merku
un ricibu atbilstiba starp vienada parvaldibas Iimena dokumentiem, savukart vertikala
saskanotiba ka lejupvérsta (top-down) saskanotiba starp augstaka un zemaka limena politikas
vai normativajos dokumentos noteiktajiem mérkiem un ricibam. Horizontalo un vertikalo
politikas saskanotibas novert€§jumu var pielidzinat cela kartes izstradei turpmakajiem soliem,
neatkarigi no ta, vai tie nepiecieSami ricibpolitikas ievieSanai, zinatniskiem petijumiem vai
investiciju planoSanai. Horizontala saskanotiba lauj izprast atseviSkas politikas jomas
stratégisko virzibu un nospraustos mérkus, savukart vertikala saskanotiba dod iesp&ju novertet,
vai nacionalais politikas planoSanas satvars atbilst augstaka ITmena dokumentos noteiktajam
prioritatem vai a1 nepiecieSami uzlabojumi, lai nodro$inatu vienotu virzibu.

2.1. Literatiras un dokumentu analizes metodes

Promocijas darba sektoru izvéle balstita Eiropas Komisijas uzsveértaja bioekonomikas loma
Eiropas zala kursa mérku isteno$ana [27], kur lauksaimnieciba, meza sektors, zivsaimniecibas
un akvakulttiras sektors, ka arT attiecigie apstrades un parstrades sektori definéti ka stratégiski
virzieni ar butisku ieguldfjumu resursu efektivitaté, emisiju samazinasana un atkaribas no
fosilajiem resursiem mazinasana. Vienlaikus darba ieklautas arT energétikas un siltumapgades
un dzes€Sanas nozares, jo to parveide ir priekSnosactjums klimata, tai skaita bioekonomikas,
politikas mérku sasniegSanai — 1pasi attieciba uz AER integraciju, energoefektivitati un
politikas instrumentu praktisku TstenoSanu dalibvalstis. Analizetie sektori identificéti ka ar
lielako potencialu sniegt tieSu ieguldijumu klimatneitralitates sasnieg$ana. Tadgl to ieklauSana
petijuma nav balstita tikai datu pieejamiba, bet gan politikas nozimiguma, ricibpolitikas
instrumentu sarezgitiba un parvaldibas kvalitates ietekm& uz Eiropas zala kursa mérku
1stenoSanu dalibvalstis.
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2.1.1. Sistematisks literattiras parskats

Sistematiska literatiiras parskata (SLP) metode ir saknota pieradijumos balstita politika un
praksé. SLP aizsakumi rodami medicinas un pieradijumos balstitas politikas novertésana. Plasi
tiek lietota vides jautajumu risinasanai un politikas vai politikas instrumentu novértésanai [83],
[84]. SLP tiek lietota, lai mekl&tu atbildes uz konkrétu jautajumu vai hipotézi [83]. SLP var klat
loti laikietilpiga, ja jaanalizg liels dokumentu apjoms, tadél nereti to papildina ar atslégvardu
pieskirSanas metodi [85], [86]. Atslégvardu pieskirSanas metode ir mazak darbietilpiga, lauj
precizak parskatit dokumentus un efektivak atbildét uz pétniecibas jautajumiem, vienlaikus
saglabajot konsekvenci [85], [86].

Bioekonomikas politikas saskanotibas novértejums

Lai noveértétu bioekonomikas politikas vertikalo saskanotibu starp starptautisko un
nacionalo Iimeni, pétijuma (2. publikacija) tika analizéti starptautiski nozimigi dokumenti: (1)
OECD zinojums “Bioekonomika lidz 2030. gadam. Politikas darba kartibas izstrade” [87]; (2)
Eiropas bioekonomikas stratégijas (2012., 2018. gads) [88], [89]; ANO “Parveidojot miisu
pasauli: 2030. gada ilgtsp&jigas attistibas programma” [11], [90]. No tiem identificétie merki
kalpoja ka atslegvardi Latvijas politikas dokumentu izvertgjumam.

Nakamaja posma, izmantojot SLP un “sniega pikas” izlasi, padzilinatai analizei tika atlasiti
10 nacionala limena strat€giskie dokumenti, sakot ar Latvijas Bioekonomikas stratégiju 2030.
Atslégvardu pieSkirSanas metode [85], [86], [91] tika izmantota, lai noteiktu, kada méra
nacionalie dokumenti atspogulo starptautiskos mérkus un kada prioritate tiem pieskirta.
Sakotngjie rezultati tika apkopoti ilustrativa skrininga matrica, vértéSanai izmantojot Likerta
tipa skalu [92]. Mérka prioritate tika noteikta péc ta piemin&$anas reizu skaita.

Energoefektivitates paaugstinasana siltumapgades un dzeséSanai nozaré

SLP tika izmantota, lai identificEtu noteiktos mérkus un pasakumus energoefektivitates
paaugstinasanai Latvijas siltumapgades un dzes€Sanai nozar€, ka ari izmantotos politikas
instrumentus to izpildei (1. publikacija). Pirmkart tika apzinati ES limenT noteiktie mérki un
izvertets, vai tie implementeti Latvijas ilgtermina un vid€ja termina politikas dokumentos,
tadgjadi nosakot vertikalo politikas saskanotibu. Otrkart padzilinati analiz&ti nozarei specifiski
dokumenti, kuros detalizéti izklastiti politikas pasakumi un sagaidamie rezultati. Identificétie
pasakumi tika klasificéti Cetras politikas instrumentu kategorijas, kas atbilst ES Iimena
literat@ira lietotajai politikas instrumentu tipologijai. Instrumentu kategorijas un to piemeéri
apkopoti 2.1. tabula, kas metodologiski kalpo ka atsauce vienotai politikas instrumentu
klasifikacijai, ko p&tfjuma pieméro identifikacijas un saskanotibas analizei. Sada pieeja lava ne
tikai sistematizét politikas pasakumus politikas instrumentu kategorijas un novertét to
potencialo efektivitati, bet ari izvertét politikas saskanotibu starp ES un nacionalo limeni,
identificgjot gan parklasanas riskus, gan nepilnibas instrumentu piemé&rosana.
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2.1. tabula
Politikas instrumentu kategorijas un politikas instrumentu pieméri [2], [93], [94]

Politikas instrumentu Politikas instrumentu piemeri
kategorijas

Saistosi tiesibu akti

Vides, emisiju un projektésanas standarti

Biivnormativi

Normativais regulgjums S — — . —
Obligatie energoauditi un energijas patérina monitorings

Obligats ieguldijumu pienakums energoefektivitates uzlabsana

Izglitibas programmas

Patérétaju izvéles
Brivpratigie instrumenti Vides aizsardzibas vieno$anas

Uznémgjdarbibas vai nozaru pasregulacijas iniciativas

Subsidijas un stimuli

Ieguldijumi brivpratigas ricibas veicinasanai

Publiskie izdevumi — —— P
ubliskie izdevu Izglitiba, p&tnieciba un zinatne

Aizdevumi

Subsidijas energoefektivitates veicinasanai

Maksa par izmeS$iem, resursu izmantoSanu un noteiktam produktu grupam

!Ekonomisk_ie (tirgus) Tirgojamas atlaujas
instrumenti

Depozita sistema
Naudas sodi, nodevas, sankcijas

Energijas pat€rina samazinajuma sertifikati
Nodokli

ligtspejigas akvakultiuras sistému intensifikacijas iespejas

S1 pétijuma posma mérkis bija izvértét akvakultiru ilgtspéjigas intensifikacijas iespgjas,
fokus€joties uz tehnologiskajiem risindjumiem un sistémam, kas var nodro$inat lielaku
produktivitati, vienlaikus mazinot negativo ietekmi uz vidi (6. publikacija). Literattiras parskata
uzmaniba tika koncentréta uz audz&$anas sistémam un to tehnologiskajiem elementiem, ka ari
labakas parvaldibas praksém. Analize tika versta uz vairakiem izpétes jautdgjumiem: (1) kadas
akvakultiiras sistémas ir piemérotakas ilgtsp&jigai attistibai; (2) kadi tehnologiskie risindjumi
Sobrid tiek izmantoti; (3) kadas ir nakotnes perspektivas; (4) ka labakas parvaldibas prakses var
sekmét nozares attistibu. Kopuma tika analiz&ti vairak neka 120 zinatniskie un politikas avoti,
nodrosinot plasu parskatu par nozares attistibas virzieniem un iesp&jam.

Parskats aptver informaciju par intensivi barotam monokultiiram un polikultiram, integréto
daudzlimenu akvakultiiru, akvaponiku un bioflokas sistémam, ka art diku un tvertnu sisttmam
produktivitates un ilgtsp&jas uzlabosanai (tradicionalas diku sist€mas, sadalosas akvakulttiras
sistémas, recirkulacijas akvakultiiras sisttmas un marikultiiras). Ipa$a uzmaniba tika pievérsta
tehnologiskajiem risinajumiem, pieméram, aeracijai, AER integracijai, augsto tehnologiju
lictojumam, ka arl labakas parvaldibas praksém, izsekojamibai un parredzamibai, un
ekosistému pieejas integrésanai akvakultiiras. Sada pieeja lava identificét galvenos attistibas
virzienus un potencialos §kér§lus, ka arT izcelt risinajumus, kas varétu bat piem&roti Eiropas
konteksta.
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2.1.2. Kvalitativa satura analize

ES normativo un politikas dokumentu analizei papildus SLP, tika izmantota arT kvalitativa
satura analize, jo ta lauj sistematiski identificét t€mas, nozimes un struktiiras dazados tekstos,
saglabajot caurredzamibu [95], [96]. ST metode tika uzskatita par piemérotu, jo ta atvieglo
normativo un politikas dokumentu strukturgtu analizi un ir Tpasi noderiga politikas veidoSanas
un saskanotibas izp&tei politikas izstrades un istenoSanas konteksta [95], [96]. Ka defingjis
Mayring [97], kvalitativa satura analize ir sistematiska, noteikumos balstita metode tekstuala
materiala interpreteSanai. Ta lauj veikt empirisku, teoretiski pamatotu analizi bez priek$laicigas
kvantificé$anas. Kvalitativa satura analize ir piem&rota pelékas literatliras analizei un tas
interpretacijai atbilsto$i kontekstam [98], [99]. Metode lauj izstradat analitiskas kategorijas,
pamatojoties uz pétijuma jautajumu, un tas var pielagot, izpctes gaita [99]. Kategorijas jeb
tematiskas grupas netiek iepriek$ noteiktas, bet izveidojas kod&Sanas procesa laika, atlasot
teksta fragmentus ar mekl&sanas terminu palidzibu un grupgjot tos atbilstosi aptvertajam témam
[98]. Pétijuma jautdgjums ir par pamatu kodéSanas struktiiras izstradei un turpmakajai
tematiskajai analizei, nodroSinot analitiska procesa un pétijuma mérku saskanotibu [98].
Horizontalas politiskas saskanotibas noteik§anai ES Iimeni tika izmantota hibrida
kategorizacijas pieeja, apvienojot deduktivu un induktivu strategiju [98]. Deduktiva pieeja
balstas uz esoSo teorétisko pamatu un ieprieck$gjam zinasanam, kas tiek izmantotas, lai
izstradatu sakotn&jos kodus [98]. Attieciga pétijuma konteksta tic bija ES normativie un
politikas dokumenti, Kkas saistiti ar CRCF regulu un tas darbibas elementiem. Savukart
induktiva (uz datiem balstTta) pieeja tika izmantota, lai identificetu papildu t€mas vai jeédzienus,
kas paradijas analizes procesa [98].

Péttjuma (9. publikacija) pirmais solis bija pétfjuma jautajuma definéSana, kas attieciga
pétijuma posma konteksta bija: (1) ka CRCF regula ir horizontali integréta ar citiem ES klimata
un lauksaimniecibas politikas dokumentiem, jo Tpasi saistiba ar ogleklsaistigu lauksaimniecibu
un (2) kadi ir galvenie izaicinajumi un iespgjas, lai panaktu vertikalu politikas saskanotibu,
istenojot CRCF regulu dalibvalstu limeni. P&tljuma jautajuma defingSanai sekoja piecu
sakotn&jo mekl€Sanas terminu atlase, izmantojot deduktivo pieeju. Analize tika iesakta ar
CRCF regulu, savukart turpmakie dokumenti tika atlasiti ar “sniega pikas” izlases palidzibu
[100], [101], ieklaujot analizé politikas un normativos dokumentus, uz kuriem tika atrastas
atsauces atlasitajos teksta fragmentos. Tadgjadi nakamajam analizes posmam tika atlasiti v€l
14 dokumenti, ka arT divi papildu meklesanas termini. Tresaja iteracija tika identificeti vel 16,
kopa sasniedzot 31 dokumentu. Kopuma tika atlasiti un visu dokumentu analiz€ izmantoti
devini meklSanas termini. 2.2. attéla apkopoti kvalitativas satura analizes procesa un
metodologijas soli. Att€la aug$gja dala paraditi mekléSanas terminu un dokumentu atlases soli,
kam seko atlastto teksta fragmentu kvalitativa analize un manuala grup&Sana 17 provizoriskas
kategorijas, kas vélak strukturéti devinas tematiskas grupas, pamatojoties uz atkartojosam
temam, kontekstualam saikn€m un nozimigumu, kas noverots visa datu kopa. AtbilstoSie
analizes soli noraditi apaksa.
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1 2 3 1 izslegta

atlases - atlases atlases grupa
Ogleklsaistiga Kiirta Nosacijumu | 5.4y Kirta 16 dokumenti tehniska/
. sistéma (tehnis
Ogieka - neattiecinima)
azes linii Augsnes uzkriana izoriska
Bazes linija BEUYIOISLEY
! emisijas G produktos 14 dokumenti grupas
8 analizetas
A Oglekla i t k
apildinamibs ekvestricija ematiskas
Papildinamiba | | SO Sekvestricija CRCF regula
grupas o
Petijuma Horizontalas
jautajuma un vertikalas
definé¥ana saskanotibas
MekleSanas terminu atlase — Konceptuali saisitu novertgjums
Kodeiana kodu grup@ana,
Normativo un politikas dokuments atlase, izmantojot «sniega pikas» metodi — pamatojoties uz
Kodgto datu atkartojo§am témam un
Teksta fragmentu atlase, kas satur meklgjamos terminus analize politikas nozimigumu

2.2. att. Kvalitativas satura analizes metodika (virs bultas: mekiésanas termini un to atlases posmi,
dokumentu atlases posmi un devinas identificetas tematiskas grupas; zem bultas: atbilstosie metodiskie posmi).

Rezultatu sadala (3.1.1. apaks$nod.) sniegts parskats par analizétajiem dokumentiem,
mekl€Sanas terminu pieminéSanas biezumu un teksta fragmentu sadalijumu pa tematiskajam
grupam.

2.2. Daudzkritériju léemumu pienemsanas metodes

2.2.1. Alternativu prioritizéSana péc lidzibas ar idealo risinajumu

MCDA alternativu prioritiz€S$ana p&c Iidzibas ar idealo risinagjumu (TOPSIS) metode bieZi
tiek lietota vides stratégiju un ilgtsp&jigas attistibas novértésana. Metodes galvena prieksrociba
ir iespgja salidzinat vairakas alternativas, nosakot to tuvumu idealiem pozitiviem un negativiem
risingjumiem [102], [103], [104]. Idealie pozitivie un negativie rezultati tiek noteikti aprékinu
procesa [102], [103]. TOPSIS stipra puse ir tas vienkarsiba un salidzinos$i nelielais datu apjoms,
kas nepiecieSams tas piemé&ro$anai [104], [105]. Viena no metodes biitiskam sastavdalam ir
sverto kritériju vértibu izmantosana, atkartojot aprékinu ar vienadiem kriteriju svariem, tadgjadi
nosakot svaru ietekmi uz rezultatiem [105]. Metodes lietojums tika veikts sekojot zemak
uzskaititajiem soliem un aprékina formulam [106], [107], [108]:

4, G e G
p=: (M U m 2.1)

Am
Xm1 7 Xmn

kur A1... Am— salidzinamas alternativas;
C1... Cn - kritériji, saskana ar kuriem tiek veikts salidzinajums;
Xij - alternativas i (kur i ir alternativa no 1 lidz m) sniegums/veértiba saskana ar kritériju j
(kur j no 1 Iidz n).

Secigi tiek izstradata Iemumu pienemsanas matrica. Vertibas tiek normalizgtas un izstradata
normalizgta lemumu matrica. Normaliz&tais vert&jums tiek aprékinats, izmantojot 2.2. formulu:

m 2
i=1%ij

kur i — alternativa;
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j — kritérijs;
Xij —sakotngjais raditajs (alternativas i vértiba péc kriterija j)
rij —normaliz&ta vertiba (alternativas i vértiba péc kritérija j, péc normalizacijas);

Kad iegiits normalizétais visu alternativu vértéjums, tiek noteikts katra kritérija
individualais svars wj. Svars tiek noteikts, izpildot nosacijumu — kritériju svara summa ir
vienada ar 1. Nakamaja soli kriteriju svara koeficienti wj tiek reizinati ar normaliz&tajam
vertibam rij, lai ieglitu normaliz&to sverto vertibu wij, ka paradits 2.3. vienadojuma:

Wi = W; X Tij (23)

Kad normalizéta svérto lémumu matrica izveidota, tiek aprekinats idealais pozitivais
risinajums (d;) un idedlais negativais risingjums ( d;). Vispirms tiek noteikts attalums Iidz
idealajam risinajumam (MAX) un attalums Iidz idealajam negativajam risinagjumam (MIN).
Attalumi tiek noteikti izmantojot $adas formulas:

= MAX (Wqj + Wyj) (2.4.)

Péc attaluma Iidz idealajam pozitivajam un idealajam negativajam risinajumam
noteikSanas, nakamais solis ir ideald pozitivd (df) un idedla negativa risindgjuma (d;)
noteikSana saskana ar formulam 2.6. un 2.7.:

di = 2?:1(Wij _Wj+)2 (26)

di = Z?=1(Wii_Wj_)2 (2.7)

Alternativas relativais tuvums idealajam risinajumam tiek aprékinats, ka paradits 2.8.
formula:

€ == (2.8)

=— —
d; +d;

Rezultats ir vienads ar vértibam, kas parada alternativas ar lielaku Ci vértibu tuvumu
idealajam pozitivajam risinajumam un attalumu no ideala negativa risinajuma.

Jutiguma analize tika veikta, lai noveértétu, ka TOPSIS rezultati mainas, varigjot kritériju
svaru. Katram kritérijam tika pakapeniski mainits svars ar soli 0,1 intervala no 0,1 lidz 0,9,
vienlaikus nodrosinot, ka visu kriteriju svaru summa ir vienada ar 1. Mainot konkr&ta kriterija
svaru wj=, atlikuSais svars tika vienmeérigi sadalits starp par&jiem kriterijiem saskana ar 2.9.
formulu:

wj=—=, j#j* (2.9.)
kur n — kopgjais kritériju skaits,
wj» — sverta kritérija vertiba, kuru vari€ jutiguma analizg;
Wj — pargjo kritériju svars, kas sadalas vienmerigi.
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Iegutie relativa tuvuma koeficienti C; tika att€loti diagrammas, kas paradija alternativu
rangu izmainas. Ilgtsp&jigaka alternativa tika noteikta ka ta, kuras rezultati saglabajas
visstabilak, t.i., ar parsvara augSupejosam Itkném kritériju svaru variacijas gadijuma.

Eiropas un nacionalo bioekonomikas stratégiju saskanotibas novértéjums

2012. gada Eiropas Bioekonomikas stratégijas [88] un tas atjauninatas versijas 2018. gada
[89] vertikala saskanotibas ar devinu ES dalibvalstu bioekonomikas stratégijam (2.2. tab.)
novertésanai tika izmantota TOPSIS metode. Pétijuma (3. publikacija) ietvaros tika identific&ti
mérki un ricibas virzieni nacionalajas bioekonomikas stratégijas un tematiski grupéti atbilstosi
Eiropas bioekonomikas stratégija noteiktajiem mérkiem un ricibas virzieniem.

2.2. tabula
Analizg ieklautas dalibvalstu bioekonomikas stratégijas
Valsts Gads Valsts bioekonomikas stratégija
Austrija 2019 Austrijas bioekonomika Stratégija Austrijai [109]
Somija 2014 Somija Somijas bioekonomikas stratégija [110]
Francija 2015 Francijas bioekonomikas stratégija. Mérki, problémas un nakotnes redzgjums [111]
2017 Francijas bioekonomikas stratégija. 2018.—2020. gada ricibas plans [112]
Vacija 2020 Valsts bioekonomikas stratégija [113]
Irija 2018 Valsts politikas pazinojums par bioekonomiku [114]
Italija 2019 Bioekonomika Italija (BIT II) [115]
2017 Bioekonomika Italija (BIT) [116]
Latvija 2017 Latvijas Bioekonomikas strategija 2030 [42]
Niderlande 2018 Bioekonomikas nozime Niderlandé [117]
Spanija 2016 Spanijas bioekonomikas stratégija — 2030. gads [118]

Tika parskatiti nacionalo bioekonomikas stratégiju pilnie teksti. Katru reizi, kad tika atrasta
saikne, ta tika registréta, pieskirot tai veértibu 1, vélak skaitli tika summéti. Valstu
bioekonomikas strategijas minétie mérki un pasakumi, kurus nevargja tiesi sasaistit ar Eiropas
ItmenT noteiktajiem, tika uzskaititi sadala “Citi pasakumi”. Rezultati tika apkopoti un analizé&ti,
izmantojot TOPSIS metodi. Krit€riju svara noteikSanai tika izmantota ekspertu aptaujas
metode, un iegiito novert&jumu vidéjas vertibas (2.3. tab.) tika izmantots ka TOPSIS kritériju
svars ar kop&jo summu 100 %. Ekspertu atlases principi un svaru noteik8$anas kartiba aprakstita
2.4.3. apaks$nodala un 3. publikacija, kas arT veido §is pieejas metodologisko pamatojumu. Lai
noteiktu ekspertu novertejuma noteikto svaru ietekmi uz kriteriju novertgjumu, tiek veikta
atkartota novértesana, visiem kritérijiem pieskirot vienadus svarus. S1 pieeja kalpo ka jutiguma
analize, Kas lauj parbaudit rezultatu stabilitati attieciba pret svaru izmainam.

P&tfjuma nepartrauktibas un rezultatu salidzinamibas nodroSinasanai, politiskas
saskanotibas novértéjumam starp Eiropas bioekonomikas stratégiju un 10 dazada limena
Latvijas politikas plano$anas dokumentiem (2. publikacija) tika izmantoti tie pasi kriteriju svari,
kas noraditi 2.3. tabula. Sie svérumi tika ievaditi TOPSIS matrica un izmantoti aprekinos.
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2.3. tabula

Kriteriju svari mérkiem un ricibas virzieniem, kas noteikti Eiropas bioekonomikas

stratégija

Kritériju
Nr. Ricibas virzieni svars, wj
1 Partikas un uztura nodro$inajums 0,11
2 Dabas resursu ilgtsp&jiga apsaimnieko$ana 0,18
3 Mazaka atkariba no neatjaunojamiem, neilgtsp&jigiem resursiem 0,19
4 Klimata parmainu mazina$ana un pielago$anas tam 0,12
5 Eiropas konkurétspgjas stiprinasana un darbavietu radisana 0,10
6 Stiprinat un paplasinat biologiskas nozares, atraisit investicijas un tirgu 0,13
7 Atra viet§jo bioekonomiku ieviesana visa ES 0,08
8 Izpratne par bioekonomikas ekologiskajam robezam 0,09
KOPA 1,00 (100 %)

Zivsaimniecibas un akvakultiiras produktu ilgtspéjas novertejums

Tika salidzinati seSi dazadi zivsaimniecibas un akvakultiiras produkti (7. publikacija): (1)
biogaze; (2) spirulina (uztura bagatinatajs); (3) augu méslojums no algém; (4) zivju milti un
ella; (5) biodizeldegviela; (6) zivju konservi. Lai salidzinatu alternativas, pétito alternativu
izejvielu daudzums tika noteikts 1 tonna algu un 1 tonna zivju vai to blakusproduktu. Produktu
ilgtsp&jas noverteésanai Kriteriji tika sadaliti Cetras kategorijas - ekonomiskie, vides, tehniskie
un socialie krit€riji. Sesas no astonam krit€riju vertibam, tika noteiktas, aprékinot vidgjo
aritmé&tisko no ekspertu sniegta vertgjuma. Tika izvertéti arT divi kvantitativie kritériji, proti,
izvéleto produktu cena un energijas patérins. Pardosanas cena tika noteikta, aprékinot produkta
vid€jo cenu, p&c datu apkoposanas no tieSsaistes tirdzniecibas vietném.

llgtspgjigaka zivsaimniecibas un akvakultiiras produkta noteikSanai, tika lietota TOPSIS
metode. Pamatojoties uz iepriek§ mingtajiem kritérijiem, tika izveidota vértibu matrica un
kriteriji tematiski sagrupéti pa kategorijam (2.4. tab.). Alternativas sakartotas pec attieciga
produkta veida, vispirms noradot alternativas no algém, p&c tam no zivju produktiem.

2.4. tabula
TOPSIS analizei izmantotas vertibas
I A S Zivjuella .. _ . Partika
Biogaze Spirulina Meslojums un milti Biodizeldegviela (Konservita)
Ekonomiskie raditaji 3,30 3,82 2,75 3,64 3,38 3,36
PardoSanas cena (EUR/t) 67,00 30,00 10,00 2350,00 57,21 4750,00
Vides un klimata raditaji 3,39 3,39 3,11 3,20 3,54 3,04
letekme uz biologisko 290 329 3,04 343 332 3,29
daudzveidibu
Tehnologiju attistibas limenis 3,54 3,32 3,43 3,57 2,90 4,00
Energijas patérin$ (kWh/t) 220,00 218,00 350,00 32,00 187,70 170,00
Potencialais darbavietu skaits 2,90 3,54 2,70 3,54 3,18 4,07
Etiskie aspekti 3,60 4,30 3,60 2,67 2,08 2,85

Visiem kritérijiem tika pieskirts vienads svars 0,125. P&c svértas normaliz&tas matricas
izveides tika noteikts to tuvums idealajiem pozitivajiem un negativajiem risinajumiem. Visos
gadijumos, iznemot energijas patérina un ietekmes uz biologisko daudzveidibu kritériju
aprékinu, par idealo pozitivo vértibu tika nemta maksimala skaitliska vertiba, bet par idealo
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negativo vertibu — minimala skaitliska vertiba. Noteiktas idealas pozitivas un negativas veértibas
tika izmantotas, lai aprékinatu relativo tuvuma koeficientu.

Lai noteiktu katra kritérija vertibas ietekmi uz kopgjo izvértéjumu, pec TOPSIS metodes
lieto3anai, tika veikta jutiguma analize. Sim nolikam katram kritérijam tika izveidota matrica,
kura paraditas katras alternativas relativa tuvuma koeficienta vértibas, mainot kritérija svérumu.

2.2.2. Analttiskais hierarhijas process

Analitiskais hierarhijas process (AHP) tiek izmantots, lai noteiktu krit€riju relativo
nozimigumu, balstoties uz paru salidzindjuma matricu, kas atspogulo 1€muma pieneéméeju
vertgjumu par Krit€riju savstarpgjo nozimi. AHP ir viena no visplasak lietotajam MCDA
metodém, ko izmanto arT socialo un politisko jautdgjumu izvertésanai [119], [120].

Paru salidzingjuma un alternativo risindjumu vertéSanas matricas tika veidotas, balstoties
Samal un Kansal (2015) aprakstitaja metodika [121]. Salidzinot divus risinajumus, to
krustpunkta ievada attiecigo vert§jumu. Veértéjumi tika noteikti, izmantojot Saaty relativas
nozimibas skalu (1-9), kas lauj nemt véra vairakus viedoklus vai ekspertu perspektivas [119],
[122]. AHP matricas izveidei un faktoru veértibu noteikSanai tika izmantoti zemak noraditie
vienadojumi [104], [123]. Normaliz&tas matricas aprékins veikts ar vienadojumu 2.10.:

X, = ;T’ (2.10.)
kur Cij — kritérija vertiba,;

> Cij - kolonnas summa.

Prioritates vektora aprékinasana tiek veikta péc vienadojuma 2.11.:
w,, = 2 (2.11)

n

kur Y Xij — normaliz&ta matricas kolonnu summa;

n — kriteriju skaits.

AER projektu istenosanas administrativo satvaru salidzinajums

AER elektroenergijas razo$anas infrastrukttiras projektu Tsteno$anas administrativo satvaru
salidzinagjums (4. publikacija) balstijas piecos galvenajos kritérijos: (1) istenoSanas procesa
grafiks; (2) sarezgitiba; (3) informacijas pieejamiba; (4) sabiedribas viedokla ietekme; (5)
pasvaldibas ietekme. Tika nemti veéra tadi faktori ka izpildes termini, procesa sarezgitiba,
informacijas pieejamiba, sabiedribas viedokla ietekme un vietgjo pasvaldibu loma. Kritériju
vertgjumi tika analizeti, izmantojot MCDA metodes TOPSIS un AHP, kas lauj vienlaikus
salidzinat kvalitativus un kvantitativus raditajus. AHP metode tika lietota, lai noteiktu kritériju
relativo nozimigumu, atspogulojot 1émumu pienéméju skatfjumu. Pieci neatkarigi eksperti
izstradaja svaru matricas, un gala aprékinos tika izmantoti vidgjie sverumi. Kriterijiem
pieskirtie svari redzami 2.3. attéla. Ta ka svari noteikti no projektu Tstenotdju perspektivas,
augstakie vert€jumi pieskirti kontaktpunktu skaitam, pieejamas publiskas informacijas
apjomam un nepieciesamo dokumentu daudzumam.
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TOPSIS rezultatu jutiguma analize netika veikta, jo krit€riju svari tika noteikti, izmantojot
piecu neatkarigu ekspertu vert€jumus, un gala aprékinos izmantotas So vert€§jumu videjas
vertibas. Ta ka ekspertu atlase un pieskirtie svari atspogulo AER projektu attistitaju faktisko
perspektivu, vienadu svaru scenarija piem&roSana vai alternativu normalizacijas metozu
izmanto$ana biitu metodologiski neatbilstosa §T pétijuma mérkim.
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w

. att. Noteiktie kritériju svari.

TOPSIS metode tika lietota, lai atseviski novértétu dazadus energijas razoSanas
tehnologiskos risinajumus: mikrogeneratori, liela un vidéja méroga saules elektrostaciju (SES)
un liela un vidéja méroga v&ja elektrostaciju (VES) projektus. VES un SES tiek uzskatitas par
vidgja lieluma iekartam ar jaudu 1idz 10 MW un liela méroga elektrostacijam ar jaudu virs 10
MW; §is iedalijums balstas uz jaudu, kas pieslédzama elektroenergijas parvades sistémai, kas
vairuma pétijuma ieklauto valstu sakas no 10 MW.

Nisas produktu attistibas ietekméjoso faktoru izvertejums

AHP metode tika izmantota, lai noteiktu stipro un vajo pusu, iespgju un draudu analizes
(SVID) relativo nozimigu identificétajiem faktoriem (8. publikacija). P&c tam, kad eksperti bija
noteikusi tris perspektivus meza sektora nisas produktus un izvert&jusi to stipras un vajas puses,
iespgjas un draudus, katra kategorija tika atlasiti pieci nozimigakie faktori. Sie faktori tika
paklauti papildu paru salidzinasanai, kas lava integrét dazadus ekspertu skatljumus. Rezultata
tika izveidotas AHP matricas un noteikti faktoru svari, kas turpmak tika izmantoti TOWS
matrica, lai izstradatu stratégiskos attistibas virzienus produktiem un meza nozarei kopuma.

2.2.3. Svérto summu metode

Svérto summu metode (SAW) ir MCDA metode, kas balstas normaliz&to vertibu sveértaja
summa katrai alternativai visiem kritérijiem [124]. Merkis ir atrast augstako punktu skaitu un
tadgjadi labako alternativu. ST metode normalizé lémumu pienemsanas matricu salidzinamai
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skalai. So metodi galvenokart izmanto, lai risinatu daudzkritériju lémumu pienemsanas
problémas.

Lémumu matrica ir (M X n) matrica, kura katrs elements xij atspogulo alternativas A
vertibu, pamatojoties uz lémuma kritériju Cj. Alternativas apzimé ar i = 1, 2, 3, ..., m, krit€rijus
apzimé ar j = 1, 2, 3, ..., n. Katram elementam tiek pieskirts skaitliskais svars wj [124], [125].
Pirmais solis ir normaliz&t [Emumu matricu, izmantojot 2.12. vienadojumu ieguvuma atribitam

un 2.13. vienadojumu izmaksu atribiitam [124].
Xi j

rij = m (212)
Mi ij
rij = —Hll(lx 2 (2.13)

kur rij ir i alternativas normaliz&ta vertiba j krit€rijam.

Katras alternativas kop&jo punktu skaitu aprékina, reizinot normaliz&tos datus katram
kritérijam ar ta svarigumu. Svarigumam ir piemérojami ierobezojumi 2.14. un 2.15.
vienadojuma. Kopgjo punktu skaita rezultats ir paradits 2.16. vienadojuma [124].

n
Z w =1 (2.14)
j=1
0<w <1 (.15,
n
j=1

kur Si ir i alternativas kopgjais vertgjums.

Alternativas tiek sarindotas atbilstoSi to kopg&jiem rezultatiem, un alternativa ar augstako
kopgjo rezultatu ir labaka [124].

Ranga noteiksana profesionalas izglitibas kompetences centriem

23 PIKC rangs tika noteikts (5. publikacija), izmantojot vienkarso salikto raditaju un SAW
metodi, kura tika nemti vera tris kritiski faktori. Faktors tika uzskatits par “ieguvuma atribiitu”,
ja ta vertibas palielindgjums bija vélams, un par “izmaksu atribiitu”, ja noticis pret&jais [126].
Sie faktori bija $adi:

* Objekta apsekojuma laika uz vietas iegiito aptaujas punktu skaits, kas ir ieguvuma atribiits

un kam pieskirts svars 0,1;

* Primaras energijas patérina samazinajums uz vienu ieguldito eiro; tas ir ieguvuma atribats,

kam pieskirts svars 0,45;

* Nepiecie$amas investicijas eiro, lai samazinatu CO> emisijas par vienu kilogramu; tas ir

izmaksu atribiits, kam ar1 pieskirts svars 0,45.

Nemot veéra Sos tris kritérijus un to svérumu, tika noteikts kompetencu centru rangs,
nodrosinot objektivu vértgjumu. SAW metodika tika izmantota tadel, ka visi tris kriteriji ir
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skaidri izm&rami un savstarpgji tiesi salidzinami, tapéc papildu jutiguma analize $aja gadijuma
nebiitu sniegusi bitisku pievienoto vertibu.

2.3. Stratégiskas planoSanas un izvértéjuma metodes

2.3.1. Fokusgrupas diskusija

Fokusgrupas ir plasi izmantota metode socialajas un uzvedibas zinatng&s, lai izprastu individu
uzskatus, motivaciju un attieksmi, kas ietekmé to ricibu, reaggjot uz konkrétam socialam
paradibam [127], [128]. Fokusgrupas diskusiju var uzskatit par vairaku individu viedoklu
apmainu un daliSanos ar informaciju, lai izpétitu dazadus temata vai zinaSanu jautajuma
aspektus [127], [128]. Butiski atzimét, ka diskusiju mérkis nav panakt vienpratibu par tému, bet
gan aptvert tas dazadas Skautnes un izvertét perspektivas [127], [128]. Fokusgrupu diskusijas
parasti piedalas cilveki, kuri nepazist Cits citu, bet ir zinosi par t€ému, un §is diskusijas biezi vien
notiek ka diskusiju cikls [129].

2.3.2. SVID analize

SVID matrica ir plasi izmantota metode iek$€jo un argjo ietekmju novertéSanai un lemumu
pienemsanai [130], [131]. Ta tiek uzskatita par strategiskas planosanas instrumentu, kas biezi
izmantots uznémgjdarbiba un dazadu projektu noveérté$ana, ta arvien plasak tiek lietota arl
politikas plano$anas un publiskas parvaldibas konteksta, jo lauj savlaicigi identificét turpmakas
attistibas iesp&jas un riskus [130], [132]. Vienlaikus SVID matricas trukums ir tas, ka ta
visparina matrica uzskaititos faktorus, neizvertgjot katru faktoru detalizéti [130], [131]. Tadél
§1 metode nereti tiek kombinéta ar citam metodém, pieméram, AHP vai TOWS, kas nodro$ina
dzilaku analizi un stratégisko izvélu pamatojumu. Lidzigu pieeju izmantojusi Kurttila et al.
[130], kur $adu metozu kombinacija tika izmantota ka dala no meza sertifikacijas procesa
stratégiskas planosanas. P&tjjuma tika secinats, ka $o metozu kombinacija uzlabo stratégiskajai
planosanai pieejamo informaciju un stiprina lémumu pienemsanas procesu [130].

2.3.3. TOWS matrica

TOWS matricu 1982. gada izstradaja Weihrich ka situacijas analizes riku, kas piemérots
stratégiskai planosanai un piemérojams dazada veida organizacijas [133]. Akronims TOWS
(anglu val. - Threats, Opportunities, Weaknesses, Sthrenghts) sastav no tiem pasiem
elementiem ka SVID matrica, ta¢u pieeja ir atSkiriga — ta lauj sasaistit argjos draudus un iesp&jas
ar organizacijas iek§gjam stiprajam un vajajam pusém [133], [134], [135]. TOWS balstas uz
Cetram strat€giju kombinacijas: (SO) maxi-maxi - iesp&ju maksimala izmantoSana, balstoties uz
konkrétiem stiprajiem aspektiem; (WQO) mini-maxi — vajas puses tick mazinatas, izmantojot
iesp&jas; (ST) maxi-mini — draudu mazinasana, izmantojot noteiktus spécigos aspektus; (WT)
mini-mini — vajas puses tiek mazinatas un draudi noversti.
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Meza bioekonomikas transformacijas iespéju identificeSana

Barjeru parvaréS$anai un meza nozares Specigo pusu stiprinasanai, tika izmantota hibrida
pieeja, apvienojot grupu model&Sanas metodi (piemerota saskana ar fokusgrupu metodologijas
principiem) ar SVID, AHP un TOWS metodém (8. publikacija). Grupas model&$anas sesijas
piedalijas nozares eksperti, kuru uzdevums bija identificét perspektivus niSas produktus ar
augstaku pievienoto vertibu un izstradat nozares parveides virzienus (2.4. att.).

A 5 stipras puses
SVID matrica p
Lnitas. | oyuaspusests|  QUNICEN | BRICECHN , | Miutedarbibas
5 iesp€jas matrica identificeSana
produktam .
5 draudi
D 5 stipras puses
matrica 3 niSas SVID matrica o
Latvijas —» produktu 2. nisas —> sva.]as?."ses —> AHP —» TOV\.IS —»> M“mfhr.lzibas
= P S iespejas matrica identificeSana
meZa izvele produktam "
. 5 draudi
nozarei
3 5 stipras puses
SVID matrica = o
ot e ST | TOWS | Milkdariibs
e 5 iesp&jas matrica identificéSana
B 5 draudi
v

Rekomendacijas par veicamajiem pasakumiem ilgtsp&jigas un uz zinaSanam balstitas meZa nozares attistibai Latvija

2.4, att. Metodika nisas produktu attistibas strat€giju izveidei.

Lai SVID matrica ieklautos faktoru novértéjumu padaritu analitiskaku, tie tika sarindoti péc
to nozimiguma un ietekmes, izmantojot AHP metodi. Katras matricas ietvaros tika noteikti
pieci butiskakie stipro un vajo pusu, iesp&ju un draudu faktori, kas talak tika paklauti paru
salidzinasanai ar Saaty relativas nozimibas skalu (1-9), nodrosinot liclaku konsekvenci un
salidzinamibu. Papildus tika izmantota TOWS matrica, lai sintez&tu ar SVID un AHP iegiitos
rezultatus un noteiktu faktoru savstarpgjo mijiedarbibu. ST pieeja lava izstradat Cetras
strat€giskas kombinacijas (SO, WO, ST, WT), palielinot stratégisko pasakumu pievienoto
vertibu un nodro$inot iesp&ju izstradat attistibas stratégijas meza bioekonomikai.

2.4. Empiriskas datu vakSanas un novértéjuma metodes

2.4.1. Aptaujas

Komunikacijas stratégijas izstrade par ilgtspejas jautajumiem

Efektivas komunikacijas un sabiedribas izpratnes veicinasanai sakotngji tika veikts seSu
zivsaimniecibas un akvakultiiras produktu ilgtsp&jas noveértéjums ka gadijuma izp&te (7.
publikacija). Nakamais solis bija sabiedribas izpratnes par klimata parmainam un ilgtsp&jigu
produktu izveli noskaidrosana un piemérotako komunikacijas veidu identificésana. Par galveno
datu vaksanas riku tika izvéléta aptauja, kas veidota un izplatita elektroniski, lai nodrosinatu
pec iespéjas plasaku respondentu skaitu. Jautajumi bija izstradati ta, lai noteiktu piemérotakos
komunikacijas kanalus, izvértétu sabiedribas atticksmi pret izglitojosu saturu un noskaidrotu
viedoklus par komunikacijas vides un klimata parmainu jautajumos.
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Aptaujas rezultati sniedza butisku ieguldijumu, palidzot identificét piemérotako formatu,
izplatiSanas veidus un informacijas sniedzgjus, lai sabiedribai sniegtu uz zinasanam balstitu
informaciju. Tas savukart veicina patérétaju sp&ju pienemt informétus lémumus un izveleties
ilgtspgjigus produktus un materialus. Aptauja tika izstradata Google Forms vidé un izplatita
socialaja tikla Facebook. Kopuma to aizpildija 140 respondenti dazadas vecuma grupas, no
kuram lielaka dala bija vecuma no 18 lidz 55 gadiem. Nemot vera to, ka izlase veidojas ar
pasatlasi, rezultati nav reprezentativi visai Latvijas sabiedribai, tacu tie sniedz uzticamu ieskatu
izveletas respondentu grupas komunikacijas paradumos.

Izglitibas iestazu apsekojumi un aptaujas

PIKC novértesana (5. publikacija) tika veikta, tas apmeklgjot klatieng un izsniedzot vienotu
aptauju katras iestades parstavim. Aptauja tika sagatavota, balstoties Groves et al. [136]
metodika, un ietvéra Cetras jautajumu kategorijas: (1) energijas patérin$ un uzvediba; (2) vides
politika un izglitiba; (3) galvenie elektroenergijas patérétaji; (4) Iidz S$im Tistenotie
energoefektivitates un taupibas pasakumi.

Aptaujas mérkis bija iegiit gan tehnisko informaciju par primaras energijas patérinu un
izglitibas iestazu €ku ekspluatacijas apstakliem, gan plasaku ieskatu par organiz&tajam vides
aktivitatém, izglitibas programmas ieklautajam vides t€mam, atkritumu apsaimnieko$anu un
macibspeku iesaistiSanos ilgtspgjigas attistibas iniciativas. Atbildes tika kvantificetas,
izmantojot binaro punktu sistému (pozitiva atbilde 1 punkts, negativa atbilde 0 punkti) [137].
Si pieeja lava sistematiski novertét esoso energétikas un vides parvaldibas praksi un identificét
iesp&jamos primaras energijas patérina samazinasanas pasakumus.

2.4.2 Datu vaksSana

AER projektu istenoSanas administrativo satvaru salidzindjums

AER elektroenergijas razo$anas infrastruktiiras projektu TstenoSanas administrativo sistému
salidzinajums (4. publikacija) balstdas noteiktoS un saskanotos kriteérijos. Procediiru
salidzinasanai tika noteikti pieci galvenie aspekti (2.5. tab.), nemot véra izpildes terminus,
sarezgitibu, informacijas pieejamibu, sabiedribas viedokla ietekmi un vietgjo pasvaldibu lomu.
Katrs no krit€rijiem ietvéra vienu vai vairakus apakskriterijus, kuru izvertéSanai tika apkopots
apjomigs datu kopums, nodrosSinot daudzpusigu administrativo sist€ému novertg§jumu. Analize
balstijas pétijuma ieklauto valstu speka eso$ajos normativajos dokumentos, nepiecieSamibas
gadijuma izmantojot publiski pieejamu informaciju par procesa soliem Nno valsts parvaldes
iestazu timekla vietnem.

Dazas projektu stenoSanas atlauju izsniegSanas procediras ir specifiskas katram projektam
un atkarigas no vietgjas situacijas un projektu izstradatajiem [138], [139]. Tap&c termini tiek
analizeti atseviski procesiem ar standartiz€jamiem un skaidri defin€jamiem noteikumiem, un
atseviski nestandartiz€jamiem atlauju izsniegSanas vai apstiprinasanas procesiem, kuros nemti
vera dazadi projekta specifiski elementi, ka arT izstradataja spg&ja savlaicigi izpildit iestazu
prasibas.
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2.5. tabula

Kriteriju parskats, lai salidzinatu AER energijas razoSanas infrastruktiiras projektu
istenoSanas procediiras dazadas valstis

Dimensija Kriteriji Novértéjuma Mérvieniba Datu avots
veids
Istenosanas  Standartizéjamo Kvantitativs Dienu skaits Normativie — dokumenti  un
procesa procesu posmu ilgums publiski pieejama informacija
grafiks valsts iestazu timekla vietnés
Laiks Kvantitativs Dienu skaits Normativie dokumenti un
nestandartiz€jamiem publiski pieejama informacija
procesa posmiem valsts iestazu timekla vietn@s,
projektu apraksti
Kopgjais projekta Kvantitativs Dienu skaits ~ Informacija par Tstenotajiem
steno$anas laiks projektiem
Sarezgitiba Kontaktpunktu skaits Kvantitativs ~ Kontaktinstitic ~Normativie dokumenti un
(kontaktinstitucijas) iju skaits publiski pieejama informacija
valsts iestazu timekla vietnés
Vairakas netiesi Kvantitativs Iesaistito Normativie dokumenti un
iesaistitas iestades iestazu skaits  publiski pieejama informacija
valsts iestazu timekla vietnes
Nepieciesamo Kvantitativs Dazadu veidu ~ Normativie dokumenti un
dokumentu skaits dokumentu publiski pieejama informacija
skaits valsts iestazu timekla vietnes
Informacijas Publiskas informacijas Kvalitativs 3 punktu skala  Ekspertu novért&jums par
pieejamiba pieejamiba informacijas pieejamibu
Uzkratas zinaSanas par  Kvantitativs Raditajs Statistikas dati
projekta IstenoSanu (kW/ttikstos
iedzivotaju)
Sabiedribas  Sabiedrisko apspriezu Kvantitativs Sabiedrisko Normativie dokumenti un
viedokla skaits, kas jaorganize apspriezu skaits  publiski pieejama informacija
ietekme projekta istenoanas valsts iestazu timekla vietnés
procesa
Vietgjas sabiedribas Kvalitativs 3 punktu skala  Ekspertu novertgjums,
iespéjas ietekmét AER pamatojoties uz pieejamo
projektu Tstenosanu informaciju
Pasvaldibas  Pasvaldibas iespgja Kvalitativs 3 punktu skala  Ekspertu novertgjums,
ietekme ietekm&t AER projektu pamatojoties uz pieejamo
IstenoSanu informaciju

2.5. attéla redzami standartiz&ami procesi ar paredzamiem

mainigajiem lielumiem un

fiks€tu istenosanas terminu — atlaujas elektroenergijas razoSanas jaudas palielinasanai vai

jaunas razoSanas iekartas ievieSanai, buvatlaujas un elektroenergijas tirdzniecibas atlaujas.

Pieteikumu izskati$anas un attiecigo atlauju izsnieg$anas termini ir noteikti, analiz&jot

normativos dokumentus un iestazu timekla vietn€s publiski pieejamo informaciju. Tadi procesi

ka ietekmes uz vidi novértg§jums (IVN), izmainas teritorialaja planojuma un pieslégums

elektrotiklam ir atkarigi no konkréta projekta un prasa papildu ekspertu iesaistiSanu, ka art

saskanojumu no tuvuma esoSo zemju Ipasniekiem. Tape&c Sie procesi tika defineti ka
“nestandartiz€jami”, d&| atSkirigajiem izpildes terminiem [140], [141]. Kopgjais projektu

TstenoSanas laiks tika noteikts, balstoties uz gadijumu izp&tem, intervijam ar VES un SES parku

attistitajiem, ka ar1 realiz€to projektu analizi attiecigajas valsts.
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2.5. att. Laika grafika analize atkariba no Tsteno$anas procesa.

Viens no projektu ievieSanas analizes aspektiem bija koordinacijas procesa sarezgitiba, tiesi
iestazu skaits, kuras projekta attistitdjam jaiesniedz sanemtas atlaujas vai apstiprinajumi
projekta atfistibas ietvaros veicamajam darbibam [142], [143]. Direktiva (ES) 2018/2001
nosaka, ka, lai AER projektu stenoSana norit€tu vienmérigak, dalibvalstim butu jaizveido
vienots kontaktpunkts, kura var sanemt visus nepiecieSamos apstiprinajumus vai atlaujas, lai
atvieglotu projektu istenosanu [58], [62]. Tadgjadi pirmais kriterijs “sarezgitibas” dimensija ir
kontaktpunktu skaits. Otrs Kritérijs ir netiesi iesaistito iestazu skaits, pieméram, VES gadijuma
tas varétu but militaras institGcijas, bet SES gadijuma lidostas tuvumsS un nepiecieSamie
saskanojumi no tam. TreSais kriterijs ir aptuvenais dokumentu skaits, kas nepiecieSams projekta
apstiprinasanai, kas varétu noradit uz papildus administrativo slogu.

Biitisks aspekts, kas nodrosina AER projektu sekmigu 1stenoSanu, ir pieejama informacija
par administrativajam procediiram un nepiecie$amajam atlaujam [144]. P&tijuma tika novertéta
informacijas pieejamibu, izmantojot 3 punktu skalu, kur 3 punkti tika pieskirti, ja informacija
ir viegli pieejama, par visu procesu un terminiem atrodama viena avota, bet 0 punkti, ja
informacija nav atrodama, nav publiski pieejama. Ka kritrijs tika ieklautas uzkratas zinasanas
par AER projektu istenoSanas procesu, kas §a pétijuma konteksta tika méritas proporcionali
uzstaditajai jaudai.

Vietgjas kopienas var batiski ietekmét AER projektu istenoSanu [145], [146]. Tadel tika
vertéta sabiedribas ietekme uz AER projektu atlauju izsniegSanas procesu un projektu
istenoSanu. Pirmais identific@tais kriterijs ir maksimalais publisko apspriezu skaits par AER
projekta istenoSanas apstiprinasanu, otrs kritérijs ir viet€jas sabiedribas iesp&ja ietekmét AER
projektu Tstenosanu [143].

AER projekta IstenoSanas panakumi un atrums ir liela méra atkarigi no vietgjas pasvaldibas
pieredzes $ada veida projektu koordiné$ana un no tas attieksmes pret tehnologiju [147], [148],
[149], [150]. Kvalitativs kritérija novertéjums tika veikts, balstoties uz normativo dokumentu
analizi un gadijumu izpéti, pieskirot punktus pec 3 punktu skalas, ka tas tika darits vietgjo
kopienu ietekmes novertésanai.
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Izglitibas iestazu ilgtspéjas novertejums

Tika vakti detalizéti dati, lai noveértétu energijas patérina modelus izglitibas iestades (5.
publikacija). Analizé ieklautas iestades atbilst visiem 23 PIKC Latvija, tad€jadi nodrosinot
pilnu §is institucionalas grupas aptvérumu, nevis izlasi. Datu kopa ietvéra informaciju par 167
€kam visos 23 pétijuma ieklautajos un apsekotajos PIKC un ietvéra €ku platibu, siltumenergijas
un elektroenergijas patérinu no 2017. gada Iidz 2022. gadam meéneSa griezuma, ka ari katras
€kas siltuma un elektroenergijas avotus. leglitie energijas patérina dati analizétajam izglitibas
€kam apkopoti 2.6. attéla. Lielakaja dala €ku Tpatngjais energijas patérins bija robezas no 48
lidz 93 kWh/m?/gada, kas liecina par salidzinosi augstu energoefektivitati. Tikai 30 % &ku
Tpatngjais energijas patéring parsniedza 100 kWh/m?2. Provizoriska datu analize liecinaja, ka
lielakaja dala eku jau ir tikusi veikti kompleksi renovacijas pasakumi, un, lai turpinatu uzlabot
€ku kopgjo efektivitati, ir jaidentifice citi potenciali energijas taupibas pasakumi.
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Ekas platiba, tiiksto§ m?
2.6. att. Regresijas analize par €ku energijas paterinu attieciba pret kopgjo &kas platibu.

Iigtspgjas pasakumu noteikS$ana bija dala no vienkarSota salikta raditaja izveides, un
pasakumu izvéle tika balstita visaptverosa literatiiras analizg, energijas patérina datos, €ku
energoefektivitates parbaudes, apmekl&jumos uz vietas un aptaujas. Noteiktos ilgtsp&jas
pasakumus var iedaltt divas grupas: (1) pasakumi, kas ir 11dzigi vairuma izglitibas iestazu
(obligatie pasakumi); (2) individuali pasakumi (papildu pasakumi). Nemot véra pieejamo
finans€jumu uzlabojumu veikS$anai, pirma pasakumu grupa tika noteikta ka prioritara
finans€juma sanemsanai, bet otrajai pasakumu grupai pieskirtie lidzekli ir starpiba starp kopgjo
finans€juma apjomu un pirmajai pasakumu grupai nepiecieSamo finans€jumu. Papildu
pasakumu prioritate tiek noteikta, izmantojot optimizacijas metodi. ST pieeja lava izvéleties
rentablus pasakumus, maksimali palielinot to ietekmi uz energijas patérina un SEG emisiju
samazinasanu.

Tika veikta izmaksu un ieguvumu analize, lai noteiktu pasakumus, kvantificgjot potencialo
energijas ietaupfjumu un nepiecie$amas investiciju izmaksas. 2.6. tabula apkopotas izmaksu
prognozes galvenajiem identificétajiem energétikas pasakumiem.
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2.6. tabula

Identificéto pasakumu izmaksu pien@mumu parskats

Energoefektivitates pasakums Attiecigas izmaksas Avots
Energgtikas parvaldibas darbinieka iecel$ana 1173 EUR/gada [151]
un apmaciba
Ekas parvaldibas sistémas ieviesana 7,6 EUR/m? [151]
Vides politikas IstenoSana 1000 EUR par &ku Aptaujas rezultati
Iekstelpu temperatiras kontrole 0 Eku energoefektivitates auditi
Informativie materiali 0,01 EUR/m? [152]
Mehaniska ventilacija ar rekuperaciju 30 EUR/m? [151]
Apgaismojuma modernizacija 8,9 EUR/m? [153]
Sienu siltinaSana (no iekSpuses) no 9 lidz 60 EUR/m? Eku energoefektivitates auditi
Jumta siltinagana no 0,3 I1dz 2,7 EUR/m? Eku energoefektivitates auditi
Cokola siltinasana 4,3 EUR/M? Eku energoefektivitates auditi
Logu nomaina no 28,9 lidz 88,8 EUR/m? | Eku energoefektivitates auditi
Sildelementu nomaina ar termoregulatoriem 7,4 EUR/m? Eku energoefektivitates auditi
Siltummaina nomaina 0,03 EUR/m? Eku energoefektivitates auditi
Siltumapgades apaksstacijas renovacija 0,8 EUR/m? Eku energoefektivitates auditi
Jaunu apkures katlu uzstadiSana 3,6 EUR/m? [154]
Saules kolektori 1169,8 EUR/m? [154]
Saules panelu uzstadisana 308,2 EUR/m? [154]
Pieslégums centraliz&tajai siltumapgadei 24,5 EUR/m? [154]

Papildus pasakumu optimizacija tika veikta, izmantojot Microsoft Excel izklajlapu
programmatiiru un datu risinaSanas riku [155]. Meérkis bija atrast optimalo problémas
risindgjumu. Papildus pasakumi tika attéloti ka binarie mainigie, kur vértiba 1 norada, ka
pasakums ir piemérots, bet vertiba 0 norada, ka pasakums nav piemérots. Optimizacijas merkis
ir maksimali samazinat primaras energijas patérinu. Pieejamais budzets bija 19,14 miljoni eiro,
kas tika sadalits tris dalas: 203 tukstosi eiro demonstracijas projektiem; 10,4 miljoni eiro
obligatajiem pasakumiem un 8,54 miljoni eiro papildus pasakumu optimizacijai. Optimizacijas
meérkis bija noteikt efektivako pasakumu kombinaciju, kas samazinatu energijas patérinu,
neparsniedzot 8,54 miljonu eiro budzeta robezu.

2.4.3. Ekspertu vertejumi

Promocijas darba ietvaros tika izmantoti arT ekspertu vért€jumi, lai atspogulotu nozares
profesionalu skatfjumu. P&tfjumos, kuros tika skatita Eiropas bioekonomikas stratégijas
politikas saskanotiba ar ES dalibvalstu nacionalajam strat€égijam (3. publikacija), ka ari secigaja
pétijuma, kura tika skatita Eiropas bioekonomikas stratégijas saskanotiba ar Latvijas politikas
planosanas dokumentiem (2. publikacija), tika veikta tieSsaistes aptauja. Aptauja ekspertiem
bija janoverte, kuri no pieciem mérkiem un trim ricibas jomam, kas noteikti Eiropas
bioekonomikas stratégija [89], ir butiskakie, lai panaktu strauju zinaSanas balstitas
biockonomikas attistibu. Aptaujas anketa tika izsatita 35 ekspertiem, izmantojot personigos
kontaktus. Priek$noteikums bija eksperta darbiba kada no bioekonomikas primaro resursu
ieguves nozarém (lauksaimnieciba, meza sektors vai zivsaimnieciba un akvakultiira) vai
zinatniska petnieciba bioekonomikas, klimata un vides ilgtsp&jas joma. Aizpilditas aptaujas
anketas tika sanemtas no 27 ekspertiem.
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Zivsaimniecibas un akvakultiras produktu ilgtsp&as noveért§jumam (7. publikacija)
elektroniski tika aptaujati 28 eksperti, kuri katra kritérija ietekmi uz alternativu novertgja piecu
punktu skala. Vienigais iznémums bija kritérijs “ietekme uz biologisko daudzveidibu”. Sim
kritérijam veértgjuma skala bija apgriezta: jo augstaka skaitliska vértiba, jo negativaks
vertgjums. To var pamatot ar to, ka ilgtsp&jigai alternativai ir iesp&jami mazaka ietekme uz
biologiskas daudzveidibas samazinasanos. Ekspertu vert&jumi kriterijiem bija lidzigi, lai gan
eksperti ir specializ&jusies dazadas jomas.
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3. REZULTATI

3.1. Politikas saskanotibas novértéjums

Politikas saskanotibas novertgjums balstijas literatiiras un dokumentu analizes metodes
(SLP, kvalitativa satura analize), ko papildindja datu vak§ana un MCDA metodes. Pirmkart, tika
vertéta horizontala politikas saskanotiba, analiz&jot, ka CRCF regula ieklaujas plasaka ES
klimata, lauksaimniecibas un ZIZIMM politikas un normativaja ietvara un kadas tematiskajas
jomas tas savstarpgji mijiedarbojas. Vienlaikus tika identificétas iesp&jamas barjeras vertikalas
saskanotibas nodrosinasanai, ievieSot CRCF regulas sertifikacijas satvaru dalibvalstis. Otrkart,
vertikalas saskanotibas analize tika veikta, izvert&jot, vai Eiropas bioekonomikas stratégija
definétie mérki implementgti dalibvalstu bioekonomikas stratégijas. Tre$aja posma uzmaniba
pievérsta Latvijas gadijumam, novértgjot vertikalo saskanotibu starp Eiropas bioekonomikas
stratégijas mérkiem un Latvijas ilgtermina un vid&a termina politikas dokumentiem.
Visbeidzot, vertikalas saskanotibas novértgjums starp ES un Latvijas dokumentiem tika
papildinats ar ricibpolitika icklauto politikas instrumentu analizi.

3.1.1. Politikas saskanotibas novértéjums. Ogleklsaistiga lauksaimnieciba

Saja pétijuma (9. publikacija) kvalitativa satura analize tika izmantota, lai analizétu 31
normativo un politikas dokumentu, tostarp vienu starptautisku ligumu (Parizes noligumu) un
vienu regulas priekslikumu. Dokumenti, kas ir ciesi saistiti ar CRCF regulu, ietvéra tris
direktivas un devinas regulas, savukart lielakais dokumentu skaits (17) bija Eiropas Komisijas
pazinojumi. Analiz€to dokumentu struktiira pec dokumentu veida ir redzama 3.1. attgla.

= Starptautisks ligums
= Regula

Direktiva
= Regulas priekslikums

= Eiropas Komisijas pazinojumi

1

3.1. att. Analiz&tic dokumenti p&c dokumentu veida, skaits.

Vissenak pienemtais dokuments ir 2003. gada pienemta “Eiropas parlamenta un padomes
direkttva 2003/87/EK, ar kuru nosaka sist€ému siltumnicas efektu izraisoSo gazu emisijas kvotu
tirdzniecibai Kopiena” [39], bet jaunakais ir pienemts 2024. gada. Salidzinot atlasito
dokumentu skaitu pa gadiem, no 2003. lidz 2017. gadam atlasiti tikai pieci dokumenti, bet laika
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posma no 2018. 1idz 2024. gadam atlasiti 26 dokumenti, kas liecina par strauju normativo un
politikas dokumentu attistibu petijuma jautajuma konteksta.

Meklesanas terminu biezuma un sadalijuma analize

P&tfjuma jautajums atspogulojas ne tikai analizéto dokumentu skaita, bet arT atslégas vardu
piemingjumu biezuma. Salidzinot divus dokumentu pienemsanas periodus, no 2003. gada Iidz
2017. gadam un no 2018. gada Iidz 2024. gadam, redzams, ka pieming&jumu skaits ir ievérojami
piecaudzis. Pirmaja perioda (2003.—2017.) analizétajos dokumentos mekléSanas termini
pieminéti tikai 26 reizes, bet no 2018. lidz 2024. gadam min&jumu skaits palielinas lidz 1473.
Jauzsver, ka Sie dati atspogulo mekl€Sanas terminu pieming$anas biezumu visos dokumentos,
pirms saturiskas tekstu fragmentu analizes, kuras laika tika izslégti tehniskie un tematiski
neatbilstosie fragmenti. Mekl&Sanas terminu piemin&jumu straujais pieaugums no 2018. gada
sakrit ar izmainam ES klimata politika p&c Parizes noliguma noslégSanas 2015. gada beigas.
Parejas periods pec Parizes noliguma pienemsanas atspogulo tipisku normativo parskatiSanas
un politikas pielagoSanas ciklu, kura ES saka izstradat jaunas politikas un politikas
instrumentus, lai mazinatu klimata parmainas un veicinatu oglekla piesaisti un sekvestraciju.
Sikaks piemingjumu sadalfjums pa mekl&Sanas terminiem ir redzams 3.2. attela.

Ogleklsaistiga lauksaimnieciba _ 194
Bazes linija - 93
Papildinamiba [ 388
Oglekla presaiste - [ 535

Augsnes emisijas - 77
Tlgtspgjas. siltumnicefekta gazu emisiju . 32
aiztaupljuma kritériji
NosacTjumu sistéma - 53

Sekvestracija - 67

Oglekla uzkrasana produktos - 60

Meklesanas termini

0 100 200 300 400 500 600
Piemingsanas biezums

3.2. att. Mekl&$anas terminu ming$anas biezums analizéto dokumentu kopuma, skaits.

Atlasitie teksta fragmenti tika kvalitativi analizéti, ka rezultata tie tika iedaliti devinas
tematiskas grupas (3.1. tab.). Sis grupas atspogulo galvenas mijiedarbibas un saskanotibas
jomas starp CRCF regulu un citiem ES normativajiem un politikas dokumentiem, jo Ipasi
saistiba ar klimata un lauksaimniecibas politiku. Tematiskas grupas tika veidotas, pamatojoties
uz to atbilstibu pétijuma jautajumam, un ka ar CRCF regulu izveidotais sertifikacijas satvars ir
strukturéts un horizontali integréts ES politikas instrumentos. CRCF regulas praktiskas
IstenoSanu jeb vertikalas integracijas izaicinajumiem. Astonas no devinam tematiskajam
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grupam tika aprakstitas sikak, bet devita grupa netika detalizétak analizéta, jo ietvéra tehnisku
vai ar pétijuma jautajumu nesaistttu informaciju.

3.1.tabula
Dokumentos identificgtas teksta fragmentu grupas
Nr. Tematiska srupa fr;e#\?:tu Dokumenti, no kuriem tika atlasiti
p.K. grup sgliaits teksta fragmenti*
[15], [49], [62], [65], [88], [89], [156],
1 Vispariga informacija par ES SEG emisiju 117 [157], [158], [159], [160], [161], [162],
" | samazina$anas mérkiem [163], [164], [165], [166], [167], [168],
[169], [170], [171], [172]
2 CRCF regulas sertifikacijas sistéma ka 22 [49], [89], [156], [161], [164], [166],
" | instruments ES klimata mérku istenoSanai [167], [168], [173]
Sertifikacijas sist€éma, uzraudziba, atbalsta
3. instrumenti 84 [49], [89], [156], [165], [167], [168]
4 Ii_van_tiﬁcééana, Pﬁzes Iiija, ieprieksgjas 53 [49], [156], [159], [161], [169]
' | piesaistes reversija ' ' ' '
5. | Saiknes un mijiedarbiba starp CRCF un KLP 42 [ng]j??}.é%J]-?EJ].’?Z[I.J]-,6:[3]].’7%,6‘[1J].’7E]-??J].’76]
6 Ogleklsaistiga lauksaimnieciba ka 34 [89], [156], [161], [163], [164], [165],
" | uznémgjdarbibas modelis [167], [168], [169], [171]
7 Ogleklsaistiga lauksaimnieciba un oglekla 29 [49], [89], [156], [159], [160], [163],
" | uzglabasana ekosistémas un produktos [164], [166], [173], [174], [177]
8 Ilgtspgja, papildinamiba un darbibas ar 14 [15], [49], [62]
" | papildu ieguvumiem il
9. | Teksta fragmenti, kas izslégti no turpmakas 485
analizes **
* Atsauces attiecas uz dokumentiem, kas uzskaititi literatiiras saraksta
** Detalizets 9 tematiskas grupas apraksts nav sniegts, jo taja ir teksta fragmenti, kas tika izslegti no
turpmakas analizes

Saja petijuma tika izvirziti divi pétijuma jautajumi: (1) Ka CRCF regula ir horizontali
integréta ar citiem ES klimata un lauksaimniecibas politikas dokumentiem, jo 1pasi saistiba ar
ogleklsaistigu lauksaimniecibu; (2) Kadas ir galvenas barjeras un iespgjas, lai panaktu vertikalu
politikas saskanotibu, istenojot CRCF regulu dalibvalstu limeni. Atbildes uz §iem jautajumiem
tika meklétas, veicot kvalitativu satura analizi 31 politikas un normativajam dokumentam.
Termini “ogleklsaistiga lauksaimnieciba” un “oglekla uzglabasana” pirmo reizi tika ieviesti
2018. gada Eiropas bioekonomikas stratégija “Ilgtsp&jiga bioekonomika Eiropai” [89], kur $ie
termini tika traktéti ka inovativas pieejas ar lielu potencialu klimata parmainu mazinasana.
Tadgjadi iezimgjot So terminu ienaksanu ES politikas satvara, ka ekonomiski dzivotspgjigiem,
uz rezultatiem balstitiem sabiedriska labuma nodro$inasanas modeliem lauksaimniekiem un
mezsaimniekiem, un saistiti ar plasakam politikas jomam, pieméram, bioekonomiku, aprites
ekonomiku un klimatneitralitati [89]. Lidzigi termins “augsnes emisijas” pirmo reizi paradas
2018. gada pazinojuma “Tira planéta visiem” [160], bet specifiskak definéts CRCF regula, kura
tas ir ieklauts ka atseviska oglekla piesaistes kategorija [49]. Agrakos ES politikas dokumentos
termins “oglekla sekvestrgjums” (carbon sequestration), tika plasi lietots, lai aprakstitu oglekla
piesaistes un uzglabaSanas procesu augsné vai biomasa, bieZi saistiba ar zemes
apsaimniekoSanas praksi [156], [160], [173]. Tomér CRCF regula ir redzama koncepcijas
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maina: “oglekla piesaiste” (carbon removal) un “augsnes emisiju samazinasana” ir ieviestas ka
atseviskas, uz procesu balstitas sertifikacijas kategorijas, savukart “oglekla sekvestr&jums” nu
jau attiecinats nevis uz procesu, bet uz kvantificgjamu rezultatu (piesaistes vienibu), kas ir
verificéts ogleklsaistigas lauksaimniecibas prakses piesaistes rezultats [49]. ST terminologijas
attistiba ilustré virzibu uz lielaku precizitati, metodologisko diferenciaciju un tirgus
piemérojamibu ES oglekla parvaldibas sistemas.

Horizontalas politikas saskanotibas novertéjums, pamatojoties uz pirmajam cetram
tematiskajam grupam (3.1. tab.), sniedz izpratni par CRCF regulas lomu plasaka ES klimata,
lauksaimniecibas, ZIZIMM un energétikas politikas konteksta. Sis grupas uzsver saikni starp
CRCF regulu un plasakiem stratégiskajiem mérkiem, tostarp oglekla piesaistes palielinasanu,
bioekonomikas attistibu un klimatneitralitates sasniegSanu. Tiek ilustréta CRCF regulas
metodologiska pieeja, tostarp sertifikacijas sistéma, uzraudziba, ka ari inovaciju un
digitalizacijas nepiecie$amiba, kas ir dala no vispargjas ES vizijas politikas un normativo
dokumentu attistiba. Zemes apsaimniekotaju zinaSanu un kapacitates stiprinasana, to
iesaistiSana un uzticibas veidoSana tiek atzita kd nozimiga jaunu iniciativu iedzivinaSanai
praksé. CRCF regula balstas ieprieks§ izklastitaja politiskaja vizija, jo pasi pazinojuma
“ligtspejigi oglekla aprites cikli”, un papildina esoSos instrumentus, nodrosinot koordingtu
pieeju ogleklsaistigas lauksaimniecibas prakses IstenoSanai.

Picktaja un sestaja tematiskaja grupa uzmaniba pievérsta CRCF regulas un Kopgjas
lauksaimniecibas politikas (KLP) savstarpgjai saiknei, ka arT ogleklsaistigas lauksaimniecibas
ka zalas uzneémejdarbibas modela attistibas potencialam. Horizontala politikas saskanotiba
starp KLP un CRCF regulu tika identificéta saistiba ar ilgtsp&jigu zemes apsaimniekoSanu,
klimata mérku sasniegSanu un uzlabotu vides sniegumu. CRCF regula ir poziciongéta ka
brivpratigs un papildino$s mehanisms, kas istenojams uz rezultatiem balstita finans&juma
pieskiruma, savukart KLP turpina darboties ka darbibas balstita atbalsta sist€éma. Sesta
tematiska grupa parada saskanotibu ar citam ES strat€gijam, tostarp industridlo oglekla
parvaldibu, mezu noturibas veicinasanu, partikas kézu dekarbonizaciju un bioekonomikas
attistibu. Taja pasa laika ta atklaj eso$as sist€mas trikumus: ES Emisiju tirdzniecibas sisttma
tika izstradata, lai veicinatu emisiju samazinasanu lielajiem emisiju raditajiem, kur emisiju
samazina$anas rezultatus ir salidzino$i vieglak kvantificét un parbaudit. Tomér ES Emisiju
tirdzniecibas sistéma paslaik neatzist negativas emisijas, piem&ram, CO piesaisti no
atmosferas, kas biitu izmantojamas atbilstibas nodro$inasanai. Lidz ar to bija nepiecieSams
tirgus mehanisms, kas veicinatu vai finansiali atalgotu ieguldijumus zemes vai tehnologiskaja
oglekla piesaisté. Ar CRCF regulu tiek izveidots papildino$s satvars, kas sniedzas talak par
emisiju samazinaSanu un paplasina ES klimata politikas instrumentus, ievieSot brivpratigu,
zinatniski pamatotu un parredzamu sertifikacijas satvaru. Tad&jadi attistot brivpratigu oglekla
tirgu un stimulgjot ieguldijumus ne tikai emisiju samazinaSana, bet ari CO2 piesaisté un
ilgtermina uzglabasana ekosistémas un biomasa, paverot iespgjas jauniem uzn€méjdarbibas
modeliem un ilgtermina klimata risinajumiem.

Septita tematiska grupa parada horizontalo saskanotibu ar ES politiku biologiskas
daudzveidibas saglabasanas, ilgtsp&jigas zemes apsaimnickoSanas un oglekla piesaistiSanas
produktos joma. Ta ilustré dazadus oglekla piesaistes un sekvestracijas risindgjumus No zemes
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apsaimniekoSanas 1idz koksnes izmanto$anai ilgmuzigos produktos, ka arf $o risinajumu
pakapenisku integraciju plasaka ES vides, klimata un produktu politika. Taja pasa laika ir
konstateti arT trukumi - juras un piekrastes oglekla piesaiste jeb “zila oglekla” integracija
plasaka politikas sisteéma. Politikas dokumentos tam pieskirta nevienada nozime, liecinot par
nevienmérigu lidzsvaru starp nozarém. Tam par pamatu varétu bit zinatniski pamatotu
zinasanu trukums par jiras un piekrastes ekosisteému oglekla piesaistes potencialu, monitoringa
metodém un praktiskam IstenoSanas iespgjam, kas varétu kavet to ieklausanu plasakos klimata
politikas ricibas planos.

Otrais petfjuma jautajums bija versts uz vertikalas saskanotibas noveértejumu, kura merkis
bija identific€t galvenos izaicinajumus un iespgjas CRCF regulas istenosana dalibvalstu Iimen.
Sis aspekts Tpasi atspogulojas otraja, ceturtaja, piektaja un sestaja tematiskaja grupa (3.1. tab.).
Otraja un ceturtaja tematiskaja grupa tika analiz&ta vertikala saskanotiba starp CRCF regulas
sertifikacijas satvaru, starptautisko un ES limena zinosanas pienakumu piemérosanu dalibvalstu
limeni. Sie piendkumi izriet no Parizes noliguma, ZIZIMM regulas (ES) 2018/841 un Regulas
(ES) 2018/1999 par Energétikas savienibas un ricibas klimata joma parvaldibu. CRCF regula
ir saskanota ar §im sistémam, piemérojot IPCC vadlinijas, kas ir pamats SEG emisiju uzskaites
metodém, ko izmanto gan ES, gan starptautiskaja klimata zinoSana saskana ar Parizes
noligumu. Tomér CRCF regula ievie§ arl zinamu metodologisko nenoteiktibu. Ta paredz
izmantot ieprieks noteiktu bazes liniju (CRuazes iinija) 0glekla piesaistes ieguvuma aprékinasanai
saskana ar Regulas (ES) 2018/841 noteikumiem. Lai gan §1 regula nosaka kopg&jos oglekla
piesaistes mérkus ZIZIMM nozarei ES un dalibvalstu limeni, taja nav definéti konkréti bazes
Iimeni atkariba no zemes izmantoSanas veida vai piesaistes [159]. Tap&c joprojam nav skaidrs,
vai raditaji, kas izmantoti ZIZIMM meérku noteikSanai, tiks izmantoti ari bazes linijas
noteikSanai saskana ar CRCF regulu. Taja pasa laika CRCF regula ir noteikts, ka oglekla
piesaistes un augsnes emisiju samazinasanas ieguvumi jaaprékina saskana ar IPCC vadlinijam
un ZIZIMM sistému, kas liecina, ka CR(bazes imija) UN LSE(bazes mija) bazes linijas, visticamak,
tiks saskanotas ar eso$ajam datu struktiiram. Taja pasa laika saglabajas neskaidribas par to, ka
tiks panakta metodologiska saskanotiba starp sertifikacijas sisttmu un dalibvalstu zino$anas
mehanismiem.

Piekta tematiska grupa ilustré gan horizontalo, gan vertikalo politikas saskanotibu starp
KLP un CRCF sistéemu. Tomér taja atrodamas norades, kas liecina par politikas nepilnibam,
kas rada jautajumu, ka tiks risinata iesp&jama finansgjuma parklasanas starp KLP un CRCF
sisttmu? Vai zemes apsaimniekotajiem bis jaizvélas starp garantétiem, uz ricibu balstitiem
KLP maksajumiem un neparedzamaku, uz rezultatiem balstttu CRCF sertifikacijas sistému, kas
prasa pieradit neto oglekla piesaistes ieguvumu piecu gadu perioda un nodrosinat uzglabata
oglekla pastavibu? Vai ari pasreizgja KLP (2023-2027) vienkarsi ir parejas mehanisms, kas
izstradats, lai veicinatu ogleklsaistigas lauksaimniecibas prakses ieviesanu? Sis neskaidribas
vel vairak pastiprina ar tirgu saistiti faktori, jo Tpasi jautajums par to, vai oglekla kreditu cenas
biis pietickami augstas, lai kompensétu zemes apsaimniekotaju risku. Lai gan pétfjums
nesniedza skaidras atbildes uz $iem jautajumiem, sertifikacijas metodologijas, kas pétijuma
veikSanas laika vél bija izstrades stadija, visticamak ietvers detalizé€tus noteikumus, $0
neskaidribu novérsanai.
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Sesta tematiska grupa apskata ogleklsaistigu lauksaimniecibu ka zalo uznémegjdarbibas
modeli, kas zemes apsaimniekotdjiem varétu nodrosinat papildu ienakumu avotu, vienlaikus
iezZimgjot pareju no tradiciondlas oglekla kompensacijas prakses (offsetting) uz oglekla
ieklausanu (insetting) [178], kur oglekla kreditus pérk uznémumi taja paa vértibas kede. ST
pieeja veicina klimatam draudzigas lauksaimniecibas un mezsaimniecibas prakses ievieSanu un
atspogulo pieaugo$o uznémumu atbildibu par 3. tvéruma emisijam talak piegades k&dé [178].
Tadgjadi ilustrgjot vertikalo politikas saskanotibu, jo Sasaista ES [imena normativos pasakumus
saskana ar CRCF regulu un to TstenoSanu dalibvalstu limeni, vienlaikus izmantojot
ekonomiskos (tirgus) politikas instrumentus - iesaistot privato sektoru un izmantojot emisiju
samazinaSanas strat€gijas vertibas k&des. 3.3. att€la apkopotas tematiskas grupas, kas
identific@tas saskanotibas novert&juma laika, ka arT analiz&to politikas un normativo dokumentu
sadalijums un mekl&Sanas termini, kas izmantoti, lai struktur€tu kvalitativo satura analizi.

Horizontald politikas saskanotiba 1

Vispariga informacija par ES SEG

Tigtsp€ja, papildinamiba un darbibas ar
emisiju samazina§anas mérkiem
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\ 2
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3.3. att. Analiz&to dokumentu, mekl€Sanas terminu un tematisko grupu parskats (tematiskas
grupas, kas norada uz horizontalo saskanotibu, ir iezimétas ar dzeltenu rami; tas, kas norada ari uz vertikalo
saskanotibu, ir iezimétas ar zalu).

CRCF regula noteiktais sertifikacijas sist€émas satvars netiek piemérots ka sods vai obligats
pienakums. Ta vieta tas ieveéro brivpratibas principu, darbojoties ka stimuls, kas mudina
lauksaimniekus un citus zemes apsaimniekotajus ieviest ogleklsaistigas lauksaimniecibas
prakses, vienlaikus nodroSinot papildu ieguvumus, pieméram, biologiskas daudzveidibas
saglabasanu un uzlabotus ekosistému pakalpojumus. Lai gan §1 piceja CRCF regulu poziciong
ka konstruktivu un elastigu politikas instrumentu, ta arT raisa jautajumu par tas pietiekamibu:
vai §ada mehanisma ieklausana KLP obligataja struktiira nebiitu efektivaka, lai sasniegtu ES
ilgtermina klimata merkus? CRCF regula ir batisks solis, lai pozicion&tu ES ka globalu lideri
oglekla piesaistes sertificéSana, aptverot gan zemes, gan industrialo piesaisti.

Ka jauns instruments ES klimata politikas satvara CRCF regula paver ievérojamas iespgjas.
Tomeér tas efektivitate blis atkariga no ta, ka Sie sertifikacijas mehanismi tiks implementgti
dalibvalstis. Galvenie uzdevumi ir precizet sertificgjamas oglekla lauksaimniecibas darbibas,
definét uzticamas un konsekventas bazes linijas, nodrosinat sertifikacijas metodologiju vides
integritati un izveidot parredzamus nosacijumus oglekla kreditu izmantoSanai. Tikpat nozimiga
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biis CRCF regulas savietojamiba ar esosajiem obligatajiem politikas instrumentiem, pieméram,
KLP, ZIZIMM regulu ES 2018/841 un Regulu (ES) 2018/1999 par Energétikas savienibas un
ricibas klimata joma parvaldibu, lai nodrosinatu saskanotibu un izvairitos no dublésanas.
Dalibvalstu politikas veidotajiem bis iz8kiro$a nozime, nosakot, cik konsekventi un merktiecigi
oglekla lauksaimniecibas prakses tiks atbalstitas un ieklautas valstu atbalsta sistémas,
konsultaciju pakalpojumos un tirgus mehanismos.

CRCF regulas gadijuma izpété tika analizeta saskanotiba ES politikas un normativaja
ietvara, tacu, ta ka CRCF regulas sertifikacijas satvars joprojam atrodas izstrades stadija,
detalizetu vertikalas saskanotibas novérte€jumu nebija iesp&jams veikt. Tapec turpmakajas divas
nodalas uzmaniba pievérsta Eiropas bioekonomikas stratégija noteikto mérku vertikalajai
saskanotibai, vispirms ES dalibvalstu stratégiju limeni, péc tam Latvijas politikas planosanas
dokumentu konteksta.

3.1.2. Bioekonomikas politikas saskanotibas noveértéjums ES dalibvalstis

Nacionalo bioekonomikas stratégiju analizg (3. publikacija) tika skatiti stratégijas izvirzitie
merki un ricibas virzieni. Tika analiz&tas devinas stratégijas, kas bija pieejamas anglu valoda.
Meérki un ricibas virzieni tika grupéti pamatojoties uz Eiropas bioekonomikas stratégijas un
ricibas plana pieciem mérkiem un trim prioritarajam jomam [88], [89]. Rezultati apkopoti 3.2.
tabula.

3.2. tabula
Nacionalajas bioekonomikas stratégijas izvirzitie merki un ricibas virzieni
Meérkis un ricibas virzieni Saistito

meérku %

skaits
Partikas un uztura nodroSinajums 23 4%
Dabas resursu ilgtsp&jiga apsaimniekosana 69 11%
Mazaka atkariba no neatjaunojamiem, neilgtsp&jigiem resursiem 35 6 %
Klimata parmainu mazinasana un pielago$anas tam 23 4%
Eiropas konkuré€tspgjas stiprindsana un darbavietu radiSana 39 6 %
Stiprinat un paplasinat biologiskas nozares, atraisit investicijas un tirgu 145 23%
Atra vietg&jo bioekonomiku ievie$ana visa ES 170 27 %
Izpratne par bioekonomikas ekologiskajam robezam 117 19%
Citi pasakumi 8 1%

KOPA 629 100 %

Praktiski visas izvert€tajas naciondlajas bioekonomikas stratégijas ir implementéti ES
ItmenT noteiktie mérki un ricibas virzieni, jo tikai 1 % no stratégijas minétajiem mérkiem un
ricibas virzieniem nebija tieSi sasaistams ar ES ITmeni noteiktajiem. Nacionalas stratégijas
galvenokart ir vérstas uz atru vietgjo bioekonomiku ievie$anu visa ES (27 %) un biologisko
nozaru stiprina$anu un paplasinasanu, atraisot investicijas un tirgu (23 %). Butisks mérku skaits
stratégijas saistits ar bioekonomikas ekologisko robezu izprasanu, kas ienem treso vietu (19 %).
Stratégijas mazak akcent&tas jomas, kas saistitas ar partikas un uztura nodro$inajumu (4 %) un
klimata parmainu mazinasana un pielago$anos tam (4 %).
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3.4. attela redzams visu devinu valstu salidzinajums, pamatojoties uz to mérkiem. Rezultati
liecina, ka nacionalas strat€gijas galvenokart verstas uz trim jaunajam ricibas jomam, kas
definétas atjauninataja 2018. gada Eiropas bioekonomikas stratégija. Retak uzsverti pieci merki
no 2012. gada stratégijas, no kuriem nacionala liment vispla§ak implement&ti mérki, kas versti
uz dabas resursu ilgtsp&jigu apsaimniekosanu. Sis mérkis biezak minéts Latvijas (18 %),
Francijas (14 %) un Trijas (14 %) stratégijas.
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3.4. att. Nacionalo biockonomikas stratégiju mérku un pasakumu grup&sana atbilstosi Eiropas
bioekonomikas stratégija noteiktajiem.
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3.5. att. Nacionalo bioekonomikas strat€giju mérku un pasakumu grup&Sana atbilstosi Eiropas
bioekonomikas stratégija noteiktajam ricibas jomam.

3.5. att€la redzams, ar kuru no trim ricibas jomam visbiezak saistiti nacionalajas strateégijas
ieklautie pasakumi. Augstaki rezultati ir ricibai “atra vietjo bioekonomiku ieviesana visa ES”
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(27 %). Valstis, kuras $ai ricibai pieskir augstaku prioritati, ir Latvija (37 %), Vacija (34 %),
Somija (34 %) un Spanija (32 %). No trim ricibas jomam retak min&ti pasakumi saistiba ar
“izpratne par bioekonomikas ekologiskajam robezam”. Italija (32 %), Vacija (26 %) un
Niderlande (24 %) ir valstis, kas savas strategijas $ai ricibai jomai pieskir batisku nozimi.

Stratégiju analizé iegitie rezultati tika ievaditi TOPSIS 1émumu pienems$anas matrica,
normaliz€ti un sverti atbilsto$i ekspertu novertéjuma rezultatiem (2.3. tab.). Saskana ar TOPSIS
rezultatiem (3.6. att.), piemérojot ekspertu kriteriju svarus, visaugstako punktu skaitu ieguva
Austrija (0,94), otraja vieta ierindojas Italija (0,20), lai arT ievérojami atpaliekot no lidera.
Tresais rezultats, kas visvairak tuvinajas idealajam pozitivajam risinajumam, ir Latvija (0,13).
Niderlande (0,07), Francija (0,05), Spanija (0,04), Vacija (0,01) un Irija (0,01) novértéjuma
ieguva zemakos vérte€jumus. Aprékins péc tam atkartots, visiem astoniem kritérijiem nosakot
vienadus svarus (0,125). Minétais atkartotais aprékins kalpo ka jutiguma analize, laujot
parbaudit rezultatu stabilitati attieciba pret krit€riju svaru mainu un novertét ekspertu vértéjuma
ietekmi uz alternativu relativo novietojumu.

Augstakos rezultatus sasniegusas valstis nacionalajas stratégijas bija implement&jusas
visvairak mérku un pasakumu, kas saistami ar Eiropas bioekonomikas stratégija noteikto —
Austrija 196, Italija 74 un Latvija 65 pasakumi. Austrijas augstie raditaji ir saistami ar ar to, ka
ta sava nacionalaja bioekonomikas stratégija ir noteikusi skaitliski daudz vairak mérku un
ricibas pasakumu neka citas pétijuma ieklautas valstis. ST sakariba gan nav novérojama
stratégijas ar zemako sniegumu, kur pasakumu sadalfjums pa mérkiem attieciba uz kritériju
svérumu ir bijis nozimigaks neka ierosinato pasakumu skaitliskais daudzums. 3.6. attéla
redzams, ka ekspertu novertgjums ietekme iegiitos rezultatus, bet ne tik loti, lai mainitu kop&jos
rezultatus.

Niderlande 0,07
Austrija 0,94
Latvija 0,13
Vacija 0,01
Italija 0,20
Trija 1 0,01
Spanija 0,04
Francija 0,05
Somija 0,04
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Vienads svars Svars péc ekspertu aptaujas

3.6. att. TOPSIS noveért&juma rezultati.

Nacionalo bioekonomikas stratégiju mérku un pasakumu analize parada, ka pastiprinata
uzmaniba pieveérsta 2018. gada atjauninatas Eiropas bioekonomikas strat€gijas prioritatem.
Strat€gijas, kas pienemtas pirms 2018. gada (Somija 2014, Francija 2017 un Spanija 2016),
domingja 2012. gada stratégijas pieci mérki, Savukart jaunakajas stratégijas, kas pienemtas péc
2018. gada, skaidri uzsverta virziba saskana ar atjaunoto Eiropas Bioekonomikas stratégijas
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ietvaru. ES limena prioritates lielakoties ir parnemtas nacionalajas strat€gijas, jo tikai astonas
darbibas jeb 1 % no visam darbibam nebija tieSi Sasaistamas ar ES bioekonomikas mérkiem.
Tas apliecina dalibvalstu sp&ju nodrosinat vertikalo saskanotibu ar ES politikas ietvaru, tadgjadi
stiprinot kopgjo politikas saskanotibu.

Rezultati atklaja galvenos bioekonomikas virzitajspekus un stirakmenus katra valsti,
sniedzot orientierus politikas veidotdjiem biockonomikas turpmakai attistibai. Stratégiju
novertgjums, izmantojot jauktu metozu pieeju, kas apvienoja SLP un TOPSIS analizi,
apliecindja §Ts pieejas piemeérotibu, lai identificétu ne tikai vertikalo saskanotibu starp dazadiem
politikas planoSanas limeniem, bet arT horizontalo saskanotibu dalibvalstu limeni. Analize
paradija, ka valstis ar detaliz&tak izstradatam nacionalajam stratégijam TOPSIS vért&juma
ieguva augstaku punktu skaitu, tomér skaitliski vairak ricibas virzienu un pasakumu, ne
vienmér nozimé atraku to istenoSanu. Precizakam priek§statam par stratégiju istenoSanas
iesp€jam, biitu nepiecieSams analizet strat€gijas pavado$os ricibas planus, lai gan $aja gadijuma
ne visam strat€gijam tadi bija izstradati. Ricibas planos parasti ir noteikti konkréti pasakumi,
atbildigas iestades, sagaidamie rezultati un termini, I1dz ar to noteikto pasakumu un politikas
instrumentus analize sniegtu sikaku ieskatu par to, cik reali sasniedzami ir strat€gijas izvirzitie
merki.

Pétijuma dizaina identific&ti vairaki ierobeZojumi. Saskanotibas noteikSana starp dazada
Itmena dokumentiem var biit salidzino$i vienkarSa, tacu tieSi pretrunas var biit izskiroSas
noteikto mérku Tstenosana. Tadél turpmakajos pétijumos nepieciesama padzilinata izpé&te, kas
lautu identificét gan iespgjamas barjeras, gan politikas nepilnibas. Lai novértétu politikas
saskanotibas faktisko efektivitati, blitu jasasaurina tvérums un jaanalizg, ka konkrétu ricibas
virzienu pasakumi tiek Tstenoti praksg.

3.1.3. Bioekonomikas politikas saskanotibas novértéjums. Latvijas gadijuma izpéte

Vertikalas politikas saskanotibas izvértéjums starp Eiropas Bioekonomikas strat€égiju un
nacionalajam stratégijam paradija, ka precizakam priek$statam par redlo saskanotibu un
IstenoSanas iesp&jam nepiecieSama detalizétaka ricibas planu analize. Ta ka Latvijas
Bioekonomikas stratégijai 2030 nav izstradats atsevisks ricibas plans, tika pienemts 1émums
analizét ES mérku implementaciju dazada limena nacionalos politikas dokumentus, tostarp
nozaru stratégijas, kas sasaistitas ar bioekonomiku. Sada pieeja lava novértét ne tikai vertikalo
saskanotibu starp ES un Latviju, bet arT horizontalo politikas saskanotibu nacionala Iiment,
paplasinot analizes tvérumu no Saura sektorala skatljuma uz bioekonomikas attistibas
prioritatém kopuma.

Latvijas politikas planoSanas dokumentu analizé (2. publikacija) ka atslégvardi tika
izmantoti Eiropas bioekonomikas stratégija un tas ricibas plana (2012, 2018) [88], [89]
noteiktie mérki un ricibas virzieni (2.3. tab.). Sada pieeja lava koncentrét meklésanu un
nodrosinat atbilstibu ES Iimena ietvaram. OECD zinojuma [87] un ANO ilgtsp&jigas attistibas
programma [11] noteiktajos mérkos noteiktas prioritates netika analizStas atseviski, jo tas
konceptuali jau ir integrétas Eiropas bioekonomikas stratégija un ricibas plana [88], [89].
Meklgjums tika papildinats ar etriem atslégvardiem — lauksaimniecibas sektors, meza sektors,
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zivsaimniecibas un akvakulttras sektors, ka norade uz bioresursu primaras ieguves sektoriem.
Lai noteiktu, vai sie sektori politikas dokumentos tiek uzskatitas par stratégiski nozimigiem vai,
tieSi pret€ji, tam pieversta nepietickama uzmaniba. Tas lauj turpmakos pétfjuma posmos
precizak izvertét, kuram nozarém nepiecie$ams papildu stratégiskais atbalsts.

Latvijas Bioekonomikas stratégija 2030 [42], kas pienemta 2017. gada, nosaka
biockonomikas lomu valsts attistiba un izvirza mérkus nodarbinatibas, produktu pievienotas
vértibas un eksporta apjoma palielinasanai [42]. Stratégija tika ieklauta analize ka sakumpunkts,
paplaSinot atlasi uz Latvijas ilgtsp&jigas attistibas strateégiju 1idz 2030. gadam [179], ka arT
dokumentiem, kas saistiti ar klimatneitralitates sasniegSanu [180], pareju uz aprites ekonomiku
[181], atkritumu apsaimnieko$anu [182] un citiem ar bioekonomikas nozari saistitiem politikas
planosanas dokumentiem (3.3. tab.). Katra politikas dokumenta analizei vidgji tika izmantoti
15-20 atslégvardi vai atslégfrazes latvieSu valoda, teksta fragmentu atlasei.

3.3. tabula
Analize ieklautie Latvijas politikas planoSanas dokumenti
» 2
£ X3 2 < @ @
54| 825 | & 52 | g3
EE | 8:z2 | Zi g | 5% Z 3
TR = = =8 2 2 2 n
5| %RE | 55 57 | 52 £3¢
-9 RS ~ 2 &n N Zz= = 2w
1. Latvijas ilgtsp&jigas Kvalitativi | Ja (ik pec Nav Saskana ar pieejamo
attistibas stratégija lidz 2010 | Konkréti un 2 noradits valsts budzetu, ES
2030. gadam [179] kvantitativi | gadiem) fondi, privatais
2 Latvuag Sm.lt? sua Kvalitativi | Ja (ik péc Saskana ar pieejamo
klimatneitralitates S _ ’ .
L 2019 | Visparigi un 10 Ja valsts budzetu, ES
sasniegSanai lidz 2030. kvantitativi adiem) fondi, privatais
gadam [180] Y P
3. Latvijas Nacionalais Kvalitativi | Ja (ik pec Saskana ar pieejamo
attistibas plans 2021.- 2020 | Konkréti un 2 Ja valsts budzetu, ES
2027. gadam [183] kvantitativi | gadiem) fondi, privatais
;;%tévtlif:snigfgs_}zz Kvalitativi Saskana ar pieejamo
energ 2020 | Konkré&ti un Ja Ja valsts budzetu, ES
plans 2021. — 2030. gadam S S,
kvantitativi fondi, privatais
[184]

5. Latvijas Bioekonomikas S S _ Nav o
stratégija 2030 [42] 2017 | Visparigi | Visparigi Ne noradits Nav noradits
k?iﬁ:::li) ZKZ?;;SS?;;S Kvalitativi Ja Nav Saskana ar pieejamo
laika posmam Iidz 2030. 2019 | Konkeen kvanl:irlaﬁvi (V;?I:J:)DO noradits Vaflosltﬂsd? uc::zt‘altl;iss

gadam [185] P
. ! Aﬂ(rltumu st Kvalitativi Ja Saskana ar pieejamo
ApSaIINEROMNIS VASS | 2021 | Konkréti un (viduspo | Ja valsts budzetu, ES
plans 2021. — 2028. gadam Kvantitafivi fondi. privatai
[182] vantitativi sma) ondi, privatais
8. Nacionalas industrialas Kvalitativi Ja Saskana ar pieejamo
politikas pamatnostadnes | 2021 | Konkréti un (viduspo Ja valsts budzetu, ES
2021-2027 [186] kvantitativi sma) fondi, privatais
9. Ricibas plans parejai uz Kvalitativi Nav Saskana ar pieejamo
aprites ekonomiku 2020.- | 2020 | Konkréti un Né noradits valsts budzetu, ES
2027. gadam [181] kvantitativi fondi, privatais
10. Vides politikas Kvalitativi Nav Saskana ar pieejamo
pamatnostadnes 2021.- 2021 | Konkréti un Né noradits valsts budzetu, ES
2027. gadam [187] kvantitativi fondi, privatais
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Sarindojot dokumentus péc to pienemsanas gada vissenakais dokuments ir 2010. gada
pienemta Latvijas ilgtsp&jigas attistibas strat€gija 2030. gadam [179], kam seko 2017. gada
pienemta Latvijas Bioeckonomikas strategija 2030 [42]. Pargjie politikas dokumenti pienemti
2019. gada vai velak. Lielakaja dala pétijuma ieklautajos politikas dokumentos ir noteikti ne
tikai sasniedzamie mérki, bet arT konkrétas ricibas jomas un rezultativie raditaji. Latvijas
strat€gija klimatneitralitates sasniegSanai lidz 2050. gadam [180] un Latvijas Bioekonomikas
stratégija 2030 [42] ir dokumenti, kuros mérki formuléti visparigi, neparedzot konkr&tas ricibas.
Tas skaidrojams ar to, ka abi dokumenti ir klasificgjami ka “informativie zinojumi” —
dokumenta veids, kura uzdevums ir sniegt valdibai parskatu vai informaciju par tas kompetencé
eso0$0 jautdjumu risinaSanas gaitu [188], un tie neietver kvalitativus vai kvantitativus raditajus
mérku TstenoSanai, ka arT ricibas planu [42]. Lai gan tehniski “informativie zinojumi” nav
klasificgjami ka politikas plano$anas dokumenti, tie tika ieklauti analiz€ ka politikas dokumenti,
lai nodrosinatu salidzinamibu un pilnigu parskatu par bioekonomikas politikas mérkiem.
Bitisks elements politikas planosanas dokumentos izvirzito mérku sasniegSana ir starpposma
novertgjums, lai uzraudzitu Tstenosanas gaitu. Septinos no desmit analiz&tajiem dokumentiem
ir ieklauts periodisks vai starpposma novert&jums, kas vért€jams ka pozitivs raditajs. Pusei jeb
pieciem parskatitajiem politikas planosanas dokumentiem nav noradits nepiecieSamais
finans€jums meérku Tstenosanai. Attieciba uz finans€juma avotiem dazi politikas dokumenti
ietver informaciju, ka nospraustiec mérki un ricibas virzieni tiks Istenoti esosa valsts budzeta
ietvaros, tant pat laika primari uzsverot iesp&ju piesaistit finans€jumu no ES struktiirfondiem,
ka arf citiem finans€juma avotiem, tostarp privato finansg€jumu.

Starptautisko mérku implementdcija Latvijas politikas dokumentos

Starptautiski noteikto bioekonomikas attistibas meérku prioritizacijas novert€jumam
Latvijas politikas plano$anas dokumentos tika izmantots SLP un atslégvardu pieskirSanas
metode, un sakotngjie rezultati apkopoti ilustrativa skrininga matrica. Matrica netika analizgta
mijiedarbibas biitiba, bet tika izveértéta attiecigo Eiropas Bioekonomikas stratégijas mérku
prioritate, pienemot, ka biezaka to pieminéSana norada uz augstaku prioritati un lielaku
istenoSanas varbutibu. Secigi, iegiitas vertibas tika ievaditas TOPSIS matrica un normalizétas.
TOPSIS kritériju svari tika noteikti atbilsto$i ekspertu vértgjumam [189], izmantojot tos pasus
krit€rijus un ekspertu vértejums, kas paraditi 2.3. tabula.

Novertéjuma vistuvak idealajam pozitivajam risinajumam atradas Latvijas Bioekonomikas
stratégija 2030 (0,98) un Latvijas strategija klimatneitralitates sasnieg$anai lidz 2050. gadam
(0,98) (3.7. att., zila krasa). Latvijas ilgtsp&jigas attistibas strat€gija 1idz 2030. gadam ar 0,58
punktiem un Latvijas Nacionalais attistibas plans 2021.-2027.gadam ar 0,57 punktiem ieguva
ieveérojami zemakus rezultatus. Nedaudz augstaku veért€jumu sasniedza Latvijas nacionalais
energétikas un klimata plans 2021. — 2030. gadam (NEKP2030) ar 0,46 punktiem. Pargjie
dokumenti noverteti biitiski zemak: Atkritumu apsaimniekoSanas valsts plans 2021. — 2028.
gadam (0,38 punkti); Nacionalas industrialas politikas pamatnostadnes 2021-2027 (0,37
punkti); Vides politikas pamatnostadnes 2021.- 2027. gadam (0,23 punkti); Latvijas
pielagoSanas klimata parmainam plans laika posmam Iidz 2030. gadam un Ricibas plans parejai
uz aprites ekonomiku 2020.-2027. gadam abi ieguva 0,22 punktus.
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m Ekspertu noteiktas kritériju svars = Vienads kritériju svars

3.7. att. TOPSIS rezultati Latvijas politikas dokumentu prioritatém bioekonomika.

Rezultati, kas iegiiti, piem&rojot vienadus krit€riju svarus, uzrada atSkirigu analiz&to
dokumentu relativo novietojumu, tacu saglaba Iidzigu dokumentu grup&jumu ar skaidri izteiktu
augstako, vidéjo un zemako rezultatu intervalu (3.7. att., zala krasa). Arl $aja gadijuma
augstakais rezultats ir Latvijas stratégijai klimatneitralitates sasniegSanai lidz 2050. gadam
(0,96), Latvijas Biockonomikas stratégijai 2030 (0,95). Latvijas ilgtsp&jigas attistibas strategija
1idz 2030. gadam ar 0,76 punktiem un Latvijas Nacionalais attistibas plans 2021.-2027.gadam
ar 0,76 punktiem uzradija butiski augstaku rezultatu neka ar ekspertu noteiktiem kriteriju
svariem, lai gan saglaba treSo un ceturto vietu. Nozimigu ranga pieaugumu uzradija arl
Nacionalas industrialas politikas pamatnostadnes 2021-2027, kas ar vienadiem svariem
sasniedza par 0,26 punktiem augstaku vértgjumu (0,64 punkti). Savukart NEKP2030 ar 0,43
punktiem saglaba gandriz identisku rezultatu abos novertgjumos. Zemaki vertejumi pieskirti
Vides politikas pamatnostadném 2021.- 2027. gadam (0,36 punkti), Ricibas plans parejai uz
aprites ekonomiku 2020.-2027. gadam 0,33 punkti, Latvijas pielago$anas klimata parmainam
plans laika posmam I1dz 2030. gadam 0,26 punkti un Atkritumu apsaimniekoSanas valsts plans
2021. — 2028. gadam 0,23 punkti. Atskiribas starp abiem svaru scenarijiem kalpo ka jutiguma
analize un parada TOPSIS modela reakciju uz krit€riju svéruma mainu. Lietojot vienadus
svarus, mainas relativais novietojums, tacu saglabajas lidzigas rezultatu grupas, un izmainas
nemaina pétijuma secinajumus par Eiropas Bioekonomikas stratégijas mérku ievieSanas limeni
Latvijas politikas dokumentos.

TOPSIS analizes rezultati lauksaimniecibas, meza sektora, zivsaimniecibas un akvakulturas
sektora prioritates noteik$anai Latvijas politikas planoSanas dokumentos redzami 3.8. attéla.
Novertejums tika veikts izmantojot vienadu kritériju svaru, pienemot, ka visi sektori ir vienlidz
nozimigi. Rezultati parada, ka Latvijas Bioekonomikas stratégija 2030 ieguvusi maksimalo
punktu skaitu (1,00) un uzskatama par idealo pozitivo risinajumu. Tuvakais rezultats bija
Latvijas pielago$anas klimata parmainam planam laika posmam lidz 2030. gadam [185] ar 0,92
punktiem. Pargjie dokumenti uzradija batiski zemakus vert€jumus: Latvijas stratégija
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klimatneitralitates sasniegSanai lidz 2050. gadam ieguva 0,52 punktus; Latvijas Nacionalais
attistibas plans 2021.-2027.gadam 0,46 punktus; Latvijas ilgtsp&jigas attistibas stratégija lidz
2030. gadam 0,45 punktus; Vides politikas pamatnostadnes 2021.- 2027. gadam 0,38 punktus;
Nacionalas industrialas politikas pamatnostadnes 2021-2027 0,18 punktus. Vistalak no ideala
pozitiva risindgjuma atradas Latvijas Nacionalais attistibas plans 2021.-2027.gadam ar 0,08
punktiem; Atkritumu apsaimnieckoSanas valsts plans 2021. — 2028. gadam ar 0,03 punktiem un
Ricibas plans parejai uz aprites ekonomiku 2020-2027 ar 0,01 punktu.
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Analizetie Latvijas politikas planoSanas dokumenti (dokumentu numeracija saskana ar 3.3.

tabulu)

3.8. att. TOPSIS rezultati lauksaimniecibas, meZzsaimniecibas, zivsaimniecibas un
akvakulttras sektoriem.

Latvijas politikas plano$anas dokumentu novertéjums liecina, ka lielakaja dala no tiem ir
definéti konkr&ti pasakumi, ka ar7 izstradati indikatori un starpposma novertgjumi, lai sekotu
lidzi isteno$anas progresam (3.3. tab.). Tomér kritisks elements, kas raksturigs visiem
dokumentiem, ir neskaidri noteikts finanséSanas mehanisms. BieZi vien paredzéts, ka pasakumu
IstenoSanai resursi tiek nodroSinati no ikgad&a valsts budzeta, kas piesaistiti no ES
struktirfondiem vai privata sektora, tacu konkréts sadalijums un finans€juma nodrosinajums
nav skaidri noteikts. Sada pieeja rada risku, ka noteiktie mérki un ricibas virzieni var palikt
deklarativi, ja tiem netiek pieskirts skaidrs finansgjuma nodrosinajums.

Latvijas ilgtermina un vid&ja termina dokumentu analize, izmantojot TOPSIS metodi,
parada pozitivu tendenci, jo visi 10 dokumenti sasaistami ar starptautiski noteiktiem
bioekonomikas meérkiem. Dokumenti, kas atrodas politikas planoSanas hierarhijas augsgala,
pieméram, Latvijas ilgtsp&jigas attistibas stratégija lidz 2030. gadam, Latvijas stratégija
klimatneitralitates sasnieg8anai lidz 2050. gadam un Latvijas Nacionalais attistibas plans 2021.-
2027.gadam, ieguva augstakus veért&jumus neka zemaka limena nozaru plani, kas apliecina
vertikalas politikas saskanotibu. Taja pasa laika ir likumsakarigi, ka nozaru vai tematiskajiem
planiem ir zemaki rezultati, jo tie koncentrgjas uz sektoram specifiskiem pasakumiem. Savukart
Latvijas Bioekonomikas stratégija 2030 ir vienigais dokuments, kas tiesi veltits bioekonomikai,
sasniedza augstakos rezultatus.

Atseviski bioekonomikas mérki politikas dokumentos tomér ir mazak akcent&ti. Pieméram,
“Partikas un uztura nodrosinajums” visticamak netiek uzskatits par aktualu izaicinajumu, jo
valsts lauksaimniecibas nozare sp&j nodro$inat apjoma zina pietickamu un ES kvalitates
standartiem atbilstosu partiku [190]. Lai gan dokumentos ir atzita fosila kurinama negativa
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ietekme uz vidi [179], [180], [182], mérkim ‘“Mazaka atkariba no neatjaunojamiem,
neilgtsp&jigiem resursiem” [88] pieskirta zema prioritate. Trikst konkr&tu pasakumu fosila
kurinama pakapeniskai aizstasanai, kas varétu liecinat par politikas veidotaju piesardzibu vai
pat pretestibu, nemot véra esoso infrastrukttiru un ilgstos$i zemo dabasgazes un naftas cenu
ietekmi. P&c Krievijas pilna méroga iebrukuma Ukraina un sankciju ievieSanas pret Krieviju
situacija butiski mainijas, un Sobrid lidziga dokumentu analize, iesp&jams uzraditu atSkirigus
rezultatus.

Pasakumi lauksaimniecibas un meza nozarés tieck minéti salidzino$i biezi, savukart
zivsaimniecibas un akvakultiiras sektoru attistibai, iznemot Latvijas Bioekonomikas stratégiju
2030, pieskirta ievérojami mazaka uzmaniba. Viena no iespgjamajam skaidrojo$am versijam ir
zivsaimniecibas un akvakultiiras nozares vesturiska attistiba, kas liela méra balstijas uz zveju
jura [191], [192], tatu péc Padomju Savienibas sabrukuma un vélaka ES zvejas kvotu
ievieSanas, kas saistitas ar nozimigu zivju sugu izsikumu, nozare piedzivoja stagnaciju [193],
[194]. Tomér inovativas tehnologijas un pareja Uz tdens organismu audz&$anu akvakultiras
sistémas var radit jaunas iesp&jas [195], [196]. Ipasi iek$zemes idenu un tajos sastopamo zivju,
gliemju un algu efektiva apsaimnieko$ana un izmanto§ana inovativu produktu razo$ana varétu
biit nozimigs pagrieziena punkts [195], [196]. Tas atklaj horizontalas politikas saskanotibas
nepilnibas, jo atseviskas bioekonomikas nozares planosanas dokumentos ir mazak parstavétas.

Saja promocijas darba posma izstradata metodika lauj salidzinosi atri identificét politikas
dokumentos izvirzitos mérkus un pasakumus, ka ari novertét tiem pieskirto prioritati. Lidzigi
ka apak$nodala 3.1.2. aprakstita metodika, ta ir izmantojama ka pirmais solis plasaka politikas
dokumentu analizg, lai noteiktu bioekonomikas attistibas prioritasu Iimeni un izvértétu, kuriem
dokumentiem nepiecieSama padzilinata izpéte. Galvenais ierobezojums ir nespgja atklat tieSas
pretrunas starp dokumentiem vai starp mérkiem un to istenoSanas mehanismiem, tapéc
turpmakajos petijumos ST pieeja biitu japapildina ar detaliz&taku kvalitativo analizi.

Bioekonomikas politikas saskanotibas novérté§juma TOPSIS metode sniedza relativu
salidzinajumu Latvijas politikas dokumentu ietvara, paradot, ka Latvijas Bioekonomikas
stratégija 2030 uzrada augstako rezultatu nacionala konteksta. Savukart, analizgjot ES
dalibvalstu bioekonomikas stratégijas atseviska TOPSIS matrica (3.1.2. apaksnod.), Latvijas
bioekonomikas stratégija ieguva zemaku novertgjumu, kas liecina par TOPSIS relativo
salidzinasanas raksturu. Raugoties izol&ti tikai uz Latvijas gadijuma izpéti, ka butiskaka
nepilniba identificéta Latvijas Bioekonomikas stratégijas 2030 parejas posma neesamiba nO
“informativa zinojuma” uz ricibas planu ar konkrétiem pasakumiem un finanséSanas
mehanismiem. Sadas parejas iztrikums ierobezo iespgju sistematiski planot un kvantitativi
novertét bioekonomikas attistibas tempus Latvija, ne tikai vertét tas formalo atbilstibu ES
mérkiem. Papildus tam, politikas planoSanas ietvara nepietickami akcent&ta zivsaimniecibas un
akvakultiras sektora attistiba, lai gan ta potencials ilgtsp€jigakas olbaltumvielu ieguves
nodrosinasana varétu bt nozZimigs.
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3.1.4. Politiskas saskanotibas noveértéjums. Siltumapgades un dzeséSanas nozare

Precizi izvéletu politikas instrumentu kopums ir butisks, lai sasniegtu mérkus jebkura
politikas joma. Efektivakais veids, ka izmantot politikas instrumentus, ir tos kombingt, nevis
palauties tikai uz vienu instrumentu [197]. Turklat politikas instrumenti vislabak darbojas, ja
tie ir pielagoti valsts un regionalajam Ipatnibam, jo Tpasi nemot véra esosos tirgus apstaklus
[93], [94], [197].

Politikas instrumentus var iedalit p&€c dazadiem principiem. Instrumenti var bt versti uz
konkrétiem procesiem vai normam, piemeéram, piemerot papildu nodoklus, lai veicinatu SEG
emisiju samazinaSanu, izstradat tehnologiju standartus, veidot sadarbibas ligumus,
kompensaciju sistémas. Ta ka $o instrumentu daudzveidiba ir plasa, politikas instrumentu
klasifikacijai un analizei tika izv€l&tas Cetras politikas instrumentu kategorijas, kas piemérotas
ilgtspgjas un vides jautajumu akcent€Sanai: normativais reguléjums, brivpratigie instrumenti,
publiskie izdevumi un ekonomiskie (tirgus) instrumenti (3.9. att.) [93].

3.9. att. Politikas instrumentu kategorijas [93].

Normativais regul&jums ir viens no visplasak izmantotajiem politikas instrumentiem, jo
valdibam to ir salidzinosi viegli piemérot [93]. Saja kategorija ietilpst ES Iimeni pienemtas
regulas un direktivas, ka arT nacionalo valstu likumi un saistoSie noteikumi, kas nosaka,
pieméram, pielaujama piesarnojuma (gaisa, Gdens, augsnes u. c.) limeni [2], [93], [198].
Normativo aktu juridiski saistosais raksturs ir biitisks, ja nepiecieSams mainit uzvedibu, kuru
ar citiem instrumentiem nav iesp&jams ietekmét [2], [199]. Stipras puses ir stingraka problému
regulacija un sankciju iespgjamiba, savukart vajas puses var biit papildus administrativais slogs,
augstas prasibas un uzraugoso iestazu nesp&ja izsekot noteikumu ievérosanai [93], [199].

Brivpratigie instrumenti ietver sabiedribas, uzneémumu vai citu ieintereséto pusu iniciativas,
kas nav juridiski saistoSas un nav tieSi stimul&tas ar labumiem, bet kuru mérkis ir veicinat
ilgtspgju un vides aizsardzibu [93], [200]. Tie var izpausties ka brivpratigas vienoSanas,
tehniskie standarti vai sazina starp valsti, sabiedribu un uznémumiem [2], [93]. Sis kategorijas
efektivitate ir neviennozimiga, jo parmainu ievieSanai industrija nepiecieSama brivpratiga
motivacija, kas biezi vien iztrikst [2]. Ka piem&ru var min&t uznémumu ilgtspgjas zinojumus,
kuros tie apkopo datus par SEG emisijam, atkritumiem, energijas patrinu un citiem vides,
socidlajiem un parvaldibas raditajiem [201]. Sadu brivpratigo ricibu biezi virza vélme stiprinat
reputaciju investoru un patérétaju acis [202], [203], [204]. V&l viens piemérs ir Vides vadibas
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un audita sistéma, kas gan dazkart tiek kritiz&ta par nepietickami augstiem standartiem [205].
Tade] brivpratigos instrumentus nevar uzskatit par efektivako un ekonomiski ietekmigako
politikas instrumentu kategoriju, tacu tie demonstrg uzn@mumu un sabiedribas gatavibu mazinat
savu ietekmi uz vidi [200], [205], [206].

Publiskie izdevumiem ir valdibu finansialais atbalsts un ieguldijumi, kas veicina vides
mérku sasniegSanu un ilgtsp&jigu attistibu. Lai gan literattra tie nereti tiek ieklauti tirgus vai
ekonomisko instrumentu kategorija [2], to nozimiguma dél lietderigi tos izdalit ka atsevisku
kategoriju. Klasiski pieméri ir subsidijas un dotacijas ar nelielu lidzmaksajumu, ka ari
investicijas infrastruktiira — AER uzstadiSanai vai razoSanas jaudu palielinasanai, elektroauto
uzlades staciju izveid€ vai atkritumu $kiroSanas sistému pilnveide [93], [207]. Publiskie
izdevumi var pozitivi ietekm@t sabiedribas un uznémumu uzvedibu, radit parmainas tirgus
darbiba un uzlabot mazak efektivu nozaru raditajus [208]. Tomer to efektivitate ir atkariga no
valdibas spg&jam nodro§inat finanséjuma mérktiecigu un jégpilnu izmanto$anu [208]. Papildu
izaicinajums ir iesp&amais spiediens uz valsts budzetu, Tpasi mazak attistitajas valstis, kur
prioritari jarisina dro§ibas un socialie jautajumi [207]. Tipisks piemérs ir emisiju tirdznieciba,
kur tiek noteikti griesti kopgjam SEG emisiju daudzumam un uznémumi tirgo emisiju kvotas
vai ietaupTjumus.

Ekonomiskie un tirgus instrumenti tiek klasificeti ka netie§as parvaldibas instrumenti, un
ietver tadas pieejas ka “ierobezo un tirgo” (cap and trade), “mérke un tirgo” (target and trade)
vai finan$u iniciativas [209]. Tie balstas uz tirgus mehanismiem, pieméram, nodokliem par
piesarnojosam darbibam vai produktiem, “piesarnotajs maksa” principu un subsidiju atcelSanu
fosilajiem resursiem [2], [209], [210]. Viena no butiskakajam to priekSrocibam ir papildu
budZeta ienémumi, ko var novirzit vides un energoefektivitates projektiem [93], [210]. Tipisks
piemérs ir emisiju tirdznieciba, kur tiek noteikti griesti kop&jam SEG emisiju daudzumam un
uznémumi tirgo emisiju kvotas vai ietaupfjumus [210]. Saja instrumentu kategorija ietilpst ari
depozita sistémas, kas stimulé iepakojuma parstradi [93]. Tomeér atskiriba no normativa
regulgjuma Sie instrumenti balstas uz teorétiskiem aprékiniem un sabiedribas gatavibu
iesaistities, tap&c nodokli biezi tiek noteikti zemaki par nepiecieSamo, lai izvairitos no parak
zemas lidzdalibas [93], [210].

Katrai politikas instrumentu kategorijai ir stipras un vajas puses atkariba no sasniedzama
rezultata, un biezi instrumentu kombinacijas politikas planoSanas procesa tiek veidotas
atbilstosi situacijai [2]. Lidz ar to batiski noteikt, vai ir tikusi piemérota efektivaka politikas
instrumentu kombinacija, lai panaktu neiecieSamo ietekmi [211]. Normativa regul&juma
instrumentiem ir nozimiga loma nakotnes attistibas pamatprincipu defin€Sana, tomeér Sie
instrumenti japapildina ar tirgus instrumentiem un atbilstosiem publiskajiem izdevumiem
[209], [211]. Turklat publiskos izdevumus iesp&jams apvienot ar citiem instrumentiem,
pieméram, papildus nodokliem par raditajam SEG emisijam vai, gluzi pret&ji, nodoklu
atvieglojumiem energoefektivitates uzlabosanai apvienojuma ar stingraku tiesisko regulgjumu
[199], [208]. Eiropas Komisijas “Labaka regul&juma instrumentu kopuma” noradits, ka ne visas
politikas instrumentu kombinacijas ir veiksmigas un dod gaiditos rezultatus, tapec, kombingjot
politikas instrumentus janodro$ina to samérigums un savstarp&ja papildinamiba [2].

60



llgtermina planosanas dokumentu analize

Politikas dokumentu vertikalas koherences novertgjuma rezultati (1. publikacija) redzami
3.10. attéla un norada uz augstu saskanotibas ltmeni. Taja pasa laika, Latvijas ilgtermina
planosanas dokumentos ir minéts princips “energoefektivitate pirmaja vieta”, bet nav atrodamas
norades par nepiecieSamibu “dot prieksroku zaliem un ilgtspgjigiem risinajumiem”, kas min&ti
ES normativajos un politikas dokumentos. Turklat Latvijas ilgtermina plano$anas dokumentos
nav atrodamas atsauces uz energoefektivitates mark&uma izvietoSanas nepiecieSsamibu vai
“vispirms doma par mazajiem” principa piem&roSanu, kas mudina politisku Iemumu
pienemsanas procesa izvertét mazo un vidgjo uzn€mumu kapacitati un sp&ju pielagoties
normativo aktu izmainam [212]. Joprojam tiek piemé&roti nodoklu atvieglojumi fosilajiem
energoresursiem un nav izveidoti atbalsta mehanismi AER izmantoSanai vai energoefektivitates
paaugstinasanai [184]. Pétijuma veik$anas laika akcizes nodoklis nebija sasaistits ar fosila
kurinama radito ietekmi uz vidi, un ari princips “energoefektivitate pirmaja vieta” praksé netika
Tstenots, jo pieskirot publisko finans&jumu attistibas projektiem, §is aspekts netiek nemts véra
[184], [213]. Attistibas virzieni un atbilstoSas ricibpolitikas valsts ITmenT ir noteiktas, tacu
nepiecieSama detalizétaka ievieSanas planoSana, lai nodroSinatu noteikto merku sasniegSanu

[184].

ES normativie Latvijas politikas plano$anas dokumenti
energoefektivitates uzlaboSanai ilgtspgjigai attistibai
%N‘ Nodoklu Finansials |, Nodoklu
Finansials = - | a atbalsts _ reformas
abalsts || ERurenovesan reformas Pl renons -
/ e C un siltinaana attistiba
Partraukt / / P& b
: - | = artraukt Energatikas
subsidet fosilos | \ E“e"fle"k"s subsidzt fosilos ‘/ / \ sel%tura
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maksa princips Energija no AER gtz Piesarnotajs Energija no AER‘ digitalizéana
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aaugstinasana

3.10. att. ES mérku implementacija Latvijas ilgtermina planoSanas dokumentos.

Politikas un to tstenoSanas pasakumi
Pec ES un Latvijas ItmenT noteikto mérku vertikalas saskanotibas noteikSanas, nakamais

solis bija NEKP2030 4. pielikuma “Planotas ricibpolitikas un to istenoSanas pasakumi”
uzskaitito politikas pasakumu, kas planoti energoefektivitates uzlaboSanai siltumapgadé un
dzesé$ana, iedaliSana politikas instrumentu kategorijas [184]. Tika identificéti 34 ricibas
virzieni ar 110 planotiem pasakumiem, kas tie$i vai netieSi var veicinat siltumapgades un
dzesg€Sanas nozares efektivitati, un tie tika tematiski klasificéti Cetras politikas instrumentu
kategorijas (3.4. tab.). NEKP2030 ietvaros paredz&ti energoefektivitates uzlaboSanas pasakumi,
“energoefektivitate pirmaja vieta” principa istenoSana, siltumapgades nozares efektivitates
paaugstinasana, ka ari Siltumtrasu renovacija un paplasinasana, lai veicinatu jaunu pieslégumu
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izveidi [184]. Turklat uzsverta nepiecieSsamibu veicinat AER izmanto$anu un veikt izmainas
nodoklu regul&uma [184].

Ka redzams 3.4. tabula, lielakais planoto politikas pasakumu skaits ir politikas instrumentu
kategorija “Normativais regul&ums” (69 % jeb 76 pasakumi), otraja vietd ir “Publiskie
izdevumi” (20 % jeb 22 pasakumi), kam seko “Ekonomiskie (tirgus) instrumenti” (7 % jeb
astoni pasakumi) un vismazak pasakumu atbilst kategorijai “Brivpratigie instrumenti” (4 % jeb
Cetri pasakumi). Rezultati parada, ka planotie politikas pasakumi nav vienmerigi izvietoti starp
instrumentu kategorijam. “Ekonomiskie (tirgus) instrumenti” un “Brivpratigie instrumenti” ir
visretak izmantotie, un tie galvenokart kombingti ar normativa regul&juma instrumentiem.

3.4. tabula

NEKP2030 planoto ricibpolitiku un to Tsteno$anas pasakumu sadalijums pa politikas
instrumentu kategorijam

Politikas instrumentu Normativais Brivpratigie Publiskie Ek?t?:rgskle
kategorija reguléjums instrumenti izdevumi . 9 .
instrumenti
Pasakumi 76 4 22 8

Visbiezak min&tie “Normativa regul&juma” instrumenti ir jaunu normativo aktu izstrade -
Ministru kabineta noteikumi, procediiras vai vadlinijas (37 pasakumi) un dazadu pétijumu un
izvertgjumu veikSana (19 pasakumi). Retak minéti tadi pasakumi ka vienotu kontaktpunktu
izveide, informacijas kampanas un macibu materialu izstrade. Ka “Brivpratigie instrumenti”
min&tas brivpratigas vienoSanas, sabiedribas lidzdalibas veicinasana ESCO un PESCO tirgus
darbiba, energoefektivitates uzlaboSana. “Publiskie izdevumi” biezi minéti saistiba ar
normativo aktu grozijumiem, lai nodro$inatu Eiropas struktiirfondu un investiciju fondu
pieejamibu pec 2021. gada (saistiba ar septiniem pasakumiem). Minéts arT finansials atbalsts
renovacijai, siltina$anai, energoefektivitatei; atbalsts brivpratigiem noligumiem; fonda izveide
AER un energoefektivitates veicinasanai. Attieciba uz “ekonomiskajiem instrumentiem”
NEKP2030 neparedz to tieSu ievieSanu, bet gan novérté§juma veikSanu par to pieméroSanas
iespgjamibu, piemé&ram, energoefektivitates uzlaboSana radusos ietaupijumu pardosana,
nodoklu atvieglojumi par energoefektivitates uzlabosanu vai AER izmantoSanu, ka arT nodoklu
sloga palielinasana fosilajiem kurinamajiem, potenciali ieklaujot tos ka grozijumus
normativajos aktos.

Vairakiem pasakumiem ir piemé&rots politikas instrumentu kopums, piemé&ram, kombingjot
“Normativo regul&umu” ar “Brivpratigiem instrumentiem” un “Publiskiem izdevumiem”;
“Normativo regulgjumu” kombingjot ar “Tirgus instrumentiem”. Retdkos gadijumos
“Normativais regulgjums” ir kombingts ar “Publiskiem izdevumiem” un “Tirgus
instrumentiem”.

Noverojama vertikala saskanotiba starp ES noteiktajiem merkiem un Latvijas ilgtermina un
vidgja termina politikas planosanas dokumentiem. Tomér, analize atklaja atseviskus
sadrumstalotus elementus un nepilnibas. Pieméram, lai ari dokumentos ir uzsvérta
nepiecieSamiba veicinat AER izmantoSanu, atbalsta mehanismi to ievieSanai praks€ ir
nepietickami attistiti. Lidzigi, politikas dokumentos noteikta apnemsanas pakapeniski partraukt
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atbalstu fosilajiem energoresursiem, ta¢u nav izstradats skaidrs isteno$anas plans. So
izaicin@jumu ilustr€ ari fakts, ka jau 2013. gada “Latvijas ilgtermina energgtikas stratégija 2030”
nostiprinata nepiecieSamibu pariet no fosila kurinama uz AER, bet gandriz 10 gadus vélak
NEKP2030 atkal aktualizé $o jautdjumu, nepiedavajot pietickami konkrétus risinajumus [184],
[214].

Latvijas ilgtermina planoSanas dokumentos uzmaniba pievérsta energoefektivitates
uzlabosanai gan siltumenergijas razo$ana, gan parvadg, vienlaikus samazinot siltuma zudumus.
Analiz&tajos dokumentos ir ierobeZota informacija par iesp&ju parvadit razoSanas uznémumu
siltumenergiju un dzeséSanas parpalikumus uz centralizétas siltumapgades tikliem. ES
dokumentos uzsvérta nepiecieSamiba izveidot paterétdjiem parredzamu un taisnigu
energoapgades sistému — galapatérétajiem jasanem skaidri un detalizeti rekini par pateréto
siltumu un karsto fideni, ka arT jabut iesp&jai uzstadit individualos skaititajus, lai sp&tu ietekm&t
energijas patérinu. Latvijas plano$anas dokumentos nav min&ta informacija par iesp&amiem
grozijumiem apkures un karsta Gidens uzskaites un norékinu kartiba.

Kopuma Latvijas planosanas dokumenti norada uz vertikalu saskanotibu ar ES noteiktajiem
meérkiem, tacu analizes laika identificétie politikas instrumenti energoefektivitates uzlabosanai
siltumapgades un dzes€Sanas nozaré vert€jami ka ierobezoti. NEKP2030 parsvara izmantoti
kategorijas “Normativais regulg&jums” instrumentus, kas var nozimét papildu administrativo
slogu, lai gan Latvijas planoSanas dokumentu analiz€ jau konstatétas norades Uz Sarezgitiem
birokratiskajiem procesiem un ierobezotu institucionalo kapacitati [183], [184], [213].
Kategorija “Publiskie izdevumi” mingtie pasakumi atspogulo valdibas iniciativu atbalstit
energoefektivitates uzlabo$anu, tomér padzilinata analize rada, ka tie galvenokart saistiti ar
normativo dokumentu grozijumiem ES fondu piesaistei, nevis papildu valsts finans&umu.
NEKP2030 retak lietoti Kkategoriju “Ekonomiskie (tirgus) instrumenti” un “Brivpratigie
instrumenti” pasakumi, turklat paredzetie pasakumi Skiet mazak ambiciozi, pieméram,
brivpratigo noligumu skaita pieaugums no diviem lidz 10 vai atsauce uz iesp&amam nodoklu
izmainam nakotne, kas formuléts ka “novertet iesp&jamo normativo izmainu apjomu”, nevis
“veikt izmainas” [184]. Lai sasniegtu ilgtermina mérkus energétikas sektora dekarbonizacija un
efektivitates paaugstina$ana, politikas pasakumu kopumam biitu japarorientgjas Uz tirgus
instrumentus izmanto$anu un mérktiecigaku pareju no novertésanas fazes uz ricibas fazi.

Apaksnodalas 3.1.1.-3.1.4. analiz&ti Cetri pieméri politiskas saskanotibas noverteSanai.
Apaksnodala 3.1.1. veikts CRCF regulas horizontalas saskanotibas novértéjums plasaka ES
klimata, lauksaimniecibas un ZIZIMM politiku ietvara, ka ari aplikoti iesp&amie $kérsli
vertikalas saskanotibas nodrosinasanai, ievieSot CRCF regulas sertifikacijas satvaru dalibvalstis.
Ta ka petijuma veikSanas laika sertifikacijas satvars un metodikas vel bija izstrades stadija,
padzilinats vertikalas saskanotibas izveértéjums nebija iesp&jams. Apaksnodalas 3.1.2. un 3.1.3.
verteta bioekonomikas politikas vertikala saskanotiba, analiz&ot Eiropas Bioekonomikas
strat€gijas mérku implementaciju dalibvalstu un Latvijas politikas dokumentos. Rezultati
paradija, ka dalibvalstis, tostarp Latvija, ES mérkus ir integréjusas savas bioekonomikas
stratégijas. Izvertgjums lava noteikt pasakumu formalu saskanotibu, ierobeZojot iesp&ju veikt
turpmaku noveértgjumu par noteikto mérku praktiskas izpildes efektivitati. To ilustré ari
kvantitativie rezultati: 1 % jeb astoni pasakumi nacionalajas bioekonomikas stratégijas nav
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sasaistami ar Eiropas Bioeckonomikas stratégijas mérkiem (3. publikacija), tomér valstu
strat€giju mérku un pasakumu precizitate un strukturétiba batiski atSkiras. To atspogulo arl
TOPSIS rezultatu plasa amplitida (0,01-0,94), kas norada uz ievérojamam atskirtbam politikas
IstenoSanas gataviba, nevis paSas politikas kvalitaté. Latvijas Bioekonomikas stratégija 2030
Latvijas politikas dokumentu izveértéjuma (2. publikacija) ieguva 0,98, izmantojot ekspertu
svarus, un, 0,95 izmantojot vienadus svarus, kas TOPSIS metodé norada tuvumu idealajam
pozitivajam risindjumam, tacu tas relativi zemaka pozicija ES dalibvalstu bioekonomikas
stratégijas salidzinajuma parada, ka formala saskanotiba ne vienme&r nozimé augstu praktiskas
ievieSanas sagatavotibu.

Lai izvértétu, ka formala saskanotiba atspogulojas praktiskaja istenoSana, tika veikta
gadfjuma izpéte, kur papildus vertikalajai saskanotibai analizéts art NEKP2030 ricibas plans
mérku TstenoSanai (1. publikacija). Rezultati paradija izteiktu politikas instrumentu
disproporciju: 69 % jeb 76 pasakumi ietilpst “Normativa reguléjuma” kategorija, savukart
“Ekonomiskie (tirgus) instrumenti” veido tikai 7% (astoni pasakumi). Sada struktiira norada uz
ierobezotu instrumentu dazadibu un salidzino$i vaju ekonomisko (tirgus) mehanismu
izmantoSanu. Lai gan mérki un virzienu siltumapgades un dzes€Sanas nozares attistibai atbilst
ES Iimeni noteiktajiem, pasakumu uzbiive balstita uz normativajiem risinajumiem, nevis
lidzsvarotu politikas instrumentu kopumu, kas ierobezo pasakumu efektivitati un kavé mérku
sasniegSanu.

Iegtitie rezultati stiprina promocijas darba hipotezi, ka politikas saskanotibas novertgjums
atklaj tikai formalu mérku implementaciju, savukart to isteno$ana nozimiga ir atbilstoSu
pasakumu izstrade un politikas instrumentu pieméroSana. Tadel nepietick ar dokumentu
saskanotibas izvertejumu, nepiecieSama padzilinata analize, kas lauj identificét procesu
optimizacijas iesp&jas un noverst barjeras, lai stiprinatu bioekonomikas un klimata politikas
efektivitati.

Sie secinajumi kalpoja ka pamats nakamajam promocijas darba segmentam - dkérilu un
nepilnibu identificé$ana politikas optimizacijai. Saja posma tika veiktas divas gadijuma izpétes.
Pirmaja analizéts AER projektu istenoSanas process, lai identific€tu vai taja nepastav barjeras,
jo ieprieksgja posma (3.1.4. apaksnod.) izgaismojas bitisks aspekts — 1&na AER attistiba Latvija,
kam par iemeslu vartu bt birokratiskais slogs un administrativas prasibas. Otraja gadijuma
izpete turpinata bioekonomikas attistibas iesp&ju analize, koncentrgjoties Uz meza sektoru. Ta
tika veikta, izmantojot Maciejczak [215] izstradato un Wreford et al. [33] papildinato pieeju
bioekonomiku ictekm&joso faktoru izvertésanai. Pamatojoties uz So analizi tika identific&ti tris
ilgtsp&jigi nias produkti un izstradatas to attistibas stratégijas.

3.2. Skérslu un nepilnibu identificéSana politikas optimizacijai

Skerilu un nepilnibu identificéSana politikas optimizacijai balstijas uz literatiiras un
dokumentu analizes metodém, ko papildindja datu vakSana, daudzkritériju l€mumu
pienemsanas analize, ka arT stratégiskas planosanas un izvert&juma pieejas. Pirmaja gadijuma
izpé€teé analiz&ti Baltijas un Ziemelvalstu AER projektu isteno$anas un apstiprinasanas procesi,
no projekta idejas koordin@Sanas Iidz stacijas biivniecibai un nodoSanai ekspluatacija.
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Administrativo procesu efektivitate tika vertéta péc kvalitativiem un kvantitativiem krit€rijiem,
un sniegtas rekomendacijas to optimizacijai. Otraja gadijuma izp&t€ uzmaniba pieversta
Latvijas meza sektoram, kur ar niSas produktu attistibas scenariju analizes palidzibu identificéti
sektora transformaciju kavgjosie Sker§li un barjeras, ka ari izvertétas iesp&jas to parvarésanai,
veicinot ilgtsp&jigu nozares attistibu.

3.2.1. Administrativo §kérslu noverSana AER projektu ievieSana

Pétijuma (4. publikacija) konteksta administrativais process ir procesu kopums, kas véja
elektrostaciju (VES) vai saules elektrostacijas (SES) projektu izstradatajam javeic, lai Tstenotu
projektu no projekta koncepcijas lidz elektroenergijas razo$anai. P&tljuma administrativie
procesi ietver pieslégSanas procesa ilgumu, procesa parredzamibu, ierobezoSanu un tikla
paplasinasanu, taisnigu un neatkarigu energétikas nozares regul&jumu, administrativa procesa
sarezgitibu, zemes izmanto$anas un vides planoSanu, procesu ilgumu, sabiedribas uztveri,
sazinu starp attiecigajam ieinteresétajam personam [59], [60], [216], [217]. Dazi §kersli
atskirigi ietekm@ sauszemes un atkrastes VES, ka arT SES projektu TstenoSanu [60], piem&ram,
administrativie procesi un AER ieklausana teritorialaja planojuma ir sarezgitaka VES neka SES
[218]. SES un VES tehnologiju uzstadiSanas procesu var iedalit tris procesa posmos:
sakotngjais jeb priekSizpétes posms, uzstadiSanas un elektroenergijas razoSanas posms un
ekspluatacijas beigu jeb izbeig§anas posms (3.11. att.).

Ekspluatacijas
beigas

3.posms

=

3.11. att. Elektroenergijas razoSanai paredzeéto AER tehnologiju ievieSanas posmi.

AER projektu ieviesanas process analizetajas valstis

Pe&tijuma konstatéts, ka normativais reguléjums un administrativas procediiras VES un SES
uzstadiSanai pétitajas valstis ir praktiski vienadas projektu Tsteno$anas posmu un nepiecieSamo
atlauju zina, ar dazam nelielam at$kirtbam. Tipiski literatara administrativais process VES un
SES novértéts atseviski, lai gan abam tehnologijam procesa posmi ir gandriz identiski, ar
galveno atskiribu, ka SES galvenokart nav paklautas telpiska planojuma ierobezojumiem un
nav nepiecieSsama IVN. AER projektu isteno$anas procesi ir §adi: priekSizpéte; projekta idejas
koordinacija; atlauju elektroenergijas raZo$anai un pieslégSanai tiklam sanemsana; stacijas
biivnieciba un nodosana ekspluatacija (3.12. att.), tadejadi aptverot gandriz divus no trim 3.11.
att€la minétajiem projekta isteno$anas posmiem lidz elektroenergijas razo$anas uzsak$anai.

Projekta prieksizpétes faze netika detalizeti izvertéta, lai gan intervijas nozares parstavji
mingja $adus elementus: v&ja atrums vai no€nojums izvel&taja teritorija; teritorijas planojuma
ierobezojumi; IVN sakotng€jais novertgjums; trokSna meérijjumi; pieslégums tiklam un ta
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izmaksas; tehnologiju transporté$anas infrastruktiira; projekta ekonomiska dzivotspéja, ka ar
attalums no militaram iekartam un radariem.

Projekta idejas koordinésana

e Piemérotakas teritorijas
izvele

o Ekspertu piesaistiSana
prieksizpetei (ornitologi,

o Sakotngja IVN vai

Atlauja palielinat
elektroenergijas
razoSanas jaudu vai

Biivatlaujas sanemsana;
Stacijas buvnieciba

troksna noteikSana) pilniga IVN procedira ieviest | aunas razosanas Stacijas parbaude un
o Elektrotikla piemérotibas o Atbilstiba teritorijas ieanai pieslégsana tiklam
novertésana; planojumam vai asq Registracija ka
P I Elektroenergijas
e Tehniska risinajuma detalplanojumam - e elektroenergijas
o razo$anas piesléguma A
defin€sana 0 ; . razotajam/tirgotajam
S L tehniskie noteikumi
o Tehniski ekonomiskais
novertgjums

3.12. att. Visparigie pasakumi AER projektu istenoSanas un apstiprinasanas procesa.

Zviedrija atlaujas izsniegSanas process VES attistiSanai var tikt uzsakts tikai tad, ja
pasvaldiba ir izsniegusi atlauju [219], [220]. Pretgja gadijuma pirmais solis AER projekta
IstenoSana ir vai nu teritorijas planojuma groziSana, vai, ja nepiecieSams, IVN procediiras
veiksana [219], [220]. Parasti tiek noteiktas visparigas prasibas telpiskas attistibas plano$anai
— teritorijas izmantoSanai un biivniecibas ierobezojumiem. PaSvaldibas savos telpiskajos
planos vai detalplanos var noteikt atseviskas teritorijas, kuras atlauta vai aizliegta VES
bilivnieciba. Atseviskos gadijumos paSvaldibas ieklauj arT ierobeZojumus attieciba uz SES
uzstadisanu. Baltijas valstTs, ja pas$valdiba saskana ar telpisko planu vai detalplanu neparedz
VES uzstadisanu izvEl&taja teritorija, projekta attistitajam jaiesniedz pasvaldibai pieteikums par
grozijumu veikSanu detalplanojuma [221], [222]. Turklat, ja kada planota teritorijas dala nav
projekta attistitdaja IpaSuma, janoslédz zemes nomas ligumi, ka arT javienojas ar blakus esoSo
zemes TpaSniekiem. Administrativa procediira pasvaldibas telpiska planojuma groziSanai var
ietvert sabiedrisko apsprieSanu [221], [222]. Norvégija pasvaldibas ir atbildigas par teritorijas
planojumu visas nozares, iznemot energétiku, kur projektu izstradataji versas pie Norvégijas
Udens resursu un energétikas direktorata [150], [223]. Saskana ar Lietuvas Republikas Likumu
par atjaunojamajiem energoresursiem (X1-1375) mazam sisttmam, kuru jauda neparsniedz 500
KW un kuras izmanto AER nav nepiecie$ami detalizéti telpiskie plani vai primaras zemes
izmantoSanas maina, ja tas nav pretruna ar noteikumiem par viet€jas parvaldes zemes
izmantoSanu [224].

Nakamais solis vid€ja un liela m&roga VES parasti ir sakotngjais IVN vai obligatais IVN,
atkariba no uzstadamas elektrostacijas jaudas [150]. IVN procedira var tikt veikta arT pirms
izmainu veikSanas pasvaldibas telpiskaja plana, vai abas procediiras var tikt veiktas paraléli.
SES parasti nav paklautas IVN procediirai, tomér Igaunija pastav iespgjamiba, ka SES
bivniecibai var biit nepiecieSams sakotngjais I[VN ka dala no biivatlaujas sanemSanas
procediiras, ja attieciga pasvaldiba nolemj, ka tas darbiba var negativi ietekmét vidi. Zviedrijas
pasvaldibam ir tiesibas izteikties, tostarp parstidz&t Iemumus, jautajumos, kas saistiti ar VES
un SES atlaujam saskana ar Vides kodeksu, lai aizsargatu vides un sabiedribas intereses
pasvaldibas teritorija [225], [226]. Somijas pasvaldibas var veicinat VES attistibu, pienemot
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lokalu generalplanu v&ja energijas izmantoSanai, kurd jau ir ieklauti nepiecieSamie vides
novertejumi [227]. Vairuma gadijumu sakotn&ja IVN un IVN procediras laika tiek veiktas
aptuveni tris sabiedriskas apsprieSanas [228], [229], savukart Lietuvas IVN procediira var
identific€t piecas sabiedriskas apsprieSanas, ka art iespgju atbildigajai iestadei vairakas reizes
nositit zinojumu atpakal labosanai [230].

P&c IVN zinojuma apstiprinaSanas un atbilstibas ar telpisko planojumu saskanosanas,
Latvija un Lietuva ir jasanem atlauja jaunu elektroenergijas razoSanas iekartu uzstadiSanai
[231], [232], [233]. Somija elektrostacijam, kuru elektriska jauda ir vismaz 1 MVA, ir japazino
Somijas Energétikas agentiirai par elektrostacijas biivniecibas planu vai Iémumu palielinat tas
jaudu [234].

Nakamais solis VES un SES uzstadi$anai ir biivatlaujas sanemsana un biivdarbu uzsakS$ana
[235], [236], [237]. Mikrogeneratoru uzstadiSanai biezi nav noteikts pienakums sanemt
buvatlauju [238]. Pieméram, Lietuva SES un VES ar uzstadito jaudu lidz 30 kW, kas
neparsniedz trok$pa limeni, var uzstadit uz €kam vai integrét €kas bez buvatlaujas [224].
Igaunija, ja iesp&ams, IVN procedira tiek apvienota ar Bivniecibas kodeksa procediiram; sada
gadfjuma ir jaievéro abu procediiru prasibas [237], [239]. Somijas Zemes izmanto$anas un
biivniecibas likuma ir noteikts, ka buivatlauja VES var tikt izsniegta, ja juridiski saisto$a
teritorijas planojuma ir noteikts, ka plans vai ta dala ir bavatlaujas pamats [240]. Zviedrija, ja
ir planots blivet objektu, kam nepiecieSama biivatlauja, attistitajs var iesniegt iepriekseju
pieteikumu, lai savlaicigi noskaidrotu, vai konkrétaja vieta ir iesp&jams realiz&t projektu [241],
[242], [243]. Pozitivs ieprieks€js lemums dod attistitajam tiesibas veikt attiecigos pasakumus
konkr&taja vietd, ja attistitajs divu gadu laika iesniedz buvatlaujas pieteikumu [241]. Pirms
blivdarbu uzsaksanas attistitajam jaiesniedz biivatlaujas un planosanas atlaujas pieteikums un
jagaida léemums [241]. Somija ir izveidots vienots digitalais pakalpojumu portals Lupapiste, kas
paredzets blvatlauju un citu ar licencém saistitu pakalpojumu parvaldibai, lai pasvaldibas
varétu rikoties saskana ar Zemes izmantoSanas un biivniecibas likumu; $is pakalpojums ir
pielagots paSvaldibu, attistitaju un citu atlauju izsniegSanas procedira iesaistito pusu
individualajam vajadzibam [244], [245].

Lietuva un Igaunija ir jaiegiist atlauja elektroenergijas razoSanai [246], [247], [248]. Pirms
darbibas uzsak$anas elektroenergijas razotdjiem vai tirgotajiem ir jaregistréjas attiecigaja
elektroenergijas razotaju vai tirgotaju registra [246], [249], [250]. Elektroenergijas tirdzniecibai
Somija nav nepiecieSama atseviska licence elektroenergijas tirdzniecibai, bet Norvégija ir
nepiecieSama tirdzniecibas licence [251], [252], [253].

Vairuma pétijuma ieklauto valstu mazas un vidgjas jaudas elektrostaciju ar jaudu lidz 10
MW pieslégsanai tiklam javeérSas pie sadales sistemas operatora, bet lielo elektrostaciju ar jaudu
virs 10 MW pieslégSanai tiklam javerSas pie parvades sist€mas operatora. Lietuva projektu
attistitajiem ir jasanem nodoma véstule, par planu pievienot elektrostaciju elektroenergijas
tiklam [224], [232]. Sadales sistému operatoru skaits p&tijuma ieklautajas valsts ir loti atskirigs
—Latvija 11, Lietuva 6, Igaunija 34, Somija 77, Norvégija vairak neka 120, Zviedrija 170 [254],
[255], [256].

Norvégija ir vieniga pétijuma ieklauta valsts, kura ir vienots kontaktpunkts, kas koording
SES un VES attistibu un izsniedz darbibas uzsakSanai nepiecieSamas atlaujas — Norvegijas
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Udens resursu un energétikas direktorats [150]. Zviedrijas Energétikas agentiira pétijuma
veik$anas bridi vél stradaja pie digitala kontaktpunkta izveides, kas aptvertu atlaujas, izp€muma
gadijumus un pazinoSanas procediiras AER iekartam un to pieslégsanu tiklam [257].

Projektu istenosanas termini

3.5. tabula ir paradits standartizéjamo procesu ilgums dazadiem AER projektiem. Norvegija
un Igaunija mikrogeneratoru uzstadiSana ir vislaikietilpigaka, jo ir ilgs biivatlaujas sanemsanas
process. Ilgakais termins lielam un vidéjam SES ir Lietuva un Igaunija, bet VES — Lietuva un
Zviedrija.

Nestandartiz&jamo procesu aptuvenais ilgums ir aprékinats, pamatojoties uz normativajiem
aktiem un vairakiem piepémumiem, jo tadiem procesiem ka IVN vai izmainam telpiskaja
planojuma ilgums ir atkarigs no konkréta projekta un viena un taja pasa valsti var atSkirties ne
tikai par dienam, bet pat par ménesiem. Tom&r, nemot veéra iepriek§ minéto, ir aprékinats SES
un VES projektu Tstenosanas ilgums, nosakot maksimalo terminu.

3.5. tabula
Dazadu veidu AER projektu TstenoSanas vid€jais ilgums (dienas) (2021. gads)

P - Nestandartizéjamie procesi Apléstais realais
Standartizeéjamie procesi (dienas) - projekta ilgums,
(dienas) dienas

Valsts Mikrogeneratori SES VES | Mikrogeneratori SES  VES SES VES
Latvija 30 91 91 30 343 1676 300 3285
Lietuva 0 89 89 48 519 1878 365 2920
lgaunija 60 165 165 30 720 1817 273 3650
Somija 14 58 180 30 720 1268 365 2920
Norvégija 0 103 154 90 638 822 365 1460
Zviedrija 70 70 100 90 430 1247 365 2920

AER tehnologiju projektu izstradei nepiecieSamais laiks ir atkarigs no dazadiem aspektiem,
tade] 1stenoSanas laiks katram projektam ir atskirTgs. Veikta 14 dazadu SES un VES projektu
gadijumu izp&te dazadas valstis liecina, ka vidgji sauszemes VES projektu istenosana ilgst
piecus gadus. SES attTstibas projekti galvenokart tiek pabeigti 1-2 gadu laika.

Sarezgitiba

3.6. tabula noradits kontaktpunktu skaits (paSvaldibas, valsts iestades, agentiiras), kas
iesaistitas projekta Tsteno$anas procesa un visu nepiecieSamo atlauju sanemsana. Ka redzams,
kontaktpunktu skaits mikrogeneratoru uzstadisanai neparsniedz vienu vai divas iestades. Pirma
iestade parasti ir viet€ja paSvaldiba vai pasvaldibas buvvalde. Visos gadijumos, iznemot
Zviedriju, otrais kontaktpunkts ir sadales sistémas operators, kas koordiné pieslégSanu
elektrotiklam. Visbeidzot, Zviedrijas gadijuma, lai izveidotu pieslégumu, jasazinas ar
sertificétu elektromontieri kada elektromontazas uznémuma.

SES un VES projektu Tstenosanas procesa kontaktpunktu skaits visas novertétajas valstts ir
lidzigs. Visvairak kontaktpunktu ir Baltijas valstis, jo Tpasi Latvija. Norvégija ir vieniga
petijuma ieklauta valsts, kas koordinacijas procesu ir konceptuali Tstenojusi, izmantojot vienotu
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kontaktpunktu [150]. Norvégijas Udens resursu un energétikas direktorats ir centralais
kontaktpunkts, bet daZos gadijumos, lai uzstaditu mazakas elektrostacijas, ir jasazinas ar vietgjo

pasvaldibu.
3.6. tabula
AER projektu TstenoSana tiesi vai netiesi iesaistito kontaktpunktu skaits un
nepiecieSamie dokumenti (2021.gads)

Kontaktpunktu skaits Netiesi iesaistito iestaZzu skaits NepiecieSamo

dokumentu skaits

Valsts Mikrogeneratori SES VES | Mikrogeneratori  SES VES SES VES
Latvija 2 6 8 0 2 4 2 15
Lietuva 1 4 5 0 2 2 1 18
lgaunija 2 4 5 1 2 2 2 17
Somija 2 4 4 1 1 2 1 3
Norvégija 1 1 1 2 3 3 1 4
Zviedrija 2 3 3 0 3 3 1 2

Pétijuma laika nebija iesp&jams noteikt precizu netiesi iesaistito iestazu skaitu, jo tas ne
vienm@r ir noraditas normativajos dokumentos vai cita oficiali pieejama informacija. Iesp&jams,
ka, lemjot par atlaujas pieSkirSanu, iestades, kas ir tieSi iesaistltas apstiprindsanas procesa
(kontaktpunkti), sazinas ar netie$i iesaistitajam iestadém, kuras péc tam sniedz atzinumu par
vides un tehniskajiem aspektiem. NetieSi iesaistito iestazu skaits ari ir [idzigs visas pétijuma
ieklautajas valstis.

AER tehnologiju ievie$anai nepiecieSamo dokumentu skaits tika iegits, analizgjot
normativos dokumentus vai tos atrodot iestazu oficialajas timekla vietngs. Dati ir apkopoti 3.7.
tabula, un tie liecina, ka Baltijas valstis attistitajiem ir jaiesniedz vairak dokumentu neka
Ziemelvalstis. ST at3kiriba varétu biit saistita ar to, ka Baltijas valstis normativajos aktos ir
noteikti konkr&ti dokumenti, kas jaizstrada un jaiesniedz, lai sanemtu atlaujas. Ziemelvalstis
Istenota sist€ma to neparedz, tacu informaciju par nepiecieSamajiem dokumentiem var iegiit,
sazinoties ar attiecigajam iestadém. Visbiezak minétie dokumenti ir pieteikumi nepiecieSamo
atlauju sanemsanai — buvatlaujas, atlaujas energijas razoSanai, atlaujas elektroenergijas
pardosanai, pieteikumi un tehniska dokumentacija par pieslégsanos tiklam, ka arT pieteikums
IVN. Mikrogeneratoru uzstadi$anai nepiecie$ami tikai dazi dokumenti, kas at8kiras atkariba no
uzstadamas tehnologijas, jaudas un atrasanas vietas. Vid&ja un liela méroga SES, VES gadijuma
nepieciesamo dokumentu skaits ir Iidzigs, galvenokart atkariba no izvEleétas vietas
ierobeZojumiem, jo ir teritorijas, kur nepiecieSamas papildu atlaujas. Nemot véra administrativo
datu pieejamibas atSkiribas starp valstim, interpretacijas risks tika mazinats, salidzinot
informaciju vairakos avotos un parbaudot tas konsekvenci starp normativajiem dokumentiem,
iestazu timekla vietndm un ekspertu sniegtajam atzinam (sk. Publikaciju Nr. 4). Sada pieeja
lava nodrosinat informacijas konsekvenci un samazinaja interpretacijas kludu iespgjamibu.

Informdcijas pieejamiba
Informacijas pieejamiba par AER projektu TstenosSanas procesu tika iegiita, analizgjot katras
valsts oficialajas timekla vietngs pieejamo informaciju un, ja nepiecieSams, parskatot
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normativos aktus. Analizes mérkis bija vienuviet atrast vispusigu, skaidrojo$u un oficialu
informaciju par administrativa procesa posmiem un iestadém, pie kuram javersas, lai uzstaditu
AER tehnologijas.

Rezultati ir apkopoti 3.7. tabula, ka redzams no veikta novértgjuma, visaptvero$aka
informacija par nepiecieamajam atlaujam un projektu istenoSanas procesiem ir pieejama
Norvégija, jo SES un VES projektu izstrades procesu koording vienots kontaktpunkts —
Norvégijas Udens resursu un energétikas direktorats. Lai gan Zviedrija pétijuma veiksanas bridi
nebija izveidotos vienots kontaktpunkts un atlauju izsniegSanas process AER elektrostaciju
attistibas projektiem koordingja pasvaldibas, vispusiga informacija par SES un VES projektu
TstenoSanu ir pieejama Zviedrijas Energétikas agentuiras timekla vietng. Zviedrija ir izstradajusi
arf érti lietojamu riku PlanoSanas un buvniecibas likuma izmanto$anai — PBL Knowledge Bank
(Boverket) [258], [259], kur siki izskaidrota PlanoSanas un biivniecibas likuma pieméro$ana un
interpretacija atkariba no veicamajam darbibam teritorijas planoSanas un biivniecibas joma.

3.7. tabula
Kvalitativa novertgjuma kopsavilkums par informacijas pieejamibu (2021.gads)
Informacijas pieejamibas Uzkratas zinaSanas, KW/tiiksto§
noveértéjums iedzivotaju
Valsts Mikrogeneratori SES VES SES VES
Latvija 2 2 1 2 5
Lietuva 3 2 2 12 35
lgaunija 1 1 1 51 12
Somija 1 2 1 37 232
Norvegija 1 3 3 20 384
Zviedrija 2 3 3 60 280

Raditajs par uzkratajam zinaSanam balstas uz Tstenoto AER projektu jaudu no 2015. gada
11dz 2019. gadam un valsts iedzivotaju skaitu. Ja tiks Tstenoti vairak AER projektu, tiks ieglitas
plasakas zinaSanas un pieredze, kas biis noderiga turpmako projektu izstrade. Norvégija un
Zviedrija ir valstis ar visplasakajam zinasanam un pieredzi. Igaunija pedgjos gados ir sasniegusi
lielako uzstaditas jaudas pieaugumu starp Baltijas valstim, tacu salidzinajuma ar Ziemelvalstim
tas joprojam ir zems.

Sabiedribas viedokla un paSvaldibu ietekme

Sabiedribas viedokla ietekme ir noveértéta, izmantojot divus krit€rijus — sabiedrisko
apspriezu skaitu par AER projektu TstenoSanu un sabiedribas iespgjas ietekmet to. Ta ka
pétitajas valstls nav sabiedrisko apspriezu par mikrogeneratoru iekartu uzstadisanu, tie tika
izsl€gti no turpmakas analizes.

Iegiito kriteriju vertibu kopsavilkums ir redzams 3.8. tabula. Vismazaka sabiedribas ietekme
uz SES projektu stenoSanu ir identificéta Latvija, kur nav nepiecieSams organiz&t sabiedriskas
apspriedes par SES uzstadisanu. Augstakie sabiedribas ietekmes raditdji saistiba ar VES
uzstadisanu novérojami Somija, Norvégija un Zviedrija, kur vietgjie iedzivotaji ir labi informéti
un kopuma atbalsta AER tehnologijas, kas veicinajis lieclakas uzstaditas jaudas Sajas valstis.
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Neskatoties uz to, ka gan Zviedrija pasvaldibam ir pieskirtas veto tiesibas [219], bet Norvégija
gan pasvaldibam, gan iedzivotajiem ir neformalas iesp&jas ietekmé&t 1€mumus par VES
izvietoSanu [223].

3.8. tabula
Sabiedribas un pasvaldibu ietekmes novertgjuma parskats (2021. gads)
Pasvaldibas ietekmes Sabiedribas ietekmes Sabiedrisko apsprieZu
novértéjums novértéjums skaits
Valsts SES VES SES VES SES VES
Latvija 3 1 0 2 0 3
Lietuva 3 1 3 2 1 5
lgaunija 1 1 2 2 2 2
Somija 3 2 2 3 2 2
Norvégija 3 3 2 3 2 2
Zviedrija 1 1 2 3 1 2

Attieciba uz paSvaldibu ietekmi augstakais novertgjums pieskirts SES ievieSanai Latvija,
Lietuva, Somija un Norvégija, kur vietéjam pasvaldibam ir plasas iesp&jas uzklausit projekta
Tstenotajus un ietekm@t projekta gaitu (3.8. tab.).

MCDA rezultati

Tika salidzinatas dazadas jaudas SES un VES projektu istenosanas procesi Baltijas valstis
un Ziemelvalstis, nemot véra 11 krit€rijus un piemérojot TOPSIS metodi. Salidzinajums veikts,
nemot véra projekta TstenoSanas grafiku, sarezgitibu, informacijas pieejamibu un ietekmi uz
vietgjo sabiedribu un pasvaldibam. Turklat ka ietekmigakie noverteéSanas kriteriji noteikti
kontaktpunktu skaits, pieejama publiska informacija un projekta apstiprinaSanai nepiecieSamo
dokumentu skaits (2.4. att). TOPSIS rezultati redzami 3.13. attéla. Jutiguma analize Saja
gadijuma netika veikta, jo krit€riju svari tika defingti, izmantojot piecu neatkarigu ekspertu
vertejumus, un gala aprékinos tika izmantota So vertejumu vidgjas vertibas, kas atspogulo
projektu attistitaju faktisko prioritaSu secibu. Svaru noteikSanas kartiba aprakstita 2.2.2.
apak$nodala un detalizéti 4. publikacija. Attieciba uz mikrogeneratoriem Lietuva ieguva
augstako vertgjumu, jo Lietuvas Republikas Likums par atjaunojamajiem energoresursiem (XI-
1375) skaidri defin€ mikrogeneratoru uzstadisanas normativo sisttmu — jaudas ierobezojumus,
paredz vienkar$otu uzstadisanas procesu saistiba ar teritoriju un biivatlaujam. Sads vienots
dokuments, kas apkopo AER tehnologiju regul&jumu, var tikt uzskatits par AER tehnologiju
ievieSanas veicinosu faktoru, ka arT palidz nodroS$inat procesu parredzamibu. Otrais augstakais
raditajs ir Norvégijai, bet Somija ierindojas tre$aja vieta. Saskana ar rezultatiem lgaunija
ierindojas pe€dgja vieta mikrogeneratoru razoSanas projektu istenos$ana.

Ziemelvalstis — Norvégija un Zviedrija - ir ieguvusas augstako noveértgjumu liela un vidgja
izméra SES projektu Tsteno$ana un augstako punktu skaitu, kam seko Somija. Sads rezultats
sasniegts pateicoties mazakam kontaktpunktu skaitam nepiecieSamo atlauju sanemsanai un
procesu skaidrojosas informacijas pieejamibai. Baltijas valstis ir ieguvusas zemakus rezultatus,
Latvija ierindojas ceturtaja vieta uzreiz aiz Somijas, savukart Lietuva un Igaunija attiecigi
ienem piekto un sesto vietu. Igaunija ierindota p&dgja vieta, jo SES projektu IstenoS$anai
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salidzinot ar citam valstim var tikt piemérota IVN, ka arT var blt nepiecieSamas izmainas
telpiskaja planojuma. ArT attieciba uz VES Ziemelvalstis ir ieguvusas augstakus rezultatus, ar1
tas skaidrojams ar mazaku iesaistito iestazu skaitu un isaku projektu istenoSanas periodu.
Turklat petjjuma secinats, ka VES projektu TstenoSana Norvégija norit visraitak, pateicoties
optimiz&tiem atlauju izsniegSanas procesiem un vienotam kontaktpunktam.
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3.13. att. Dazadu AER projektu TOPSIS rezultati.

Normativais regul§jums un administrativas procediiras japielago potencialajai
mérkauditorijai, lai izvairitos no nevajadzigiem administrativiem S$kerSliem, attiecigi -
elektroenergijas razoSana privatai lietoSanai (tostarp - mazas elektrostacijas) ar
mikrogeneratoriem; mazas un vidéjas jaudas elektroenergijas raZoSanas iekartam, kas
nodro$ina elektroenergiju uznémumiem vai kopienai; lielas jaudas elektrostacijam, kas
paredzétas ienakumu giidanai no elektroenergijas pardoanas. Sada pieeja varétu veicinat no
AER sarazotas elektroenergijas dalas palielinajumu dazados sektoros.

Mikrogeneratori

Administrativajas procediiras, kas saistitas ar mikrogeneratoru uzstadisanu, starp valstim
konstatétas tikai nelielas atSkiribas. Kopuma uzstadiSsanas process ilgst no viena Iidz trim
menesiem, kas liecina par salidzinos$i vienkarSotu uzstadi$anas un pieslégsanas tiklam kartibu.
Salidzinosa analize rada, ka Lietuva ir vislabvéligakie administrativie nosacijumi - gan lielaka
atlauta mikrogeneratoru jauda Baltijas valstis, gan arl tas, ka nav telpiskas plano$anas
ierobezojumu un nav nepiecieSama biivatlauja. Savukart citas valstis atsevi§skos gadijumos var
biit nepiecieSama biivatlauja vai apstiprinajums no par bivniecibu atbildigas iestades. Baltijas
valstis ka mikrogeneratori tiek klasificétas iekartas ar mazaku jaudu neka Ziemelvalstis. Nemot
vera pieaugo$as elektroenergijas cenas [260], $adi jaudas ierobezojumi majsaimniecibu
mikrogeneratoriem var bt nepietiekami, lai segtu patérinu. Tade] tiek rekomendéts parskatit
Baltijas valstu normativo regul&jumu un noteikt lielaku jaudas slieksni mikrogeneratoriem.

Sadales tiklu operatoru publicéta informacija par prasibam mikrogeneratoru pieslégsanai
elektrotiklam un procesu apraksti tika noverteti ka izsmelosi un lietderigi. Tomér pétijuma tika
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konstatéts, ka gandriz visas petijuma ieklautajas valstis vispariga informacija par VES un SES
mikrogeneratoru uzstadisanu ir nepilniga. Vadlinijas mikrogeneratoru vai maza me&roga VES
un SES uzstadianai (katrai tehnologijai atseviski) ar paskaidrojoSu informaciju par procesa
soliem un obligatajam prasibam uzlabotu parredzamibu un, iesp&jams paatrinatu procesu.

Videja un liela méroga sauszemes VES un SES

Direktiva (ES) 2018/2001 par no AER iegiitas energijas izmantoSanas veicinasanu [62] 16.
panta 1. punkta ierosinats, ka dalibvalstis izveido vienu vai vairakus kontaktpunktus, kur AER
projektu istenotdji var vienuviet sanemt nepiecie$amas konsultacijas un atlaujas, nevérSoties
citas iestadés. Vienota kontaktpunkta izveide atbilst ari Latvijas un Lietuvas Nacionalajos
energétikas un klimata planos noteiktajam mérkiem [184], [261]. Ka labas prakses piemérs tika
identificétas Zviedrija un Norvégija izveidotas energgtikas agentiras, kas uztur detaliz&tu
informaciju par AER tehnologijam, uzstadiSanas administrativo procesu un normativo
regul&jumu [226]. Gan veikta literatiras analize, gan pétijums sniedza apstiprinajumu, ka
vienota kontaktpunkta esamiba paatrina AER projektu ievieSanu [57], [58], [145], lidz ar to
butu lietderigi $adu pieeju Tstenot ari Baltijas valstis, izveidojot kontaktpunktus valstu
energétikas agenttiras vai paSvaldibas. Baltijas valstis tika konstatéta liela sabiedribas pretestiba
pret AER tehnologiju uzstadisanu, kas iesp&jams, saistama ar zina$anu trikumu un stereotipiem
par SES un VES. Energétikas agentiiras 1idz ar to var&tu but Baltijas valstu organizacijas, kas
ar parredzamas un uzticamas informacijas sniegSanu veicina uzticibu saules un v&ja energijai
[145].

Pasvaldibas ir atbildigas par to, lai VES vai SES projekti atbilstu telpiskajam planojumam,
izsniegtu buvatlaujas un piedalitos IVN procesa, kas veido nozimigu dalu no projektu
IstenoSanas soliem. Tomér Baltijas valstis paSvaldibu un citu parvaldes iestazu timekla vietnes
biezi triikst skaidrojosas informacijas par $im procediram. Tapéc batu lietderigi sekot
Zviedrijas un Norvégijas pieméram, publicgjot izsmelosaku un saprotamaku informaciju par
administrativajam prasibam AER tehnologiju uzstadisanai.

Informacijas apkopoSana par buivatlauju izsniegSanas nosacljumiem un to pieprasiSanas
nepiecieSamibas bija viena no sarezgitakajam administrativa procesa dalam visas pétitajas
valstis, iznemot Zviedriju. Lai atvieglotu ar biivniecibas procesu saistitas procediras, bitu
lietderigi normativajos aktos skaidri izcelt prasibas, kas piemérojamas AER tehnologiju
uzstadiSanai [145] (8aja gadijuma SES un VES), padarot reguléjumu saprotamaku un
vienmérigak piemérojamu [226], [262]. Alternativi iesp&jams publicét skaidrojosu informaciju,
kas palidz&tu korekti interpretét normativo reguléjumu [144], [263]. Lidzigu pieeju ieviesusi
Zviedrijas Valsts majoklu, blivniecibas un planosanas padome (Boverket), izdodot
rokasgramatu, kura skaidrota, pieméram, Plano$anas un biivniecibas likuma piemérosana [259].

Peétijuma netika konstatéta skaidra praktiska nepiecieS$amiba, kadél Latvija un Lietuva ir
jasanem atlauja jaunas elektroenergijas raZoSanas iekartas ievieSanai vai elektroenergijas
razoSanas jaudas palielinaSanai, ka ar kadi kritériji tiek nemti vera, izsniedzot sadas atlaujas
[233]. Teoretiski §1 procediira varétu tikt vienkarsota, apvienojot to ar pieteikumu pieslégumam
elektrotiklam vai ieklaujot to buivatlauja. Alternativi, izveidojot vienotu kontaktpunktu, atlaujas
prasiba vargtu tikt integréta SES vai VES projektu Tstenosanas kopgja koordinacijas procesa.
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Pétijuma veikSanai tika analiz&ts liels skaits dokumentu vairakas valodas (latviesu,
lietuvie$u, igaunu, somu, zviedru un norvégu valoda). Process bija ipasi sarezgits Baltijas
valstim, kur gandriz visas procediiru shémas bija jaizstrada no nulles, balstoties galvenokart
normativajos dokumentos. Tas radija interpretacijas precizitates risku, ipasi buvatlauju
sanemsanas procedtiras SES un VES uzstadisanai. P&tijumu ierobezoja art atskirigie telpiskas
planosanas noteikumi pa$valdibu Iimen, tap&c rezultati tika visparinati valsts, nevis pasvaldibu
Itmeni. Vél viens ierobezojums ir pétjjuma laika posms — tas tika veikts 2021. gada, pirms
Krievijas pilna méroga iebrukuma Ukraina 2022. gada februari. P&c §1 notikuma strauji pieauga
fosila kurinama cenas, kas pétijjuma ieklautajas valstis aktualiz€ja izmainu nepiecieSamibu
normativaja reguléjuma, lai vienkarSotu prasibas SES un VES uzstadisanai. Literatiiras apskats
rada, ka gan saules, gan v&ja energijas uzstaditas jaudas Baltijas valstis péc 2022. gada turpina
pieaugt, ipasi Lietuva un Igaunija, kur dala jaudu pieauguma varétu but saistama ar
administrativo procediiru atvieglojumiem un augsto energijas cenu periodu (1.1. un 1.2. att.).
Tomer So izmainu preciza ietekme uz identificétajam administrativajam barjeram biitu javerte
atseviska petijuma, jo picaugums uzstaditajas jaudas var atspogulot gan reguléjuma izmainas,
gan tirgus dinamiku, tehnologiju izmaksu kritumu un investoru aktivitati.

Saja pétijuma posma veikta detalizéta AER projektu Tsteno$anas administrativo procesu
analize, kas paradija, ka butisks kavgjosais faktors ir sarezgitas procediiras un ar tam saistitais
administrativais slogs. Lai gan butu iesp&ami turpmaki p&tijumi, kuros padzilinati tiktu
izverteti atseviski procesa posmi, pieteikumu noraidijumu iemesli un veiktas padzilinatas
intervijas ar atbildigo iestazu darbiniekiem, promocijas darba netika analiz&ti Sie aspekti.

P&tijuma laika izstradata metodologija, lai gan laikietilpiga, sniedza butisku pienesumu, jo
lava strukturéti izprast AER projektu administrativo virzibu un identificét konkrétus posmus,
kuros projektu attistiba paléninas. Kvantitativie rezultati papildinaja kvalitativo analizi, jo
TOPSIS metode lava skaitliski salidzinat administrativo prasibu ietekmi uz AER projektu
istenosanu. Noveértéjums tika veikts, izmantojot 11 kritérijus, kas ietvéra tieSus kvantitativus
raditajus, piem&ram, nepiecieSamo dokumentu skaitu, iesaistito institiiciju un kontaktpunktu
skaitu un procesa ilgumu dienas. Ka art raditajus, kas sakotngji bija kvalitativi, bet parveidoti
vienota skala, pieméram publiski pieejamas informacijas apjomu vai iesp&ju ietekmet projektu
virzibu. Zinatniskaja konteksta tas papildina lidz §im maz pétitus AER projektu ievieSanas
aspektus, savukart praktiskaja liment nodrosina parskatamu informaciju par administrativajiem
soliem, nepiecie$amajam atlaujam un normativo reguléjumu pétijuma icklautajas valstis.
Pétfjuma rezultati tiek izmantoti ari praksé, pieméram, Latvijas Investiciju un attistibas
agentliras darba ar potencialajiem investoriem un SES un VES parku attistitajiem. Ka arT
sniegtas rekomendacijas politikas veidotajiem par administrativa procesa optimizacijas
iespgjam, atsaucoties uz identificétajiem labas prakses piemériem Baltijas un Ziemelvalstis.
legiitie rezultati stiprina promocijas darba hipotgzi, apliecinot, ka tikai politikas saskanotibas
izvertejums nav pietickams — nepiecieSama ar1 padzilinata $k&r§lu un nepilnibu analize, lai
nodrosinatu efektivaku AER ievieSanu.
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3.2.2. Latvijas meZa sektora stratégiskas attistibas veicino$o un kavéjoso faktoru
identificéSana

v

Ieprieksgjas nodalas (3.2.1. apaks$nod.) pétijums bija vérsts Uz $kérslu un nepilnibu, ka art
labas prakses pieméru identificéSanai AER projektu stenoSana, balstoties uz normativa
regul&juma, valsts parvaldes iestazu un to institiciju, ka ari istenoto projektu analizi
administrativo procesu optimizacijai. Savukart nakamaja posma (8. publikacija) uzmaniba tika
pieversta kavéjoso un veicinoSo faktoru identificésanu ar mérki izstradat pieradijumos balsttus
nakotnes attistibas scenarijus, tadgjadi stiprinot politikas veidosanu un 1émumu pienemsanu.

Meza nozare un no tas iegitie resursi ir butiski Latvijas bioekonomikas un tautsaimniecibas
izaugsmei, lai gan koksnes, gan nekoksnes resursu potencials paslaik netiek pilniba izmantots
[41], [43]. Latvijas Bioekonomikas strat€gija 2030 uzsver kokriipniecibas un mébelu razoSanas
nozares nozimi, noradot, ka dazadas kvalitates izejvielas, kas paslaik tiek eksportgtas, var
aizstat ar Latvija razotiem produktiem ar augstu pievienoto vértibu, pieméram, kokskiedras
platnes, mébelém vai koka modulu &kas [42], [44]. Attistibas potencials pastav ari celulozes
ripnieciba [42].

Ta ka Latvijas Bioekonomikas strat€gija 2030 tehniski klasificgjama ka “informativais
zinojums”, nevis politikas planosanas dokuments, §1 pétijuma posms bija Tpasi batisks, lai
sniegtu rekomendacijas ricibpolitikas izstradei meza nozares attistibas veicinaSanai ta
maksimala potenciala sasniegSanai. Izstradatas metodologijas pirmais Solis bija seSu zina§anas
balstitas bioekonomikas attistibai nozimigu sistémas elementu analize (atjaunojamie resursi,
zinasanas, inovacijas, tehnologijas, procesi, produkti un pakalpojumi, p&tnieciba un attistiba,
finanses un parvaldiba, privatas un publiskas ekspektacijas), kam sekoja veicino$o un kavgjoso
faktoru izvért&jums katra no tiem (apkopojums 3.9. tab.).

3.9. tabula

Latvijas meZa nozares sistémas elementi

Sistémas

elements

Veicinataji

IerobeZojosie faktori

Atjaunojamie
resursi

Plass mezu parklajums;
Vertigi nekoksnes resursi — medijami
dzivnieki, sénes, ogas, stinas

Mezos eso$os nekoksnes resursus nevar ne
kvantificét, ne ekonomiski novertet;

Parmeriga mezu izstrade var negativi ietekmét
biologisko daudzveidibu

Gadiem uzkratas zinasanas un prasmes;

Industrija  darbojas saskana ar “vecas”

Zinasanas Lo T . . I
P Profesionala un augstakd izglitiba | bioekonomikas principiem;
inovacijas, P o — ) o R
tehnologiias mezsaimnieciba un kokapstrade Zema atalgojuma dgl ir griiti atrast konkurétsp&ju
gl un inovaciju izstradi veicino$us pedagogus
Procesi Kokapstrades uznémumi visa Latvija; RazoSana ir orientéta uz koksnes produktiem ar
I Ekonomiski nozimiga primara resursu | zemu pievienoto vertibu,
produktiun | : 0 . _ .
.~ .| ieguves nozare 90 % no koksnes tiek eksportéta, radot ick§zemes
pakalpojumi

konkurenci par izejvielam

Pétnieciba un
attistiba

Daudzas augsta Iimena pétniecibas
iestades specializ€jas vai veic pétijumus
meza un saistitas nozarés

Pétnieciba gandriz pilniba atkariga no valsts
finansgjuma;

Zemi raditaji  pétniecibas un  attistibas
ieguldijumos un inovativo MVU ipatsvara
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3.9. tabulas turpinajums

Nozaru attistiba ieklauta RIS3 un citos Nozaru politikas [Grab your reader’s
politikas planosanas dokumentos; . .
Puse no mezu platibas pieder valstij un tas attention with a great quote from the
apsaimnieko viens uznémums document or use this space to emphasize
Finanses un a key point. To place this text box
parvaldiba . .
anywhere on the page, just drag it.]
planosanas dokumenti ir novecojusi;
Spécigs lobijs intensivakai mezizstradei;
Zems finansialais atbalsts inovacijam
Meziem ir butiska loma nekoksnes | Ekonomisko interesu parsvars par sabiedribas
Privatas un resursu ieguveé paSpatérinam; interesém (intensiva mezizstrade);
publiskas Mezu saglabasana ir butiska sabiedribai Sabiedribas viedokla atSkiribas par piekoptu
ekspektacijas mezizstrades praksi, bazas par biologiskas
daudzveidibas samazinasanos

Latvijas Bioekonomikas stratégija noradits uz kokapstrades un mébelu razoSanas nozares
attistibas potencialu. Sada vizija atbilst ar nepieciesamibai efektivak izmantot koksni, lai razotu
produktus ar augstaku pievienoto vértibu [264]. Sabiedribas pretestiba pret straujo mezizstrades
intensitates pieaugumu un bazas par resursu izmantoSanas efektivitati un pieejamibu nakotng
norada uz nepiecieSamibu plasak izmantot koksnes blakusproduktus un zemas kvalitates
koksni, lai razotu un eksport€tu preces ar augstaku pievienoto vertibu.

Latvijas meza un kokriipniecibas nozare ir speciga, pateicoties viet€jiem resursiem, gadu
gaita uzkratajam zinaSanam un prasmem, ka ar1 specigiem uznémumiem, kas sp&j konkuret
tirgll ar cenam (gan resursu pieejamibas, gan zemas darbaspéka izmaksas dél) un veésturiski
izveidoto infrastruktiiru. Tani pat laika 3.10. tabula atrodama norade uz nozares attistibu
kavgjo$o faktoru, proti, pasreizgjas politiskas strat€giskas virzibas nepietickamibu meza
bioekonomika (ka arT bioekonomikas kopuma) Latvija, lai veicinatu produkcijas ar augstaku
pievienoto vertibu razo$anu.

2020. gada meza nozare veidoja 1,9 % un kokriipniecibas nozare — 3,1 % no visas Latvijas
ekonomikas pievienotas vértibas [265]. Turklat kokapstrades nozare veido gandriz ceturto dalu
(24,8 % 2020. gada) no visam Latvijas razo$anas nozarém [265]. Tomér, ka teikts Nacionalas
industrialas politikas pamatnostadnés 2021-2027 [265], pievienota vértiba uz vienu nodarbinato
biockonomikas razoSana Latvija joprojam nesasniedz ES vid§jo raditaju [265]. Mingtajas
politikas pamatnostadn@s aicinats arT plasak izmantot inovacijas ka iesp&jamo risinajumu, lai
uzlabotu razigumu un resursu efektivitati bioekonomika [265].

Kopuma galvenie kavgjoSie faktori inovativas meZa bioekonomikas attistibai Latvija, ir
finansu resursu trikums — infrastruktiirai, inovaciju finans€Sanai, zinatnes un izglitibas
kapacitatei, ka armT komunikacijai un informétibas veicinaSanai. Bioekonomikas nozarei
raksturigas problémas: nav visaptveroSa nozares robezu definicija (dazi nozares lomu piedeve
tikai tradicionalajam bioekonomikas nozarém; zinaSanas balstitai bioekonomikai v&l nav
pietickama lobija) tadgjadi trikst efektivas visas nozares parvaldibas. Nepietieckami attistitas
bioeckonomikas inovacijas, kas balstitos uz konstruktivo koksni (engineered wood), koksnes
biorafinéSanu un uzlabotu resursu kaskadveida izmantoSanas konceptu, zemas kvalitates
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koksnes biomasas izmantoSanu augstakas pievienotas veértibas produktu razoSana, kavé meza
nozares attistibu.

TanT pat laika ir pozitivi vertgjami Latvijas sasniegumi daudzas pé&tniecibas un inovaciju
jomas, 1pasi nemot vera nelielo zinatnes bazes finans&jumu. Latvija un starptautiskos augsta
limena zinatniskajos projektos giitd pieredze lauj virzit zinatnisko p&tniecibu bioeckonomika.
Lai turpinatu veicinat zinaSanu nodo$anu, ir janostiprina sadarbiba starp p&tniecibas iestadém
un inovativiem kokapstrades uznémumiem.

Metodologiskais ietvars mezZa bioekonomikas attistibas iespéju izvértéSanai

Tika izveidota piecu ekspertu grupa no Latvijas meza nozares, kokapstrades un ilgtsp&jigas
produktu attistibas jomam, lai identificétu un prioritiz€tu inovativus biologiskas izcelsmes
produktus ar augstu pievienoto vertibu. Tika veikta tadu produktu atlase, kas varétu veicinat
valsts ekonomisko izaugsmi un resursu ilgtsp&jigu izmantoSanu, lai veicinatu atteik§anos no
ierastas prakses, kad dala koksnes tiek eksportéta ar nelielu pievienoto vértibu. Grupas
model&Sanas sesijas vadija pétnieks, kas katras sesijas sakuma paskaidroja veicamo uzdevumu
un vadija diskusiju. Grupas model&Sanas metode tika izveleta ka optimala pieeja nisas produktu
attistibas scenariju izstradei un analizei. Turklat, lai optimiz€tu pétfjuma efektivitati un
paaugstinatu objektivitati, papildus tika veiktas konsultacijas ar ekspertiem no saistitajam
jomam, tostarp energgtikas, biockonomikas, resursu efektivitates, atkritumu apsaimniekos$anas
un politikas jomas.

Grupas model&Sanas sesijas tika organizetas klatiené. Sesiju laika eksperti tika aicinati
apspriest un izteikt viedokli par noteiktam témam, katra sanaksme ilga 1-2 stundas. Pirmaja
sesija eksperti tika iepazistinati ar p&tijjuma jautajumu un lidz $im paveikto, tostarp Latvijas
meza nozares sistémas elementiem. Eksperti sagatavoja SVID matricu Latvijas meza nozarei.
Turpmakajas modeleSanas sesijas eksperti identificgja tris potencialos koksnes vai nekoksnes
niSas produktus un izstradaja tiem SVID matricas. Tika identificéti pieci faktori no katras SVID
matricas dalas, kas vargtu butiskak ietekmét produktu attistibu un virzibu. Péc tam Sie pieci
faktori tika sarindoti, izmantojot AHP metodi. legiitie rezultati tika ievaditi katram produktam
sastadita TOWS matrica un identificetas iesp&amas mijiedarbibas, nepiecieSamas darbibas
katra niSas produkta attistiSanai un jaunu tirgus iesp&ju atveérSanai, ka arT iezZiméti ilgtermina
risindjumi meza nozares un bioekonomikas attistibai kopuma. Att€ls 3.14. ilustré ekspertu
grupas darba strukturé$anas metodologiju un kalpo ka vizuals parskats par analitisko procesa
secibu, kura balstas turpmak rezultativaja sadala apspriestie secinajumi.

Grupas model&sanas sesiju laika notikusas debates un izveidota SVID matrica paradija gan
Latvijas meza nozares iesp&jas, gan stipras puses. Stipras puses ir meza resursu (koksnes)
pieejamiba un labi attistita piekluves infrastruktiira, kas ietver pieejamu eksporta infrastruktiiru
pa sauszemes un jiiras celiem. MeZa resursi (koksne) ir atziti par butiskiem resursiem regionalas
un valsts politikas planosanas dokumentos. Vienlaikus eksperti ka stipro pusi min pieredzgjusos
petniecibas institltus, to uzkratas zinasanas un pieredzi meza nozare. Mezi vesturiski raksturo
Latvijas kultiiras vértibas, un latvie$i novérté mezu nematerialas vértibas un resursus. Sis
pieejamo resursu bagatums un pieaugoSais pieprasijums péc ilgtsp&jigas koksnes biomasas
kopa ar tehnologiju attistibu vartu nodro§inat Latvijai lieliskas ekonomiskas izaugsmes
iespgjas. Eksperti uzsver nepiecieSamibu izmantot eso§o meZu potencialu, lai veicinatu augstas
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pievienotas vertibas produktu razoSanu no zemas kvalitates koksnes, izmantojot tehnologiskos
sasniegumus, pieméram, konstruktivas koksnes produktus vai inovativus produktus no
nekoksnes resursiem. Tostarp Latvijai biitu jauzsver arT mezu nemateriala vertiba, izmantojot
meZa sniegtos ekosistemu pakalpojumus. Lai to panaktu, janovers esosie truikumi normativaja
reguléjuma un jaatjaunina tajos noteiktas saistibas un politikas virzieni atbilstosi Eiropas
zalajam kursam un no ta izrietoSajiem dokumentiem. Ka vel viens trukums tick mingts, ka puse
no Latvijas mezu zemes pieder valstij, kas kavé 1émumu pienemSanu un var izraisit [Emumu
politizaciju. Bitu javeicina inovaciju plasaka izmantoSana meza resursu izmantoSana.
Jasamazina pétniecibas atkariba no pieskirta valsts finans€juma un japalielina skolotaju
atalgojums, lai stiprinatu profesionalo izglitibu un tadgjadi veicinatu kvalificéta darbaspeka
apmacibu, kura paslaik ir nepietickama ltmeni. Ka drauds tiek uzskatita koksnes izmantoSana
produktos ar zemu pievienoto vertibu, pieméram, energijas razo$anai un eksportam, kas
palielina konkurenci par izejmaterialiem priek§ produktu ar augstaku pievienoto veértibu
razoSanai. Turklat meZizstrades intensifikacijas raditas ekonomiskas izaugsmes iesp&jas rada
butisku apdraudéjumu eso$ajam meZa ekosisttmam un biologiskajai daudzveidibai.
Biologiskas daudzveidibas samazinasanas ietekmé visu meZa ekosistému un ne vienmér tikai
vietgja liment, tapec ir jamekI& [idzsvars starp ekonomiskajiem un ekologiskajiem ieguvumiem.

3 nisas produkti: dabisks
termoiepakojums;

SVID matricas tekstilskiedras no
sastadisana 1 koksnes; kokskaidu
Latvijas meza plates
nozarei
2
Sistemas elementi; 3 koksnes vai

SVID matrica un AHP
metode biitiskako
faktoru noteik Sanai

Meza nozares SVID nekoksnes produktu
matrica identificeSana

SVID matrica
dabiskam
termoiepakojumam

Grupas modelésanas metode

SVID matrica
tekstilikiedram no
koksnes

SVID matrica un AHP
metode bitiskako
faktoru noteik3anai

SVID matrica

kokskaidu platném

Pieci strategiski

pasakumi katra

produkta atfistibas
veicina$anai

SVID matrica un AHP
metode butiskako faktoru
TOWS matrica ar noteiksanai
faktoru savstarp&ju

mijiedarbibu

3.14. att. Ekspertu grupas darba soli (metodologiskais parskats).

Péc meZa nozares SVID matricas izstrades nakamaja posma ekspertiem bija jaidentifice
daudzsolosi niSas produkti, kas atbilstu inovativas, uz zinaSanam balstitas un ilgtsp€jigas
bioekonomikas principiem. Ekspertiem tika ltigts identificét produktus, kurus var€tu razot no
koksnes vai nekoksnes resursiem, pamatojoties uz Cetriem bioekonomikas parveides
virzieniem, balstoties uz Dietz et al. [266] izstradato klasifikacijas sistému. Sie parveides
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virzieni ir: (1) fosila kurinama aizstasana ar bioresursiem; (2) raziguma palielina$ana bioresursu
ieguves primarajas nozares; (3) biomasas izmantoSanas efektivitates palielinaSana; (4) vertibas
radiSana un pievieno$ana, piem&rojot biologiskos principus un procesus, kas nav saistiti ar licla
méroga biomasas razoSanu [266], kas ir ciesi saistiti ar ANO definétajiem IAM [11]. Katra
attistibas virziena izv€le ietver ne tikai priekSrocibas, bet arT potencialus riskus [266]. Tadgl pec
ilgam diskusijam eksperti turpmakai analizei izvelgjas tris koksnes produktus ar augstaku
pievienoto vértibu, kas atbilst dazadiem parveides celiem (3.10. tab.).

3.10. tabula
Ekspertu izvel&tie tris niSas produkti (parnemts no [266])
Parveides Apraksts Identificetais
virziens produkts
Ierosinats naftas cenu pieauguma dél. Palielindjies pieprasijums péc
() bioenergijas, kas tie$i un netiesi ietekmé zemes izmantosanu atkariba no | Tekstilskiedra no
3) zemes pieejamibas, vides un ekonomikas parvaldibas sistému koksnes

efektivitates. Inovacijas pakartotajas nozars, lai palielinatu biomasas
izmantoSanas efektivitati un atkritumu plismu parstradi. Nakotng varétu
aizstat plasi izmantotus neilgtsp&jigus vai fosilos resursus.

Tehnologiskas inovacijas, lai palielinatu razigumu meZu nozarg,
2 iedarbinot parveides procesus un jaunas razo$anas metodes. Produkts, kas | Kokskaidu platnes
jau ir pieejams tirgi, pieprasits un ar plasu lietojuma spektru, ta vides
sniegumu var uzlabot saskana ar ilgtsp&jibas un aprites bioekonomikas
principiem.

3) Inovacijas pakartotajas nozargs, lai palielinatu biomasas izmanto$anas Dabisks
efektivitati un atkritumu plasmu parstradi. Inovativs produkts, kas varétu | termoiepakojums
nonakt tirgli tuvakajos gados.

Lai gan Latvijas meZos eso$o nekoksnes resursu potencials vél nav pilniba izmantots,
eksperti tom@r atbalstija trs produktu virziSanu no koksnes, tostarp zemas kvalitates koksnes
vai koksnes blakusproduktiem. Sads lémums vardtu bt saistits ar zinamakiem
tehnologiskajiem procesiem un jau izveidotu piegades un parstrades infrastruktiiru. Augstakas
pievienotas veértibas produktu attistiba no nekoksnes resursiem ir daudz nezinamo un mainigo,
tostarp ieguves apjomi un to sezonalitate.

Tekstilskiedra no koksnes

SVID matricas sastadiSana tekstilSkiedrai no koksnes noris atri un bez plasam diskusijam.
To iespgjams skaidrot ar to, ka Latvija nav §ada tipa raZotnes un ir sarezgiti pilniba izprast
potencialas iesp€jas, draudus un trikumus, kas saistiti ar tehnologiskas zinatibas parnemsanu
un ieviesanu no valstim, kuras $adas razotnes jau ir izveidotas. Peéc SVID matricas izstrades
tekstilskiedrai no koksnes eksperti noteica piecus faktorus no katras kategorijas (stipras un vajas
puses, iesp&jas un draudi), kas var€tu biit ar lielako ietekmi uz razoSanas procesu un ienakSanu
tirgli. Katras kategorijas pieciem faktoriem tika izveidota AHP matrica, lai kvantitativi
raksturotu faktoru ietekmi. Péc faktoru rangu noteik$anas un AHP matricas izveides, rezultati
tika ievaditi TOWS matrica. Aizpildot TOWS matricu ekspertiem bija jaidentificé mijiedarbiba
starp uzskaititajiem faktoriem (stipras puses — iespgjas; stipras puses — draudi; vajas puses —
iesp&ja; vajas puses — draudi strat€gijas), pieméram, attieciba uz stiprajam pusém un draudiem
— ka stipras puses var izmantot, lai mazinatu identificétos draudus [133]. Peéc TOWS matricas
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aizpildisanas ekspertiem tika dots laiks apspriesties, kuras no identificétajam mijiedarbibam
varétu biit izSkiroSas nozimes produkta razoSanas uzlabosana.

Tekstilskiedras no koksnes razotnes izveidei un tehnologijas ievie$anai, tostarp pétniecibai,
nepiecieSams finansials atbalsts un valsts garantijas, lai vismaz pilotprojekta izveidei mazinatu
administrativo slogu. Valsts apnemsanas sasniegt Eiropas zalaja kursa noteiktos mérkus, ka ari
apnemsanas pakapeniski aizstat neilgtsp&jigus tekstilizstradajumus un Skiedru no fosilajiem
resursiem, ieverojami veicinatu investiciju piesaisti. Lai veicinatu inovacijas un tekstilskiedras
no koksnes licenc€sanu, biitu janostiprina sadarbibas mehanismi starp p€tniecibas iestadeém,
uznémumiem un investoriem. To varétu panakt, veicinot arT zinaSanu parnesi no citam valstim,
kuram ir pieredze raZoSanas tehnologijas, uz Latviju. Eksperti noradija uz sabiedribas
informétibas trikumu par plasi izmantotu tekstil$kiedru ietekmi uz vidi un to dzives ciklu, ko
varétu mainit tikai ilgtermina, papildinot izglitibas saturu un veicot papildu izglitojoSo darbu
dazados izglitibas lIimenos.

Kokskaidu platnes

Péc SVID matricas izstrades kokskaidu platném, eksperti identificgja piecus bitiskakos
faktorus no katras kategorijas un izveidoja AHP matricu, lai tos saranzétu péc ietekmes.
Rezultati tika ievaditi TOWS matrica un identificétas mijiedarbibas. Pé&c TOWS matricas
izveides ekspertiem bija laiks apspriesties, kuram no identificétajam mijiedarbibam var&tu biit
iz8kiroSa nozime, lai razotu kokskaidu platnes ar labaku vides sniegumu un uzlabotiem vai pat
biologiski noardamiem Iimvielu savienojumiem.

Eksperti secinaja, ka kokskaidu platnes ir tirgli esoSs un labi pazistams produkts, kura
ilgtspgjibas un vides snieguma uzlabo$anai biitu nepiecieSami papildu petijumi un ieguldijumi
razoSanas tehnologijas [267]. Ilgtsp&jigaku produktu raZo$anas sekméS$anai nozimigi uzlabot
patérétaju informétibu, kas panakams ar informacijas kampanu palidzibu. Lai gan paterétaju
pieprasijums p&c kokskaidu platném ar uzlabotam vides Tpasibam tiek uzskatits par izkiro$o
faktoru, bitiska ietekme buitu arT subsidiju pieskirSanai vai atbalsta mehanismiem raZotajiem,
kuri veicina bioresursu izmanto$anu produktos ar augstaku pievienoto vértibu saskana ar
bioresursu vértibas piramidu.

Dabisks termoiepakojums

Péc SVID matricas izstrades dabiskam termoiepakojumam tika piemérota ieprieks
aprakstita darba pliisma. Tai skaita ekspertiem tika lugts identificét prioritizeéto un klasificéto
faktoru mijiedarbibu, izstradajot TOWS matricu.

Prioritaras darbibas ietver infrastrukttras izveidi sekundaro un terciaro koksnes resursu
savaksanai lauku apvidos. Zemas vértibas koksnes atlieku savaksanas veicinasana nodro$inatu
resursu pilnvertigaku izmanto$anu un vienlaikus veicinatu to izmanto$anu jaunu produktu
razoSana. Biitiska nozime biitu arT skaidrai valdibas apnémibai sasniegt Eiropas zalaja kursa
noteiktos mérkus, tadgjadi dalgji vai pilniba aizstajot fosilos resursus ar bioresursiem un to
blakusproduktiem, papildinot $o procesu ar mérktiecigu finansialu atbalstu uznémumiem
biologiskas izcelsmes produktu attistibai un komercializacijai. Dabiska termoiepakojuma
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popularizésana svariga nozime butu arT sabiedribas, uzpémumu un to parstavju apvienibu
informesanai par kaskades principa ievéro$anu resursu ieguves un parstrades procesa.

Identificétas stratégiskas darbibas

Latvijas bioekonomika saskaras ar vairakiem izaicinajumiem, tostarp stimulu trikumu
augstakas pievienotas vértibas produktu un inovaciju radiSanai, birokratisko sarezgitibu un
nepietickamu finanséjumu. Viens no ekspertu piedavatajiem risindgjumiem ir valsts
pamatnostadnu izstrade uznp€mumiem, lai veicinatu zemas kvalitates koksnes izmantoSanu
augstakas pievienotas vértibas produktiem. Sis pamatnostadnes iesp&jams izstradat, balstoties
Eiropas Komisijas izstradataja Atsauces dokumenta par labakajam pieejamajam metodém
(BREF). Lai $adam pamatnostadném biitu praktiska nozime, batiski tas pielagot viet&jiem
apstakliem, nemot véra starptautisko pieredzi $aja joma.

Lai veicinatu pétniecibas un inovacijas iniciativas augstas pievienotas vértibas produktu
izstrade, butu jaievie§ Sim mérkim paredzeti finanSu atbalsta mehanismi, piem@ram, valsts
dotacijas, subsidijas un pétniecibas projekti. Sadi instrumenti palidzétu parvarét bitiskako
finansialos $kérslus, tostarp, nepietiekamu pétniecibas, attistibas un inovaciju finansgjumul.
Vienlaikus ir svarigi sniegt skaidrus signalus par ilgtermina plano$anu un apnemsanos ievérot
Eiropas zala kursa un Eiropas bioekonomikas strategijas mérkus, tadgjadi praksé veicinot
aprites bioekonomiku un ilgtsp&jigus risinajumu ievieSanu.

Zinasanu intensivas bioekonomikas attistibai nepiecieSams spécigs izglitibas un zinatnes
pamats, tacu Latvijas zinatnes un izglitibas finans€jums joprojam raksturojams ka ierobezots
un nepietiekami prognozg&jams [41]. Lai nodro§inatu pétniecibas nepartrauktibu un stiprinatu
pétniecibas un attIstibas kapacitati, biitiski mazinat finans€juma ciklisko raksturu un nodrosinat
stabilu, prognozg&jamu un pietiekamu resursu pieejamibu [41]. Dalai Latvijas bioekonomikas
uznémumu vaja vieta ir tehnologiju energoietilpiba, ka ari zema energijas un resursu
izmanto$anas efektivitate. Vides un energijas parvaldibas sist€mu ievie$ana var shiegt nozimigu
ieguldfjumu uznp@mumu konkurdtsp&jas paaugstinasana, ka arT sekmet efektivitati un inovaciju
kultiiras nostiprinasanos.

Bitisks faktors ir sabiedribas informétibas veicinaSanai un informacijas plismai par
bioekonomiku un ilgtspgjigu produktu izveli. Tas ietver pasakumus pret “zalmaldinasanu” un
nepiecieSamibu mudinat uznémumus sertificét savus inovativos un ilgtsp&jigos produktus.
Jaorganiz€ seminari un apmacibas nozares uznémumiem par koksnes un koksnes atlieku
izmantoSanas iesp&am produktos ar augstaku pievienoto vertibu biivnieciba un saskana ar
aprites bioekonomiku [268]. Bioekonomikas populariz€Sanas koncepcija japapildina ar
sabiedribai saprotamu skaidrojumu par bioresursu efektivu izmantoSanu un taupibu,
klimatneitralitates nozimi un tas sasnieg$anas iesp&jam, AER izmantoSanu.

3.1.3. apak$nodala aprakstitais p&tijums paradija, ka Latvijas politikas planoSanas
dokumentos ES bioekonomikas mérki kopuma ir implementéti augsta ITmeni. Tomér, atseviski
aplikojot meza nozari, atklajas vairakas nepilnibas. P&tljuma veikSanas bridi (2022. gada)
nebija pieejami atjauninati mezu nozares stratégiskie dokumenti — nebija izstradatas Mezu un
saistTto nozaru attistibas pamatnostadnes laika posmam p&c 2020. gada, valsts Mezu politika
peédgjo reizi atjauninata 1998. gada. Lidz ar to dokumentos triika ilgtermina mérku, kas radija
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neskaidribas par nozares attistibas virzienu un saskanotibu ar Eiropas zalo kursu un jauno ES
Mezu stratégiju Iidz 2030. gadam. Papildus tam, ieteicams parorient&t subsidijas no mazak
efektivas biomasas izmantoSanas uz tas izmantoSanu produktiem ar augstaku pievienoto
vertibu. Eksperti norada, ka industrijai nepiecieSami skaidri signali no valdibas par tas
ilgtermina planiem un saistibam, lai raditu prognozgjamu investiciju vidi, jo Ipasi nozar€s ar
augstaku risku.

Metodika tika apvienotas plasi atzitas pieejas (SVID, TOWS un AHP) ar Maciejczak [215]
izstradato un Wreford et al. [33] paplasinato bioekonomikas analizes pieeju. P&tTjuma pirmaja
posma tika analizéti seSi meza nozares sist€émas elementi, lai iegiitu visaptvero$u prieksstatu
par nozari un tas attistibu ietekm&josiem faktoriem. Otraja posma izvértétas meza nozares
attistibas iesp&jas no Saurakas, produktu attistibas perspektivas. Grupas model@Sanas rezultati
liela méra sakrita ar pirmaja posma identificétajiem nozari kav&joSiem un veicino$iem
faktoriem, liecinot par batisku savstarpgjo mijiedarbibu. Tadgjadi izstradata pieeja lava gan
formulét produktu attistibas stratégijas, gan atkartoti noradija nozares pamatproblémas, kas
ietekm& meza nozares transformacijas iesp&jas. Piem@ram, apsverot bioekonomikas attistibas
virzienus, kritiskais faktors nav tikai konkrétas produktu grupas attistibas iespg&jas, bet gan
izejvielu pieejamibas nodro$inajums, stabils normativais reguléjums, ka ari finanséjuma
pieejamiba inovaciju attistibai un komercializacijai.

Izstradata metodika ir salidzino§i vienkarsi piem&rojama un noderiga politikas veidotajiem,
prieksizpétes strukturéSanai un ieinteresgto pusu iesaistei stratégiju izstrade. PriekSizpétes
strukturé$ana seSos sistémas elementos shiedz visaptvero$aku skatljumu uz nozares attistibu
ietekmgjosiem faktoriem. Sie rezultati ne tikai palidz identificét trikumus politikas planoana,
bet arT stiprina secindgjumus, kas definéti p&c politikas saskanotibas novértgjuma, ka
nepiecieSama padzilinata analize, lai atklatu attistibu kav&josas barjeras un nepilnibas. Taja
pasa laika Skér$lu identificé$ana nav vertgjama ka kritika politiskajai sistémai, bet gan ka
optimizacijas iesp&ju apzinasana sekmigai nakotnes attistibai.

Turpmakajos pétijuma posmos uzmaniba versta Uz politikas ievieSanas dimensijam, izcelot
tris aspektus. Pirmkart, resursu efektivitati, kur detaliz&ti analizéti 23 Latvijas PIKC, novertgjot
to energoefektivitates paaugstinasanas iesp&jas, AER izmantoSanas potencialu un ilgtspgjibas
pasakumus. Otrkart, ilgtsp&jigi risinajumi, pasi akvakultiiras sistému attistibas potencials, kas
aktualizéts jau ieprieks, konstatjot, ka zivsaimniecibas un akvakultiiras nozare Latvijas
politikas planoSanas satvara lidz §im atstata novarta. Tre$kart, komunikacijas dimensija, kuras
nozime iezimgjas ari $aja nodala, tieck mekl&ti risindgjumi efektivas komunikacijas stratégijas
izstradei, lai veicinatu sabiedribas izpratni par bioekonomiku un ilgtsp&jigiem produktiem.

3.3. Politikas ievieSanas dimensijas. llgtsp€jigi risinajumi, resursu
efektivitate un komunikacija

Padzilinata analize tika veikta tris politikas ievieSanas dimensijas, lai identificétu
ilgtsp&jTgus risinajumus un veicinatu resursu efektivaku izmantoSanu sektoru griezuma, ka ari
novertétu komunikacijas nozimi Eiropas zala kursa mérku sasniegSana. Analize balstijas
literatiiras un dokumentu analiz€, MCDA un empiriskas datu vakSanas un novertéjuma pieejas.
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3.3.1. Politikas mérku atspogulojums infrastruktiira un institiicijas

Energijas patérina analize (5. publikacija) atklaja eso$o energoefektivitates limeni izglitibas
iestadés un noradija jomas, kuras ir attistibas potencials. Apmekl&jot PIKC un veicot aptaujas,
tika apkopota informacija par izglitibas iestazu energoefektivitates praksi, AER avotiem un
istenoto vides politiku. Visas izglitibas iestades veidoja vairaku eku kompleksi, piem&ram,
macibu €kas ar klasém, virtuvém, darbnicam, kopmitném, sporta zalém un administrativajam
ekam. Katrai ¢€kai bija unikals buvprojekts ar atSkirfigu platibu, atraSanas vietu,
norobezojoSajam konstrukcijam un inzenierkomunikaciju sisttmam. Lielaka dala €ku bija
renovétas, bet Cetras bija jaunceltnes. Eku platiba svarstijas no mazak neka 200 m? lidz 12 555
m? plagam &kam. Tapec bija nepieciesams veikt individualu energoefektivitates novértgjumu,
lai identificétu potencialos ilgtsp&jas pasakumus.

P&c objektu apmekl&juma, aptaujas rezultatiem un energijas patérina, un emisiju datiem tika
noteikti iesp&amie pasakumi. Ieteiktie pasakumi tika sadaliti divas grupas: obligatie un
papildus pasakumi. Turklat skolam, kuras ir specifiskas izglitibas programmas (pieméram,
celtniecibas tehniki, siltumapgades un apkures sistému tehniki, automobilu mehaniki), tika
ierosinati inovativi demonstrgjumu projekti, lai paraditu novatoriskus risinajumus &ku
energoefektivitates uzlabosanai, AER sistemu uzstadiSanai, elektroauto ievieSanai, ka arT citas
nakotnes tehnologijas.

Turklat, nemot véra izglitibas iestazu ierobezoto budzetu, tika optimiz&ti
energoefektivitates un ilgtsp€jibas pasakumi, lai izv€l&tos labakos pieejamos pasakumus.
Aprekinats kopgjais primaras energijas patérina (gan atjaunojamas, gan neatjaunojamas) un
gada SEG emisiju samazinajums, kas varétu tikt panakts, stenojot noteiktos pasakumus. Sos
raditajus apvienojot ar aptaujas rezultatiem, tika izveidots vienkarSots saliktais raditajs, lai
noteiktu PIKC, kuros pasakumi jaisteno ar augstaku prioritati. Pamatojoties uz aptaujas
rezultatiem un izstradatajiem demonstréjumu projektiem, tika izstradatas rekomendacijas.

Objektu apsekojumi un aptauju rezultati paradija, ka liclaka dala izglitibas iestazu saskaras
ar Iidzigam problémam. Apsekojumu laika tika identificétas iesp€jas veikt renovaciju un
uzlabojumus, un, nemot véra katras iestades vajadzibas un specifiku, tika izvel&ti atbilstosi
pasakumi. Tipiskakie no tiem aprakstiti turpmakajas nodalas.

Energoparvaldnieku iecelsana un energijas parvaldibas sistemas ievieSana

Katra izglitibas iestadé ir darbinieks, kas atbild par energétikas sisttmam un
inzeniertehniskajam komunikacijam. Apmekl&jumu laika tika noveérots, ka So darbinieku
zina$anu limenis par energijas taupibu, dazadu sistému darbibu un regulé$anu ir at8kirigs. Ari
motivacija taupit energiju Siem darbiniekiem ir atSkiriga. Atseviskas izglitibas iestadés
motivacijas truikums bija saistits ar zinaSanu trukumu.

Kompetenta energoparvaldnieku iecel$ana lauj sasniegt ievérojamu energijas ietaupijumu,
vienlaikus nosakot atbildigos par energétikas sistému uzturé$anu un energijas taupibas
pasakumu Tstenosanu. Taja pasa laika energoparvaldnieka funkciju definé$ana un Tsteno$ana
prasa atticksmes un parvaldibas procesu mainu iestades icksiené. Patlaban izglitibas iestazu
tehniskie darbinieki galvenokart atbild par iekartu netraucetu darbibu, nevis energoefektivitates
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uzlabosanu. Ja iespgjams, butu jaievie§ motivacijas sistéma, kas balstitos panakta energijas
ietaupTjuma sasaistiSanu ar atalgojumu. Alternativi var€tu ieviest energétikas vaditaja amatu
atbildigaja ministrija, kur§ uzraudzitu visu iestazu istenoto energgétikas parvaldibu. Energijas
parvaldibas sistémas izveide un ievie$ana nodro§inatu 15-30 % energijas patérina
samazinajumu izglitibas iestades, kuras nav ieviests energijas parvaldnieks vai €ku vadibas
sistemas funkcijas. Citas iestad€s energijas ietaupijumi varetu sasniegt 5-10 %.

Eku vadibas sistéemas ieviesana

Tikai dazos no apsekotajiem PIKC ir uzstaditas €ku vadibas sist€mas, kas lauj iegit
energijas patérina datus, tos analiz&t un veikt pasakumus energijas patérina samazinaSanai.
Lielakaja dala izglitibas iestazu radiatori ir tikai dalgji aprikoti ar termoregulatoriem. Tas ir vai
nu tapec, ka tie nav uzstaditi sist€mas nesaderibas un sist€émas rekonstrukcijas nepiecieSamibas
del, vai ari tapéc, ka tie ir bijusi uzstaditi, bet izglitibas iestazu audzekni tos nonem. Dazas
izglitibas iestades ir nepiecieSams aizstat vecas siltumapgades apaksstacijas ar jaunam, lai
nodrosinatu automatisku siltumapgades regulésanu.

Saskana ar Eiropas standartu [269] eku vadibas sistémas tiek iedalitas ¢etras kategorijas: A
— augsta energoefektivitates kontrole; B— dal&ji optimizéta kontrole; C — standarta kontrole;
D — bez automatizacijas. A klases &ku vadibas sistémas var nodro$inat energijas patérina
samazinajumu izglitibas iestadés par 30 %, salidzinajuma ar iestadém, kuras nav energijas
parvaldnieka vai nav ieviestas €ku vadibas sisteémas (salidzinajuma ar D klasi), bet citas iestades
tas nodro$inatu 20 % ietaupijumu (salidzinajuma ar C klasi). Eku vadibas sisteémas ievie$ana
javeic kopa ar energijas parvaldibas sistémas izveidi. Tas tadel, ka €ku vadibas sisteéma ir
instruments, kas atvieglo energijas parvaldnieka ikdienu, jo daudzas funkcijas tiek veiktas
automatiski un manualam darbam nepiecieSamo darba stundu skaits tad&jadi tiek ievérojami
samazinats.

Apgaismes spuldzu nomaina pret LED spuldzém

Lielakaja dala PIKC ir veikta tikai dalgja pareja no tradicionalajam spuldzém uz LED
apgaismojumu. Dazas iestades tas pakapeniski nomaina, izmantojot uzkratos lidzeklus. Visos
PIKC, kuras tas nav veikts, ir nepiecieSams nomainit neefektivas spuldzes pret LED spuldzém
un veikt gaismas sensoru uzstadiSanu vietas, kur tas ir nepiecieSams. Ja izglitibas iestade ir
janomaina 50 % spuldzu, spuldZzu nomaina samazinas kopgjo elektroenergijas patérinu par
10%.

Saules panelu uzstadisana

Saules energijas tehnologijas ir uzstaditas vairakos PIKC, bet tikai viena iestade tas izmanto
energijas razo$anai. Tapéc visas izglitibas iestades, kur to lauj €ku jumta konstrukcijas, biitu
jauzstada saules paneli, lai segtu dalu no &kas elektroenergijas patérina. Saules panelu
uzstadiSana samazinas primaras energijas patérina koeficientu no 2,5 1idz 1 un CO2 emisijas
koeficientu no 109 gCO2/kWh lidz 0 gCO2/kWh [270].
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Vides politikas izstrade

Dazos PIKC ir dalgji ieviesta vides politika vai tas elementi, bet vairuma izglitibas iestazu
ta nav ieviesta. Dazos PIKC vides jautajumi ir ieklauti dazados macibu priek§metos.

NepiecieSams izstradat vides politiku un tas TstenoSanas planu, kas nosaka, ka izglitibas
iestadé tiek Tstenoti dazadi pasakumi, kas saistiti ar vides aspektiem, samazinot t0 kopgjo
ietekmi uz vidi. Vides politikas esamiba izglitojamajiem, darbiniekiem un sabiedribai apliecina,
ka ta ir videi draudziga iestade, kas saprot un demonstré savu atbildibu par ietekmes uz vidi
samazina$anu. Vides politika ietver tiis aspektus: (1) vai izglitibas iestades audzekniem ir
veseliga un ilgtsp€jiga dzives kvalitate (pieméram, iekstelpu mikroklimats un gaisa kvalitate,
partikas kvalitate, ara kvalitate); (2) cik labi izglitibas iestade sagatavo audz&knus darbam 21.
gadsimta ekonomika, kas virzas uz klimatneitralitati, un nodrosina audzg€knu pilsoniskas
apzinas attistibu, lai dzivotu pasaul, kura ar vides problémam saistitie izaicinajumi un iesp&jas
klast arvien nozimigaki; (3) cik videi draudziga ir izglitibas iestades politika (piemé&ram,
attieciba uz energijas patérinu, atkritumu apsaimnieko$anu, tdens apriti, biologiskas
daudzveidibas saglabasanu, videi draudzigiem ieradumiem, ietekmes uz klimatu samazinasanu,
pielagoSanos klimata parmainam).

Funkcionalas vides politikas ievieSana samazinatu energijas patérinu, kas ir atkarigs no
individu uzvedibas, pieméram, Udens patérina, velosipe€da vai sabiedriska transporta
izmantoSanas, un telpu temperatiras reguléSanas, ka arl samazinatu vides piesarnojumu,
samazinot atkritumu daudzumu, ietekmi uz biologisko daudzveidibu, gaisa piesarnojumu utt.

Noteiktie obligatie pasakumi katram no 23 PIKC ietvéra vairakus elementus, kuru mérkis
bija palielinat energoefektivitati un samazinat iestazu ietekmi uz vidi. Sie pasakumi ietvéra
energijas parvaldibas sistémas ievieSanu un energoparvaldnieka iecel$anu, €kas parvaldibas
sisttmas uzstadiSanu, saules panelu uzstadiSanu, informacijas materialu izvietoSanu izglitibas
iestad@s, uzsverot energijas taupibas pasakumus, un vides politikas pienemsanu. So obligato
pasakumu mérkis ir radit ilgtsp&jigakas un videi draudzigakas izglitibas iestades, vienlaikus
samazinot to izmaksas par energijas.

Papildus pasakumi tika pielagoti katra PIKC individualajam vajadzibam, un to mérkis bija
vél vairak palielinat energoefektivitati un samazinat energijas patérinu. DaZi no pasakumiem
ietvéra apgaismojuma sisttmas un katlumajas modernizaciju, béninu un ieks$go sienu
siltinasanu, pareju no individualas apkures uz efektivaku centraliz€to apkuri, ventilacijas
sist€mas uzstadisanu, pareju no dabasgazes uz atjaunojamo biomasu katlumajas un apkures
iekartas renovaciju. Sie pasakumi sniedza iestadém papildu iesp&jas samazinat to ietekmi uz
vidi un saglabat resursus nakamajam paaudzém. Piemeérotie papildu pasakumi ir redzami 3.15.
attela.
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Apgaismojuma modernizacija

Saules kolektori

Siltinasanas darbi no iek$puses
Beéninu siltinasana

Mehaniska ventilacija ar rekuperaciju
Jaunu apkures katlu uzstadiSana
Pareja uz centralizéto siltumapgadi
Logu nomaina

Cokola atjaunosana/siltinasana

Piemérotie papildu pasakumi

Siltummaina nomaina
Siltummezgla renovacija

Biomasa ka kurinamais

0 2 4 6 8 10 12 14
PIKC skaits

3.15. att. PIKC skaits ar piemérotajiem papildus pasakumiem.

3.16. attéla redzams aprékinatais primaras energijas ietaupljums uz nepiecieSamajam
investicijam dazadiem PIKC. Obligatie energoefektivitates pasakumi nodro$indja lielaku
energijas ietaupijumu uz kapitalieguldijumu, pateicoties uzlabotai energijas parvaldibai, kas
neprasa lielu finansialu atbalstu. Vidgjais energijas ietaupljums no $im darbibam bitu 1,99
kWh/gada/iegulditie EUR. Tomeér ta pati vertiba papildus pasakumiem ir 0,6
kWh/gada/iegulditie EUR, kas liecina, ka papildus pasakumiem buitu nepiecieSams lielaks
ieguldijums, lai sasniegtu tadu paSu energijas ietaupljumu ka obligatajiem pasakumiem. Dazas
€kas energijas ietaupijums pat ir negativs del nepiecie$amibas uzstadit mehanisko ventilacijas
sistému, jo ta prasa papildu energijas patérinu, tacu vienlaikus uzlabo gaisa kvalitati telpas.

CO2 samazinasanas izmaksu rezultati ir redzami 3.17. attéla. Emisiju samazinajumu var
panakt, samazinot energijas patérinu un uzstadot AER tehnologijas. Obligato pasakumu vid&jas
samazinasanas izmaksas ir 5,87 EUR/kgCO2/gada, bet papildus pasakumu vidgja vertiba ir
33,80 EUR/kgCO2/gada. Atseviskos gadijumos (PIKC Nr. 5, Nr. 6 un Nr. 20) aprékinatas CO>
samazinaSanas izmaksas ir negativas, kas nozimé, ka konkrétie pasakumi neuzrada emisiju
samazindjumu attieciba pret ieguldijumiem vai pat palielina CO: intensitati uz investiciju
vienibu.
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3.16. att. Primaras energijas ictaupijumu salidzinajums, izmantojot obligatos pasakumus un
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3.17. attels. CO2 samazina$anas izmaksu salidzinajums obligatajiem pasakumiem un papildus
pasakumiem.

Demonstrdcijas projekti

Devini no 23 PIKC apmaca specialistus AER, mehatronikas, eku inZenierijas sisttmu un
vides tehnologiju joma. Sis iestades Tsteno demonstr&umu projektus, kuru mérkis ir uzlabot
izglitibas programmas, iepazistinot ar tehnologijam, kas nepiecieSamas parejai uz
klimatneitralitati [271], un ieklaujot tas izglitibas procesa. Sada pieeja sniedz studentiem
praktisku pieredzi tadas jomas ka energija no AER, mehatronika un vides aizsardziba,
sagatavojot vinus karjerai $ajas jomas, ka ar nodro§inot atbilstibu ar |IAM [272].

Demonstracijas projektu sist€éma ietver mazapjoma AER avotus, energijas uzglabasanas
tehnologijas, energijas patérétajus un tehnologijas energoefektivitates uzlaboSanai apkures,
dzes€8anas un elektroenergijas patérina joma. Demonstracijas projekti javeido nelieli un tajos
jaieklauj sadi elementi:
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* AER tehnologijas (piem&ram, saules paneli 2,4 kW, saules panelu koks 1,8 kW, saules
kolektori 1 kW, v&ja generators 1 kW, biogazes tvertne 100 1 un gazes sadedzinasanas iekarta
1 kW, biomasas katls 10 kW);

* energijas uzglabasanas tehnologijas (pieméram, hidrolizes iekarta, adenraza uzglabasanas
tvertne, degvielas elements: 10 kW; karsta Gidens uzglabasanas tvertne 100 1; litija jonu
baterijas 1 kW);

* energijas paterétaji (elektriskie transportlidzekli - motorolleri, automasinas, velosip&di;
saules energijas gaisa dzeséSanas iekarta; siltumstiknis);

« tehnologijas energoefektivitates uzlabosanai gala patérina: tehnologijas siltumenergijas un
dzeséSanas patérina samazinasanai - kas makets (2 m®), viedie fidens sadalitaji, notekiidenu
siltuma atg@isana ar 200 W siltummaini, energoefektivas sadzives elektroiekartas,
ventilacijas iekarta ar efektivu siltumatguvi un dzingjiem, kas aprikoti ar frekvencu
parveidotajiem;

*vieda vadibas sisttma ar A klases €kas vadibas sistému un atjaunojamas energijas
parvaldibu, datu nolasiSanas un uzraudzibas sistému, lietu internetu (10T).

Primara energijas patérina un emisiju samazinasana

Obligatu un situacijai atbilsto$u pasakumu ievie$ana varctu ievérojami samazinat energijas
patérinu, primaras energijas patérinu un gada kopgjas emisijas. Tika aprékinats, ka energijas
paterin$ PIKC p&c pasakumu ievieSanas samazinatos par 9,7 GWh/gada, kas ir 25 % no kopgja
energijas pat€rina; primaras energijas paterin$ samazinatos par 21,5 GWh/gada, kas ir 39 % no
sakotngja primaras energijas paterina, un ievérojami samazinatos ari gada kopgjas emisijas -
par 2,5 ktCO»/gada, kas ir 34 % no kop&jam gada emisijam pirms pasakumu istenoSanas. SEG
emisiju samazinajums PIKC gada biitu 11-66 %, bet primaras energijas patérina samazinajums
batu 20-55 % robezas. Samazindjums pirms un péc pasakumu istenoSanas ir paradits 3.11.
tabula.

3.11. tabula
Energijas patérina un emisiju dati pirms un péc ilgtsp&jas pasakumu istenoS$anas
Energijas pateérins, Primaras energijas Gada emisijas,
GWh/gada paterin$, GWh/gada ktCO2/gada
Pirms 38,4 55,2 7,41
Pec 28,7 33,7 4,91
Absolutais samazinajums 9,7 21,5 2,5
Samazinajums procentos, % 25% 39% 34 %

Izglitibas iestazu reitings

Salikto raditaju rezultati ir redzami 3.18. att€la, tie noraditi procentos. PIKC Nr. 20 ieguva
augstako rezultatu — 95 %. Savukart, PIKC Nr. 7 ieguva zemako rezultatu — 8 %. PIKC ir
uzskaititi dilstosa seciba atbilstosi to salikto raditaju rezultatiem. Izglitibas iestades ar augstako
punktu skaitu, ne tikai ieguva labus rezultatus aptauja, bet jau pirms pétijuma bija ieviesusas
dazadus energoefektivitates pasakumus un izmantoja AER, butiskakie ieguvumi tiktu panakti,
istenojot obligatos pasakumus. PIKC ar vid€jo un zemako punktu skaitu jaisteno individuali
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piemérotie papildus pasakumi. Papildu pasakumu isteno$ana saistama ar zemaku noveértgjumu,
jo to ieguldijums primaras energijas patérina un emisiju samazinajuma ir mazaks neka obligato
pasakumu gadijuma. PIKC ar zemako nove@rt§jumu nav uzstadijuSas vai uzlabojusas savas
mehaniskas ventilacijas sistémas, un ta rezultatd primaras energijas paterin§ un emisiju
samazinajums ir mazaks neka samazinajums, kas panakts ar citiem pasakumiem.

Pastav dilemma starp energoefektivitates paaugstinasanu un atbilsto$am ventilacijas
sisttmam izglitibas iestadés. No vienas puses, mérkis ir samazinat energijas paterinu,
izmantojot energoefektivas €ku sisttmas un AER avotus. No otras puses, ir svarigi uzturét
atbilstoSu gaisa kvalitati telpas, lai nodro$inatu skolénu un darbinieku veselibu un drosibu, kas
biezi vien prasa energiju patér&josas ventilacijas sistémas un iekartas [273], [274], [275].
Tadgjadi PIKC, kuriem ir obligata prasiba uzstadit ventilacijas sisteémas, rezultatos ienem
zemakas vietas.
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3.18. att. PIKC reitings, pamatojoties uz ilgtsp&jas kriterijiem.

PIKC parstavji aizpildija aptaujas anketas, kam sekoja €ku un energosistému klatienes
apsekojumi. So apsekojumu laika tika konstatéts, ka intervijas sniegta informacija neatbilst
aktualajai situacijai. Iesp&jams, parstavji sniedza apstiprinosas atbildes, lai paraditu savu iestadi
labveliga gaisma un izvairitos no negativam atsauksme&m. Tomer pastav iespgja, ka vini patiesi
uzskatija, ka sniegta informacija ir patiesa [276], [277], [278]. Neatkarigi no ta, analiz&jot
intervéto personu atbildes, svarigi paturét prata iesp&ju, ka tas var neatspogulot aktualo
situaciju. Dazi PIKC parstavji demonstr&ja padzilinatas zinasanas par energijas parvaldibas
sistémam un izmantotajiem energijas avotiem, savukart citiem $adas kompetences trika.
Nepietickamas zinaSanas var radit risku pienemt nepareizus l€émumuS par energijas
izmantoSanu un parvaldibu, nelietderigiem energoefektivitates pasakumiem un saglabat
atkaribu no neefektiviem energijas avotiem [279], [280], [281]. Tap&c svarigi nodroSinat, ka
atbildigie darbinieki ir informéti par ilgtsp&jigam praksém [282].

Ilgtspgjas pasakumu izmaksas bitiski ietekméja pétijjuma rezultatus. Analizg tika ieklauti
tikai tie risinajumi, kuru diskontétais atmaksaSanas laiks to ekonomiskas dzives laika bija
pozitivs. Energijas tarifu izmainas var stimulét izglitibas iestades ieviest vai parskatit
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energoefektivitates  pasakumus, vienlaikus ietekmgjot energijas taupiSanu.  Arl
energoefektivitates pasakumu cenu svarstibas ietekm@ to pieejamibu, investiciju atdevi un
TstenoSanas tempu, augstu izmaksu apstaklos pasakumi var tikt atlikti [idz bridim, kad tie atkal
klast izdevigi [283], [284], [285]. Tadel pasakumi izglitibas iestadem jaizvelas, balstoties gan
uz to finansialo pieejamibu, gan konkrétam vajadzibam.

Vienigais pasakums, ko dazi PIKC veikusi saistiba ar pielago$anos klimata parmainam, ir
koku stadiSana, lai raditu noénojumu. Lai gan koki nodrosina arT oglekla piesaisti un biologisko
daudzveidibu, PIKC parstavji $adus iemeslus nav mingjusi. Kopuma parstavjiem pielagosanas
klimata parmainam, nelikas aktuala téma. Tomér, ja izglitibas iestazu €kas netiks atbilstosi
pielagotas, studenti un darbinieki var saskarties ar veselibas riskiem, ko rada karsts iekstelpu
klimats un gaisa piesarnojums [286]. Izturétsp&jas pret klimata parmainam paaugstinasanai,
izglitibas iestadés javairo izpratne, sadarbiba un talredziba [287], to var paveikt uzlabojot
informétibu par klimata izturétsp&jas aspektiem [288], [289], [290].

Si pétijuma posma mérkis bija izpétit stratégijas, ka palielinat Latvijas profesionalas
izglitibas sisteémas ilgtsp&ju, veicot visaptveroSu potencialo energoefektivitates un ilgtsp&jas
pasakumu noveértgjumu. Pasakumu efektivitate tika kvantificéta, izmantojot vienkarSotu salikto
raditaju. P&tjjuma rezultati rada, ka péc pasakumu ievieSanas vid€jais primaras energijas
patérin$ samazinatos par 39 %, bet emisijas samazinatos par 34 %. Primaras energijas patérina
samazinajums PIKC bija robezas no 20 % lidz 55 % un SEG emisiju samazindjums no 11 %
lidz 66 %.

Saliktais raditajs ir vertigs instruments izglitibas iestazu energoefektivitates un vides
pasakumu noveértéSanai un salidzinaSanai. Rezultati liecina, ka finansialie stimuli obligato un
izveéles pasakumu TstenoSanai buitu merktiecigi japieSkir PIKC ar augstakiem rezultatiem,
tadgjadi nodrosinot resursu efektivu izlietojumu. Obligatie pasakumi, pieméram, automatizetas
energijas parvaldibas sistémas un SES uzstadiSana, nodro$ina butisku primaras energijas
patérina samazinajumu un tika ieklauti obligatajos pasakumos. Savukart papildu pasakumi var
kalpot ka papildindjums, tacu to finansiala efektivitate ir zemaka salidzinot ar obligatajiem
pasakumiem. Demonstr&juma projekti pielagoti konkréto PIKC vajadzibam un var atskirties no
projektiem, kas istenoti citos PIKC, atkariba no klimata, pieejamajiem resursiem un macibu
vides.

Iegitie rezultati apstiprina, ka politikas saskanotibas un $kér§lu identificé$ana politikas
planosanas optimizacijai japapildina ar politikas ieceru isteno$anas novértéjumu institucionala
un sektoru liment. Tas lauj atklat kaveéklus augstaka liment noteikto mérku ievie$anai prakse un
definét nepiecieSsamos pasakumus to novérSanai. Saja pétijuma posma ka galvenais
izaicindgjums energoefektivitates paaugstinasSana identificéts dalas PIKC darbinieku
kompetences un motivacijas trakums. Ieteikto pasakumu, un lidz ar to arT optimizacijas iespgju,
Tsteno$ana ciesi saistita ar finans&juma pieejamibu, lai gan tas nav izskiro$ais faktors. Primaras
energijas patérinu un SEG emisijas iesp&jams samazinat ari bez papildu finansialiem
ieguldijumiem, pieméram, ievieSot un konsekventi istenojot energijas taupibas pasakumus.
Pétijuma konteksta saliktais raditajs var kalpot ka instruments, kas palidz identificét
optimizacijas iesp&jas un padarit politikas pasakumus efektivakus, veicinot nosprausto mérku
sasniegSanu.
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3.3.2. Resursu efektivitate praksé — ilgtsp€jigi raZzoSanas modeli

Aizvien nozimigaka klast ne tikai audz€to Gdens organismu, bet arT baribas sastavdalu
razoSanas ilgtsp&ja un dro§iba, ietekme uz vidi, potenciala atkariba no importa un partikas
nodroSindjums [16]. Tradicionalas akvakultiras pamatd ir integrétas lauksaimniecibas un
akvakulttiras sistémas, kuras izmanto lauksaimnieciskas darbibas blakusproduktus, méslus un
augu materialus (kompostu) [55]. Baribas vielam bagatinati diki, jo Tpasi diki, kas baroti ar citas
darbibas raduSajiem atkritumiem, ir pievilcigi, jo tie ir maz atkarigi no argjiem resursiem
partikas, energijas un atkritumu apstradei [16]. Tomer liclaka baribas daudzuma ievadiSana
dikos nepalielina zivju produkciju, jo lielaka dala uznemtas baribas netiek parversta raza, bet
tiek izvadita GidenT ka atkritumi, kas var negativi ietekmét vidi, kura tiek audzetas zivis [16].
Baribas vielu nonaksana no dikiem ar&ja vid€ ir apgriezti proporcionala tidens apmainas
atrumam, jo ievérojama dala piesarnojuma tiek apstradata uz vietas stavosa tidens dikos [55].
Zemas intensitates dikos notiek minimala notekiidenu novadiSana, kas gandriz vai nemaz
neietekmé apkart&jo vidi, jo dika ekosistema kultiveéSanas cikla laika parstrada ievérojamu
atkritumu daudzumu [55].

Saja pétijuma posma (6. publikacija) uzmaniba tika pievérsta tam akvakultiiras sistémam
un tehnologiskajiem risinajumiem, kas zinatniskaja literatiira visbiezak mingti ka savietojami
ar ilgtspgjigu intensifikaciju un norada potencialos attistibas virzienus, ko biitu iespg&jams
pielagot regionaliem vai lokaliem apstakliem. Nemot véra to, ka ES akvakultiiras nozare attistas
1enak neka citur pasaulg, politikas dokumentos biezi uzsverta inovaciju nepiecieSamiba, tacu
nenoradot konkrétas tehnologijas vai sisteémas. Tika veikta zinatniskas literatiras analize, lai
identific€tu praks€ jau ieviestus risinajumus, ko ES un Latvija varétu adapt&t, un ta balstas tikai
uz literatiiras analizi, neveicot jaunu model&umu. Aprakstitas sistémas atspogulo galvenos
literatiira identific€tos idens organismu audzéSanas tehnologiskos virzienus un risinajumus, kas
veicina resursu efektivitati un péc iesp&jas samazina vai ierobezo akvakultiiru negativo ietekmi
uz vidi.

Intensivi barotas monokultiiras un polikultiras

Monokultiira jeb vienas Gidens sugas audzé$ana dazados blivumos, ir plasi izplatita visa
pasaulé — Eiropa, Ziemelamerika, Kina, Australija [16], [291], [292]. Monokultiiras ir
raksturigas intensivam recirkulacijas akvakultiras sisttmam, kuras augsta blivuma audze
augstvertigas zivis un vézveidigos [291]. Monokultiiras izmanto kvalitativu komercialo baribu,
kas parasti veido 50-80 % no razosanas izmaksam [16]. Monokultiiru akvakultiira balstas
linearas ekonomikas koncepta [16] un ir mazak izturiga pret patogéniem un virusiem [291].

Polikulttira ir divu vai vairaku sugu audzgSana viena fikséta platiba, savstarp€ji kombing&jot
augus un dzivniekus, zivis vai augus, pat iidens un sauszemes sugas [291], [293]. Musdienas
polikultiras koncepcija ir ievérojami attistijusies, bet tas pamatprincips palieck nemainigs:
audz&jamajiem adens organismiem jaienem atkirigas ekologiskas nifas un tie nedrikst
konkuré&t sava starpa par baribas vielam [293]. Vairaku tidens organismu audzg$ana sniedz tadas
prieksrocibas ka papildu resursu efektivitate un ekonomiskie ieguvumi vienlaikus no visam
audz€tajam un pardotajam sugam, ka arf tiek uzlabota Gdens kvalitate [293].
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Integréta daudzlimenu akvakultiva

Integréta daudzlimenu akvakultara (IMTA) ir sena un vienlaikus jauna koncepcija, kas
balstas principa, ka viena akvakultiiras sistema (diki, tvertn€ vai sprosta) audz€ vairak neka
vienu sugu [55], [292]. IMTA var uzskatit par polikultiiras uzlabotu versiju, kur zivju vai
garnelu audz&$anu papildina alges, kas noarda neorganiskas baribas vielas, un nogulumu &daji,
pieméram, gliemji un/vai jiiras gurki noarda organiskas baribas vielas [292], [293], [294]. IMTA
uzdevums ir izveidot lidzsvarotu tidens organismu sistému, tadeé] ir nepiecie$amas zinasanas
par katras sugas trofisko Iimeni, baroSanas ieradumiem, skabekla vajadzibam un citam
specifiskam prasibam, kas atskirigas katrai sugai [294], [295].

Veiktie p&tijumi [292], [296], [297] liecina par IMTA pozitivo ietekmi visas tris ilgtsp&jas
dimensijas — vides, ekonomikas un socialaja joma. Turklat IMTA sisteémas darbojas saskana
ar aprites ekonomikas principiem, uzlabojot ne tikai resursu efektivitati, bet ari
energoefektivitati un samazinot piesarnojuma risku [298], [299]. IMTA sist€mas resursu
efektivitati pierada tas sp&ja no pievadita baribas daudzuma razot vairak olbaltumvielu neka
citas tradicionalas razoSanas sistémas [16].

Ta ka IMTA sistémas tiek uzskatitas par nepietiekami izp&titam, tostarp Eiropa [296], ir
vairaki trikumi, kas biitu janover$ nakotné [295]. Viens no trikumiem ir augstas sakotngjas un
turpmakas ekspluatacijas izmaksas [295], [300]. Papildu atbalsts no valstu valdibam un
nozares, ka ar1 pieradijumi par finansialajiem ieguvumiem no sist€mas var€tu veicinat IMTA
plasaku ieviesanu [295], [296], [300].

Akvaponika

Akvaponiku var definét ka darzenu audzésanu bezaugsnes baribas $kiduma, méslojot augus
ar baribas vielam no akvakulturas tvertnu notekiideniem [55], [294], [301]. Akvaponiku var
uzskatit par IMTA atvasinajumu, kas papildinats ar elementiem no recirkulacijas akvakulttras
sistemas un hidroponikas [55], [294], [301], [302]. Akvaponikas sistému prieksrocibas ietver
baribas vielu uzsik$anu augos un uzlabotu @idens kvalitati, kas tiek atgriezts zivju tvertnés
[294], [301]. Akvaponikas sistémas galvenokart nodrosina darzenu, nevis zivju audz&Sanu,
tadel augstas kvalitates zivju bariba, ko izmanto augu “méslosanai”, nav rentabla [55]. Turklat
akvaponikas sisttmam ir lielakas kapitala un ekspluatacijas izmaksas, energijas patérin§ un
SEG emisijas uz vienu razoSanas vienibu neka diku un baru kultdram [55], [301]. Tomér
akvaponikai var biit potencials valstis ar ierobezotiem saldiidens resursiem vai lai tirgotu $adas
sist€mas razotas zivis un darzenus ka nisas produktus [55].

Bioflokas

Bioflokas akvakultira jeb bioflokas tehnologija ir kontroléta vides sistéma, kas apvieno
suspendétu fitoplanktonu, heterotrofas bakterijas, alges, vienstinus, izkarnijumus un neap&sto
baribu, lai raZotu organisku zivju baribu [16], [294], [301], [303]. Bioflokas koncepcija tika
izstradata 1970. gados, un tas merkis ir risinat divas galvenas akvakultiiras vides problémas:
notekiidenu attirisanu un proteinu ekstrakciju [293], [301]. Pieneémumam, ka bioflokas klas par
vienu no akvakulttiras celiem uz ilgtsp&jigu nakotni, ir vairaki iemesli [303], [304], [305],

92



[306]: (a) minimala vai nekada argja tdens apmaina; (b) nepiecieSams mazak baribas, kas
samazina izmaksas par 30 %; (c) daudzi mikroorganismi uzlabo tidens attirisanu; (d) uzlabota
kultivéto idens organismu augSana, produktivitate un imunitate; (e) dazas baktériju sugas ir
noderigas atmosferas CO2 sekvestracija.

Bioflokas tehnologiju buvnieciba un ekspluatacija ir loti darga un energoietilpiga, tadél
nepiecieSama augsta tehniska kompetence [16], [304]. Paterétaju vélmi iegadaties bioflokas
audzgtas zivis var mazinat tdeni eso§ie metaboliti (geosmina un 2-metilizoborneola), kas
pieskir produktiem zemes vai danu garSu [304], [307], [308]. Ogello et al. [303] norada uz
nepieciesamibu uzlabot akvakultiiras politiku, lai veicinatu inovativas akvakultiiras metodes
ilgtspgjigai razoSanai un akvakultiiras uzn€mumu dzivotspgjai.

Udens organismu audze$anas tehnologiju parskats redzams 3.19. attela.

|_ ......... |
I e | T T |
oA e
| S g | I
— e e ——— I |
T P oukuktiras Monokultiras . — . — . — . — . — .
Ve . < / 1

Integreta
multitrofiska Bioflokas
) \“ akvakultiira

R Akvaponika

3.19. att. Vienkarsots tidens organismu audzé$anas tehnologiju att€lojums.

Diku un tvertnu sistemas produktivitatei un ilgtspéjai

Diku ekosisteému regeneracijas spéja nav neierobezota, un §1 paSregeneracijas robeza sakrit
ar aeréto akvakultiras diku intensifikacijas aug$€jo robezu [16]. Lai parsniegtu
paSregeneracijas robezu, ir jaatrod veids, ka mehaniski attirit Gdeni vai palielinat diku
paattirisanas sp&ju [16]. Dika ieks§jo atkritumu izvadiSanas sp&ju var palielinat, izmantojot
bioflokas, parprojektgjot diki un izmantojot dazadas tehnologijas, lai iegiitu lielaku kontroli par
iek$&jiem biologiskajiem procesiem [16]. Diku ar idens apmainu ietekme uz vidi atSkiras no
diku bez Gidens apmainas vai ar ierobeZotu idens apmainu ietekmes [16]. Dazadu veidu dikos
apmainita idens daudzums var svarstities no nulles lidz vairakiem dika tilpumiem diena [16].
Udens apmaina palielina tidens patérinu, noteces un infekcijas slimibu izplatibu risku, ka art
parnes atkritumu apstrades ekologisko un ekonomisko slogu no dika uz citiem tidens objektiem,
kam ir &tiskas sekas un kas var biit paklauts tiesiskam regul&jumam [16].
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Apkopojums par biezak sastopamajam tradicionalajam un inzeniertehniski sarezgitakam
sauszemes akvakultiiras sisttmam sniegts 3.20. attela un turpmak aprakstits teksta.

Tradicionalas diku akvakultiiras sist¢émas

( Udens baseinu diki > ( Uzbéruma diki > ( Izraktie diki >

Sadalos$as akvakultiiras sistémas

v

< Sadalitie diki ) < Diku tidenscelu sistémas )

3.20. att. Sauszemes akvakultiiras sistémas (saldiidens un salstidens).

Tradicionalas diku sistemas

Boyd et al. [309], [310] apraksta tris tradicionalas diku sistémas — tidens baseinu diki,
uzbéruma diki un izraktie diki. Udens baseina dikus, kas pazistami ari ka lietus tidens diki vai
terases diki, veido, uzbiivéjot uzbérumu, lai savaktu notekiidenus [43], [44]. Sada veida diki
parasti ir pilni ar @ideni visa gada garuma, jo Gidens nepartraukti iepliist no tuvuma esoSajiem
avotiem vai strautiem vai tiek mehaniski pievadits no citiem argjiem avotiem [309], [310].
Uzbeéruma diki tiek veidoti uz lidzenas zemes, nonemot pietickamu augsnes slani, lai izveidotu
uzbérumu, kas norobezo teritoriju, kura atrodas adens [43]. Sadu diku prieksrociba ir vieglak
kontrolgjams Gdens limenis, ka arT iesp&jams ievakt razu, iztukSojot diki [309]. Izraktais dikis
veidojas, izveidojot zemé baseinu [309], [310]. Ja gruntsiidens limenis ir pietickami augsts,
izraktais dikis piepildas lidz eso$ajam gruntsiidens limenim un to papildina lietus adens [309].
Lielakais trikums tradicionalajam diku akvakultiras sisttmam ir tas, ka japievers lielaka
uzmaniba tas darbibas ietekmei uz vidi, lai neapdraud@tu tuvuma esosas ekosistémas, jo baribas
vielam bagats dika tidens un organiskas vielas var izraisit eitrofikaciju [310].

Sadalosas akvakultiiras sistemas

Sadalitie diki, saukti arl par sadalitam akvakultiiras sisttmam (PAS), vienkar$ojot, ir
nodalfjums vai fiziska zivju audz&$anas un Tdens attiriSanas atdaliSana [311]. PAS tika
izstradatas 1990. gados, lai lautu Gdenim cirkulét starp intensivas zivsaimniecibas kanaliem un
notekiidenu attiri$anas kanaliem, lai attiritu notekfidenus, tos neizvadot [16], [302], [312]. PAS
izmanto fitoplanktona augsto razigumu, lai ekstrah&tu neorganiskas baribas vielas no zivju
audzgSanas procesa, stimulétu algu augsanu, noarditu atkritumus un razotu skabekli, vienlaikus
funkciongjot ka adens filtram [311], [312]. PAS sisteémas nodrosina augstaku dika kapacitati,
laujot sasniegt lielaku zivju razibu uz vienu platibas vienibu [313]. Tilapija ir visbiezak audzeta
suga PAS sistémas, jo tai ir augstas pielagoSanas sp&jas un zemakas prasibas pret baribas
kvalitati [311].
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Saskana ar Tucker et al. [314], sadalitie diki, kas balstiti uz PAS, tika izveidoti ASV 2000.
gados ar meérki padartt sistému vieglak parvaldamu samu audzetajiem. Sadalitie diki bitiba ir
finansiali izdevigaks PAS variants, kas sastav no diviem dikiem ar at$kirigam funkcijam, bet
savstarpgji mijiedarbojas [16], [311], [314], [315]. Mazakais dikis, kas veido apm&ram 15-20
% no abu diku kopgjas platibas, tiek izmantots iidens organismu audz&$anai [313], [315], [316].
Otrs dikis ir aptuveni Cetras reizes lielaks par pirmo, taja nav zivju vai citu kultivétu organismu,
bet taja ir augsts algu blivums, un tas tiek izmantots Gdens attiriSanai [16], [311], [315].
Slapekla, fosfora un citu augu baribas vielu slodze sadalitajos dikos ir lielaka neka
tradicionalajos samu dikos, jo zivju kragjumi un baro$anas intensitate ir lielaka [314], [315].
Sadalito diku augstas sakotn€jas izmaksas kompensé to augstais razigums un Tsais
atmaksasanas periods [313], [314], [317].

Diku tdenscelu sistémas (IPRS) radusas ASV, kur tas tika izveidotas kanala samu
akvakultarai [302]. Veiksmigais dizains un iesp&ja integrét IPRS eso$aja infrastruktiira ir
veicinajusi to plasu un veiksmigu izmantos$anu karpu, tilapiju un citu vis€daju zivju audzesana
[302], [318]. IPRS piedava lidzigas prieksrocibas ka PAS, tostarp baro$anas vienkarSoSanu,
zivju savaksanu, aizsardzibas pret plésgjiem uzlaboSanu, turklat to izveide ir rentablaka [16],
[319]. Viena no lielakajam IPRS priekSrocibam ir ta, ka tas var izmantot gandriz jebkura
adenstilpé [319]. Sistéma nodrosina augstaku razibu neka tradicionalie diki un to ekspluatacija
nepiecieSsams mazak darbaspéka [319], [320]. Atskiriba no audz&Sanas biros, IPRS sisteémas
lauj savakt audz&to Gidens organismu raditos atkritumus, tadgjadi mazinot negativo ietekmi uz
vidi [319], [320], [321].

IPRS trikums ir nepiecieSamiba péc pastavigas tdens cirkulacijas, savukart tidens
cirkulacijas iekartas parasti darbojas ar elektribu [322]. Tap&c ir svarigi uzstadit avarijas
energijas sistémas, lai audz&tajiem Gdens organismiem nekaitétu stravas padeves partraukumi
[320], [322]. Tapat ka citam iepriek§ minétajam PAS sistémam, IPRS ir augstas sakotn&jas un
ekspluatacijas izmaksas (izmaksas ir atSkirigas atkariba no IPRS konteineru tehnologiska
risinajuma un tdens cirkulacijas suknu energijas avota) [322], [323]. IPRS, tapat ka citam PAS,
potenciala ietekme uz vides parametru, pieméram, gaismas, temperatiiras un tidens kvalitates,
regulé$anu ir ierobezota [318].

Recirkuldcijas akvakultiras sistémas

Recirkulacijas akvakultiiras sistémas (RAS) var raksturot ka intensivu akvakulttiru ar slegtu
sisttmu [301], [324]. RAS galvena priekSrociba ir salidzino§i maza ietekme uz vidi, jo
efektivakas sistetmas 90-99 % tdens var atkartoti izmantot, un tas aiznem mazaku zemes platibu
neka caurpliides sisteémas [55], [301], [325], [326]. RAS parasti sastav no tadiem elementiem
ka audze$anas tvertnes, cieto atkritumu aizvak$anas, notekiidenu attiriSanas, filtréSanas
sistémas, energijas generatoriem, skabekla piegades Sisteémas, Gidens sakniem utt. [301], [302],
[324].

RAS trukums ir salidzino$i augstas sakotn&jas un ekspluatacijas izmaksas, ka arT sist€mas
sarezgitiba, kas attur uznémumus izvéleties $adas akvakultiras sistémas [55], [294], [302],
[326], [327]. Materialu plismas procesi un nepartraukta skabekla piegade RAS padara loti
energoietilpigu un nepiecieSama vairaku mehanisko vienibu strukturala un funkcionala
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koordinacija [301], [326]. Elektroenergijas padeves partraukuma gadijuma sist€émas darbiba var
apstaties, kas var izraisit nopietnas sekas — audz€jamo organism bojaeju [301].

Sakara ar nelielo papildu Gidens daudzumu, kas japievada, un augsto notekidenu attirisanas
Iimeni, RAS tiek uzskatita par videi draudzigu un ilgtsp€jigu sistému [326], [328]. Tani pat
laika no aprites bioekonomikas viedokla RAS nav optimala sistéma, jo GidenT eso§as baribas
vielas (slapeklis, fosfors, ogleklis) p&c attirisanas netiek atgriezti raZzoSanas cikla [301]. Tomér,
domajot par aprites bioekonomikas veicinaSanu, akvakulttira radusos bistamos slapekla
atkritumus var€tu savakt un parverst augstas pievienotas vertibas, olbaltumvielam bagatos
produktos [301], [327].

Marikultira

Marikultiira ir salstudens akvakulttira, ko var veikt jura, okeana vai pat uz sauszemes [329].
Marikultiiras sisttmu izveide uz sauszemes daZzus kilometrus no krasta ar juras tdens
iesiknéSanas iesp&jam speciali izveidotos dikos vai tvertnés var€tu but viena no iesp&am
akvakultiiras attistibai piekrastes regionos. Sauszemes marikultiiras sistémas tiek uzskatitas par
videi draudzigu un ilgtsp&jigu risinajumu, jo notekiidenu apsaimnieko$anas un baroSanas
efektivitates uzlabosana uz sauszemes ir vienkar$aka un 1&taka neka atklata tdent [330]. Tiek
noversta patogénu un génu parnese starp kultivétajam un savvalas sugam, nav jauztraucas par
laikapstaklu raditiem postljumiem un netick ierobezota sabiedribas piekluve jurai [330].
Sauszemes marikultiiras sistémas var veidot saskana ar IMTA principiem, pieméram, viena
sisttma apvienojot juras zivis un gliemjus ar fitoplanktonu ka biofiltru un baribu gliemjiem,
padarot to vél ilgtsp&jigaku [329], [330]. Marikultiras izveide iek§zemé ir ar mazaku vides
ietekmi un prognozgjamam adens sikn&s$anas izmaksam [16]. Tomér janem v&ra vietgjie
apstakli un tehniskas prasibas lielu salstidens apjomu filtréSanai un stikn&$anai, jOo pastav
saldidens piesarnojuma risks [16].

Tehnologiskie risinajumi — aeracija

Lai uzturétu zivim piemeérotus apstaklus, izSkidusa skabekla koncentracijai tident siltidens
zivim, ka arT iidenscelu sistémas un aplveida baseinos jabit vismaz 5 mg/l, aukstiidens zivim
vismaz 6 mg/l [331], [332], [333]. Ilgstosa skabekla koncentracija zem 3 mg/l ir apdraud Gidens
organismu izdzivosanas iespéjas, bet skabekla koncentracija 0,5 mg/l liclakajai dalai Gidens
organismu tiek uzskatita par letalu [331], [334], [335], [336]. Aeratori ir ierices, kas mehaniski
cirkulgjot ievada tident skabekli [294], uzlabojot Gdens kvalitati, baribas vielu pieejamibu [55],
[331] un zivju veselibu, kas ir biitiski faktori ekonomiskas ilgtsp&jas sasniegSana [16]. Aeracija
arT palielina zemes un fidens izmantoSanas efektivitati salidzindjuma ar neaerétiem dikiem,
tadgjadi atbalstot ilgtsp€jigas razo$anas praksi [16].

Aeratora izvele ir atkariga no audz&tajam sugam, dika geometrijas, Gdens attiri$anas un
ekonomiskiem apsvérumiem, pieméram, uzstadiSanas, uzturéSanas un energijas izmaksam
[331]. Energoefektivaka aeratoru izmanto$ana samazina izmaksas, ietaupa energiju un
samazina emisijas [331]. Saskana ar Boyd et al.[337] and Roy et al.[336] akvakultura papildus
dabiskajai aeracijai ir tiis galvenie aeratoru veidi: (1) $lakatu aeratori; (2) aeratori, kas izlaiz
gaisa burbulus tdeni, vai burbulojo$a aeracija; (3) gravitacijas aeratori. Tehnologijas
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nepartraukti attistas, uzlabojot eso$as sist€mas un ievieSot inovacijas, piem&ram, saules
energijas darbinatus aeratorus. Pieméram, Solar Updraft Aeration (SUpA) sistéma pasivi
veicina destratifikaciju, izmantojot saules siltumu, samazinot skabekla zudumus un palielinot
iz8kidusa skabekla saturu [338]. Tiek attistiti ari aeratori, kas nav pieslégti elektrotiklam un
izmanto AER avotus, jo Tpasi saules energiju [339], [340], [341].

Ir izstradatas automatiskas aeratoru vadibas sist€émas, kas aktivizé un deaktivize aeratorus,
reaggjot uz signaliem no iz8§kidusa skabekla monitoringa zondes, kas novietota izveleta vieta
diki [16]. Pareja uz aeratoru automatisku darbibu lauj ietaupit energiju [309] un tadgjadi uzlabot
akvakultiras ilgtsp&jibu. Tomér esoS§as monitoringa programmas vél nav sasniegusas
pietickamu tehnologisko briedumu, lai nodrosinatu aeracijas kontroles sistému precizu un
uzticamu darbibu [16], [342]. P&tijumos dominé Azijas valstis veiktie p&tijumi un testi, bet ES
tehnologiska attistiba akvakulttra, $aja gadijuma aeracija, var uzskatit par neattistitu un maz
pétitu. Lai nodroSinatu esos$as akvakultiiras ilgtsp€jigu intensifikaciju ES, bitu japievers
papildu uzmaniba p&tniecibai un uz zinasanam balstitu akvakulttiras sist€ému attistiba.

Energija no AER un augstas tehnologijas

Akvakultiira saskaras ar §kérsliem pareja uz ilgtspgjigiem razoSanas modeliem, jo nespgj
atteikties no fosila kurinama ka primara energijas avota [16]. Ideali bitu, ja akvakultiras
sistémas visos razo$anas posmos samazinatu fosilas energijas izmantoSanu un to aizstatu ar
AER [16], jo tiem ir zemas ekspluatacijas izmaksas, ilgs dzives cikls, tas savas darbibas laika
nerada SEG emisijas un vides piesarnojumu [341]. Saules energijas izmanto$ana akvakultara
turpina attistities un ta nodro$ina energijas razoSanu, aeratoru, barotavu, stknu un tdens
sildiSanas sisttmu darbinasanu [341]. V&l viens iemesls AER un akvakultiras sistemu
integracijai ir Gidens virsmas izmantoSanas palielinaSana, kas lauj zemi izmantot citiem
mérkiem, piem&ram, lauksaimniecibai [341], [343]. Akvakulttiras sistémas, kas apvienotas ar
saules fotoelementu paneliem (PV) tiek dévétas par floatovoltaics [341], [343], kas pazistamas
arT ka aquavoltaics vai AquaPV [344]. Uz tdens virsmas uzstaditas PV sisteémas sniedz tieSu
praktisku labumu, samazinot Gidens zudumu, kas radies iztvaikoSanas rezultata, par 70-85 %
[343], [344] un var samazinat algu augSanas atrumu [344], [345].

Paredzams, ka nakotné arvien plasak tiks izmantots 10T un maksligais intelekts (MI), kas
pavers celu uz ilgtsp&jigam akvakultiras sisttmam [301], [346], [347]. Modernas tehnologijas
var izmantot datu vakSanai un analizei, sazinai ar sistémas apkalpojo$o personalu un pat
lémumu pienemsanai [301], [346]. MI sistémas ir gana attistitas, lai varétu prognozet precizu
baribas daudzumu un barosanas laiku, pamatojoties uz zivju kustibam, augSanas tempu un
citiem tehniskajiem datiem [301]. Sensoru sist€mas, kas balstas uz MI, var prognozgt iespgjamo
tdens kvalitates pasliktinaSanos un slimibu uzliesmojumus [301]. Augsto tehnologiju
izmantoSana akvakultiira tiek attistita $adas galvenajas jomas: tGdens kvalitates mérijumi,
baro$ana, tdens recirkulacija, transports un izsekojamiba, ka ari labturiba [348]. Dazadu
procesu automatizacija un informacijas tehnologijas akvakultiiras tiek ieviestas 1&ni, jo lielaka
dala uznémumu, nevélas investét lielas naudas summas jaunas tehnologijas, baidoties, ka tas
neatmaksasies [301], [347], [349]. Neparprotami ir nepiecieSami turpmaki pétijumi, lai
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uzlabotu sensoru kvalitati un samazinatu to izmaksas, padarot tos pieejamakus mazakiem
akvakultiras uzngmumiem [348], [350].

Dazas komercialas akvakultiiras izmanto bezpilota lidaparatus, lai uzraudzitu zivju veselibu
un aug8anu, palidzot noteikt optimalo baroSanas taktiku un samazinat baribas atkritumus [301].
Bezpilota lidaparati atvieglo regularu idens kvalitates uzraudzibu un reallaika datu iegliSanu
[301].

Labakas parvaldibas prakses

Misdienu akvakultiiras nozari var raksturot ka “biologisko razosanu” [351], [352]. Pareja
uz ilgtspgjigiem razoSanas modeliem veicina inovativu labaku parvaldibas praksu (LPP)
ievieSanu vides, ekonomikas un sabiedribas laba [301]. LPP akvakultiira nozimég, ka tGdens
organismi tiek audze&ti saskana ar dazadu valdibas un nevalstisko organizaciju noteiktiem
standartiem, ar merki samazinat ietekmi uz vidi, mazinat kait§jumu vietéjam kopienam, ka ar
kontrolét un uzlabot dzivnieku labturibu [294]. Eiropas Komisijas pienemtas Stratégiskas
pamatnostadnes ilgtspgjigakai un konkurétspgjigakai ES akvakultiirai laikposmam no 2021.
lidz 2030. gadam ir vizija nakotnei un mudin3jums izmantot LPP ilgtsp&jigai attistibai
dalibvalstu Iiment [353]. JavienkarSo licencéS$anas procediras, japievers uzmaniba dzivnieku
labturibai, klimata parmainu ietekmes mazinaSanai un pielagoSanas tam, ka arl plasakam
sabiedribas atbalstam, integré&jot akvakultiiras uznemumus vietgjas kopienas [353]. Afewerki et
al. [351] apraksta Norvégijas gadijumu, kur tika ieviestas Tpasas licences ka inovacijas politikas
instruments, lai veicinatu akvakultiras nozares ilgtspgjigu attistibu, tostarp piesarnojuma
kontroli un samazinasanu.

Ilgtsp&jigas akvakultiiras sertifikacijas shémas (arT ekosertifikacijas sheémas) prasa, lai
akvakultiiras uznémumi ievero noteiktu raditaju kopumu, kurus pec tam mera un uzrauga,
tadgjadi veicinot LPP ieviesanu [23], [354], [355]. Akvakultiiras uznémumi bitu jaiedro§ina
sertificét savu darbibu un virzities uz ilgtsp&jibu un patérétajiem droSu raZoSanu [355].
Sertifikacija biitu jaapvieno ar ekosist€ému pieejas principiem akvakultiira, lai uzlabotu socialo
un vides ilgtsp&ju dazados limenos [355].

Izsekojamiba un parredzamiba

Aizvien pieaug bazas par &tikas jautajumiem, kas saistiti ar idens organismu izmanto$anu
partikas razo$ana un izplatiSana iesaistito personu labklajibu, raZoSanas sist€ému vides ilgtspé&ju,
genétiski modific€tu baribas vai zivju izmantoSanu un dzivnieku labturibu [23]. Drosa partika
un partikas piegade nodroSina uzturvértibu, vienlaikus samazinot risku paterétaju veselibai
[23], [354]. Tapéc produktu izsekojamiba piegades k&des ir loti svariga, lai nodrosinatu to, ka
piesarnoti produkti vai produkti ar augstu piesarnojuma risku, tostarp neatbilstigi produkti,
netiek uzdoti par produktiem bez $ada riska [23], [356]. Tapéc ir loti svarigi zinat, “kur”
(izsekojamiba) un “ka” (parredzamiba) partika ir razota, un vargt uzticéties razotaja sniegtajai
informacijai [16], [356]. Izseckojamiba un parredzamiba ir bitiska, lai pieraditu atbildibu un
tiekSanos uz IAM sasnieg8anu [16], [354]. Tadgjadi viens no nakotnes uzdevumiem ilgtsp&jigai
akvakultiirai ir parredzamibas un izsekojamibas ievieSana, ka arT uznémumu sociala atbildiba
[16], [357].
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ES tiek importéts ievérojams daudzums zivju un citu Gdens organismu [358], tomér
atseviskos gadijumos piegades k&des tiek konstatets parredzamibas un izsekojamibas trikums
[356]. Pat salidzinosi labi regulétas piegades kédes partikas izcelsmes krapnieciba akvakulttira
ir izplatita paradiba [23], [356]. Tuvakaja nakotné partikas izcelsmes krapniecibu varétu
noverst, vienlaikus uzlabojot izsekojamibu un parredzamibu, izmantojot blokk&des
(blockchains), jo §1 tehnologija lauj registrét darfjumus vai digitalos notikumus, bez iespgjas tos
dzest [359]. Nakotné svarigi nodro§inat, ka akvakultiiras nozare virza ilgtsp&jas ideju, nevis
gaida, ka patérétaji to regulés ar savu pieprasijumu [356]. Ar valsts parvaldes un normativo
sisttmu palidzibu ir iesp&jams dot nozarei papildu impulsu virziba uz ilgtsp&jigakam
audz@&Sanas un parstrades metodém [356].

Ekosistemu pieeja akvakultirai

Ekosistemu pieeja akvakultarai (EAA) ir “stratégija, kas paredz integrét So darbibu plasaka
ekosistéma, veicinot gan pasreiz&jo, gan nakamo paaudzu ilgtsp&jigu attistibu, savstarpgji
saistitu sociali ekologisko sistému taisnigumu un noturibu” [360], [361]. Sis koncepts ietver
ciesu saikni starp zinatni, politiku un parvaldibu, ka ar ta integraciju valstu attistibas politika,
stratégijas un planos EAA istenosanai [361], [362]. EAA pamatnostadnu [361] galvenais mérkis
ir atbalstit valstis, iestades un politikas veidotajus ilgtspgjigas attistibas izstrad€ un istenos$ana
akvakultiras nozarg, akvakultiiras integracija citas nozar€s un tas ieguldijuma socialaja un
ekonomiskaja attistiba [363].

EAA paredz, ka kopienas attistibas plano$ana tiktu iesaisttas fiziskas, ekologiskas, socialas
un ekonomiskas sistémas, k@ ar citas ieinteresétas personas, tadgjadi aptverot visas tris
akvakultiras ilgtsp&jibas dimensijas [24]. Akvakultiras sistémas galvenokart tiek vertétas,
nemot véra to finansialo devumu saimniectbam un uznémumiem, bet ne to socialekonomisko
devumu, kas varétu pilniba mainities, ievieSot EAA [55]. Pareju uz ilgtspgjigakam akvakulturas
sisttmam varétu panakt, ja tiktu istenota politika, kas pienacigi piemeéro principu “piesarnotajs
maksa” [55]. Piemérojot EAA un istenojot piesardzibas pieeju un adaptivu parvaldibu,
iesp&jams parvarét virkni skérslu, kas saistiti ar akvakultiiru ilgtsp&ju [24], [364].

Saskana ar Brugere et al. [365] pétijumu par EAA tematikas aktualitati zinatniskaja
literat@ira, secinats, ka §is koncepts Vvisbitiskak ietekméjis akvakultiras telpisko planos$anu,
tostarp vietu izveli un ekosistému ietilpibu gan upju baseinu, gan saimniecibu limeni. Lai gan
EAA ir veicingjis ari ievérojamus uzlabojumus zemes izmantoSanas un telpiska planojuma
izstradé [362], 1émumu pien€méji un planotaji to nav izmantojusi, lai izprastu un atrisinatu
sarezgitakus institucionalus jautajumus, kas ietekmé akvakultiras attistibu kopuma [365].

Ilgtspgjigu akvakultiiru intensifikaciju iesp&jams panakt uzlabojot dazadus tehnologiskos
risinajumus, ievieSot LPP, pardomati planojot akvakultiiras saimniecibu izvietojumu, lai tas
neparsniegtu ekosistému nestsp&ju. Henares et al. [294] norada, ka akvakultiras sistému
ilgtspgju varétu uzlabot, izveloties tidens organismus, audzeSanas vietu, ka arT razoSanas un
parvaldibas praksi pirms razo$anas uzsakSanas. Nakotnes attistiba jabalsta uz EAA, veicinot
ekologiski un sociali atbildigu akvakultiiras sistému attistibu un darbibu [55]. Lai ta notiktu
jalidzsvaro dazadie akvakulturu ietekmes limeni (saimnieciba, upju baseins, globalais limenis),
lai samazinatu ietekmi uz katru no tiem. Risinajums varétu but ekosertifikacijas shemu
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ievieSana, kuras ietvaros tiktu noveértéta akvakultiiras ietekme uz ekosistémam saimniecibas vai
organizacijas [TmenT.

Integréto lauksaimniecibas un akvakultiiras modelu priekSrociba ir resursu efektiva
izmantoSana aprites cikla, kas palielina gan vides, gan ekonomisko ilgtsp&ju. Literattra
uzsverts, ka akvakulttiras, kas darbojas saskana ar aprites ekonomiku var vienlaikus uzlabot
razigumu, nodrosinat iztiku, samazinat negativo ietekmi uz vidi un padarit nozari rentablaku
[301], [302]. Sadi risinajumi ir Tpasi nozimigi klimata parmainu un resursu ierobeZzojumu
apstak]os.

Roy et al. [336] norada, ka aeracijas sist€émas akvakultiira nereti tiek izmantotas empiriski,
nepieverSot pietickamu uzmanibu to piemerotibai, efektivitatei un apsaimniekoSanas
izmaksam, kas var samazinat sistémas veiktspgju. Ipasi RAS bitiski ieviest energoefektivitates
pasakumus, lai optimizétu elektroenergijas un siltuma patérinu. Pieredze citas energoietilpigas
nozarés liecina, ka $adi pasakumi spgj butiski uzlabot energijas izmantoSanas efektivitati un
patérina paradumus [366], [367], [368]. Lai akvakultiira klatu ilgtsp&jigaka, butiska ir cie$aka
sadarbiba starp universitatém, pétniecibas institlitiem un uzn@émumiem, kas veicinatu jaunu
tehnologiju parnesi un risinajumu ievieSanu. Daudzi nozimigi p&tijumi veikti pirms vairakam
desmitgadém, bet tehnologiju attistiba (IoT risinajumi, sensori, MI) paver jaunas iespé&jas
sisttmu  efektivitates paaugstinasanai [320], [369], [370], [371], [372]. Vienlaikus
nepiecieSams stiprinat ari cilvékkapitalu — specializ€tas apmacibas akvakultiras un
akvakultiiras inzenierijas joma joprojam pieejamas tikai dazas ES valstis, tadé] to paplaSinaSana
butu svarigs priekSnoteikums ilgtsp&jigai akvakulttras sistemu intensifikacijai.

Potencials skerslis akvakultiiras attistibai ES ir nozarei pieskirta salidzinosi maza nozime,
salidzinot ar citiem bioekonomikas sektoriem. Papildu izaicindgjumu rada mainigie gadalaiki un
aukstas ziemas, kas ierobezo tidens organismus audz€Sanu atklatas sisteémas un dikos visa gada
garuma, pretgji Azijas valstim. Alternativa ir iekstelpu sistémas, pieméram, RAS, bet tas ir
tehniski sarezgitas, kapitalietilpigas un ar augstu energijas paterinu. Nozares attistibas
veicinasanai, nepiecie$amas gadijuma izp&étes par sauszemes akvakultiiras uznémumiem ES, un
to izmantotajam tehnologijam, lai novertetu pieejamos tehniskos risinajumus, zina$anu Iimeni
un uznémgju gatavibu veikt uzlabojumus. ES konkurétsp&ju globala méroga varétu stiprinat ar
energoefektivitates, resursu efektivitates un AER izmantoSanas uzlaboSanu akvakultiira.

Akvakultira audz@tas zivis un vézveidigie ir butisks olbaltumvielu avots ar salidzinosi
mazaku oglekla p&du neka tradicionala lopkopiba [373]. Lai §is prieksrocibas saglabatos,
nozarei jadarbojas saskana ar ilgtsp&jas principiem, T1paSi pieverSot uzmanibu
energoefektivitates uzlabosanai. Lidz $im akvakultiras nozarei (3.1.3. apaksnod.) Latvijas
politikas planoSanas ietvara, pieskirta ierobezota uzmaniba, un datu pieejamiba par nozares
izaicinajumiem ir nepietiekama. Tomé&r §aja p&tijuma posma apskatitie tehnologiskie risinajumi
parada iespEjamos nozares attistibas virzienus, Kuri ar atbilstoSu stratégiju un pasakumu
ievieSanu var€tu veicinat nozares produktivitati un konkurétspgju, vienlaikus sekmgjot IAM
sasniegSanu.
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3.3.3. Komunikacijas un lidzdalibas nozime

TOPSIS novértéjuma rezultati (7. publikacija) par seSiem zivsaimniecibas un akvakultoras
produktiem, kas analiz&ti péc noteiktiem ilgtspgjibas kriterijiem, redzami 3.21. attéla. Analizé
izmantotie krit€riju svari tika noteikti, aptaujajot 28 nozares ekspertus, kuri novertgja katra
kritérija relativo nozimigumu piecu punktu skala (ar apgriezto skalu kritérijam “letekme uz
biologisko daudzveidibu”), tadgjadi atspogulojot nozarei butiskas prioritates.

g 1,00
= 0,90
E 0,80
N 0,70
= § 0,60 0,52 053 0,56
s.2 050 0,44 0.39 0,45
T2 040
<2 030
2 0,20
§ 0,10

0,00
= 1

Biogaze no Spirulina Meéeslojums ~ Zivju miltiun  Biodizelis Konservi
1ge 11
agem Alternativas e

3.21. att. TOPSIS analizes rezultati.

Redzams, ka konservétas zivis ir vistuvak idealajam pozitivajam risinajumam, sashiedzot
0,56, kas nozimé, ka saskana ar kriterijiem konservétas zivis var uzskatit par ilgtspgjigako
produktu starp dotajam alternativam. Tomér jaatzimé, ka relativas tuvibas koeficientu vertibas
visam alternativam ir l1dzigas. Zivju miltu un ellas vertiba atSkiras no konservétajam zivim tikai
par 0,03, savukart spirulina ienem treso vietu, atSkiroties no konservétam zivim par 0,04.

Rezultati liecina, ka tie produkti, kuru vértibas ir vistuvak idealajam risinajumam, ir plasi
pazistami un izmantoti. Tas nozimé, ka tiem ir augsts tehnologiskas attistibas Itmenis, tirgus
pieprasijums un pieradita stabilitate. Tomér var redzgt, ka biodizeldegvielas un algu biogazes
vertibas ir salidzinos$i tuvas zivju miltu, konservétu zivju un spirulinas veértibam, kas nozimé,
ka alternativu ilgtsp&as novert€§juma rangs laika gaita var mainities, attistoties
biodizeldegvielas un biogazes razoSanas tehnologijam.

Jutiguma analizes rezultati

Jutiguma analize tika veikta, atseviski mainot astonu kritériju svarus seSiem
analiz€jamajiem produktiem jeb alternativam, lai novérteétu TOPSIS metodes rezultatu
stabilitati. Analize paradija, ka izvel&to kriteriju svarstibas bitiski ietekmée alternativu relativo
novert€jumu, 1pasi gadijumos, kad kada alternativa ir izteikti labaka par citam. Biogazes
stabilitati skaidro fakts, ka ta saglaba salidzinosi labus raditajus visos analiz&tajos kritérijos bez
izteikti vajiem parametriem, kas padara to mazak jutigu pret kriteriju svaru izmainam. Rezultati
apliecina, ka visstabilak augstu novértéjumu saglabaja biogaze, kam sekoja zivju konservi,
spirulina un zivju milti un ella. Savukart biodizela un méslojuma gadijuma rezultati bija jutigaki
pret krit€riju izmainam, kas norada uz lielaku nenoteiktibu $o alternativu novertéjuma (3.12.
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tab.). Kopuma jutiguma analize apstipringja galvenos secinajumus par alternativu
pievilcigumu, tacu uzsvéra nepiecieSamibu izvertet kritériju svaru ietekmi, pasi ekonomisko
un socialo aspektu gadijuma.

3.12. tabula
Jutiguma analizes rezultati
Biogaze Uztura Mé&slojums Zivju Biodizelis Konservi

bagatinatajs milti un no zivim

(spirulina) ella
Augsupejosu liknu skaits 6 4 2 4 3 4
Lejupejosu liknu skaits 2 4 6 4 5 4
Starpiba 4 0 -4 0 -2 0

Veikta jutiguma analize apstiprinaja, ka pievilcigakas alternativas ir biogaze, zivju
konservi, spirulina, un zivju milti un ella.

Aptaujas rezultatu analize

P&c aptaujas rezultatu apkoposSanas, pirmais solis bija izvertét, kurus informacijas avotus
respondenti ikdiena izmanto visbiezak. Sakara ar to, ka lielaka dala cilveéku ikdiena izmanto
vairakus informacijas avotus dazadiem mérkiem, bija iesp&ams atzimé&t vairakus atbilzu
variantus. No respondentu atbildém var secinat, ka tris popularakie informacijas avoti, kas tiek
izmantoti ikdiena, ir socialie tikli, zinu portali un televizija. Tam seko radio, avizes un citi avoti.
Tomér janem véra, ka aptauja tika izplatita platforma Facebook, lidz ar to iesp&jama saistiba ar
to, ka visbiezak sanemta atbilde bija informacijas ieguve socialajos tiklos.

Lai saprastu, kur§ komunikacijas kanals vai platforma veido uzticibu un palidz cilvékiem
vieglak apgut jaunu informaciju, pétijuma ietvaros tika skaidrots, ka cilveki sazinas sava starpa
un kadus komunikacijas kanalus izmanto ikdiend. Sis jautdjums varétu bit vél aktualaks
komunikacija ar nozari vai uznémumiem, lai izstradatu personaliz&tu pieeju un p&c iespgjas
efektivak parliecinatu tos parskatit savas nozares vai uznémuma ilgtsp&ju. Sazinas lidzekli var
atSkirties atkariba no ta, ar ko notiek sazina, pieméram, profesionalaja vidé informacijas
apmaina ar kolggiem noris citadak neka ar draugiem vai gimenes locekliem. Tadgl
respondentiem arT $aja jautajuma bija iesp&ja izvElCties vairakas atbildes vienlaikus. No
sanemtajam atbildém redzams, ka vairakums dod prieksroku sazinas rikam WhatsApp,
Facebook Messenger, ka arf tikties klatieng personiskai sazinai.

Sakara ar to, ka lielaka dala respondentu informacijas iegiisanai izmanto dazadas interneta
platformas, ir svarigi saprast, vai tajas piedavatais izglitojosais saturs tos apmierina un kada
formata liekas saistosaks. Gandriz 93 % respondentu atbildgja, ka pateré izglitojosu saturu,
dodot prieksroku galvenokart vizualam un audiovizualam materialam. Tas biitu skaidrojams ar
to, ka $ada formata pasniegta informacija ir vieglak uztverama un parasti ir isa un kodoliga,
salidzindgjuma ar izglitojosa satura informacijas iegtiSanas no blogiem vai zinatniskajam
publikacijam. Tomér janem véra, ka mingtas atbildes varétu ietekmé&t dazadi ar&jie faktori.

No respondentu atbildém secinams, ka efektivakais veids, ka inform&t sabiedribu par tadam
ttmam ka vide, ilgtsp&jiga attistiba un klimata parmainu mazinasana, ir vizualie un
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audiovizualie materiali (34 %). Otra izplatitaka atbilde bija vides akcijas (20 %), pieméram,
“Liela talka”, “Neapéd zemeslodi” utt. Mazaks respondentu skaits izvelgjas $adus
komunikacijas formatus: 17 % vizualie materiali/ infografikas; 14 % sabiedriba pazistamu
personu motivejosas runas; 8 % informativi raksti; 4 % izglitojosi seminari un lekcijas; 3 %
citi.

Sabiedriba zinamas personas un digitala satura veidotaji, neskatoties uz to, ka viniem var
triikt tehniskas vai zinatniskas kompetences, spgj efektivi sniegt informaciju un ir atvertaki
alternativiem viedokliem. Vides apzinas un ilgtsp&jigas attistibas veicinaSana sabiedriba
zinamu personu un digitala satura veidotaju vidi var palielinat informacijas izplatiSanas
efektivitati. Tap&c aptauja tika ieklauts jautajums par to, kuri informacijas sniedzgji visdrizak
varétu veicinat sabiedribas informétibu. Tika piedavati vairaki atbilzu varianti, tostarp valsts
iestades, vides organizacijas, pétniecibas iestades, digitala satura veidotaji utt. Lielaka dala
respondentu (46 %) izvelgjas atbilzu variantu - viet§jas un starptautiskas vides organizacijas.
Otraja vieta ar 29 % ierindojas sabiedriba zinamas personas un digitala satura veidotaji, bet
treSaja vieta ar 19 % - valsts iestades (ministrijas, ES institlcijas). Interesanti, ka zinatnieki un
pétniecibas iestades ieguva zemako rezultatu, tikai 3 % respondentu uzskatija, ka zinatnieki
bitu labi informacijas sniedzg&ji, kas veicinatu sabiedribas informétibu. Citi atbilzu variantos
neieklautie mediji ieguva 3% no respondentu atbilzu. Tome@r janem véra arT mérkauditorija un
sniedzama informacija, pieméram, cilvéki no akadeémiskas vides ir vairak tend&ti uzticéties
zinatniskaja sabiedriba atzitai informacijai un ekspertiem. lesp&jams sabiedribas informéetibas
un vides apzinas veido$ana labakus rezultatus varétu panakt, ja vairakas informacijas sniedz&ju
grupas savstarp&ji sadarbojoties izstradatu saskanotu un faktos balstitu komunikacijas
strat€giju. Pielagojot informaciju formatu un komunikacijas kanalus attiecigai mérkauditorijai,
vienlaikus nemainot sniegta véstljuma saturu, informacijas sniedzgji varétu vieglak iegtt
dazadu socialo grupu uzticibu.

Klimata parmainu mazinaSanas, vides problému un ilgtsp&jigas attistibas att€lojums
dazados informacijas avotos ir atskirigs, galvenokart balstoties uz prieksrocibu un iesp&jamo
trikumu novertgjumu. Min&tie avoti uzsver potencialos ieguvumus vai zaudgjumus, kas var
rasties, ja Sie aspekti netiek efektivi risinati. Ir avoti, kas uzsver klimata parmainu negativos
aspektus, izplatot dazadas fotografijas vai filmas, kas izraisa sp&cigas negativas emocijas,
tostarp bailes. Attéli biezi vien ataino dabas katastrofas un ledaju kusanu, ka ari citus
fenomenus. Tacu ir arT avoti, kas mudina cilvékus mainit savus ikdienas paradumus un izmantot
AER, vizualizg ideju par skaistu, nepiesarnotu nakotni. Tapéc aptauja tika ieklauts jautajums
par respondentu skatljuma optimalo strat€giju, lai veicinatu sabiedribas pardomas par klimata
parmainu nozimi, vides problémam un ilgtsp&jigu dzivesveidu. Rezultati liecina, ka lielaka dala
respondentu (aptuveni 43 %) deva priekSroku klimata parmainu negativas ietekmes
pasvitrosanai, bet gandriz 36 % respondentu noradija, ka nepiecieSams koncentréties uz
ieguvumiem. Gandriz 19 % respondentu uzskata, ka piemérotaka strat€gija izpratnes
veicinaSanai biitu zinatniski pieraditi fakti, kas liecina par cilvéka darbibas ietekmi uz vidi. Ta
ka rezultati ir salidzinosi 1idzigi, vienotas komunikacijas stratégijas veido$ana vélams ieklaut
gan klimata parmainu negativas puses, gan ilgtsp&jiga dzivesveida prieksrocibas.
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Anketa bija ieklauts jautajums par biodiplomatiju ka savstarp&ja dialoga konceptu starp
sabiedribu, industriju un zinatni, lai saprastu vai $ada pieeja varétu veicinat sabiedribas un
industrijas informétibu. Aptaujas rezultati liecina, ka lielaka dala respondentu (95 %) pozitivi
verte biodiplomatijas ideju un tas nozimi ilgtsp&jigas attistibas konteksta. Tas nozimée, ka
biodiplomatijas konceptam kopuma ir potencials, un rezultati liecina, ka sabiedriba ir gatava
apglt jaunas zinasanas. Tome@r ir svarigi nodro$inat, ka izplatita informacija ir viegli uztverama
un saprotama, lai saglabatu sabiedribas atbalstu un interesi.

Saja pétijuma posma tika noveértéta zivsaimniecibas un akvakultiiras produktu ilgtspgja un
analizéti piemérotakie komunikacijas kanali sabiedribas informé&sanai par ilgtsp&jigiem
risinagjumiem. TOPSIS analizg augstakos rezultatus ieguva zivju konservi, ella un milti, ka art
spirulina ka ilgtspgjigakie produkti, saskana ar definétajiem kritérijiem. Kvantitativais
novertéjums balstTjas uz astoniem kritérijiem, tostarp produktu cenu, energijas patérinu, ietekmi
uz biologisko daudzveidibu un socialekonomiskajiem aspektiem, ka arT ekspertu noteiktajiem
kritériju svariem. Jutiguma analize apstipringja rezultatu stabilitati — biogaze, zivju konservi un
spirulina saglabaja augstako relattvo novert€jumu art svaru variacijas gadijuma.

Ilgtsp&jas mérku sasniegSanai nepietick ar produktu ilgtspgjas pamatoSanu, bitiska ir ari
sabiedribas informésana. Aptaujas rezultati paradija, ka lielaka dala sabiedribas informaciju
ieglist no socialajiem tikliem un dod prieksroku audiovizualiem materialiem. Uz jautajumu par
uzticamakajiem informacijas sniedzgjiem tikai 3 % respondentu mingja zinatniekus, kas liek
pardomat lidzSingjo komunikacijas praksi un pétniecibas iestazu telu ka zinaSanu un
informacijas nes€jiem. Vienots véstljums dazados medijos, kas vizualizétu un skaidrotu
ilgtsp&jiga dzivesveida prieksrocibas un ari draudus, varétu biit efektivakais veids, ka veicinat
sabiedribas uzticibu un iesaisti.

Komunikacija ar ieinteres€tajam pusém ir nozimiga politikas ievieSanas dimensija, kas
janem vera, izstradajot politikas un to TstenoSanas pasakumus. P&tjjuma posma par AER
administrativo $k&rS§lu noverSanu, sabiedribas un pasvaldibu informétiba tika atzita par
nozimigu ietekmg&joso faktoru (3.2.1. apaksnod.). Tika secinats arT tas, ka savlaicigas parrunas
starp AER projektu Tstenotajiem un vietgjam kopienam var veicinat pozitivu iznakumu
vélakajas oficialajas sabiedriskajas apspriedes [149], [374]. Lidziga atzina izskangja arT grupas
model&Sanas sesijas, kur sabiedribas informé&tibas ietekme tika uzsvérta ka nozimigs faktors
nisas produktu virzianai tirgl un ilgtsp&jigu izvélu veicinasanai (3.2.2. apaksnod.).
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SECINAJUMI

Promocijas darba mérkis tika sasniegts, izstradajot analitisku ietvaru klimata politikas
noverteSanai un tas efektivitates paaugstinasanai. Promocijas darba ietvars balstits tris secigos
segmentos - politikas saskanotibas analiz€, Sk&rSlu un nepilnibu identific€Sana, ka ar1 politikas
ieviesanas dimensiju izvértéjuma. Sads ietvars lava ne tikai kvalitativi analizét politikas
procesus, bet arl balstit secinajumus kvantitativos raditajos, piemeram, daudzkriteriju
novertéjumos, kas izgaismoja bitiskas at3kiribas politikas planosanas dokumentos, mérku
detalizacijas pakapg, pieméroto instrumentu Iidzsvara un administrativo prasibu sarezgitiba, ka
arT politikas ievieSanas praktiskaja gataviba, tadgjadi nodrosinot strukturétu pieeju, ar kuras
palidzibu iespgjams formulét secinajumus un rekomendacijas ilgtsp&jigai resursu parvaldibai
un politikas pilnveidei.

Horizontalas politikas saskanotibas novertgjums lava labak izprast analiz&to politikas jomu
stratégisko virzibu un identificét to mérkus, savukart vertikalas saskanotibas izveértéjums deva
iesp&ju noteikt, vai dalibvalstu virziba atbilst iem mérkiem. Gadijuma izp&te par CRCF regulas
horizontalo saskanotibu tika identificéti astoni tematiskie bloki, kas ir savstarpgji papildinosi
un saskanigi, savukart potencialo vertikalas saskanotibas analizi ierobezoja zema brieduma
pakape, kura pétijuma laika atradas sertifikacijas satvars. Vienlaikus analize atklaja ar1
iesp&jamos izaicinajumus CRCF regulas implementacijas fazg, ja netiks skaidri nodaliti KLP
un CRCF satvara finans€juma mehanismi ogleklsaistigas lauksaimniecibas praksém.
Dalibvalstu motivaciju $o praksu atbalstam var vajinat neskaidribas par to, vai ar tam panaktais
oglekla piesaistes apjoms tiks ieskaitits saistibu izpildé saskana ar ZIZIMM regulu (ES)
2018/841.

Eiropas bioekonomikas stratégija noteikto mérku vertikalas saskanotibas analize, vispirms
ES dalibvalstu stratégiju limeni un péc tam Latvijas politikas planosanas dokumentu konteksta,
paradija, ka izstradata metodika lauj salidzino$i atri identificét politikas dokumentos defin&tos
mérkus un pasakumus, k@ arf novértét to prioritati. TOPSIS metode ir &rti izmantojama
alternativu salidzinasanai, tacu ta sniedz tikai relativu salidzinajumu vienas datu kopas ietvaros.
To paradija bioekonomikas politiskas saskanotibas novertejums, kur Latvijas Bioekonomikas
strat€gija 2030 uzradija augstako rezultatu nacionala Iimeni, bet zemaku Iimeni salidzinot ar
citam ES dalibvalstim. Kopuma rezultati apliecinaja vertikalo politisko saskanotibu, tomeér tikai
formala limeni, jo ne visam stratégijam bija izstradati ricibas plani, péc kuriem varétu vertét
praktiskas izpildes efektivitati. Lai padzilinati analiz&tu mérku TstenoSanu, tika veikta gadijuma
izpéte, kura analizéts NEKP2030 ricibas plans. Pasakumi tika grupéti atbilstosi politikas
instrumentu kategorijam, lai novértétu to iesp&jamo efektivitati siltumapgades un dzeséS$anas
sektora. Analize paradija, ka stratégijas un meérki formuléti skaidri un saskan ar ES liment
noteiktajiem, tacu izstradatie pasakumi parsvara koncentréjas normativa regul&juma instrumentu
kategorija, savukart ekonomiskie un tirgus instrumenti izmantoti ierobezota skaita, liecinot par
instrumentu lidzsvara trikumu, kas var kavét mérku praktisku Istenosanu.

Politikas saskanotibas novertg€juma izmantotie pétfjumu dizaini nodroSina izpratni par
pétamo tému neatkarigi no ta, vai ta ir saistita ar bioekonomiku, energétiku vai aprites
ekonomiku. Sads novértgjums lauj identificét iespgjamos kavéklus un pretrunas, kas var bit
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iz8kiro$as mérku Tsteno$ana, tacu tas parsvara atklaj tikai formalu mérku uzskaitijumu, nevis to
IstenoSanai nepiecieSsamos pasakumus un politikas instrumentus. Tadél, ka secigs solis ir
nepiecieSama padzilinata analize, kas lauj identificet procesu optimizacijas iesp&jas un noverst
barjeras, stiprinot bioekonomikas un klimata politikas efektivitati.

Administrativo, institucionalo un normativo procesu kart€Sana, apkopojot administrativo
procesu solus, nepiecieSamas atlaujas un identificgjot piemérojamo normativo regulgjumu, lava
kvalitattivi un kvantitativi salidzinat AER projektu ievieSanas posmus dazadas valstTs,
vienlaikus laujot identificét optimizacijas iesp€jas, ka ari parnemt labas prakses piemérus. AER
projektu istenoSanas administrativo procesu analize paradija, ka butisks kav€josais faktors ir
sarezgitas procediiras un ar tam saistitais administrativais slogs. Sis rezultats korele ar
promocijas darba pirmaja segmenta definéto atzinu un noradém analiz&tajos dokumentos uz
birokratisko procesu sarezgitibu, administrativo slogu un ierobezotu institucionalo kapacitati
[183], [184], [213]. Turklat analize apliecinaja, ka politikas instrumenti lielakoties koncentrgjas
normativa regul&juma kategorija, kas praks€ nozimé papildu atlauju, saskanojumu un procediiru
prasibas. Tas veicina birokratisko procesu sarezgitibu un palielina administrativo slogu, tadgjadi
ierobezojot politikas merku Tstenosanas efektivitati [375], [376].

Izstradata pieeja veicinoSo un kav€joSo faktoru identificESanai meza nozarei lava gan
formulét produktu attistibas stratégijas, gan atklaja nozares pamatproblémas, kas ietekmé meza
nozares transformacijas iesp&jas. Apsverot bioekonomikas attistibas virzienus, kritiskais
faktors nav tikai konkrétu produktu grupu attistibas potencials, bet ari izejvielu pieejamibas
nodro$inajums, stabils un prognozgjams normativais regul&jums, ka art finansgjuma pieejamiba
pétniecibai, inovacijam un komercializacijai. Nozares transformaciju ierobeZzo novecojusi
politikas planosanas dokumenti, kas rada nenoteiktibu par meza nozares ilgtermina attistibas
virzienu un ta saskanotibu ar ES klimata un bioekonomikas mérkiem. Identificéta situacija
atbilst promocijas darba hipotézei, noradot, ka, ja politikas dokumentu pamata nav aktuals,
stratégiski orient&ts un ar ES mérkiem saskanots planosanas satvars, tas var radit iespaidu par
“vilcinaanas politiku” [377] un vajinat vertikalo saskanotibu. Sada situdcija, savukart palielina
fragmentacijas risku starp dalibvalstim un apgriitina kopigo klimatneitralitates mérku
sasniegSanu.

Izstradata metodologija $k&rSlu un nepilnibu identificéSanai, lai gan laikietilpiga, lava
sasniegt promocijas darba mérki. Rezultati palidz&ja ne tikai noteikt barjeras, bet ari apstiprinaja
secinajumus, kas definéti péc politikas saskanotibas novértéjuma, proti, ka nepiecieSsama
padzilinata analize, lai atklatu nozares attistibu kavéjosos faktorus. Skérslu identificésanas
pieejas pamata ir optimizacija, kas paredz ne vien noradit nepilnibas, bet ari piedavat
risingjumus, Ka tas veikts abas gadijuma izpétes. lzstradata metodika un izmantotas metodes
(dokumentu analize, TOPSIS, AHP, SVID) ir salidzino$i vienkarsi piemérojamas ari politikas
veidotajiem stratégiju izstrade.

Tresaja promocijas darba segmenta uzmaniba pieversta politikas ievieSanas dimensijam, lai
pietuvinatu politikas ieceru TstenoSanas novertgjumu institucionala un sektoru Iimeni. Tas lauj
atklat kaveklus augstaka Itmeni noteikto merku ievieSanai praksé un definét nepiecieSamos
pasakumus to novérSanai. PIKC energoefektivitates paaugstinasana atkariga no atbildigo
darbinieku kompetences un motivacijas. Lai gan pasakumu isteno$ana saistita ar finanséjuma
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pieejamibu, bitisku ietaupijumu iesp&jams panakt ari bez papildu ieguldijumiem, konsekventi
stenojot energijas taupibas pasakumus. Saliktais raditdjs var kalpot ka instruments, kas palidz
identificét optimizacijas iesp&jas un padarit politikas pasakumus efektivakus, veicinot noteikto
meérku sasniegSanu.

Akvakultiiras attistibu ES un Latvija kavé tas salidzino§i zema prioritate bioekonomikas
politikas ietvaros. Nozares potenciala izmantoSanai nepiecieSamas padzilinatas gadijuma
izpétes par sauszemes akvakultlras tehnologijam, uzneémumu praksi un zinaSanu Iimeni. ES
akvakultiru konkur&tspgju globala meroga varétu stiprinat ar energoefektivitates, resursu
efektivitates un AER risinajumu ievieSanu, tadg&jadi nodroSinot patérétajiem butisku
olbaltumvielu avotu ar mazu oglekla pedu. Atbilstosas stratégijas un pasakumi spétu palielinat
nozares produktivitati un konkurdtsp&ju, vienlaikus sekmgjot ilgtsp&jigas attistibas mérku
sasniegSanu.

Komunikacija ar ieinteres€tajam pusém ir nozimiga politikas ievieSanas dimensija, kas
janem vera, izstradajot politikas un to isteno$anas pasakumus. P&tfjuma posma par AER
administrativo $k&r§lu noveérSanu sabiedribas un pasvaldibu informétiba tika atzita par
nozimigu ietekm&joso faktoru. Tapat tika secinats, ka savlaicigas parrunas starp AER projektu
istenotajiem un viet§jam kopienam var veicinat pozitivu iznakumu vélakas oficialajas
sabiedribas apspriedés. Lidziga atzina izskangja arT grupas model&Sanas sesijas, kur sabiedribas
informeétibas ietekme tika uzsvérta ka nozimigs faktors niSas produktu virziSanai tirgl un
ilgtspgjigu izvélu veicinasanai. llgtsp&jas merku sasniegsanai nepietiek tikai ar politiku izstradi
un ilgtsp&jigu produktu veicinasanu, biitiska ir arT sabiedribas inform&Sana un izpratnes
veidoSana. Sabiedriba nav noskirta no politikas veidotajiem, uzpémumu vaditajiem vai
energoparvaldniekiem — So grupu profesionala riciba saknojas sabiedriba valdosSajos
prieksstatos. Ja ilgtsp@jigas izv€les tiek nostiprinatas ka sociala norma, tas atspogulojas ar1
lémumu pienemsana un profesionalaja prakse.

Promocijas darba izstradi ietekm&ja vairaki ierobezojumi, kas nosaka ta rezultatu
interpretacijas robezas. Pirmkart, dalai analizéto politikas planosanas dokumentu nav izstradati
ricibas plani, kas ierobezoja iesp&ju novertet to praktisko IstenoSanu un nozimégja, ka
saskanotiba vairakos gadijumos bija nosakama tikai formala Itmeni. Otrkart, administrativo
procesu kvantitativajos novertgjumos izmantota informacija balstfjas normativo dokumentu
analizé un publiski pieejamos datos, kas dazadas valstis ir atSkirigi detalizéti un nereti
interpret€jami atkirigi. Treskart, vairakas pétjjuma dalas izmantoti ekspertu vertgjumi, kas
atspogulo ekspertu profesionalo skatijumu, nevis visparino$u populacijas viedokli, un lidz ar to
nodroS$ina kvalitativu, nevis statistiski reprezentativu vértgjumu. Turklat janem v&ra arT tas, ka
atseviski analizétie politikas un normativie dokumenti ir tiku$i atjauninati p&c petjumu
veikSanas, kas var ietekmét to, cik aktuali ir konkrétie secinajumi. Ceturtkart, promocijas darbs
balstas statiska laika griezuma, tadel iegiitie rezultati nelauj veikt nakotnes attistibas scenariju
modelesanu, ka tas biitu iespgjams izmantojot dinamiskas model&Sanas pieejas, pieméram,
sistémdinamiku vai energgtikas optimizacijas modelus. Tacu arT §adu modelu izmantoSana biitu
sarezgita analiz€to dokumentu konteksta, jo ricibas planu neesamiba un zems pasakumu
konkretizacijas lTmenis ierobeZo ticamu pienémumu formulganu. Sie ierobezojumi neietekm@
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promocijas darba hipotézi, ta¢u nosaka robezas tam, cik plasi kvantitativi var novértét politikas
sniegumu visos petijuma ieklautajos segmentos.

Promocijas darba rezultati apstiprina definéto hipotezi, ka sistematisks politikas dokumentu
izvertejums, nepilnibu un Skerslu identificésana, ka ar1 pieradijumos balstitu rekomendaciju
izstrade ir lietderiga pieeja, kas sniedz pamatu politikas saskanotibas un ievieSanas efektivitates
stiprinaSanai. Lai gan promocijas darbs neapliecina realas izmainas politikas prakse, tas
nodro$ina metodologisku un analitisku ietvaru, ar kura palidzibu iesp&jams veidot efektivakas
un zina$anas balstitas strat€gijas, tadgjadi paatrinot virzibu uz Eiropas zala kursa mérku
sasniegSanu.
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Abstract— Choosing the optimal mix of policy instruments
can make a significant contribution to energy efficiency. Well-
organized and improvement-oriented legislation and regulations,
as well as the right policy incentives, can open up new
opportunities to improve energy efficiency and foster new
technological innovations. The EU has created a favourable
environment for the necessary changes, so it is crucial to identify
whether the measures defined at the EU have been implemented
at the national level. Systematic literature analysis has been used
to identify EU targets for energy efficiency improvements and
their implementation into national long-term planning
documents of Latvia. The Latvian National Energy and Climate
Plan for 2021-2030 has been analysed. The identified policy
instruments have been categorized to evaluate the potential
strength of long-term planning documents. The foreseeable
impact of the planned policies and their implementation
mechanisms on future energy efficiency improvement measures
is assessed.

Keywords—energy policy, national energy and climate plan,
long term planning documents, policy instruments

I. INTRODUCTION

National governments must play an active role in
developing national planning documents, creating a clear
vision for the future and a sustainable political environment. To
stop climate change, governments need to adapt their thinking
to the complex circumstances and integrate the environmental
dimension into policy decisions wherever possible.

The effectiveness of policy instruments could be enhanced
if they were applied more individually at each level of
governance. Primary policy goals and directions should be
developed at the global or at least EU level and then further
structured at the national level and met at the local level,
considering regional specificities and the policy objectives
pursued. The first step towards identifying the optimal policy
mix is to assess and classify the existing regulatory approaches
and development strategies according to the objectives to be
achieved [1], [2]. Next, assess whether they can deliver the
objectives set.[2].

A.  Policy Instruments

A set of well-chosen policy instruments is essential for
achieving objectives in any policy area. The most effective way
to use policy instruments is to combine them rather than rely
on just one instrument [3]. Furthermore, policy instruments

978-1-6654-3804-9/21/$31.00 ©2021 European Union

work best when adapted to national and regional specificities,
especially in the light of existing market conditions [4], [5], [3].

Policy instruments can be categorised according to different
principles. Instruments can target specific processes or norms -
additional taxes to reduce GHG emissions; technology
standards; cooperation agreements; compensation systems;
energy consumption, etc. can be applied. The European
Commission's “Better regulation Toolbox” on best practice for
better governance lists four categories of policy instruments:
"hard" legally binding rules; "soft" regulation; education and
information; economic instruments [1]. In some cases division
into three major groups — "taxes, standards, tradable permits" is
used [6]. For this paper a toolset that includes the previously
mentioned instruments and covers a broad range of areas, but
at the same time is not too detailed, is chosen as the most

suitable.
Fig. 1. Categories of policy instruments [4]
For further research and classification of policy

instruments, four categories of policy instruments were
selected for solving environmental issues: '"regulation,
voluntary action, government expenditure, and market-based
instruments" [4] (Figure 1.).

B.  Regulation as a Policy Instrument

One of the most widely used policy instruments is
regulation [4]. Regulations are laws and normative documents
issued by governments and binding on the parties involved.
Legally binding rules are essential when behaviour needs to be
changed, but cannot be expected to change through other
instruments [1], [7]. At the EU level they can be in the form of
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regulations, directives, or decisions, at the level of national
governments - laws or other legally binding rules that set
norms for permissible pollution (air, water, soil, etc.) or any
other activity that could cause environmental pollution [1], [4],
[8].

Regulation is considered to be the most widely used
environmental policy instrument because it is relatively easy
for governments to apply [4]. The most challenging part of the
regulatory instruments is not the legal framework of the
prohibition or restriction but the monitoring of implementation
and compliance, which requires administrative capacity, human
resources, and sectoral knowledge [1], [4], [7]. A more robust
regulatory framework to tackle issues and the possible
sanctions that could be expected in case of non-compliance, are
strengths of regulatory policy instruments [7]. On the other
hand, institutional weaknesses, high requirements, and the
inability to track compliance with existing regulations could be
the most significant shortcomings of regulatory instruments
(41, (7).

C. Voluntary Action as a Policy Instrument

Policy instrument "voluntary action" includes voluntary
activities of the society, companies, or any other actor; they are
not imposed by legislation or other regulatory documents; are
not promoted by any other benefits, and aim to protect the
environment [9], [4]. Voluntary action can be in the form of
communication between the state, society, and companies as
well as voluntary agreement or technical standards [4], [1]. By
engaging in voluntary actions, individuals and society can
reduce the direct impact on the environment and set
foundations for sustainable development [4].

For voluntary agreements to work, industry and individuals
need to have the same preferences on a given issue because,
without external pressure, the industry is not sufficiently
motivated to impose restrictions of any kind [1]. The
effectiveness and economic contribution of voluntary action is
therefore often considered to be ambiguous. It is believed that
the tasks achieved in environmental protection through
voluntary action would often have been achieved through other
types of instruments or would happen by themselves [9].

One example of a voluntary agreement is The Eco-
Management and Audit Scheme (EMAS) [10]. EMAS
sometimes is criticised for not setting high enough
environmental standards for companies, meaning that with
relatively modest improvements in their business operations,
companies can achieve or maintain certification [10]. Hence,
voluntary action can not be viewed as the most effective and
economically efficient policy tool in addressing environmental
issues, but engaging in voluntary activities shows the goodwill
and willingness to make efforts to limit their environmental
impact [11], [9].

D. Government Expenditure as a Policy Instrument

There 1is relatively little literature on government
expenditure in particular, as it is mainly placed in the same
category as market-based or fiscal instruments [1]. However,
the authors consider it worthwhile to distinguish it as a separate
category of policy instruments, because financial support or

investment from the state is likely to be an essential
contribution for achieving environmental goals. A classic form
of government expenditure is subsidies or grants available for
companies or individuals with a relatively small co-payment
[4]. Government expenditure may also include public or
private investment, for example, in improving infrastructure to
produce energy from RES, to charge electric cars or to increase
the availability of waste sorting containers to encourage
voluntary involvement [4], [12].

Government expenditure, as a financial support mechanism
from the national government and EU, can be seen as a positive
aspect of promoting sustainable development and helps to
achieve long-term goals. State subsidies can positively affect
the behaviour of both society and businesses, can bring positive
changes in the functioning of the market, and improve
performance indicators of sectors that have hitherto been
inefficient [13]. The positive effect depends on the
government's ability to distribute subsidies efficiently, as well
as it is essential to ensure meaningful use of the allocated
funding [13]. Additional sectoral funding, for example, to
support the transition to climate neutrality, can put additional
pressure on national budgets, especially in less developed
countries where the focus tends to be on other issues [12].

E. Market-based Instruments

Market-based instruments are classified as an indirect
management tool and are also referred to as "cap and trade",
"target and trade" measures or financial initiatives [14]. The
strength of market-based instruments is that market forces are
used to bring about improvements that would not otherwise be
achievable - primarily as different types of taxes on polluting
activities or products with a negative impact on the
environment [14], [1]. For example, the "polluter pays"
principle means that producers and consumers are charged
extra for over-exploiting scarce resources, air and water, and
emitting harmful substances into them [4]. It is directly linked
to taxation and the removal of any tax subsidies or rebates for
fossil energy sources [8], [9]. The problem, however, is that the
amount of the tax needs to be set very precisely so that
consumers can continue to use the product or service while at
the same time the added tax has to maintain a positive impact
on the climate.

"Cap and trade" is a type of market-based instrument that
aims to reduce emissions by setting a cap on emissions instead
of imposing a tax on a predetermined level of emissions [15].
Emission ceilings can be set using the "grandfathering
principle" - allocation of emission allowances according to a
specific principle or standards or, according to the "auctioning
principle," emissions savings are traded between potential
polluters [15]. One of the essential advantages of market-based
instruments is the financial side - the government collects
additional revenues to continue investing in other
environmental or energy efficiency projects [9]. Market-based
instruments may also include deposit schemes that facilitate the
recycling of packaging - once the packaging has been emptied,
the user returns it for recycling in exchange for a small refund

[4].
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Unlike regulations, market-based instruments are based on
theoretical calculations and conjectures, as it is not possible to
predict precisely to what extent society and industry are
interested in cooperating. Consequently, taxes are often set at a
lower level than the actual situation would require because of
the fear that there will be too little involvement [4], [15].

TABLE 1. POLICY INSTRUMENTS AND MEASURES [1], [4], [5]
Category of policy Examples of policy instr t
instrument
Binding legal rules
Ambient, emission, design standards
Building codes
Regulation Compulsory energy audits and energy

consumption monitoring
Energy efficiency investment obligation for
private enterprises
Education programmes
Consumer choices
Environmental agreements
Business or industry self-regulation initiative
Subsidies and incentives
Investments to encourage voluntary action
Education. Research and science
Loans
Grants for investment in energy efficiency
Emission, user-charges, product charges
Tradeable permits
Deposit- refunds
Fines, fees, penalties
Energy consumption reduction certificates
Taxes

Voluntary action

Government expenditure

Market-based instruments

Each set of four policy instruments described has its
strengths and weaknesses, depending on the outcome to be
achieved, and often, combinations of policy instruments
emerge naturally in policy planning processes [1]. However, it
is crucial to identify whether the desired combination of policy
instruments or a "policy mix" is formed, to create a sufficient
impact [16]. "Regulation" policy instruments play a significant
role in setting the basic framework for future development,
nonetheless, legislation should be complemented with market-
based instruments and sufficiently planned and regulated
government expenditure [14], [16]. Moreover, government
expenditure policy instruments could be coupled with other
mechanisms, for example, public subsidies, additional taxes on
GHG emissions, or, conversely, tax incentives for energy
efficiency improvements combined with stricter regulation [7],
[13].

In the European Commission's Better Regulation Toolbox it
is pointed out that not all combinations of policy instruments
are successful and deliver the expected results, so it is essential
to be careful when combining policy instruments to ensure that
they are proportionate and complement each other [1].

II. METHODOLOGY

A methodology was developed in which the first step was a
literature review of policy instruments used to address
environmental and climate issues. A systematic literature
review (SLR) of EU regulatory documents that could directly
impact energy efficiency improvements was carried out to

assess the implementation of EU legislation at the national
level.

SLR has its roots in medicine and evidence-based policy
and practice. Although it has recently been used to address
environmental issues and evaluate policies or policy
instruments, this method has been used relatively rarely in
political science [17], [18]. SLR seeks answers to a specific
question or hypothesis, and the process is very time-consuming
[17]. The use of SLR provides a more transparent and
accessible explanation of the evaluation of policies and policy
instruments when combined with other analysis methods.
However, the SLR method is criticized for when being applied
inaccurately or carelessly, becoming subjective [17]. The SLR
method was chosen to improve the quality of the literature
review and the evaluation of policy documents while
maintaining the context of the documents.

SLR was used to identify targets and policy instruments to
improve energy efficiency in the heating and cooling sector.
Five documents were selected:

e A European Green Deal;

e Energy efficiency directive (Directive 2012/27 / EU);

e Directive (EU) 20182002 amending Directive

2012/27/EU on energy efficiency;

e Commission Delegated Regulation (EU) 2019/826 of 4

March 2019;
e Commission Recommendation (EU) 2019/1659 of 25
September 2019.

These documents were constructively searched for such
information within the context of the text:
e EU targets for climate neutrality;
e achievable goals for improving energy efficiency;
e the objectives to be achieved in the heating and cooling
sector;
e policy instruments for achieving the objectives.

The next step was to use the SLR to determine whether the
objectives identified in the EU documents and how to achieve
them have been taken into account in Latvia's planning
documents and development strategies:

e Latvian Sustainable Development Strategy 2030
(Latvia2030);

e Latvian National Development Plan for 2014-2020
(NDP2020);

e Latvian National Development Plan for 2014-2020 mid-
term evaluation report;

e Latvian National Development Plan for 2021-2027
(NDP2027);

e Latvian Long - Term Strategy for Energy 2030;

e Latvian National Energy and Climate Plan for 2021—
2030 (NECP2030).

In these documents, the following information was sought
constructively, taking into account the context of the text:
e how and whether the goals set in the EU regulatory
documents are reflected;
e achievable goals for improving energy efficiency;
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e the objectives to be achieved in the heating and cooling
sector;
e policy instruments for achieving the objectives.

The policy instruments identified in the EU and Latvian
documents and the objectives to be achieved were summarized
and compared with each other to answer the questions: “Has
the implementation of EU legal norms on the national level
taken place? Are there policy instruments and goals that Latvia
has not implemented?””.

Annex 4 "Planned Policies and Measures for their
Implementation" of the NECP2030 was analysed with SLR to
identify the policy measures and policy instruments to be
applied [19]. Higher-level planning documents, such as the
Latvian Sustainable Development Strategy 2030 [20] or
NDP2027 [21], outline Latvia's development directions in
various areas that affect the country's development as such, but
NECP2030 focuses specifically on the energy sector and
climate change mitigation, so the measures outlined in
NECP2030 were selected for in-depth analysis and
categorisation by policy instruments. NECP2030 Annex 4
summarizes policies and measures planned for the future
development of the heating and cooling sector and the expected
improvements which could directly affect the overall reduction
of energy consumption [19].

The following information was sought constructively,
taking into account the context of the document:

e policy measures directly related to the heating and

cooling sector;

e policy measures that indirectly affect the heating and

cooling sector and could have an impact on its
development.

Literature review on policy instruments
1
l Latvia's long-term planning documents for
sustainable development

EU legislation on energy efficiency g

Targets and policy instruments for improving
energy efficiency in the heating and cooling sector
in L;l\'ia

NECP2030 Annex 4 "Planned Policies and
Measures for their mplementation"
Identification and categorisation of policy
instruments

Targets and policy instruments to
improve energy efficiency in the
heating and cooling sector

2 ¥ v

Government Market-based

Regulation Voluntary action

III. RESULTS

Comparing the objectives set out in EU legislation with
those set out in Latvian documents, we can see that on average,
EU objectives have been implemented (Figure 3). Several
aspects were considered, such as financial support for energy
efficiency improvements in heating and cooling and insulation
of buildings. The need for changes in the tax system and the
removal of subsidies for fossil fuels are frequently discussed in
Latvian documents. Adoption and implementation of the
"polluter pays principle" in a manner that makes it functional,
reduction of GHG emissions, and imposing additional taxes on
major pollutants. Long-term planning documents focus on
improving energy efficiency in both heat generation and
transmission, reducing heat losses. Latvian documents provide
little information on plans to transfer surplus heat and cold
from manufacturing plants to district heating networks, while
EU documents often mention this as a possible solution. EU
documents emphasize the need for a transparent and fair
energy supply system for consumers - end-users should receive
clear and detailed invoices for the heat and hot water
consumed, a possibility of installing individual meters to
account the received heat and influence energy consumption.
Latvian planning documents do not mention any information
on the need to amend the heating and hot water billing
procedures.

A. Analyses of long-term planning documents

Latvia's long-term planning documents mention the
principle "energy efficiency first", but at the same time, no
indications were found about the need to give a "priority to
green and sustainable solutions" which are mentioned in EU
regulatory documents. Furthermore, no references to energy
labelling or application of the "Think Small First" principle,
which urges governments to take into account the capacity and
ability to adapt to legislative changes of small and medium-
sized enterprises, as they are the main employers in the EU
[22], have been found in Latvian long-term planning
documents.

e ¥ =
EU legislation on energy ‘ ‘ Latvia’s long-term sustainable

. develo t plans and
efficiency objectives strategies

Building renovaﬁm Sustainable

Financial support N q
L insulation development
A

Tax reforms

] ]

Conclusions and recommendations
Fig. 2. Overall methodology of research

The identified policy measures were summarized according
to previously identified categories of policy instruments -
regulation, voluntary action, government expenditure, market-
based instruments (Table 1). After compiling the information,
the total number of planned policy measures was extracted
according to the search parameters. Policy measures in each of
the four categories of policy instruments were also counted,
thus determining the share of policy measures in each category.

Energy sector -
modern, accessible,
digital

Energy from
renewable energy
sources

Polluter pays
principle
A
GHG emission
reduction

Stop subsidizing
fossil fuels

Exclude the risk of
energy poverty

Increased energy

Smart grid
efficiency

Voluntary involvement in Intelligent metering system,

increasing energy efficiency / heat allocators

Fig. 3. Implementation of EU objectives in Latvian long-term planning
documents

Public education on energy
efficiency and energy saving
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While Latvia's long-term planning documents have
implemented EU legislation, there are several aspects where
the long-term development strategies issued by the Latvian
government lack a coherent vision for the future. Tax
incentives for fossil fuels are still granted, but at the same time,
there are no tax incentives for using RES or energy efficiency
measures [19]. Excise duty is not linked to the created
environmental impact by fossil energy resources as well as a
principle "energy efficiency first" does not work in practice
when assessing the allocation of funding for future
development projects [19], [23]. Development directions and
plans for achieving them have been set at the national level, but
at the same time, a detailed strategy on how to achieve these
goals is lacking [19].

B. Planned policies and measures for their implementation

After comparing the EU and Latvian documents, the next
step was to categorize the policy instruments listed in Annex 4
"Planned policies and measures for their implementation" of
NECP2030 that will be used to improve energy efficiency in
heating and cooling [19]. A total of 34 courses of action with
110 planned measures that could directly or indirectly affect
the efficiency of the heating and cooling sector were identified.
Further, the planned policy measures were divided thematically
into the four categories of policy instruments, according to
Table 1. Planned policy measures included several energy
efficiency-related measures, with the main priorities being the
improvement of energy efficiency; the implementation of the
"energy efficiency first" principle; improvements in the heating
sector, and the renovation and extension of heating pipelines to
encourage new connections[19]. In addition, NECP2030
emphasizes the need of increased use of RES and changes in
the tax regulatory framework [19].

As can be seen in Table 2, the largest number of planned
policy measures or policy instruments are under the type
"regulation” (69% or 76 measures), the second-largest number
of measures are "government expenditure" (20% or 22
measures), followed by "market-based instruments" (7% or 8
measures) and "voluntary action" (4% or 4 measures).

The most frequently mentioned ‘“regulation” policy
instruments (37 measures) are the development of new
legislation, Cabinet of Ministers Regulations, procedures or
guidelines. The next most frequently mentioned instrument is
the conduct of various studies and evaluations (19 measures).
Only a few times instruments, such as establishing a single
point of contact, updating the NECP2030, information
campaigns, and developing training materials are mentioned.
Measures for “voluntary actions” — to sign at least 10 voluntary
agreements, promotion of public participation in the
functioning of the ESCO and PESCO market, improving
energy efficiency. “Government expenditure” is often
mentioned in the context of legislative changes to grant
availability of European Structural and Investment Funds
beyond 2021 (in connection with 7 measures). Financial
support for renovation, insulation, energy efficiency; support
for voluntary agreements; creation of a fund to promote RES
and energy efficiency; implementation of a specific number of
projects are also mentioned as planned government

expenditure.  Identified measures as  “market-based”
instruments include assessing whether measures such as cross-
trading surplus energy efficiency savings; tax rebates for
energy efficiency improvements or the use RES; increasing the
tax burden on fossil fuels are listed for assessment as possible
changes in legislation.

A mix of policy instruments has been developed for several
measures, for example combining legislative regulation with
“voluntary actions” and “government expenditure” or
“regulation” linked with “market-based” instruments. In fewer
cases, “regulation” has been combined with “government
expenditure” and “market-based” instruments.

TABLE IL POLICY MEASURES MENTIONED IN NECP2030, ANNEX 4
"PLANNED POLICIES AND MEASURES FOR THEIR IMPLEMENTATION" [19]
Market-
Category of . Voluntary | Government arket
. Regulation . . based
policy instrument actions expenditures | .
instruments
Number of
measures 76 4 22 8
planned

According to the distribution of measures into the four
selected categories of policy instruments, it can be seen that
planned policy measures are not distributed evenly amongst
them. Emphasis is placed on conducting new regulatory
framework and additional research for measures to be
undertaken. The second highest figure is for “government
expenditure”, in the form of legislative changes to further
access European Structural and Investment Funds and to
improve energy efficiency in a certain number of projects.
“Market-based” instruments and “voluntary actions” received
relatively little attention and are applied in combination with
regulatory-type policy instruments mostly as changes in tax
system.

IV. DISCUSSION AND CONCLUSIONS

EU legislation is being implemented in Latvia's long-term
planning documents. Latvia's long-term planning strategies
have taken into account the main objectives set at the EU level.
Although fragmentation and contradictions have been observed
while assessing Latvia's planning documents, for example, the
need to promote energy production from RES is underlined,
but at the same time, there are no clear support mechanisms.
The necessity to stop supporting fossil fuels is identified, but
there is no precise plan how this will be done - recognition of
the need to move away from fossil fuels in favour of RES was
already identified in 2013 in the " Latvian Long - Term
Strategy for Energy 2030" and almost a decade later the
NEKP2030 highlights the same problem, still without an
explicit solution [19], [24].

The policy measures and instruments proposed in
NECP2030 place a significant emphasis on "regulatory" type
policy instruments, which imply additional work on
administrative and regulatory requirements. It could be a
potentially distressing indicator, as the analysis of Latvian
planning documents repeatedly point to an overly complex
bureaucratic process and administrative burden, coupled with a
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lack of institutional capacity [23], [19], [21]. Under the
category "government expenditure", a relatively large number
of policy measures are mentioned, indicating national
governments' initiative to invest and financially support energy
efficiency and improvement measures. A deeper analysis of the
planned actions shows that legislative changes are planned to
ensure that the financial support from European Structural and
Investment Funds can be attracted, rather than the funding
itself being guaranteed. No information on the readiness to
allocate government funding to promote energy efficiency
measures was identified. In long-term development planning
little attention to "market-based" and "voluntary" instruments is
paid, and measures under these categories lack ambition, for
example, increasing the number of voluntary agreements from
two to 10, or the reference to tax changes in the next decade as
"assess the scope for possible regulatory changes" rather than
“make changes” [19].

Even though the Latvian government has identified the
same targets as the EU and implemented them in its long-term
planning strategies, the identified policy instruments for
improving energy efficiency in the heating and cooling sector
suggest that they are set modestly. The emphasis is put on new
legislation and further assessment, leading to further
overburdening of the administrative apparatus and slow
implementation of new initiatives. To achieve long-term
energy objectives, the policy mix of regulation combined with
“government expenditure” or “market-based” instruments
needs to move from the protracted “evaluation phase” to a
more targeted and formulated “action phase”.
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Abstract: The broad spectrum of bioresource use makes it challenging to interconnect strategic
objectives and policy planning documents without compromising a coherent development vision.
Bioeconomy development directions have been defined at the EU and Latvian levels. Nevertheless, to
facilitate their implementation, the goals must be consistent with those specified in relevant national
policy planning documents and vice versa. To determine whether internationally defined bioeconomy
objectives are implemented in Latvian policy planning documents and what priority is given to them,
a mixed methods approach was used—a systematic literature review combined with a keyphrase
assignment approach. The results are summarized in an illustrative screening matrix and aggregated
using the TOPSIS method to identify in which policy planning documents bioeconomy objectives are
prioritized and to what extent. The results have shown a high prioritization of bioeconomy objectives
in Latvian policy planning documents, especially in hierarchically higher documents.

Keywords: bioeconomy strategy; policy coherence; policy framework; strategic development

1. Introduction

The year 2022 marks the 10th anniversary of the first European Bioeconomy Strategy
“Innovating for sustainable growth—A bioeconomy for Europe” (further EBS) [1,2]. The
EBS sets out a series of objectives aimed at expanding the use of bioresources and under-
lining the need to move from the “old” to the “new” bioeconomy—knowledge-based and
innovative [2,3]. The aim is to improve the current practices in land use and resources
sustainably, to reduce emissions during resource extraction and processing, to lessen waste
and use by-products to create higher value-added products, to move towards a circular
economy, to minimize the use of non-renewable, unsustainable resources and adopt other
environmentally friendly practices [2,3]. The bioeconomy has not lost its relevance over the
last 10 years. On the contrary, global climate change, the current geopolitical situation, and
rising energy prices further emphasize the need for the sustainable use of bioresources and
the replacement of fossil fuels [4,5].

The economic impact of the COVID-19 pandemic and the tense geopolitical situation
with the active warfare in Ukraine has created a situation where energy and food prices
are rising rapidly due to disrupted and uncertain supply. The objectives of the EBS [6]
are now central and could be a solution in terms of replacing fossil fuels with renewable
resources under the condition of efficient and knowledge-based use of bioresources [5,7].
As the application of bioresources is wide-ranging, the EBS should be seen as a part of a
larger equation, which could be solved by attaining coherence between policies affecting
the bioeconomy and bioresources management at the international and the EU Member
State level. Latvia is no exception. Therefore, bioeconomy development potential in Latvia
should be assessed in order to identify the coherence between policy planning documents
concerning different domains (external coherence) and also within each policy domain
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SLR to identify objectives and action lines

to verify the consistency of expressed policy goals, instruments, and other policy-related
signals (internal coherence) [8].

Coherent policy-making across sectors could contribute to environmental sustainabil-
ity and the development of successful national and regional cooperation mechanisms for
forming functional regulation mechanisms and achieving common goals [4,8]. National
action plans for the governance of bioresources aligned with international targets could
ease food and energy supply risks, promote more rational and efficient use of bioresources,
and prevent rapid and unpredictable inflation in Latvia and across the EU [5]. It is essential
to identify whether Latvia’s policy planning documents are coherent regarding the internal
and external policy domains of bioeconomy development opportunities [4,8,9]. Whether
the implementation of the overall strategic vision of bioeconomy development is follow-
ing a top-down approach and maintains coherence at all levels is therefore important to
identify [10,11].

2. Materials and Methods
2.1. Systematic Literature Review

A methodology was developed to identify a framework for developing the bioeconomy
in Latvia’s policy planning documents (Figure 1). The authors first identified internationally
important documents that outline the main bioeconomy development trends and priorities.
Three documents were selected: the 2009 OECD report “The Bioeconomy to 2030. Designing
a Policy Agenda” [12]; EBS (2012) [6] and the EBS Action plan “A sustainable bioeconomy
for Europe. Strengthening the connection between economy, society and the environment:
updated bioeconomy strategy” (2018) [13]; UN “Transforming our world: the 2030 Agenda
for Sustainable Development” (2015) [14,15]. The objectives and action lines for bioeconomy
development in these documents were identified through a systematic literature review
(SLR). From the identified objectives, keywords were selected for further work with Latvian
policy planning documents [16] to determine whether their objectives for bioeconomy
development coincide with those set at the international level.

keywords extracted for further analys:s
with KAA

KAA+SLR to
identify prioritisation
of the objectives and

action lines in

Latvian policy
planning documents

Discussion and
conclusions

Figure 1. Methodology for assessment of policy planning documents at the international and national

level.

The next step was to select Latvia’s policy planning documents for further analysis.
This step was also necessary to understand whether the documents coincide with the inter-
national purpose of the bioeconomy [11,17]. A total of 10 policy strategies and development
plans directly related to the bioeconomy were selected (Appendix A) using a hybrid search
strategy—SLR in combination with snowballing [18]. The search began with the analysis
of the Latvian Bioeconomy Strategy 2030 (further LBS) and expanded the set to policy
planning documents in relation to it and to the development of the bioeconomy. Further, a
keyphrase/keyword assignment approach (KAA) [16,19,20] in combination with SLR was
used to identify the specification of the internationally agreed objectives in the selected
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Latvian policy planning documents. This would also allow for assessing the level of prior-
ity given to them. The results were presented in an illustrative screening matrix using a
Likert-type scale [21], where more mentions of an objective indicated its higher priority.
The priority of an objective was determined by the number of times it was mentioned in
the policy planning document, as shown in Table 1.

Table 1. Rating scale for the illustrative screening matrix.

Rating Level of Priority Interaction
1 not a priority no mention
2 low priority 1-2 mentions
3 medium priority 3—-4 mentions
4 high priority 5-8 mentions
5 essential 9 and more mentions

The SLR has its roots in evidence-based policy and practice. It can be used to ad-
dress environmental issues and evaluate policies and policy instruments [22-24]. One
of the strengths of the SLR is that it allows one to answer a specific question or test a
hypothesis [22,24]. Hence, the SLR method was chosen to identify international objectives
and later to improve the quality of the illustrative screening matrix, showing the priority
given to each of the international objectives identified above in the policy planning docu-
ments. SLR can be very time-consuming; therefore, KAA [19,20] was applied to reduce the
time needed to review all 10 of Latvia’s policy planning documents. The KAA was chosen
because it is less time-consuming and helps to revise a document and the issue more closely
while maintaining consistency [19,20]. Latvian policy planning documents range in length
from 32 pages [25] to 228 pages [26], therefore, looking for pre-assigned keyphrases and
keywords (Table 2) identified at the international level helped to maintain the scope and to
constrain the study to a concise timeframe.

Table 2. Assigned keyphrases and keywords.

No. Identified Objectives and Action Lines Keyphrases and Keywords *
O Ensure food and nutrition security food security, ensure food, food availability
O, Manage natural resources sustainably natural resources; sustainability; resources; natural
Reduce dependence on non-renewable, .
O3 u p . w dependence; non-renewable; fossil
unsustainable resources
Oy Limit and adapt to climate change climate change; adaptation
o Strengthen European competitiveness and create employment; jobs; promoting employment;
5 jobs competitiveness
A Strengthen and scale up the biobased sectors, unlock biobased; attracting investment; innovation;
1 investments and markets investment
Deploy local bioeconomies rapidly across the whole . . .
Ay ploy : ! picly w bioeconomy; bioresources; regions
of Europe
As Understand the ecological boundaries of the ecological; boundaries; biological

bioeconomy

* Keyphrases and keywords searched in documents in Latvian by using the word root.

2.2. Multi-Criteria Decision Analysis

An illustrative screening matrix was developed from the results of SLR and KAA.
It shows the priority level of the international bioeconomy development goals in each
of Latvia’s policy planning documents. To determine which of the ten policy planning
documents has the highest level of coherence with the internationally defined bioeconomy
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development objectives, the authors carried out a multi-criteria decision analysis—the
Technique for Order Preference by Similarity to Ideal Solution (TOPSIS).

The advantage of the TOPSIS method is its simplicity and the relatively small amount
of data required to apply it [27,28]. The TOPSIS method is used for decision-making
in various areas, including the evaluation of strategies by determining the proximity of
predefined alternatives to the ideal positive and negative solutions [27-29]. One component
of the TOPSIS calculation is the application of weighted criteria values. The calculation is
then repeated with equal weights to determine the impact of the weights on the obtained
results. [28]. The calculation was performed according to the steps and formulas listed
below [30-32].
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where:

A ... Ay—comparable alternatives;

C; ... Ch—criteria according to which the comparison is performed;

x,-]-—performance /value of alternative A; (where i is alternative 1 to m) according to criterion
C; (where j from 1 to n).
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The next step is to calculate the normalized rating using the formula:
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When the normalized evaluation of all alternatives according to the criteria specified
in Table 2 is obtained, it is necessary to determine the individual weight w; of each criterion.
Weights are determined by meeting a condition—the sum of criterion weights is equal to 1.

Expert evaluation is used to determine the individual weight of each criterion. As
criteria weights, expert evaluation was obtained by Dolge et al. [33], analyzing the national
bioeconomy strategies of nine EU countries using the TOPSIS method. The identified
objectives and action lines in Table 2 coincide with the evaluation criteria set out in the
study by Dolge et al. [33] (EBS objectives and EBS Action plan action areas); therefore, in
order to ensure continuity and comparability of the studies, it was decided to use the expert
evaluation in this research as well (Table 3). The expert evaluation was obtained through
an online survey of industry stakeholders involved in any of the primary bioresources
production or processing sectors or in scientific research in the field of bioeconomy, climate,
and environmental sustainability [33]. The experts were asked to rate each of the criteria
to detect the most important ones for the rapid development of the bioeconomy [33]. The
weights of the criteria are the average of the 27 experts’ responses for each criterion, giving a
total of 1 or 100% for all criteria [33] (Table 3). The criterion weights obtained were inserted
into the TOPSIS matrix and used for further calculations. In the next step, the criteria
weight values w; obtained from the expert evaluation are multiplied by the normalized
values 7;, to obtain the normalized weighted value v,;, as shown in Equation (4):

Vgi = W * Tig “)
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Table 3. Expert evaluation used for criterion weights [33].

No. Criteria Criterion Weights, w;
1 O;1—Ensure food and nutrition security 0.11
5 O,—Manage n-atural resources 018
sustainably
O3—Reduce dependence on
3 . 0.19
non-renewable, unsustainable resources
4 O4—Limit and adapt to climate change 0.12
Os—Strengthen European
5 o . 0.10
competitiveness and create jobs
A1—Strengthen and scale up the
6 biobased sectors, unlock investments and 0.13
markets
Ax—Deploy local bioeconomies rapidly
7 0.08
across the whole of Europe
s Az—Understand the ecological 0.09
boundaries of the bioeconomy ’
TOTAL: 1.00 (100%)

When the normalized weighted decision matrix is constructed, the ideal positive
solution d;f and the ideal negative solution d, are calculated. Initially, the distance to the
ideal solution (MAX) and the distance to the anti-ideal solution (MIN) are determined.
Distances are determined by formulas:

=MAX(v,1:043) ®)

=MIN(V,1:043) (6)

After determining the distance to the ideal and anti-ideal solution, the next step is to
determine the ideal positive and ideal negative solution according to the formulas:

d =\ [T (of —oai)’ @)

dy =X (o = oa)” (®)

The relative proximity of the alternative to the ideal solution is calculated as shown in
formula No. 9:
__ 4
Cdf+d,

The result is equal to values that show the proximity of the alternative to the ideal
positive solution and the distance from the ideal negative solution.

To determine the impact of the weights of the criteria set by the expert evaluation
(Table 3) on the evaluation of criteria, a re-evaluation of the criteria is performed, assigning
equal values to all alternatives by using the same equations described above.

Ca ©)

3. Results
3.1. International Policy Framework of Bioeconomy

Three leading policy planning documents were selected for identifying internationally
established directions for bioeconomy development. The 2009 OECD report “The Bioecon-
omy to 2030. Designing a Policy Agenda” [12] lays the foundations for a strategic view of
the bioeconomy and the benefits that could arise from the wider use of bioresources and
biotechnologies [15]. The report states that the bioeconomy has all the potential needed to
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ensure long-term economic and environmental sustainability, however, to achieve this, a
broad public and national government support is crucial [12]. The OECD report identifies
nine vital challenges in the bioeconomy till 2030 [12] and they are summarized in Table 4.

Table 4. Objectives and actions identified at international level to develop bioeconomy [12] (pp.
287-293), [6,14] (pp. 9-11), [13] (pp- 10-22).

OECD “The Bioeconomy to 2030. Designing

a Policy Agenda” [12]

UN Agenda for Sustainable Development 2030
[14]

European Bioeconomy Strategy (2012,
2018) [6,13]

reverse the neglect of primary production and

industrial applications;

Goal 2: eradicate hunger, achieve food security and
improved nutrition, and promote sustainable
agriculture;

Ol—ensure food and nutrition security;

prepare for a costly but beneficial revolution in

healthcare;

Goal 7: ensure universal access to affordable,
reliable, sustainable, and modern energy services;

O2—manage natural resources
sustainably;

manage the globalization of the bioeconomy;

turn the economically disruptive power of
biotechnology to advantage;

Goal 8: promote sustained, inclusive, and
sustainable economic growth, full and productive
employment, and decent work for all;

O3—reduce dependence on
non-renewable, unsustainable resources;

prepare for multiple futures;

Goal 12: ensure sustainable consumption and
production patterns;

O4—Ilimit and adapt to climate change;

maximize the benefits of integration;

Goal 13: take urgent action to combat climate
change and its impact;

O5—strengthen European competitiveness
and create jobs

reduce barriers to biotechnology innovation;

Goal 14: preserve and sustainably use the oceans,
seas, and marine resources to ensure sustainable
development;

(Al)—strengthen and scale up the
biobased sectors, unlock investments and
markets;

create a dynamic dialogue between
governments, citizens, and firms;

prepare the foundation for the long-term
development of the bioeconomy.

Goal 15: protect, restore, and promote sustainable
use of terrestrial ecosystems, sustainably manage
forests, combat desertification, and halt and

reverse land degradation and halt biodiversity loss.

(A2)—deploy local bioeconomies rapidly
across the whole of Europe;

(A3) understand the ecological boundaries
of the bioeconomy.

The role of the bioeconomy as a globally significant driver for future development is
reinforced and complemented by the plan—"“Transforming our world: the 2030 Agenda for
Sustainable Development”, adopted by the UN in 2015 [14]. The 17 Sustainable Develop-
ment Goals (further SDGs) include a series of actions aimed not only at eradicating poverty
and hunger but also at combating climate change by encouraging responsible and efficient
use of resources and other environmentally friendly measures [14]. Seven of the SDGs are
more closely linked to bioeconomy development and are summarized in Table 4 [14,25].

In 2012, shortly after the OECD report was published, the EU adopted its first EBS [6]
to address ecological, environmental, energy, food supply, and bioresource challenges [15].
As a result, a set of five key objectives for promoting and strengthening the bioeconomy
were brought forward (Table 4) [6]. The EBS was designed to complement existing EU
policies such as the Common Agricultural Policy and Common Fisheries Policy and invited
EU Member States to develop their own national strategies in order to place bioeconomy
on their policy agenda [6].

A few years later in 2018, the existing EBS was revised, and the direction of the strategy
was adjusted by adding new areas of action [2,6,13]. An updated EBS “A sustainable
bioeconomy for Europe. Strengthening the connection between economy, society and the
environment: updated bioeconomy strategy”, and Action Plan were adopted [13]. The
Action Plan identifies three action areas (Table 4), under which a total of 14 sub-activities
are identified [2,13]. The EBS Action Plan (2018) is created taking into account and is closely
interlinked with the SDGs [2].

The objectives and action lines summarized in Table 4 are listed in the order in which
they appear in each document, without attempting to group them thematically or by
importance. Table 4 shows the main goals of the documents and, as they do not show
conflicting ideas, for further analysis only the objectives and action lines from the EBS and
EBS Action Plan will be used in order to reduce the number of keywords to be searched for
in the policy planning documents. An additional argument for the keywords being drawn
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only from the EBS and EBS Action Plan is that the documents adopted by the OECD [12]
and the UN [14] have been taken into account in the development of the EBS [6] and later
EBS Action Plan [13].

In addition, four keywords were added as the major sources of bioresources: agricul-
ture, forest sector, fisheries, and aquaculture. Hence, it would be possible to determine
whether one of these three sectors is being developed more or, on the contrary, neglected.

On average, between 15 and 20 keywords or keyphrases in Latvian were used per
policy document, with the potential to indicate the inclusion of the objectives listed in
Table 4 or the three bioeconomy-related sectors in policy documents.

3.2. National Policy Framework—The Latvian Bioeconomy Strategy

The LBS was adopted in 2017 [25] in regard to Latvia’s highest hierarchical long-term
planning document—the Latvian Sustainable Development Strategy 2030 [34]. Latvia’s
Sustainable Development Strategy 2030 sets a goal “to become the EU leader in the preser-
vation, increase, and sustainable use of natural capital” [25,34], but, to achieve this, the
bioeconomy needs to be given a more important role at the national level, and possible
directions for development need to be identified. Bioeconomy in Latvia encompasses
many economic sectors that can be divided into several groups: primary production of
bioresources (agriculture, forest sector, fisheries); processing sectors of bioresources, where
operation completely or mainly depend on bioresources; processing sectors of bioresources,
where bioresources compete with other raw materials or replace them; service sectors using
bioresources [25].

LBS states that Latvia has ample opportunities to successfully develop the bioeconomy
and use natural resources sustainably and as efficiently as possible [25]. Through the
development of the bioeconomy, land resources could be used in a strategic and sustainable
manner and new well-paid jobs could be created [25]. An important future development
would be the reduction in waste in manufacturing and processing industries and the
substitution of fossil resources for bioresources [25]. Objectives and action directions
defined by the LBS are presented in Table 5 [25].

Table 5. Objectives of the Latvian Bioeconomy Strategy 2030 [25] (pp. 5-22).

Latvian Bioeconomy Strategy 2030

Objectives Action Directions
(1) promotion and preservation of employment
in bioeconomy sectors to up to 128 thousand Attractive Entrepreneurial Environment
employees
(2) increasing the added value of bioeconomy Result-oriented Efficient and Sustainable
products to at least 3.8 billion euros in 2030 Resource Management

(3) increasing the value of bioeconomy export

production to at least 9 billion euros in 2030 Knowledge and Innovations

Promotion of Manufacturing the Produce in
Bioeconomy

Socially Responsible and Sustainable
Development

3.3. Latvian Policy Planning Documents Related to the Bioeconomy

For the analysis of Latvian policy planning documents, 10 long-term and medium-
term planning documents (Appendix A) were identified by using SLR in combination with
snowballing. Starting with LBS [25], then expanding the selection to the Latvian Sustainable
Development Strategy 2030 [34] and documents related to waste management [26], achiev-
ing climate neutrality [35], moving towards a circular economy [36], and other thematically
related policy planning documents. To determine how the bioeconomy development
possibilities are covered and to what extent was prioritized by these documents.
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In terms of year of adoption, the earliest document in the set is the Sustainable
Development Strategy of Latvia 2030 [34], adopted in 2010, followed by the LBS [25],
adopted in 2017 (Appendix A). Other policy planning documents were adopted in 2019
or earlier. Most policy documents in Appendix A set out not only the objectives to be
achieved, but also specific action lines and performance indicators. Documents with
actions defined in a generic manner, without specific actions, are the Strategy of Latvia
for the Achievement of Climate Neutrality by 2050 [35] and the LBS [25]. The Strategy
of Latvia for the Achievement of Climate Neutrality by 2050 and LBS are the only policy
planning documents in the selection of documents that are “informative reports” and do
not have action plans. LBS does not set qualitative or quantitative indicators to measure
the achievement of the objectives [25]. An important element in achieving objectives set
out in policy planning documents is an interim evaluation to monitor the progress of the
implementation. Sustainable Development Strategy of Latvia 2030 [34]; Strategy of Latvia
for the Achievement of Climate Neutrality by 2050 [35]; Latvian National Development Plan
2021-2027 [37] and National Energy and Climate Plan for 2021-2030 [38] have incorporated
a periodic or mid-term evaluation. Documents that do not include a mid-term assessment
are the LBS [25]; Action Plan for the Transition to a Circular Economy 2020-2027 [36], and
Environmental Policy Guidelines 2021-2027 [39].

Half of the revised policy planning documents do not have indicative funding for
implementation. In addition, the LBS has no indication of the approximate amount or
possible sources of funding for the promotion and development of the bioeconomy [25].
Regarding the source of funding, some of the policy planning documents (Appendix A)
include a statement that the action lines will be implemented within the existing national
budget, putting a particular emphasis on the possibility to attract funding from the EU
Structural Funds, as well as other sources of funding, including private finance.

3.4. Implementation of International Objectives in Latvia’s Policy Planning Documents
3.4.1. llustrative Screening Matrix

The results obtained with KAA and SLR on the prioritization of bioeconomy develop-
ment goals in Latvian policy planning documents were normalized according to Table 1.
Acquired ratings were displayed in the illustrative screening matrix (Table 6). The matrix
does not analyze the nature of interactions but looks at the priority of objectives (Table 4) in
Latvian policy planning documents by counting mentioned keyphrases and keywords in
the context of bioeconomy objectives. The assumption is that the more often an objective or
action line is mentioned in a policy document, the higher the priority is given to it and the
more likely it is to be implemented.

The illustrative screening matrix (Table 6) not only allows one to assess the priorities
set in Latvian policy planning documents in relation to internationally defined objectives
and action lines but also allows one to estimate the internal and external coherence between
different policy domains (Figure 2) [8]. Additionally, vertical interactions can be observed—
whether international-level documents are implemented on a national level, and on lower-
level planning documents related to the bioeconomy sector [8]. Horizontal interactions
show whether there is synergy between the objectives set out on international and local
level policy planning documents across external and internal dimensions [8].
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Table 6. Illustrative screening matrix.
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[37]
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Figure 2. Coherence amongst bioeconomy-related international and national policy planning docu-

ments (adapted from [8]).

The illustrative screening matrix indicates that Latvia’s long-term and medium-term
policy planning documents, in general, prioritize the same objectives and action lines that
have been set at the international level by the EU, UN, and OECD. Highest-level policy
planning documents such as the Sustainable Development Strategy of Latvia until 2030 [34],
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Strategy of Latvia for the Achievement of Climate Neutrality by 2050 [35], Latvian National
Development Plan [37], Latvian National Energy and Climate Plan for 2021-2030 [38], and
the LBS [25] give high priority to the international bioeconomy objectives. However, it was
already expected for the LBS to score the highest out of the set of documents considered
because the LBS itself mentions that it has been designed taking into account the objectives
set by the EBS [25]. A lower level of prioritization can be observed in policy documents
that define strategic development in more specific areas such as waste management [26],
circular economy [36], and adaptation to climate change [40], because of having more
specific deliverables but on average showing high results in the overall policy framework
for bioeconomy development.

The results obtained by adding up the objectives (O1-0O5), action lines (A1,A2), and
bioeconomy sectors (agriculture, forest sector, fisheries, and aquaculture) were assessed
separately in the illustrative screening matrix (see Table 6). This allowed us to assess the
inclusion of the internationally agreed objectives in Latvia’s policy planning documents,
as well as to identify whether the EBS Action Plan adopted in 2018 is taken into account.
The priority given to bioeconomy sectors in each of the documents was also assessed, thus
showing which of them is being prioritized.

The evaluation of the policy planning documents (Table 6) by adding up the objectives
(O1-05) showed that the LBS [25] and the Strategy of Latvia for the Achievement of
Climate Neutrality by 2050 [35] have the highest ranking with 24 points. The following
documents are next in order of points—the Sustainable Development Strategy of Latvia
until 2030 [34] with 21 points, the Latvian National Development Plan 2021-2027 [37] with
20 points, and close behind with 17 points the Latvian National Energy and Climate Plan for
2021-2030 [38], and the National Industrial Policy Guidelines for 2021-2027 [41]. Latvia’s
Adaptation to Climate Change Plan for the Period Until 2030 [40] and the National Waste
Management Plan for 2021-2028 [26] obtained 15 points each. The lowest scores are shown
by the Action Plan for the Transition to a Circular Economy 2020-2027 [36] (13 points) and
the Environmental Policy Guidelines 20212027 [39] (13 points).

The analysis of the inclusion of action lines from the EBS Action Plan (A1-A3) in
policy documents showed that none of the documents scored the highest possible score
of 15, but both the Latvian National Development Plan 2021-2027 [37] and the National
Industrial Policy Guidelines for 2021-2027 [41] scored close with 14 points each. Two policy
documents scored highly, with 13 points the Strategy of Latvia for the Achievement of
Climate Neutrality by 2050 [35] and the LBS [25]. The Sustainable Development Strategy of
Latvia until 2030 [34] obtained 12 points, and both the Action Plan for the Transition to a
Circular Economy 2020-2027 [36] and the Environmental Policy Guidelines 20212027 [39]
scored 11 points. Policy documents with the lowest scores were the Latvian National
Energy and Climate Plan for 2021-2030 [38] (8 points), Latvia’s Adaptation to Climate
Change Plan for the Period Until 2030 [40] (6 points), and the National Waste Management
Plan for 2021-2028 [26] (6 points).

The score per sector (agriculture, forest sector, fisheries, and aquaculture) in policy
planning documents shows a bit of a different breakdown. The LBS [25] obtained the
maximum score of 15 points. The next highest score is reached by Latvia’s Adaptation
to Climate Change Plan for the Period Until 2030 [40] (13 points), and the Strategy of
Latvia for the Achievement of Climate Neutrality by 2050 [35] (11 points). The Sustainable
Development Strategy of Latvia [34], the Latvian National Energy and Climate Plan for 2021-
2030 [38], and the Environmental Policy Guidelines 2021-2027 [39] have the same score
of 10 points. Other policy planning documents have scored less—the National Industrial
Policy Guidelines for 2021-2027 [41] (8 points), the Latvian National Development Plan
2021-2027 [37] (6 points), the National Waste Management Plan for 2021-2028 [26], and the
Action Plan for the Transition to a Circular Economy 2020-2027 [36] (5 points).

Despite the fact that the EBS was taken into account in the development of the LBS [25],
it has not received the highest possible scores, although it shows the greatest consistency
with the internationally defined objectives (O1-0O5) and action lines (A1-A3). It should
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be noted that the LBS scored highest in the bioeconomy sectoral assessment, giving equal
priority to all three sectors. Comparatively higher scores in the objective assessment were
achieved by higher level policy planning documents as well as the National Industrial
Policy Guidelines for 2021-2027 [41], which can be considered a positive trend as it shows
that internationally defined bioeconomy development objectives are being taken into
account. The presence of the National Industrial Policy Guidelines among the highest
scoring documents should be seen as a logical outcome, as a knowledge-based innovative
bioeconomy is one of the five knowledge areas (RIS3) identified for Latvia and discussed in
more detail in the document [41].

The assessment of the implementation of the actions (A1-A3) of the EBS Action Plan in
policy planning documents has shown similar results, with the National Industrial Policy
Guidelines [41] scoring second highest. The Latvian National Energy and Climate Plan for
2021-2030 [38] scored relatively low compared to other hierarchically higher documents,
possibly due to its thematic focus on energy and energy efficiency issues, with less attention
to ecological boundaries. The bioeconomy sectors (agriculture, forest sector, fisheries, and
aquaculture) have received varying attention in the policy planning documents reviewed.
As already mentioned, the LBS has given equal priority to all sectors. No clear correlation
can be discerned between the prioritization of bioresource extraction sectors in higher and
lower-level policy planning documents.

Looking at the priority areas assigned to the objectives related to the development of
the bioeconomy in the policy planning documents (Table 6—01-05, (A1)—~(A3) vertically)
the results indicate that in Latvian policy documents, priority is given to O2—"manage
natural resources sustainably” (44 points) and O4—"limit and adapt to climate change” (44
points). Slightly lower scores are received by (A1)—"strengthen and scale up the biobased
sectors, unlock investments and markets” (41 points) and O5—"“strengthen European
competitiveness and create jobs” (37 points); (A2)—“deploy local bioeconomies rapidly
across the whole of Europe” (34 points) and (A3)—"understand the ecological boundaries
of the bioeconomy” (33 points). The lowest priority was given to objectives O1—"ensure
food and nutrition security” (29 points) and O3—"reduce dependence on non-renewable,
unsustainable resources” (25 points).

The priority given to the agriculture, forest sector, fisheries, and aquaculture sectors
in Latvia’s policy planning documents altogether was assessed to determine whether any
bioresource sector is prioritized over others. The assessment shows that the highest priority
in the context of the bioeconomy is given to developing the agricultural sector (40 points);
the forest sector scores lower with 30 points and the least priority is given to developing
fisheries and aquaculture with 23 points.

3.4.2. TOPSIS Results

The TOPSIS criteria were weighted according to expert evaluation [33] (Table 3).
The experts determined which of the criteria (Table 2) could play a crucial role in the
development of the bioeconomy in Latvia. Thus, the TOPSIS analysis results would reveal
which of Latvia’s policy planning documents puts the most emphasis on a particular
objective.

Therefore, the prioritized bioeconomy development objectives in the policy planning
document combined with expert evaluation (Table 3), identifying which of these objectives
are most important, were the ideal positive solution. In the evaluation of the Latvian
policy planning documents using the TOPSIS method, with criteria weights (Table 3), the
LBS [25] (0.98), and the Strategy of Latvia for the Achievement of Climate Neutrality by
2050 [35] (0.98) have the highest score and are the closest to the ideal positive solution for
bioeconomy development in Latvia (Figure 3). The Sustainable Development Strategy of
Latvia 2030 [34] with 0.58 points and the Latvian National Development Plan 2021-2027 [37]
with 0.57 points scored significantly lower; the next closest to the ideal solution was the
Latvian National Energy and Climate Plan for 20212030 [38] with 0.46 points. The next
highest scorers are policy planning documents aimed at developing a specific policy area or
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sector—the National Waste Management Plan for 20212028 [26] (0.38 points); the National
Industrial Policy Guidelines for 2021-2027 [41] (0.37 points); and the Environmental Policy
Guidelines 2021-2027 [39] (0.23 points). Latvia’s Adaptation to Climate Change Plan for
The Period Until 2030 [40] and the Action Plan for the Transition to a Circular Economy
2020-2027 [36] received only 0.22 points.

100 098 096
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2 o060 0.5
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g 040 036
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U 030
0.2:
0.20
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Development  Latvia for the  Development ~ Energy and  of Bioeconomy ~Adaptation to  Management Industrial Policy the Transition to  Policy
Strategy of  Achievement of Plan 2021-2027 Climate Plan for 2030  Climate Change Plan for 2021~ Guidelines for  aGircular  Guidelines 2021~
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Neutrality by Period Until 027
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Long-term and medium-term policy planning documents

 Criteria weights determined by an expert survey W Equal weights for criteria

Figure 3. TOPSIS results on prioritized objectives and action lines in the Latvian policy planning
documents.

TOPSIS results with applied equal criteria weights show similar results as when ap-
plying the criteria weights determined by experts. The policy planning documents closest
to the ideal positive solution are the Strategy of Latvia for the Achievement of Climate
Neutrality by 2050 [35] (0.96) and the LBS [25] (0.95) (Figure 3). The Sustainable Develop-
ment Strategy of Latvia 2030 [34] with 0.76 points and the Latvian National Development
Plan 2021-2027 [37] with 0.76 points scored significantly higher than in the evaluation
with criteria weights set by experts, however, these two documents maintain the third
and fourth highest ranking. The National Industrial Policy Guidelines for 2021-2027 [41]
showed a better result with equal criteria weights by scoring 26 points higher than in the
evaluation with criteria weights determined by expert evaluation (0.64 points). The Latvian
National Energy and Climate Plan for 2021-2030 [38] with 0.43 points has almost a similar
score as in the previous assessment with weights assigned by experts. Farther from the
positive ideal solution are the Environmental Policy Guidelines 20212027 [39] (0.36 points),
the Action Plan for the Transition to a Circular Economy 2020-2027 [36] with 0.33 points,
Latvia’s Adaptation to Climate Change Plan for the Period Until 2030 [40] with 0.26 points,
and National Waste Management Plan for 2021-2028 [26] with 0.23 points.

The TOPSIS analysis on agriculture, forest sector, and fisheries and aquaculture in
Latvian policy planning documents (Figure 4), with equal criteria weights, has shown the
following results. One document is the ideal positive solution with 1.00 point—the LBS [25].
Latvia’s Adaptation to Climate Change Plan for the Period Until 2030 [40] is the second
closest with 0.92 points. Other policy planning documents scored lower in the TOPSIS
assessment. The third document that is the closest to the ideal positive solution is the
Strategy of Latvia for the Achievement of Climate Neutrality by 2050 [35] (0.52). The fourth
is the Latvian National Energy and Climate Plan for 2021-2030 [38] (0.46), and the fifth is
the Sustainable Development Strategy of Latvia 2030 [34] (0.45). The Environmental Policy
Guidelines 20212027 ranked close to this score [39] (0.38). The National Industrial Policy
Guidelines for 2021-2027 [41] obtained 0.18 points, the Latvian National Development Plan
2021-2027 [37] 0.08 points, and the National Waste Management Plan for 2021-2028 [26]
with 0.03, and the Action Plan for the Transition to a Circular Economy 2020-2027 [36] with
0.01 are the furthest away from the ideal positive solution.
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Figure 4. TOPSIS results on agriculture, forest sector, fisheries, and aquaculture.

4. Discussion

The results of the analysis of Latvia’s long-term and medium-term policy planning
documents by constructing an illustrative screening matrix and a subsequent analysis with
TOPSIS indicate a positive trend in the implementation and prioritization of the interna-
tionally agreed objectives in Latvia’s policy planning. Each of the 10 documents selected
for the study could be linked to the international objectives. Notably, the policy planning
documents that are higher up the policy planning hierarchy, such as the Sustainable Devel-
opment Strategy of Latvia until 2030 [34], the Strategy of Latvia for the Achievement of
Climate Neutrality by 2050 [35], and the Latvian National Development Plan 2021-2027 [37]
performed considerably better than specifically targeted lower-level sectoral plans, as for
example the Environmental Policy Guidelines 2021-2027 [39].

Looking at the priority given to each objective and action line in the Latvian policy
planning documents, a less thematic elaboration on the objective of O1—"ensure food
and nutrition security” [6] and O3—"reduce dependence on non-renewable, unsustainable
resources” can be observed [6]. Food and nutrition safety and food quality are not seen
as an issue in Latvia’s policy planning, because of a well-developed agricultural sector
that is fully capable of meeting current food demand and high EU quality standards [42].
Consequently, it is not considered to be a topical issue that calls for strategic planning at the
national level. References to objective O1 are found in all the policy planning documents
analyzed (Table 6), apart from the Environmental Policy Guidelines 20212027 [31].

Despite the negative environmental impact of fossil fuels identified in policy planning
documents [26,34,35], there are no concrete actions outlined to phase out fossil fuels. The
low priority given to the need to reduce dependence on non-renewable and unsustainable
resources (O3) could be an indication of the resistance of policymakers to fossil fuel di-
vestment, given the existing infrastructure of fossil energy sources and the year’s long low
prices of natural gas and oil. This scenario changed rapidly this year.

The development of agriculture and forest sectors was mentioned relatively frequently,
whereas the development of fisheries, except for the LBS, received very little attention.
Latvia is a water-rich country with a long maritime border, which makes it unclear why
fisheries and aquaculture development is given such a low priority in planning documents.
The authors suggest that this may be because Latvia’s fisheries and aquaculture sectors have
historically been based on fishing in the sea [43,44], but the collapse of the Soviet Union and
in later years the introduction of EU fishing quotas due to the depletion of significant fish
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species has led to a stagnation in the development of the fisheries sector [45,46]. However,
innovative technologies and a shift towards growing fish and other marine organisms
in aquacultures could change the situation [47,48]. The efficient management and use of
inland waters and fish, shellfish, and algae these waters contain could be used to produce
innovative products [47,48].

Assessment of the Latvian policy planning documents from a technical perspective
showed that most of them set specific actions to be taken, and indicators and interim
evaluations to track progress (Appendix A). Nevertheless, a critical element for all the
policy planning documents is the unclear financing mechanism. The documents mostly
indicate that financial resources should be allocated within the existing national budget on
an annual basis or applied for from EU Structural Funds or private funding to implement
the measures. This raises concerns about the extent to which the objectives and action lines
for bioeconomy development could be implemented.

5. Conclusions

The methodology developed in this study allows relatively quick and easy identifica-
tion of any pre-defined objectives and actions set out in policy documents. It also allows
for assessing the level of priority given to such objectives and actions. However, rather
than stand-alone research, this methodology can be recommended as a first step in a more
in-depth examination of policy planning documents to determine the level of bioeconomy
development priorities in them. It can be applied as a valuable help to facilitate the evalua-
tion of a larger set of documents. The main drawback of this methodology is its inability to
provide an assessment of direct contradictions that may exist between the elaboration of the
objectives and/or the document itself. For a more detailed in-depth study, the documents
with the highest or lowest scores determined using this methodology should be selected,
depending on the expected outcome.
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Appendix A

Table A1. Latvian policy planning documents linked to bioeconomy.

National Policy

Information about the Document

Planning Documents Action Lines to Performance Interim Fundin, Source of
I.{elated to Year Achieve Indicators Evaluation Neededg Financial
Bioeconomy Objectives Resources
Sustainable Under available
» Qualitative and Yes (every 2 . . national budget,
Development Strategy 2010 Specific quantitative years) No information EU funds,

of Latvia 2030 [34]

private
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Table A1. Cont.

Information about the Document

National Policy
Planning Documents Action Lines to . . Source of
Related . Performance Interim Funding . .
Related to Year Achieve Indicators Evaluation Needed Financial
Bioeconomy Objectives ! vatuati Resources
Strategy of Latvia for Under available
the Achievement of . Qualitativeand ~ Yes (every 10 national budget,
Climate Neutrality by 2019 Generic quantitative years) Yes EU funds,
2050 [35] private
Latvian National Qualitative and Yes (every 2 E;?ia?ﬁﬁlblf
Development Plan 2020 Specific e es levery Yes o el
2021-2027 [37] quantitative years) EU funds,
: private
Latvian National Qualitative and E:t(ii;rfai‘lﬁi?bif
Energy and Climate 2020 Specific s Yes Yes fund get
Plan for 2021-2030 [38] quantitative i
private
Latvian Bioeconomy . . . . i
Strategy 2030 [25] 2017 Generic Generic No No information ~ Not specified
Latvia’s Adaptation to Under available
Climate Change Plan . Qualitative and - - national budget,
for the Period Until 2019 Specific quantitative Yes (mid-term) Not specified EU funds,
2030 [40] private
National Waste Under available
Management Plan for 2021 Specific ngg;aégteij:d Yes (mid-term) Yes nat;zolr}afhzlé(iget,
2021-2028 [26] private
National Industrial Qualitative and E;?;;a?ﬁi?b:
Policy Guidelines for 2021 Specific quantitative Yes (mid-term) Yes EU fun. dsg !
2021-2027 [41] private
Action Plan for the Under available
Transition to a Circular » Qualitative and . national budget,
Economy 2020-2027 2020 Specific quantitative No Not specified EU funds,

[36] private
Environmental Policy Qualitative and E;(iioerfaéi‘{;?belf
Guidelines 2021-2027 2021 Specific . v . No Not specified el

[39] quantitative EU funds,

private
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Abstract

Knowledge-based and innovative bioeconomy is a cornerstone for achieving the goals of the European Green Deal. Due to
its comprehensive coverage, bioeconomy performance is challenging to assess unambiguously. This paper presents the
results of a cross-country comparison of 22 EU countries applying the Complex Bioeconomy Sustainability Index for
2012-2018. Results were compared with results of the TOPSIS multi-criteria decision-making method on national
bioeconomy strategies in Finland, France, Spain, Italy, Ireland, and Latvia. The research aims to combine a quantitative
assessment of bioeconomy output indicators with a qualitative evaluation of bioeconomy strategies of EU Member States.

Keywords Bioeconomy * Indicators * Multi-criteria * European Green Deal * Circular economy

Introduction

A decade ago, in 2012, the European Commission adopted
the first-ever European Bioeconomy Strategy and Action
Plan (European Commission 2012) in response to pressing
social and environmental challenges, aiming to promote the
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transition from a fossil-based to a bio-based society and the
recovery from the 2008 economic crisis. The currently valid
version of the Strategy (European Commission 2018a) and
the Action plan (European Commission 2018b) was
renewed in 2018. It remained the five headline targets from
the initial 2012 version (food security, sustainable natural
resource management, increasing bioresources, climate
change mitigation and adaptation, and job creation) and
expanded focus on three action areas, namely (i) scale-up of
bio-based sectors and markets, (ii) deployment of bioeco-
nomies across Europe, and (iii) dealing with the ecological
boundaries of the bioeconomy. A new progress report
published by the European Commission this year (Direc-
torate-General for Research and Innovation 2022) affirms
the need to continue and further strengthen these activities
and emphasizes the vital role of the EU Bioeconomy
Strategy in achieving the goals of the European Green Deal
(European Commission 2019).

The EU Bioeconomy Monitoring System developed by
the European Commission’s Joint Research Center has been
operating since 2020 (European Commission 2022). The
monitoring system aims to provide a coherent approach for
tracking bioeconomy progress across the EU, reflecting the
five objectives of the EU Bioeconomy Strategy and cover-
ing all three sustainability dimensions (economic, environ-
mental, and social progress) (Robert et al. 2020). It is
expected that the monitoring system will serve as a rea-
sonable way to manage the progress of the bioeconomy
sectors based on measurable, comparable indicators and
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help solve the current uncertainties concerning bioeconomy
progress evaluation that many authors point to in the aca-
demic environment. E.g., recently, Ferreira et al. summar-
ized that there is a lack of a unified approach to the
methodology and variables used, which hinders the long-
term evaluation and implementation of the bioeconomy
(Ferreira et al. 2022). The authors highlight the need for
more research on methods and indicators to measure the
bioeconomy, considering the diversity of bioeconomy
policies and strategies worldwide (Ferreira et al. 2022).
Also, O’Brien et al. point out the fragmented research on
the bioeconomy and the need for a dashboard of indicators
and targets to monitor the progress of bioeconomy devel-
opment in the EU (O’Brien et al. 2017). Other authors have
made similar statements highlighting the lack of systema-
tical analysis (Wei et al. 2022) and missing monitoring,
modeling, and evaluation of the sectoral bioeconomy
development trajectories (D’Adamo et al. 2020).

This paper aims to fill the gap in the missing field of
research on bioeconomy advancement assessment based on a
coherent and comparative approach. To the best of our
knowledge, this is one of the few studies that offer an
indicator-based evaluation and comparison of bioeconomy
progress between almost all EU countries. As the literature
review shows, previous studies have focused on assessing
individual indicators or their groups (i.e., based on the sus-
tainability dimension), bioeconomy policy, or case studies of
specific countries. For example, Jander & Grundmann cre-
ated the Substitution Share Indicator to evaluate transitions
from fossil-based to bio-based economies with applications
in Germany’s transport and plastics sectors (Jander and
Grundmann 2019). Blumberga et al. present indicators for
assessing the forest bioeconomy sector in Latvia (Blumberga
et al. 2017). Wozniak et al. review bioeconomy development
indicators on an aggregated EU level compared to Poland
(Wozniak et al. 2022). D’Adamo et al. propose a new socio-
economic indicator for measuring the performance of
bioeconomy sectors (D’Adamo et al. 2020). Ronzon et al.
assess the output of the EU bioeconomy in terms of eco-
system services contribution to three key indicators (value
added at the industry level, employment, and labor pro-
ductivity) in the EU Member States over 2008-2017 (Ron-
zona et al. 2022). Fava et al. assess the driving factors behind
the Italian bioeconomy development (Fava et al. 2021).

Although composite indices are widely used in eco-
nomics and environmental sciences (e.g., Madurai Elavar-
asan et al. 2022; Edmonds et al. 2020; Dolge et al. 2020;
Hryhoruk et al. 2019), their application in the field of
bioeconomy is underdeveloped. Kardung and Drabik
(Kardung and Drabik 2021) are among the few authors who
have compared the progress of EU countries measured by a
set of 41 indicators. In their study, the authors empirically
investigated the development trajectories of bioeconomy in
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10 selected European Union countries from 2006 to 2016.
Based on this assessment, the authors highlight Germany as
a leader in the circular bioeconomy and also note the pro-
gress of Slovakia, Poland, and Latvia. Referring to Ferreira
et al (Ferreira et al. 2022), several articles have attempted to
analyze some of the published national bioeconomy stra-
tegies comparing general aspects, implementation, and
other variables. However, a proper framework for measur-
ing the status of bioeconomy progress is missing (Jander
and Grundmann 2019).

This article assesses the progress of the bioeconomy in 22
EU member states using a Bioeconomy Sustainability Index.
The index measures 13 indicators and their progress among
EU countries from 2012-2018. This research is a continua-
tion of the author’s first attempt to construct a composite
index for the bioeconomy presented in the study by Zihare
et al. as part of the project Bioresource Value Model (Zihare
et al. 2021). Zihare et al. proposed an indicator-based
approach to measure the sustainable development of the
bioeconomy considering the aspects of policy, research and
innovations, and technology. However, the authors concluded
that the proposed Bioeconomy Sustainability Index does not
accurately reflect current bioeconomy development trends
because the index used outdated data from 2012 to 2015.
Furthermore, the authors argued that the index should be
supplemented with new indicators (potentially grouped into
representative dimensions) and that expert weighting could be
applied instead of assigning equal weights, as each indicator
could have different impacts on sustainability levels.

This study extends the previously developed Bioeconomy
Sustainability Index by addressing all significant limitations
identified in the initial research presented by Zihare et al. The
novelty of the present study lies within the three most
important aspects of the improved Bioeconomy Sustain-
ability Index. First, additional explanatory indicators were
added using the latest 2018 data. Second, the indicators
were grouped into four dimensions representing sustainable
bioeconomy development aspects, and expert weighting was
applied to account for the different impacts. And third, the
updated composite index is constructed for a 7-year period to
assess member states’ progress from 2012 to 2018. In
addition, the composite index assessment approach is sup-
plemented with an analysis of national member state bioec-
onomy strategies to look for trends conducive to the
bioeconomy, which was not done in the first study.

Further, the paper is structured in the following way. We
first describe the methodology, analyze and discuss the
results, and finalize with conclusions and policy implica-
tions. The description of the methods and results has been
divided into two steps to facilitate reading, first describing
the Composite Bioeconomy Sustainability Index approach
and then continuing with the analysis of national bioec-
onomy strategies.
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Methodology

The research approach in this study is based on two com-
plementary steps. First, we performed a cross-country
comparison and analysis among all EU countries applying
the Composite Bioeconomy Sustainability Index. After-
ward, we studied the bioeconomy strategies of selected
countries using the systematic literature review and the
TOPSIS multi-criteria decision-making method to collect
in-depth insight into synergies with the EU 2018 Bioec-
onomy Strategy and Action Plan (European Commission,
2018a, 2018b). Finally, we compared the outcomes of both
research steps to identify common features promoting the
progress of bioeconomy development.

Composite Bioeconomy Sustainability Index
evaluation method

Background on composite index theory

The composite index method is used by academics, interna-
tional organizations, research associations, and institutions
worldwide (Dolge et al. 2020). The use of the composite
index method has increased significantly over the past decade
due to its many advantages. First, composite indicators create
a comprehensive framework that can track progress toward
specific policies or long-term national and global strategic
goals such as economic growth, sustainable development,
climate change mitigation, and many others. Second, the
method allows multiple dimensions and indicators to be
combined into a single measure that comprehensively
assesses complex problems. Third, the results of the com-
posite index are easy to interpret and provide valuable
insights into the problem under study that policymakers
could use to facilitate decision-making and evaluate alter-
natives accordingly (European Commission et al.).

Composite indices can measure sustainability or perfor-
mance efficiency in various fields and research areas. Many
composite indices can be found in the literature that have been
created to assess sustainability in energy systems (Madurai
Elavarasan et al. 2022), climate change (Edmonds et al. 2020),
energy efficiency (Dolge et al. 2020), and economic devel-
opment (Hryhoruk et al. 2019).

Development of the Bioeconomy Sustainability Index

This study constructed a Composite Bioeconomy Sus-
tainability Index to monitor performance and evaluate and
compare the bioeconomy development trends among EU
member states. The index compares the performance of EU
member states and ranks countries in terms of their current
level of bioeconomy advancement (Dolge et al. 2020). The
proposed Composite Bioeconomy Sustainability Index

combines 13 indicators grouped into four main dimen-
sions, namely, (i) socio-economic impact, (ii) resource
sustainability, (iii) innovation and technology, and (iv)
financing and government support, as similarly seen in
other studies (Martinez-Hernandez et al. 2022). Such
grouping allows for including the most critical multi-
dimensional aspects crucial to achieving the intended goal
(Madurai Elavarasan et al. 2022). In this way, we limit the
possibility of neglecting important indicators and produ-
cing an isolated view of the problem. The first two
dimensions of the index include indicators characterizing
the sustainability of the bioeconomy in terms of economic
and social impact (represented by the socioeconomic
impact dimension) and environmental impact (represented
by the resource sustainability dimension) (Dolge et al.
2020). The innovation and technology dimension measures
the development progress of the bioeconomy, and the
financing and governmental support dimension measures
the political support.

The creation of the Bioeconomy Sustainability Index is
based on successive steps, as shown in Fig. 1.

First, a set of indicators representing bioeconomy devel-
opment were selected based on a literature review and data
availability. The selected indicators were grouped into the
four main dimensions as described above. Data on the
chosen indicators were collected from 22 EU countries using
publicly available sources, including Eurostat, OECD, and
Data M databases. We excluded the remaining EU member
states (Bulgaria, Croatia, Cyprus, Malta, and Romania) from
further study due to the non-availability of data. Table 1
summarizes the selected indicators, the belonging dimen-
sion, and the data sources used.

Figure 2 illustrates the hierarchy of the proposed com-
posite index.

STEP2
Aggregation of indicators
into dimension sub-
indices

STEP 1

Selection of indicators & |
data collection

Weighting of dimensions

!
STEP3

Classification of
indicators into dimensions

r
\ Normalization of the data

1
‘ Aggregation of dimension
r 1 ‘ sub-indices into
Expert judgement of the composite bioeconomy
impact of indicators and sustainability index
dimensions ‘
|
|

l

[ Weighting of indicators

Cross-country comparison
and analysis

Fig. 1 Research steps to construct the Bioeconomy Sustainability Index
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Table 1 Classification and description of selected indicators and data sources used

Dimension Indicator Indicator  Indicator description Data source
notation
Socio- Bioeconomy resource productivity, S1 The share of generated value-added from bioeconomy  Data M
economic impact value-added /turnover sectors in total bioeconomy turnover
Apparent labor productivity, 1000 EUR  S2 The amount of generated value-added at factor cost per Data M
per person people employed in the bioeconomy
Location Quotient, ratio S3 Share of employment in the bioeconomy of a member  Data M
state divided by the share of employment in the
bioeconomy of the EU as a whole.
Resources Biomass contribution, biomass % of R1 The share of biomass in total domestic material OECD
sustainability DMC consumption (DMC).
Recycling of biowaste, kg per capita R2 Recycled biowaste in kilograms per number of Eurostat
inhabitants
Recycling rate of wooden packaging, R3 Share of recycled wooden packaging from total wooden Eurostat
recycled % of total packaging
Innovation and Development of environment-related 11 Share of environment-related technology development ~ OECD
technology technologies, % all technologies from total developed technologies
Relative advantage in environment- 12 Measures the level of specialization in R&D in OECD
related technology, ratio environment-related technology compared to the
global value.
Development of environment-related 13 The amount of environment-related technology OECD
technologies, inventions per capita inventions per number of inhabitants
Biotechnology patent applications per 14 The amount of biotechnology patent applications to EPO  Eurostat
total government allocations to R&D per total government allocations to R&D OECD
Financing and Environmentally related government El Share of environmentally related government R&D OECD
governmental R&D budget, % total government R&D budget from total government R&D budget
support Government budget allocations for E2 Share of environmentally related government R&D Eurostat
environmental R&D per capita, EUR per budget allocations per number of inhabitants
inhabitant
Total government budget allocations for E3 The amount of government budget allocations for R&D  Eurostat

R&D, % of GDP

from the total GDP of a member state

After data collection, indicators were normalized using
the min-max normalization technique. Min-max normal-
ization is one of the most commonly used techniques in
calculating composite indices because it can scale data
values from O to 1, allowing a more straightforward inter-
pretation of the results. Since all the selected indicators
positively impact the long-term sustainability of the bioec-
onomy, data were normalized using Eq. (1).

[act - Imin
]N‘ ] max — I min (1)
where

Iy; — Normalized indicator;

I,.; — Actual value of an indicator;

1,,ox — Maximum value of an indicator;

1,,;— Minimum value of an indicator.

After the normalization of the data, we performed the
weighting of the indicators. There are several techniques
for weighting the indicators, such as, for example, equal
weighting, AHP weighting, and expert judgment weight-
ing. There is no consensus among researchers and users of
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composite indexes on choosing the best and most appro-
priate weighting technique. Some argue that the advantage
of equal weighting is that all factors affecting sustainability
are equally important. However, others emphasize that
expert weighting may be more appropriate for more com-
plicated composite sustainability indexes but could lead to
results that are sensitive to subjectivity (Dolge et al. 2020).
In this study, we use the expert weighting technique. The
indicator weights were collected from the responses of an
expert group composed of six representatives working in
the field of bioeconomy. The experts were selected based
on criteria of their professional experience, including par-
ticipation in the policy-planning process, implementation
of scientific research projects in the fields of bioeconomy,
and the number of scientific publications in the last five
years. All experts are from Latvia. They were asked to rate
the impact of the selected indicators and dimensions on
bioeconomy sustainability. The survey was conducted
online in two weeks in the spring of 2022. Table 2 sum-
marizes the average values of each dimension and indicator
weights according to expert evaluation.
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Fig. 2 The hierarchy of the Composite Bioeconomy Sustainability Index
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Table 2 Determined indicator
and dimension weights (results

of the expert survey)

Dimension Dimension weight Indicator Indicator weight
Socioeconomic impact 0.267 S1 0.456
S2 0.322
S3 0.222
Resources sustainability 0.225 R1 0.381
R2 0.356
R3 0.264
Innovation and technology 0.250 11 0.242
12 0.275
I3 0.250
14 0.233
Financing and governmental support 0.258 El 0.381
E2 0.281
E3 0.339

These weights were further used to obtain sub-index
values for the representative sustainability dimensions
using Eq. (2) and the Bioeconomy Sustainability Index
Eq. (3).

Ip;i = Zwi x Iyi, (2)

BSI = wq x Ip;, 3)

where

Ip; — sub-index of a particular bioeconomy dimension;

w— the weight of an indicator;

wg— the weight of a dimension;

BSI — Bioeconomy Sustainability Index.

The expert survey results do not show much dispersion
in the dimension weights. The impact of all dimensions
on the sustainability of the bioeconomy was estimated

@ Springer



Environmental Management

Table 3 National bioeconomy

L . C Yez
strategies included in the study ountry ear

National Bioeconomy strategy

Austria 2019

Austria Bioeconomy A Strategy for Austria (Federal Ministry for Sustainability and

Tourism et al. 2019)

Finland The Finnish Bioeconomy Strategy (Ministry of Economic Affairs and
Employment of Finland, Sustainable growth from bioeconomy et al. 2014)

A Bioeconmy Strategy for France. Goals, issues and forward vision (Republic French

2017 A Bioeconomy Strategy for France (French Government 2017)

Finland 2014

2020

France 2015
2015)

Germany 2020

Ireland 2018

National Bioeconomy Strategy (The Federal Government 2020)
Ireland National Policy Statement

on the Bioeconomy (Government of Ireland 2018)

Italy 2019

Bioeconomy in Italy (BIT II)

2017 Bioeconomy in Italy (BIT) (Italian Government 2017)

Latvia 2018
Netherland 2018

Latvian Bioeconomy Strategy 2030 (Ministry of Agriculture 2018)
The position of the bioeconomy in the Netherlands (Ministry of Economic Affairs and

Climate Policy et al. 2018)

Spain 2016

The Spanish Bioeconomy Strategy - 2030 Horizon (Ministry of Economy and

Competitiveness et al. 2016)

to be almost equally distributed, with the most noticeable
differences in weighting between the socioeconomic and
resource sustainability dimensions. The socioeconomic
dimension of the Bioeconomy Sustainability Index
received the highest weighting (0.267), followed by the
financing and government support dimension weight of
0.258, the innovation and technology dimension weight of
0.250, and the resource sustainability dimension weight
of 0.225.

The results of the final Composite Bioeconomy Sus-
tainability Index values score in the range of O to 1. The
closer to 1, the higher the advancement level of a country,
while a score close to 0 indicates weak performance.

Method for Evaluating National Bioeconomy
Strategies

In the second step of the study, we assessed the bioec-
onomy strategies of EU member states. National bioec-
onomy strategies were evaluated against the five objectives
of the EU 2018 Bioeconomy Strategy (European Com-
mission 2018a) and its supplementary Action Plan (Eur-
opean Commission 2018b). The study aimed to identify
goals and action lines within the national bioeconomy
strategies that could be the most important in achieving the
bioeconomy objectives, as the EU Bioeconomy Strategy
itself does not make a prioritization. The limiting factor for
the strategy to be included in the analysis was its public
availability in English.

First, the goals of the EU Bioeconomy Strategy (Eur-
opean Commission 2018a) and the Action Plan (European
Commission 2018b) were identified. The 2018 Action
Plan (European Commission 2018b) sets out three action
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lines and 14 sub-activities. Although these sub-activities
were considered, they were not addressed in the sub-
sequent analysis of strategies, assuming they are directly
linked to the three main action lines. The next step was
identifying the EU member states with national bioec-
onomy strategies. According to the European Commis-
sion’s official website, nine countries have developed and
adopted a national strategy for bioeconomy, namely,
Austria, Finland, France, Germany, Ireland, Italy, Latvia,
the Netherlands, and Spain.

Further, a systematic review of the nine strategies was
conducted to screen which of the EU’s bioeconomy objec-
tives and action lines have been implemented in the national
strategies. The national strategies’ main goals and action
lines were grouped according to the objectives and action
lines of the European Bioeconomy Strategy (Table 3).
Analysis was limited to the strategic vision since not all
countries have a complementary action plan accompanying
the bioeconomy strategy. Actions mentioned in national
bioeconomy strategies that could not be directly linked to
objectives and action lines of the EU Bioeconomy Strategy
were listed under “Other measures”.

The full texts of the national bioeconomy strategies were
reviewed to determine their consistency with EU-level
objectives and action lines. Each time a link was found, it
was registered, giving a value of one, and the numbers
were added up. This provided an overview of the national
focus in the planning process and the broader action areas
to be supported.

Obtained values from the national bioeconomy strategies
(Table 3) were further analyzed with Multi-criteria analysis
method Technique for Order Preference by Similarity to
Ideal Solution (TOPSIS) to determine which of the
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Table 4 Criterion weight matrix

o S No. Action line Criterion weights, w;
for objectives and action lines
SRCCIhEd in the European 1 Ensure food and nutrition security 0.11
Bioeconomy Strategy (European K
Commission, 2018a) according 2 Manage natural resources sustainably 0.18
to expert evaluation results 3 Reduce dependence on non-renewable, unsustainable resources 0.19
4 Limit and adapt to climate change 0.12
5 Strengthen European competitiveness and create jobs 0.10
6 Strengthen and scale up the biobased sectors, unlock investments and markets 0.13
7 Deploy local bioeconomies rapidly across the whole of Europe 0.08
8 Understand the ecological boundaries of the bioeconomy 0.09
TOTAL 1.00 (100%)

objectives and actions identified in the European Bioec-
onomy Strategy (European Commission 2018a) could be
the most appropriate ones to achieve effective bioeconomy
development in the EU and the EU member states.

Multi-criteria analysis TOPSIS is often used to assess
environmental strategies for sustainable development. The
main advantage of this method is the possibility to com-
pare and choose between several alternatives (D’Adamo
et al. 2020; Zihare et al. 2021). The ideal positive and
negative results are determined at the end of the calcula-
tion process (D’Adamo et al. 2020; Zihare et al. 2021).
TOPSIS calculations are performed according to the steps
and formulas listed below (D’Adamo et al. 2020; Zihare
et al. 2021):

c - G
Ay
X1l -+ Xin
D= : A 4)
A, : .o
Xml " Xmn
where

Aj... A, — comparable alternatives;

C;... C, — criteria according to which the comparison is
performed;

X;; — performance/value of alternative i (where i is
alternative 1 to m) according to criterion j (where j is
from 1 to n).

A decision-making matrix was compiled. The TOPSIS
analysis excluded those plans mentioned in the national
bioeconomy strategies that were not aligned with the EU
level and were categorized under “Other measures”. Values
were normalized, and the normalized decision matrix was
compiled, as shown in Eq. (5).

a - G

A
iy - T
Dyorm=* [ . . . |, (5)
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Tml """ Tmn

The next step was calculating the normalized rating using
Eq. (6).

N »
1 -
Dt Xai

When the normalized evaluation of all alternatives
according to the criteria was obtained, it was necessary to
determine the individual weight wi of each criterion. We
used an expert survey method to determine the criteria
weights. An online questionnaire was developed and dis-
tributed to 35 industry and academia experts based on
personal contacts. The prerequisite was expert activity in
one of the priority bioeconomy sectors (agriculture, for-
estry, or fisheries aquaculture sectors) or scientific research
in bioeconomy, climate, and environmental sustainability
fields. Complete questionnaires were received from 27
experts. The interviewed experts had to evaluate which of
the five goals and three areas of action of the EU Bioec-
onomy Strategy (European Commission 2018a) are the
most important to achieve rapid development of the
bioeconomy. The average percentage of each obtained rat-
ing was further used as a weight of the TOPSIS criteria with
a total sum of 100%. The results of the expert survey are
shown in Table 4.

The criterion weights obtained from the expert surveys
were further processed with TOPSIS. The criteria weight
values w; were multiplied by the normalized values r, to
obtain the normalized weighted value v,;, as shown in Eq. (7):

Vai = Wi * Tig (7)

When the normalized weighted decision matrix was
constructed, the ideal positive solution d; and the ideal
negative solution d, were calculated. Initially, the distance
to the ideal solution (MAX) and the distance to the anti-
ideal solution (MIN) was determined using Eqgs. (8) and (9):

= MAX (Va1 : Va3) (8)

= MIN (Va1 : va3) ©)

@ Springer



Environmental Management

The next step after determining the distance to the ideal
and anti-ideal solution was to determine the ideal positive
and ideal negative solution according to the formulas:

dy = Xn:(v,-+ — Vai)’ (10)
dy = | D> 07 —va) (11)
=1

The relative proximity of the alternative to the ideal

solution was calculated as shown in Eq. (12):
d-

Cp=—"— 12

“Tdr+d; (12)

The result is equal to values that show the proximity of
the alternative to the ideal positive solution and the distance
from the ideal negative solution. To determine the impact of
the weights of the criteria set by the experts on the criterion
evaluation, a criterion was re-evaluated, assigning equal
values to all alternatives.

Results
Composite Bioeconomy Sustainability Index Results

Annual Bioeconomy Sustainability Index values are calcu-
lated for each country from 2012 to 2018. Results are
presented in two parts to obtain benchmarking values and
rank countries according to their performance. First, the
average values of the Bioeconomy Sustainability Index
are calculated from 2012 to 2015 (4 years). Then, the same

Fig. 3 Average aggregated

procedure is done for the average values of the Bioeconomy
Sustainability Index from 2016 to 2018 (3 years). Such a
division into two periods was made to investigate the pos-
sible impact of introducing national bioeconomy strategies
in EU countries on bioeconomy development since the first
version of the EU Bioeconomy Strategy was published in
2012 (European Commission 2012), and most countries’
individual national bioeconomy strategies were published
only in 2016. Figure 3 shows the Bioeconomy Sustain-
ability Index’s average values from 2012 to 2015. The
average aggregated index value for 22 EU countries is 0.37,
with 0.22 being the lowest (for the Czech Republic) and
0.61 being the highest (for Denmark).

In general, the results show a large dispersion between
countries, which is reflected in different contributions of
the sub-index values of the dimensions to the overall
bioeconomy index. On average, the sub-indices of the
socioeconomic dimension (0.11) and the financing and
government support dimension (0.09) make the most con-
siderable contribution to the overall composite index. On
average, the dimensions of resource sustainability (0.08)
and innovation and technology (0.08) contributed equally
to the index score.

Figure 4 shows the average bioeconomy Sustainability
Index scores from 2016 to 2018. The average value of 22
EU countries has increased compared to the period from
2012 to 2015, reaching a value of 0.39, with the lowest
value being 0.26 (for Latvia) and the highest being 0.64
(for Denmark).

In the period from 2016 to 2018, the socioeconomic
dimension had the highest contribution to the Bioeconomy
Sustainability Index (0.12), similar to what was observed
in the period from 2012 to 2015. The financing and gov-
ernment support (0.09) and innovation and technology
(0.09) dimensions contributed equally to the index from
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Fig. 4 Average aggregated
Bioeconomy Sustainability
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2016 to 2018. It can be concluded that the importance of
innovation and technology dimension in the development
of the bioeconomy has increased. The resource sustain-
ability dimension makes the smallest contribution (0.08) to
the Bioeconomy Sustainability Index.

Figure 5 compares average aggregated composite index
scores between the two selected study periods. Most
countries have managed to improve the overall value of the
Bioeconomy Sustainability Index. In general, the average
value of the index in the European Union has increased over
the years. However, two countries, Latvia and Estonia),
show a negative development trend.

The Netherlands, Belgium, Slovenia, Portugal, and
the Czech Republic made the most significant progress
in improving the index score from 2012-2015 to
2016-2018.

In the Netherlands, the increase was caused by sig-
nificant increases in the innovation and technology
dimension (improvement in the relative advantage in the
environment-related technology ratio) and the resource

sustainability dimension (increase in the share of recycled
biowaste and wooden packaging). In Belgium, the growth
in the Bioeconomy Sustainability Index was driven by the
rise in the indicators of the socioeconomic dimension —
bioeconomy resource productivity and apparent labor
productivity. For Slovenia rise in the Bioeconomy Sus-
tainability Index value is explained by the increase in
financing and governmental support dimension indicators —
environmentally related government R&D budget (% total
government R&D) and government budget allocations for
environmental R&D per capita (EUR per inhabitant). In
Portugal, the increase in the Bioeconomy Sustainability
Index was determined by the rise in innovation and tech-
nology dimension indicators (development of environment-
related technologies (inventions per capita)) and financing
and governmental support dimension indicators (envir-
onmentally related government R&D budget (% total
government R&D) and government budget allocations
for environmental R&D per capita (EUR per inhabitant).
For the Czech Republic increase in the Bioeconomy
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Fig. 6 Average socioeconomic
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Sustainability Index value was driven by the rise in inno-
vation and technology dimension indicators — relative
advantage in environment-related technology and devel-
opment of environment-related technologies (inventions
per capita).

For Latvia, a substantial decrease in the Bioeconomy
Sustainability Index value is explained by a significant
decline in innovation and technology dimension indica-
tors (development of environment-related technologies
(% all technologies), relative advantage in environment-
related technology, development of environment-related
technologies (inventions per capita), biotechnology patent
applications to the EPO per billion EUR total government
budget allocations for R&D) as well in financing and
governmental support dimension indicators (envir-
onmentally related government R&D budget (% total
government R&D)).

Socioeconomic dimension sub-index

Figure 6 illustrates the average socioeconomic impact
dimension sub-index values from 2016 to 2018. Ireland,
Greece, and Sweden were leaders in the socioeconomic
impact sub-index. In Ireland and Sweden, apparent labor
productivity and resource productivity of the bioeconomy
were the main factors in achieving the highest scores in
this dimension.

For Greece, however, the location quotient and bioec-
onomy resource productivity achieved the most competitive
values compared to the other countries, placing Greece
second in socioeconomic impact.

Due to one of the lowest apparent labor productivity in
the European Union, Latvia has an average score in the
socioeconomic impact index. Although Denmark leads in
the overall Bioeconomy Sustainability Index, it does not
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rank high in the socioeconomic impact indicators because
the bioeconomy location quotient and resource productivity
are significantly lower.

Resources sustainability dimension sub-index

Figure 7 illustrates average resources sustainability
dimension sub-index values from 2016 to 2018. The
Netherlands, Belgium, and Denmark achieved the highest
overall scores for the sub-index of the resource sustain-
ability dimension. All three countries showed competitive
positions on all three indicators of the resource sustain-
ability dimension — biomass contribution, biowaste recy-
cling, and wood packaging recycling.

Estonia, Spain, and Greece have the lowest scores for the
resource sustainability sub-index compared to the other EU
countries. Lithuania shows the most competitive scores for
resources sustainability dimension indicators compared to
other Baltic states — Latvia and Estonia.

The indicators — recycling of biowaste and recycling rate
of wood packaging — show more significant fluctuations in
indicator values compared to the biomass contribution
indicator. This indicates that the development trends and the
required infrastructure for recycling bio-waste are different
in the individual member states.

Innovation and technology dimension sub-index

Figure 8 illustrates average innovation and technology
dimension sub-index values from 2016 to 2018. Denmark
is the absolute leader in the innovation and technology
dimension sub-index with an overall score of 0.97 (1 is the
maximum possible subindex score). Denmark holds the
most competitive positions in all indicators of the inno-
vation and technology dimension — development of
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environment-related technology, which has consequently
led to a high number of biotechnology patent applications
to the EPO, from billion EUR total government
budget allocations for R&D.

Germany and Austria hold second and third best posi-
tions in the innovation and technology dimension sub-
index, but with significantly lower relative biotechnology
patent applications to the EPO and development of
environment-related technologies compared to Denmark.

Latvia has the lowest sub-index value for the innovation
and technology dimension. Despite a significant competi-
tive advantage in biotechnology patent applications to the
EPO per billion EUR of government budget allocated to
R&D, Latvia has the lowest scores on the other three

environment-related technologies.

Generally, the innovation and technology dimension sub-
indices show the largest variation across countries. This
indicates significant differences between countries’ devel-
opment speed in green innovations and biotechnologies.
The results show Denmark could be used as the benchmark
for green innovation in EU countries.

Financing and governmental support dimension sub-index
Figure 9 illustrates average financing and governmental
support dimension sub-index values from 2016 to 2018.

Germany, Luxembourg, and Finland reached the highest
values in the financing and governmental support dimension
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sub-index. Despite showing considerably lower values for
environmentally related government R&D budget (% total
government R&D), these three countries showed one of the
highest values for government budget allocations for
environmental R&D per capita and total government
budget allocations for R&D, % of GDP.

Ireland and Lithuania show the lowest values in the
financing and governmental support dimension sub-index.
Latvia scores high in environmentally related government
R&D budget (% total government R&D). However, com-
pared to other EU countries, extremely low for total gov-
ernmental budget allocations to R&D per capita and GDP.

In general, most countries that scored above the EU
average value in the financing and government support
dimension sub-index also scored above the EU average in
the innovation and technology dimension sub-index. Since
financing and governmental support are direct inputs in the
development of the bioeconomy, developed inventions
and technological innovations are direct outputs of the
bioeconomy.

Analysis of National Bioeconomy Strategies

The comparison of countries using the Bioeconomy Sus-
tainability Index approach was supplemented by an ana-
lysis of national bioeconomy strategies in countries whose
strategies are available in English (nine countries in total).
The goals and action directions set in the national strategies
were grouped using the five goals and three priority areas
of the EU Bioeconomy Strategy (European Commission
2018a) and Action Plan (European Commission 2018b) as
a basis. Table 5 summarizes the results of the national
strategy analysis.
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Practically all reviewed national bioeconomy strategies
have implemented the objectives and action lines set at the
EU level, as only 1% of the objectives and action lines
mentioned in the national strategies were not directly link-
able to those set by the EU. National bioeconomy strategies
focus mainly on areas of rapid deployment of local
economies (27%) and strengthening and scale-up the bio-
based sectors, unlocking investment and markets (23%).
Another critical area of action is understanding the ecolo-
gical boundaries of the bioeconomy, which ranks third
(19%). National bioeconomy strategies focus less on areas
relevant to ensuring food and nutrition security (4 %) and
limiting and adapting to climate change (4%).

In Fig. 10, all nine countries are compared based on their
contribution to the eight criteria. The results show that the
national strategies focus on the three defined action lines,
with less emphasis on the five objectives of the EU
Bioeconomy Strategy. Of the five bioeconomy objectives
defined at the EU level, the national strategies focus most on
the objective of “Manage natural resources sustainably”.
Especially Latvia (18%), France (14%), and Ireland (14%)
have paid the most attention to this objective.

National strategies have placed the most significant
emphasis on implementing action lines. This is probably
because most of the national strategies were developed
around 2018, when the updated version of the European
Bioeconomy Strategy (European Commission 2018a) was
adopted, where these action areas were defined.

Figure 11 shows which of the three action areas each
examined country has placed the most emphasis on. Over-
all, of the three action areas, the most emphasis is placed on
the action “deploy local bioeconomies rapidly across the
whole of Europe” (27%). Countries with the highest priority
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Table 5 Emphasis on objectives
and action lines in national
bioeconomy strategies

Fig. 10 Distribution of emphasis
in national bioeconomy
strategies towards the objectives
and actions defined at the

EU level

Objective and action line Targets mentioned %
Ensure food and nutrition security 23 4%
Manage natural resources sustainably 69 11%
Reduce dependence on non-renewable, unsustainable resources 35 6%
Limit and adapt to climate change 23 4%
Strengthen European competitiveness and create jobs 39 6%
Strengthen and scale up the biobased sectors, unlock investments and markets 145 23%
Deploy local bioeconomies rapidly across the whole of Europe 170 27%
Understand the ecological boundaries of the bioeconomy 117 19%
Other measures 8 1%
TOTAL 629 100%
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B strengthen and scale up the biobased sectors, unlock investments and markets
u deploy local bioeconomies rapidly across the whole of Europe

understand the ecological boundaries of the bioeconomy
H other measures

on this action are Latvia (37%), Germany (34%), Finland
(34%), and Spain (32%). Of the three action areas,
“understand the ecological boundaries of the bioeconomy”
(19%) has the lowest focus, with Italy (32%) being the only
country to have placed a significant emphasis on this action
in its strategy.

Following, the countries’ performance was compared
with the expert’s assessment of the priority directions of
action for developing the EU bioeconomy. According to
the expert evaluation, with respective scores of 0.18 and
0.19, objectives related to the sustainable management of
natural resources and reduced dependence on non-
renewable resources should be placed among the top
priorities. Meanwhile, the lowest weight rating was given
to the action line “deploy local bioeconomies rapidly

across the whole of Europe” (0.08) and the action line
“understand the ecological boundaries of the bioec-
onomy” (0.09). Figure 12 shows the main objectives and
action lines based on the expert survey results and the
extent to which these targets are addressed in national
bioeconomy strategies.

It is found that the above objectives have been imple-
mented relatively little in the national strategies. No direct
correlation can be seen between the experts’ assessment and
the objectives mentioned in the national strategies. E.g., the
two objectives said as the most influential drivers of the
bioeconomy by experts (“manage natural resources sus-
tainably” and “reduce dependence on non-renewable,
unsustainable resources”) received relatively less attention
in the national strategies (11% and 5%, respectively).
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However, if viewed in the context of five objectives, the
objective “manage natural resources sustainably” received
the highest score (11%). The third highest weight (0.11)
was given by the experts to the area of action “strengthen
and scale up the biobased sectors, unlock investments and
markets” (23%), which scored the second highest percen-
tage from all the eight criteria.

TOPSIS calculations were based on the number of tar-
gets identified in the national bioeconomy strategies, divi-
ded by the eight criteria, which were further summed and
the information presented in Table 5 obtained. Results
obtained from the national bioeconomy strategies were
processed with the TOPSIS decision-making matrix and
weighted according to the experts’ evaluation results. In
addition, the calculation was repeated using equal criterion
weights to determine the influence of the experts’ evaluation
on the overall result.
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According to TOPSIS results, Austria scored the highest
(0.94), with Italy the second best (0.20), although well
behind the leader. The third closest score to the ideal
positive solution is Latvia (0.13). The Netherlands (0.07),
France (0.05), and Spain (0.04) have lower scores than the
leaders. However, the countries with the lowest scores are
Germany (0.01) and Ireland (0.01). Looking at the results
obtained, the highest results were obtained by the three
analyzed countries that mentioned the most goals and
actions in their strategies — Austria 196, Italy 74, and Latvia
65 actions. Austria’s high performance is because it has put
far more action lines and objectives to reach in its national
bioeconomy strategy than other member states.

The same parameter does not work for the lowest-
performing countries, where the distribution of the pro-
posed actions concerning the weights of the criteria has
played a more significant role than the number of
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activities proposed concerning the country’s closeness to
the ideal solution. Figure 13 shows that the expert eva-
luation affects the results obtained but not so much as to
change the overall results.

Synergies between the Bioeconomy Sustainability Index
results and the national bioeconomy strategies

Figure 14 illustrates the combined results from the Bioec-
onomy Sustainability Index and national bioeconomy stra-
tegies. No strong linkage was found between the index
values and the results of national bioeconomy strategies. It
could be explained since the index covers the period
2016-2018, while most national bioeconomy strategies
have been adopted in the same period or even later. Table 3
shows that Finland (2014) and France (2015) adopted their
national bioeconomy strategies earlier, while Austria and
Italy adopted their strategy in 2019 and Germany in 2020.
Not enough time has passed since countries adopted the

strategies, and such linkages should be sought five or ten
years later. Bioeconomy involves many complex processes,
including the transition from traditional farming methods to
innovative and knowledge-based ones, and the reorientation
could take some time.

Austria obtained the closest to the ideal positive result on
the national bioeconomy strategy impact score, but it ranked
6th on the Composite Bioeconomy Sustainability Index
evaluation. Austria and Spain ranked 3™ among the coun-
tries that developed a national bioeconomy strategy. Among
the countries whose bioeconomy strategies were analyzed,
Germany scored the highest result on the composite index
with 0.47 points. Germany achieved the second-highest
score in the national bioeconomy strategy impact assess-
ment. The Netherlands had the 2™ highest score in the
composite index among the nine countries and ranked 3™
among the national bioeconomy strategy result assessment.
Thus, while there is no direct correlation between the results
of the two methods, the three countries that scored highest
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on the national strategy scores also scored highest on the
Bioeconomy Sustainability Index among the nine countries.

Despite Spain and Italy’s lowest national bioeconomy
strategy impact scores, both countries achieved remarkably
high results in the Bioeconomy Sustainability Index. Thus,
while it was possible to see some link between the ranking
of Austria, the Netherlands, and Germany, there is no link
between the countries’ scores on bioeconomy strategies and
their scores on the Bioeconomy Sustainability Index. For
example, Latvia scored fourth highest on national strategies
rankings and lowest on the composite index out of the nine
countries examined.

Discussion

This study demonstrated the development and application
of a novel Composite Bioeconomy Sustainability Index to
measure and monitor the progress of bioeconomy devel-
opment in European Union countries. The Bioeconomy
Monitoring System (Robert et al. 2020) created by the EU
is the basis for the availability of uniform and consistent
data in the bioeconomy sector, based on which countries’
progress can be assessed with the help of the Bioeconomy
Sustainability Index. The results revealed the main drivers
and cornerstones of the bioeconomy in each country and
thus pointed out specific directions for national policy-
makers for further bioeconomy development. The pro-
posed composite index could also help establish EU-wide
benchmarks that can be used to set more precise long-term
strategic goals.

Nevertheless, some limitations were encountered in
creating the composite index and analyzing the results that
could be addressed and improved in further research. First,
regarding the indicators included in the Bioeconomy Sus-
tainability Index. The authors express their gratitude to the
anonymous reviewer of the article, who pointed out the
need for an in-depth evaluation of the indicators to more
precisely characterize the nature of the complex index and
evaluate the mutual effects between the indicators. For
example, the reviewer mentioned the share of biomass in
total domestic material consumption (indicator R1). On the
one side, it has the highest weight in resource sustain-
ability. But when biomass is produced with unsustainable
practices or imported from tropical regions causing land
use change or biodiversity loss, increasing its share in
material consumption does not improve the sustainability
of the bioeconomy. Considering the complex nature of the
bioeconomy, authors suggest that further research could
focus on an in-depth systemic analysis of the Bioeconomy
Sustainability Index, for example, using the system
dynamics modeling approach (Runge et al. 2017) or ele-
ments of the life cycle analysis (Diaz et al. 2022). Further,
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Calicioglu & Bogdanski (Calicioglu and Bogdanski 2021)
suggest that bioeconomy strategies can be linked with
several UN Sustainable Development Goals, thus improv-
ing bioeconomy sustainability monitoring and evaluation,
especially concerning economic development, food secur-
ity, and sustainable consumption.

This issue is also primarily related to data availability.
Due to a lack of data availability, social and environ-
mental factors were poorly represented in the Bioeconomy
Sustainability Index. The resource sustainability dimen-
sion should be complemented by additional indicators that
measure the extracted bioresources’ environmental
impact, considering possible emissions and pollution
throughout the biomass production chain. The socio-
economic impact dimension should be complemented by
social indicators such as public acceptance, knowledge
transfer, potential conflicts of interest, and others. All in
all, the issue of sufficient data availability is one of
the essential cornerstones in the development of compo-
site sustainability indices. More sufficient and descriptive
databases should be created and maintained to measure
the factors affecting sustainable bioeconomy development
in different countries.

Another limitation is related to the applied expert
weighting technique. Although the expert survey was one of
the prerequisites for improving the initial composite index,
as concluded by Zihare et al. (Zihare et al. 2021), the
weights obtained from the expert survey showed very
similar results; as a result, sensitivity analysis showed no
significant disparities in results if equal weighting is applied
instead of expert weights. Further research should increase
the number of experts surveyed and include experts from
different countries to represent a broader range of back-
grounds and challenges related to bioeconomy policy. A
higher number of experts might produce different average
weights for each indicator and dimension of the Bioec-
onomy Sustainability Index.

Evaluation of national bioeconomy strategies with a
mixed methods approach, combining the systematic lit-
erature review with TOPSIS, showed that the method can
be used to assess whether and to what extent the priorities
set in higher-level policy planning documents are imple-
mented in hierarchically descended documents. This
allowed us to determine the priorities of each evaluated EU
member state bioeconomy strategy and compare them.
Thus, demonstrating coherence not only between higher
and lower-level policy planning documents but also
enabling an assessment of coherence and priorities in
documents at the same policy planning level. However,
some limitations were identified that could be addressed
and improved in further research. Identifying coherence
between documents at different levels may be relatively
straightforward, but there may be cases where
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contradictions could play a decisive role in realizing a
shared EU vision. Future research should thus emphasize
possible contradictions and assess causal links between the
European Bioeconomy Strategy (European Commission
2018a), the Action Plan (European Commission 2018b),
and national strategies. While this study attempts to
identify both the five objectives and the three action lines
from the EU Bioeconomy Strategy in the national bioec-
onomy strategies, for a more in-depth exploration and
assessment of possible gaps in policy coherence, it could
be suggested narrowing the scope of the study and looking
specifically at how the sub-activities of each action line are
implemented in practice. One could potentially gain
valuable complementary insights at this level of study.
E.g., Singh et al. reviewed existing European policies
relevant to the biomass value chains and concluded that
out of almost 90 policies, many still lack complete
coherence with the core bioeconomy objectives and
mutual synergies (Singh et al. 2021). Literature review
research can be supplemented with other research meth-
ods, similar to what has been done, for example, by
Bogner & Dahlke, who proposed a bioeconomy policy
assessment framework in Germany based on an examina-
tion of policy strategies and publicly funded research
projects complemented with in-depth expert interviews
(Bogner and Dahlke 2022).

The method of strategy analysis allows us to assess the
priorities for national action and how much emphasis
countries have placed on these priorities. Countries with
more detailed and developed national bioeconomy strate-
gies scored highest in TOPSIS. However, the fact that
strategies quantify a number of planned action lines and
sub-actions does not guarantee that these strategies are
more likely to achieve their objectives than strategies that
are briefer and more specific. To obtain more accurate and
comprehensive information on national bioeconomy stra-
tegies, future studies should analyze bioeconomy Action
plans for bioeconomy strategies. Bioeconomy Action
plans identify particular actions, responsible authorities,
expected results, and deadlines. An analysis of the bioec-
onomy Action plans would provide more detailed insights
into whether the targets and objectives set out in the
bioeconomy strategies are achievable through the actions
identified in them. It also involves the transfer of the
national bioeconomy strategies to hierarchically lower
implementation levels, which was beyond the scope of this
study but should be further researched. For example,
Marcone et al. compared the bioeconomy strategies of nine
EU countries to evaluate synergies of national and urban
circular bioeconomy transitions looking for indicator sets
and found that only Italy and Germany provide bioec-
onomy assessment framework with a high overall quality
rating (Marcone et al. 2022).

Conclusions and Policy Implications

In this study, a Bioeconomy Sustainability Index was cre-
ated consisting of 13 indicators grouped into four main
dimensions of the sustainable bioeconomy — socioeconomic
impact, resource sustainability, innovation and technology,
financing, and government support. The index was used for
cross-country comparison of bioeconomy sustainability in
22 EU countries. The Bioeconomy Sustainability Index
scores show that Denmark, Sweden, Germany, the Neth-
erlands, and Belgium are leaders in bioeconomy sustain-
ability from 2016 to 2018. Meanwhile, Latvia, Estonia, and
Hungary achieved the lowest scores. The results show that
socioeconomic impact and financing, and government
support play the most critical role in improving the overall
sustainability of the bioeconomy for countries.

Denmark is an absolute leader in bioeconomy innovation
and technology, contributing significantly to the most
competitive positions in the Bioeconomy Sustainability
Index. Denmark can be used as a benchmark for ratios such
as the development of environment-related technologies
(% of all technologies and inventions per capita), the rela-
tive advantage in environment-related technology, and
biotechnology patent applications relative to total govern-
ment allocations to R&D. The results show that bioec-
onomy development outputs such as the development of
environmental technologies and biotechnologies are
strongly related with bioeconomy inputs, such as total
government allocations to R&D and environment-related
government R&D budget.

In general, all countries in the study have high untapped
potential for bioeconomy development, which is reflected in
relatively low average bioeconomy sustainability scores.
The average Bioeconomy Sustainability Index score from
2016 to 2018 is 0.39, well below the maximum possible
score of 1. The composite index scores vary widely, with
0.64 being the highest (for Denmark) and 0.26 (for Latvia)
being the lowest, indicating significant differences between
countries and highlighting the key drivers and cornerstones
for developing a sustainable bioeconomy.

The results can be used to determine benchmarks for the
European Union. The comparison of the results shows
which countries lag behind the average development speed
of the EU’s bioeconomy and which are drivers and inno-
vators of the bioeconomy.

The analysis of the objectives and action lines prioritized
in the national bioeconomy strategies showed that the focus
lies on the action lines defined in the EU 2018 Bioeconomy
Strategy Action Plan (European Commission 2018b). As
anticipated, national bioeconomy strategies adopted before
2018 (Finland (2014), France (2017), and Spain (2016))
show a stronger focus on the five objectives set in the Eur-
opean Bioeconomy Strategy (European Commission 2012).

@ Springer
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While the national strategies adopted after the release of the
2018 Action Plan (European Commission 2018b) show a
distinct emphasis on advancing the strategic vision in line
with the adjusted EU course for the future development of
the bioeconomy. This demonstrates the capability and will-
ingness of EU Member States to align their strategic direc-
tion with that of the EU, thereby strengthening the overall
EU policy coherence.

The evaluation of the strategies concludes that the prio-
rities identified at the EU level have been implemented in
the national strategies. This was demonstrated by the fact
that only eight actions, or 1% of all actions mentioned in the
strategies, could not be linked to them. Significantly,
national strategies have implemented the priorities and
actions identified at the EU level, showing that member
states are moving in the expected direction set by the EU.
The analysis of the strategies’ actions and activities showed
that the most significant emphasis was placed on the action
lines identified in the renewed EU Bioeconomy Strategy
2018 (European Commission 2018a). One reason could be
that most of the national strategies analyzed were adopted
around the same time. It also reaffirms that the priorities set
by the EU are recognized as necessary in national countries,
and progress is being made toward achieving them.

A broadly described strategic direction and objectives
alone do not ensure growth in the bioeconomy, as the
comparison of the bioeconomy sustainability index with the
results of national bioeconomy strategies shows: a well-
defined national strategy does not guarantee high perfor-
mance in this area. Or conversely, a bioeconomy strategy is
needed to achieve high performance in bioeconomy devel-
opment. It is demonstrated by Denmark, which ranks
highest in the Bioeconomy Sustainability Index but does not
have a national bioeconomy strategy, and Austria, which
has developed a nuanced strategy with different priorities, is
only sixth in the Bioeconomy Sustainability Index.

A comparison of the two methods shows that there is
no direct link between the Bioeconomy Sustainability
Index and the results obtained from the analysis of
national bioeconomy strategies, most likely because the
composite index analyses data from 2016-2018 and most
of the national bioeconomy strategies analyzed were
adopted in this period or later. It would be advisable to
make the same comparison after a particular time. It
should be noted that among the nine countries, the three
countries with the highest scores in both methods are
Austria, the Netherlands, and Germany. However, these
three countries are not the leaders in the overall Bioec-
onomy Sustainability Index assessment.
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The research identifies and describes administrative procedures for implementing RES electricity generation
infrastructure projects in Baltic and Nordic countries. The administrative processes of installing small to large
solar parks and onshore wind farms for electricity generation were assessed, looking at several criteria such as
the timeline, complexity, information availability, impact of public opinion, and local authorities (municipal-
ities). The methodology developed allows evaluating administrative procedures using a multi-criteria analysis
method, resulting in a single-score quantification that can be further utilized in complex energy simulation
models. The obtained results allow identifying the potential recommendations for process optimization in the
analysed countries. For instance, the introduction of a single point of contact as in Norway, the consolidation of
the environmental impact assessment and spatial planning phases as in Finland, and the simplification of the
microgeneration and small-scale installation permitting process as in Lithuania.

1. Introduction

Increasing the share of renewable energy generation is one of the
main goals on the way to climate-neutral energy systems in the future.
The European Green Deal focuses on sustainable development and
halting climate change while preserving the people’s best interests of the
European Union (EU) Member States (European Comission, 2019). It
must not disadvantage people and put them at risk of energy poverty by
transitioning to energy produced from renewable energy sources (RES)
(European Comission, 2019). There should thus be a balance between
the increased share of RES installations and fair energy planning that
does not result in harmful environmental impacts.

The implementation process of projects using renewable energy
source technologies for electricity generation may both promote or
hinder the speed of transformation toward climate-neutral energy sys-
tems depending on process steps and the transparency of procedures
(Schumacher, 2019), (Gonzdlez et al., 2020). This is mainly because
unnecessary administrative obstacles or incomprehensible procedures
for grid connection may delay the implementation of RES projects
(Schumacher, 2019). Unclear and complex administrative procedures
(Enzensberger et al., 2002), unreliable regulatory framework or public
perception may impact investors’ willingness to develop RES projects in
a particular country (Serrano Gonzdlez and Arantegui, 2015), which
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may in the long term harm achieving the climate objectives of the EU in
the transition from fossil fuels to RES (Seetharaman et al., 2019).
Therefore, Directive 2018/2001 of the European Parliament and of the
European Council of December 11, 2018 on the promotion of the use of
energy from renewable sources (hereafter: RES Directive) describes the
improvements to be made to the administrative procedures and the time
limits for RES project implementation (European Parliament and the
European Council, 2018).

In the context of this study, administrative process refers to the set of
processes that a wind farm (WF) or solar PV project developer must
undertake to implement a project from project conception to the pro-
duction of electricity. In this study, administrative processes include the
duration of the connection process, transparency of the process,
curtailment and grid expansion, fair and independent regulation of the
energy sector, complexity of the administrative process, land use and
environmental planning, duration of the processes, public perception,
communication between relevant stakeholders (Enzensberger et al.,
2002), (Serrano Gonzélez and Arantegui, 2015), (Liithi and Préssler,
2011), (Wiistenhagen et al., 2007). Some specific barriers affect onshore
wind energy and solar PV in different ways (Serrano Gonzalez and
Arantegui, 2015). The duration of administrative procedures and the
incorporation of RES in spatial and environmental planning are more of
a problem for WF than for solar PV, suggesting that these issues should
be prioritized in order to create favourable conditions for wind power
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Nomenclature

DSO distribution system operator

EIA environmental impact assessment

EU European Union

GHG greenhouse gas

NVE the Norwegian Water Resources and Energy Directorate
PV photovoltaic

RES renewable energy sources

RES Directive Directive 2018/2001 of the European Parliament
and of the Council of December 11, 2018 on the
promotion of the use of energy from renewable sources

SPP solar power systems

TSO transmission system operator
USA United States of America

WF wind farm

development (BoielngaHeld et al., 2014).

The installation process for RES technologies, specifically solar PV
panels and WF, can be divided into the following process stages: the
preliminary or feasibility stage, the installation and power generation
stage and the end of operation or termination stage (Fig. 1). Each of
these stages can be broken down into more detailed elements, consisting
of almost identical steps, except that the installation of solar PV panels
does not require, for the most part, the approvals associated with spatial
planning and EIA.

Each of these three stages of the project implementation process
(Fig. 1) is important and the regulatory framework should cover all
stages of the process to avoid problems in the future when equipment
reaches the end of its lifespan (Gonzalez et al., 2020).

RES technology deployment begins with a comprehensive feasibility
analysis or preliminary research (Fig. 1, Stage 1). In this phase, WF
developers should carefully select the territory for the WF based on
several criteria, including wind speed in the selected area, inviting an
expert to conduct a preliminary assessment of the plant’s potential
environmental impacts, whether the WF can be connected to the nearest
electricity network and at what cost, and the project’s economic
viability (European Commission et al., 2021). Wind turbines of a
particular height may not be permitted within the radar range if they are
too close to military installations or radars. The feasibility analysis of
solar PV plants is primarily concerned with the techno-economic eval-
uation of the solar power station (SPP), which involves analysing the
prospective costs and advantages of electricity trading (European
Commission et al., 2021). The most important factor is the expenditure
required for solar panels, cabling, and transmission infrastructure.

Stage 2 (Fig. 1) starts with Initial EIA, and if necessary, a full EIA
procedure is initiated, and an EIA report is drafted. Moreover, confor-
mity with spatial planning documents must be ensured (Schumacher,
2019), (European Commission et al., 2021). If the development of the
WEF is not permitted in a specific territory, the municipality’s spatial plan
must be modified, which will need more time to implement the project
(European Commission et al., 2021), (Guan, 2020). The most
time-consuming phases of the implementation process are the EIA

Fig. 1. Implementation steps of RES technologies for electricity generation
(author’s elaboration).
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procedure and changes to the detailed plan (European Commission
et al., 2021). Receiving a permit to increase energy production capac-
ities or introducing new production equipment is the next step after
completing the previous ones (European Commission et al., 2021). The
following step in WF installation is obtaining a construction permit and
initiating the construction phase (European Commission et al., 2021).
The duration of WF construction and electricity network connection is
project-specific and dependent on various factors, including the avail-
ability of financial resources, procurements, and project planning (Eu-
ropean Commission et al., 2021). After constructing the power plant,
many tests must be conducted to connect it to the electrical grid (Liithi,
Prassler), (European Commission et al., 2021). Before beginning oper-
ations, electricity producers and traders are required to register as
electricity producers and retailers (European Commission et al., 2021).
Implementation of SPP is shorter and less bureaucratised. All the steps
described for Stage 2 (Fig. 1) may only apply to solar PV parks with
larger capacity and a more complex installation process.

Stage 3 in Fig. 1 refers to the end of the operational life cycle of RES
technologies. This stage could involve the decommissioning of the
installed technologies and the return of the site to its pre-installation
state (Gonzalez et al., 2020). Or the installed RES technologies could
be upgraded to match today’s technological norms (European Com-
mission et al., 2021).

1.1. Analyses of administrative barriers

A critical step in reducing administrative burdens is the identifica-
tion of barriers that currently hinder the deployment of RES technolo-
gies. A study by Gonzalez and Arantegui (2015) on the regulatory
framework for wind energy in EU Member States finds that the success of
support mechanisms for RES depends not only on the amount of
compensation offered (Serrano Gonzdlez and Arantegui, 2015). The
structure and regulation of the market, as well as the infrastructure and
grid, significantly impact the spread of RES technology (Serrano
Gonzalez and Arantegui, 2015). Interviews and surveys conducted with
RES stakeholders in Europe revealed that the political and economic
framework is the most influential aspect, although market structure,
grid regulation, and administrative processes play an important role
(Serrano Gonzalez and Arantegui, 2015), (Liithi, Prassler), (Boielnga-
Held et al., 2014). The regulatory framework and compliance with the
minimum actions needed to achieve optimal solutions are essential to
promote the implementation of RES projects (Gonzalez et al., 2020).
Stakeholders and investors benefit from clear and transparent regula-
tions about the implementation of RES projects would maximise the
predictability of project success and limit the number of unrealized
projects (Gonzalez et al., 2020). The literature emphasizes evaluating
and modelling the implementation process of the offshore and onshore
WF projects (Guan, 2020; Geifler et al., 2013; Vuichard et al., 2022),
paying less attention to the evaluation of administrative procedures of
SPP (Pascaris, 2021). Therefore, this study also includes the evaluation
of permitting process for SPP.

Studies assessing the implementation of RES projects focus mainly on
comparing existing support measures and subsidies; tariff reductions for
RES energy; administrative procedures and the duration and cost of
connecting to the network (Borozan et al., 2021). However, less atten-
tion has been paid to coordinating the project construction process and
obtaining other permits, which have been examined in detail as part of
this study.

Previous studies have focused on the EIA procedure and the frag-
mentation of the process between national, regional and local author-
ities, as well as other public administrations involved, whose approval is
required for the project to proceed (Schumacher, 2019), (Galas et al.,
2015). EIA is seen as essential to implementing large-scale projects, as it
is time-consuming and directly linked to the general public attitude
towards RES technologies (Schumacher, 2019). Environmental groups,
as well as the public, often criticise and are against RES projects and the
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idea of simplifying the EIA procedure, which is presented as a dilemma
of “green versus green” (Schumacher, 2019), (Straka et al., 2020).
Hence, changes to the EIA procedure are a way to shorten the timeframe
for deploying RES technologies and are important for increasing energy
availability from RES (Schumacher, 2019). Administrative fragmenta-
tion and procedural transparency can be a disincentive for developers of
large-scale RES projects when they choose to develop projects in one or
the other country, as it can lead to longer permitting and approval
processes (Schumacher, 2019), (Valenca and Bernard, 2015; Nasirov
et al., 2023; Satagen et al., 2015). The EIA process could be optimised
through regulatory instruments, such as maximum time limits for
examining submitted documents, clear rules for carrying out EIAs and
the prioritisation of RES projects (Schumacher, 2019), (Valenca and
Bernard, 2015).

It has been argued that policymakers and wind project developers
often lack awareness of the attitudes and potential resistance to large-
scale RES projects at the local level (Breukers and Wolsink, 2007).
Public attitudes, particularly those of local communities, play a key role
in implementing wind power projects (Serrano Gonzdlez and Arantegui,
2015), (Stephens and Robinson, 2021). Betakova et al. (2015) and other
authors (Molnarova et al., 2012) have examined the visual implications
of wind turbines as one of the primary social acceptability barriers. The
number, height, and distance of wind turbines as primary influencing
factors that could be further considered to increase public acceptance
were analysed. Project developers should engage with the local com-
munity during the first stage of the project (Fig. 1) to ascertain general
attitudes towards the technology to be installed (R. et al., 2019).
Negative attitudes in the local community can later make the project
impossible or delay its implementation (R. et al., 2019), (Inderberg
et al., 2020). The influence of local authorities and communities is un-
deniably relevant to implementing the WF and SPP projects and has
therefore been considered. In this case, however, from the point of view
of the administrative process, the formal and legal influence of local
authorities and communities on the progress of the WF processes was
evaluated. The legal and formal influence of municipalities and com-
munities was assessed in the study in terms of the right of municipalities
to grant, or not grant permits for certain activities, e.g., land use plan-
ning, EIA, construction, or the ability of communities to influence these
activities through participation in public hearings.

A relevant aspect of evaluating administrative processes and trans-
parency of processes is the various nuances embedded in the regulation
that project developers may later seek to override. In the case of Brazil, it
has been argued that large WF covering a wide area can be formally
subdivided into smaller WF, thus avoiding the requirements of an EIA
(Valenca and Bernard, 2015). Consequently, one evaluation consider-
ation must be the regulatory framework’s readiness. By accumulating
knowledge on deploying a given RES technology, identifying adminis-
trative framework flaws, and implementing timely adjustments (Sen and
Ganguly, 2017), (Silva, 2022). Therefore, in this study, authors have
included the accumulated knowledge as one of the evaluation criteria.

Hua et al. (2016) have compared the development trends of
renewable energy in Australia and China by evaluating the support
measures, grid connection and coordination between different levels of
government institutions. From the qualitative studies, it has been
determined that strengthening a simplified grid connection and coor-
dination between local and national authorities were recommended for
both countries analysed (Hua et al., 2016). Swider et al. (2008) have
conducted a study comparing the costs and conditions for renewable
electricity grid connections in several EU countries. These authors
conclude, that in some countries obtaining the grid connection permit
can be a very time-consuming process due to specific technical re-
quirements issued by the grid operator (Swider et al., 2008). Al-Shetvi
et al. (Al-Shetwi et al., 2020) have performed a more detailed study
on the key requirements for grid connection related to voltage stability,
frequency stability, voltage ride-through, power quality, and active and
reactive power regulations towards grid stability to harmonize the
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requirements among different countries (Al-Shetwi et al., 2020).
Consequently, this study identified a time milestone for all WF and SPP
implementation and permitting steps to determine which of the RES
project implementation steps is most time consuming and in need of
optimization.

The literature analysis shows that the previous research has focused
on certain parts of the RES implementation process without analysing
the whole implementation steps from both WF and SPP of different
scales.

1.2. Methods used for assessing the role of administrative procedures

Previous studies distinguish several elements for analysing docu-
ments regulating the implementation of RES technologies, which should
be considered, including regulatory framework, public influence on site
selection/approval, available economic support mechanisms and indi-
rect support mechanisms (Gonzalez et al., 2020). Accordingly, the
following elements can be used to compare legal frameworks (Gonzalez
et al., 2020), (Valenca and Bernard, 2015):

the responsible public authorities and agencies involved in issuing
permits and licences for RES projects;

the level of governance at which the permit or licence is issued
(national, regional, local);

the necessary permits, licences and procedures for issuing them;
cross-comparison of standards and procedures in force in different
countries to determine variables at a specific stage of a project (e.g.,
cross-comparison of EIA procedures);

connection to the electricity distribution or transmission grid;
support mechanisms.

Specific project implementation steps and accompanying legislation
or regulation may also be analysed compared to the existing regulation
in other countries. The study carried out by Valenca and Bernard (2015)
analysed the practices of several countries (USA, Canada, Portugal)
regarding the EIA of WF (Valenca and Bernard, 2015). It assesses
whether the EIA procedure is a mandatory step for WF in the countries
studied and whether their impact on bats has to be assessed as part of the
EIA (Valenca and Bernard, 2015). This example shows that an assess-
ment of administrative procedures can analyse a specific aspect of the
regulatory framework, rather than the whole life cycle of a project or
just a single stage of implementation.

When looking at administrative processes, projects and the possi-
bility of optimising administrative processes, the literature is dominated
by best practice analysis (Schumacher, 2019), (Gonzdlez et al., 2020).
Indicators for selecting a country to define as a best practice can vary, e.
g., amount of energy generated from RES; installed capacity of RES
technologies; national sustainable development plans to reduce GHG;
increasing the amount of electricity generated from RES (Schumacher,
2019), (Gonzalez et al., 2020), (Valenca and Bernard, 2015). Case
studies can be conducted for multiple or single countries, analysing in
greater depth the RES policies and regulatory framework - the initial
framework when RES technologies were initially introduced, as well as
the modifications made throughout time and their impact on future
developments (Biehl et al., 2021). By breaking down and comparing
specific project implementation steps, it is possible to assess and
compare the administrative process implemented in each country using
the same criteria (Schumacher, 2019). The comparison of administrative
procedures between countries focuses on how the harmonisation process
works and how shortcomings in procedures are addressed over time,
including fragmentation and improved coordination at different levels
of project implementation - national, regional or local (Schumacher,
2019).

In the Schumacher study (2019), the criteria for selecting and
comparing countries are based on a simple principle - two examples of
good practice: New Zealand and the EU are compared with the USA and
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Japan, which are less advanced in the development of RES technologies
(Schumacher, 2019). A multi-level mixed methodology approach was
applied to assess the strengths and weaknesses of the EIA procedure,
where the first step consisted of an in-depth analysis of the literature and
legislative analysis of the existing regulatory framework (Schumacher,
2019). Schumacher divided the assessment into two distinct phases,
initially describing each country’s EIA procedure, as well as the regu-
latory changes planned and already in place. The next step was to
compile the relevant legal and procedural frameworks, which made it
possible to assess the essential requirements set out for the EIA pro-
cedure and the individual stages specific to project promoters. Finally,
the identified information was used in the comparative analysis of
qualitative data to identify the strengths and weaknesses of legislation
and regulation (Schumacher, 2019). Thus, it was possible to identify
barriers that exist in the regulatory framework and potentially hinder
the implementation of RES projects.

In addition, an important aspect when assessing the administrative
procedure for the implementation of RES projects in EU Member States
is the compliance of the process with the EU regulatory framework
(European Comission, 2019), (European Parliament and the European
Council, 2018), (European Comission, 2020), (The European Parliament
and the Council, 2012). EU countries do not have to transpose and
implement directives directly into law - they can choose the most
appropriate approach for their national situation and enforce it (Euro-
pean Union, 2021). Fitch-Roy (2015) in a study compared the regulatory
frameworks of five EU countries (Germany, Denmark, the Netherlands
and Belgium) regarding the authorisation procedure; connection to the
network and economic mechanisms, which led to the conclusion that the
regulatory frameworks of all the countries are eventually becoming
more procedurally similar (Fitch-Roy, 2015).

1.3. Aim and scope of research

The main objective of the study is to compare the implementation of
RES electricity generation projects in the Baltic States (Latvia, Lithuania,
Estonia) and Nordic countries (Finland, Norway, Sweden) by analysing
the administrative procedures for obtaining the necessary permits and
licences, including spatial planning, EIA, construction permits and
establishing a grid connection. The study also identifies the barriers that
may hinder the implementation of RES projects (Lu et al., 2020). The
in-depth analyses allowed us to assess the critical points in the proced-
ures needed for the implementation of RES electricity generation pro-
jects and highlight the potential improvements toward higher RES
power shares (Newell et al., 2017).

The research focuses on electricity generation, as the implementa-
tion procedure is relatively complex compared to the installation of heat
generation plants. This is also because there are several examples of RES
power plants (mainly wind) not being installed due to opposition from
local communities and municipalities (Wiistenhagen et al., 2007),
(Segreto et al., 2020; Baxter et al., 2013; Scherhaufer et al., 2017).
Therefore, the administrative processes in the Baltic and Nordic coun-
tries were studied to determine the procedures for the introduction of
WF and SPP with varying capacities for electricity generation.

This study will examine Stage 1 and Stage 2 (Fig. 1) of the whole
operational lifespan of RES technologies for electricity production, from
project planning to grid connection. Only these stages will be examined,
as the authors consider them the most administratively and procedurally
complex and should be given the most attention. The complexity of
administrative procedures and the length of the licensing process are
mentioned as one of the main challenges for deploying RES technolo-
gies, e.g. building permits can take two to 154 months in different EU
Member States (Serrano Gonzalez and Arantegui, 2015). The permitting
and licensing process mainly involves an EIA, coordination with the
spatial plan, and project approval by the responsible public authorities
(Serrano Gonzdlez and Arantegui, 2015). In Estonia, problems with
obtaining permission for planned WF projects near military objects and
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radars are mentioned as an administrative obstacle (Serrano Gonzalez
and Arantegui, 2015).

In addition, the study provides an assessment of different RES tech-
nologies, highlighting the similarities and differences between them and
the potential barriers that project developers must overcome. The study
does not analyse the implementation procedure of offshore WF, as there
is no offshore WF in operation in the Baltic States, and the regulatory
framework for offshore WF was still under development in Lithuania and
Estonia at the time of the research. The literature review shows (Schu-
macher, 2019), (Serrano Gonzalez and Arantegui, 2015), (European
Commission et al., 2021), (Valenca and Bernard, 2015), (Fitch-Roy,
2015) that a large number of analyses have been carried out on the main
barriers to the implementation of wind energy projects related to
administrative procedures. However, the previous research mainly fo-
cuses on a qualitative assessment by applying in-depth analyses of
different information sources. Therefore, this article proposes a meth-
odology for the evaluation of implementation process complexity by
applying quantified criteria resulting in a single score evaluation which
can be further used in more complex forecasting models or broader
comparisons of different countries.

The structure of the paper is as follows: in the following sub-sections,
a literature review of particular project implementation phases and
supporting legislation or regulations, as well as implementation barriers
for SPP and WF projects, has been conducted. In Section 2, the research
methodology is described, including data on the countries analysed,
quantitative and qualitative criteria for comparing administrative
frameworks for the implementation of RES electricity generation infra-
structure projects, and the use of the multi-criteria decision-making
techniques (TOPSIS and AHP) for comparison of the obtained results. In
Section 3, both qualitative and quantitative evaluations of administra-
tive procedures in the examined Baltic and Nordic countries are pre-
sented. Section 4 summarises the key findings from the preceding
sections and is separated into subsections regarding microgeneration
and medium- and large-scale onshore WF and SPP, as well as the con-
straints encountered during the research and suggestions for future
research.

2. Methodology

Analysis to compare the countries included in the study involves a
qualitative comparison, discussing the administrative barriers in each
country, and a quantitative comparison, assigning quantitative values to
defined criteria. The quantitative criteria analysis is carried out using a
multi-criteria decision-making approach to compare different aspects of
the RES implementation process. The result of the quantitative analysis
is a country ranking.

2.1. Profiles of the countries analysed

As a group of small, energy-importing nations, also known as an
“energy island” (Zepa, 2022) the Baltic States were chosen for a detailed
investigation because small states face more difficulties achieving en-
ergy security (Augutis et al., 2020). One option to increase energy in-
dependence in the Baltic States would be to intensify power generation
from domestic RES, such as SPP and WF. Integration of solar and wind
energy into the electricity markets of the Baltic States is already
happening, with Lithuania and Estonia experiencing a substantial in-
crease in installed solar capacity (Estonia, 2022; Official statistics portal,
2020; Official statistics portal of Lithuania, 2022; IRENA, 2022a; IRENA,
2022b; Eurostat, 2022). Although, the integration of wind and solar
energy systems in Latvia is proceeding more slowly. Despite the rise in
wind and solar power generation capacity installed in the Baltic States,
the existing capacity is insufficient to provide complete energy inde-
pendence. Because the installed capacities and electricity production of
SPP and WF are much higher in the Nordic countries (Finland, Norway,
Sweden), the administrative procedures of the Baltic States are
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compared with those of the Nordic countries. Thus, Finland, Norway,
and Sweden have accumulated knowledge and experience with admin-
istrative processes and transparency in permitting procedures. Table 1
shows the key indicators of installed solar and wind power capacity and
electricity generation in 2019. Sweden has the largest installed solar
capacity (714 MW); however, it provides only 0.2% of final power
consumption (IRENA, 2022a), while Lithuania has managed to meet
0.8% of its final electricity consumption with solar technologies (Official
statistics portal of Lithuania, 2022). Another analysed parameter is the
increase in installed capacities during recent years (from 2015 to 2019),
presenting the actual development trends. The highest figures are found
in Latvia, which had almost no installed solar capacity in 2015 (Official
statistics portal, 2020), while Finland’s installed solar capacity
increased from 17 MW in 2015 to 222 MW in 2019 (IRENA, 2022a).

Sweden had the largest installed onshore wind capacity in 2019,
accounting for almost 16% of final energy consumption (IRENA, 2022b).
Lithuania has also achieved a high share of wind power generation
compared to total final energy consumption (Official statistics portal of
Lithuania, 2022). The Nordic countries have achieved the highest
growth in installed wind capacity in recent years, which could be the
result of both support policies and an optimised approval and installa-
tion process (IRENA, 2022b), (Eurostat, 2022).

The planning and future development of RES policy in the Baltic
States was assessed in the context of the European Green Deal (European
Comission, 2019) and the RES Directive (European Parliament and the
European Council, 2018), considering the potential development goals
outlined in these documents. The prospective action steps embedded in
the National Energy and Climate Plans 2021-2030 (NECP) (Geissler
etal., 2022), (Aboltins and Jaunzems, 2021) of the Baltic States provide
insight into the implementation of EU-level targets at the national level,
along with electricity generation using RES technologies. Not only are
specific development objectives and their incorporation into policy
planning documents essential for mapping the technological shift to
RES, but also for attracting investment (Masini and Menichetti, 2013),
(Polzin et al., 2015).

According to the NECP of Latvia (Ministry of Economics, 2020),
modifications to the current administrative process are required because
there is currently no transparent and systemic RES use promotion sup-
port policy. In its NECP, Lithuania has set ambitious goals for using RES
for energy generation (Government of Lithuania, 2020). In order to in-
crease the use of RES technologies in Lithuania, neutral auctions for the
allocation of allowances and the widespread deployment of small-scale
RES installations owned by private energy consumers and communities
are anticipated (Government of Lithuania, 2020). According to Estonia’s
NECP targets for the next decade, wind energy will have the greatest
growth potential, while solar energy will remain significant (Ministry of
Economic Affairs and, 2019), (Shabbir et al., 2022). In the NECPs
adopted by the Baltic States, the primary goals for the development of
RES are as follows:

e accelerate and simplify the deployment of RES technologies

(including permitting) and ensure public benefits from RES projects
by establishing a single point of contact (Ministry of Economics,

Table 1
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2020; Government of Lithuania, 2020; Ministry of Economic Affairs
and, 2019);

simplifying administrative procedures and creating publicly acces-
sible descriptions and instructions for acquiring the required au-
thorizations (Ministry of Economics, 2020; Government of Lithuania,
2020; Ministry of Economic Affairs and, 2019);

motivating local governments and the local community with the
benefits that renewable energy production units provide (Ministry of
Economics, 2020; Government of Lithuania, 2020; Ministry of Eco-
nomic Affairs and, 2019);

review spatial planning, building code, and land use constraints on
RES technology development (Ministry of Economics, 2020), (Min-
istry of Economic Affairs and, 2019);

develop a conceptual solution for developing onshore wind parks by
creating the possibility and conditions for constructing wind parks
on agricultural lands and forest land (Ministry of Economics, 2020).
Provide public support for RES technology developers (Ministry of
Economic Affairs and, 2019);

state, local agencies, and entities must create, provide, and publish
information on permit, license, and certificate issuance; certification
application review; applicant assistance; and incentive programs.
Agencies, institutions, businesses, organizations, and commercial
enterprises should be motivated to share experiences and publish
best practices on using RES (Government of Lithuania, 2020).

Lithuania is the only Baltic State to have issued a separate legal
document establishing future targets, regulating the introduction of
renewable energy, and simplifying procedures for installation of tech-
nologies from RES “The Law on Energy from Renewable Sources” (Lie-
tuvos Respublikos Seimas, 2011), whereas electricity generation from
RES is embedded in separate rules and regulations in Estonia and Latvia.

2.2. Criteria for comparison

Comparing administrative frameworks for the implementation of
RES electricity production infrastructure projects is based on defined
and agreed criteria. Five main dimensions have been identified for
procedure comparison (see Table 2) by considering the timeline,
complexity, information availability, impact of public opinion, and local
authorities (municipalities). Each of the analysed criteria includes one
or several sub-criteria described below.

2.2.1. Timeline of the implementation process

An analysis of the administrative procedures was carried out to
determine whether the implementation procedure of wind and solar
projects in the Baltic and Nordic countries follows the RES Directive
(European Parliament and the European Council, 2018). RES Directive
establishes a maximum time limit for the implementation of RES pro-
jects and stipulates that the approval process for processes applicable to
power plants, including all relevant procedures of the competent au-
thorities, shall not exceed two years (European Parliament and the Eu-
ropean Council, 2018). The permitting process for installations with an
electricity generation capacity of less than 150 kW shall not exceed one

Overview of RES power profiles in each analysed country in 2019 (Estonia, 2022; Official statistics portal, 2020; Official statistics portal of Lithuania, 2022; IRENA,

2022a; IRENA, 2022b; Eurostat, 2022).

Country Installed Produced Share of final Installed capacity Installed Produced Share of final Installed capacity
capacity, MW energy, GWh consumption, % increase, MW capacity, MW power, GWh consumption, % increase, MW
Solar Onshore wind

Lithuania 103 91 0.8% 39% 534 1499 13.1% 3%

Estonia 74 48 0.6% 303% 316 687 8.1% 2%

Latvia 3 3 0.0% 2900% 78 154 2.3% 1%

Finland 222 149 0.2% 171% 2284 6535 8.4% 12%

Sweden 714 623 0.5% 193% 8681 19768 15.7% 31%

Norway 120 107 0.1% 167% 5212 5040 4.1% 49%
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Table 2
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Overview of criteria for comparing implementation procedures for RES power generation infrastructure projects in different countries.

Dimension Criteria Type of Units of measurement Data source
evaluation
Timeline of the Time for standardisable process steps; Quantitative Days National legislation, regulatory documents, and
implementation process information from authorities
Time for non- standardisable process steps; Quantitative Days National legislation and regulatory documents,
information from authorities, project
descriptions
Total time for project implementation. Quantitative Days Realised project information
Complexity Number of contact points (contact institutions); ~ Quantitative Number of contact National legislation and regulatory documents,
institutions information from authorities
Several indirectly involved institutions. Quantitative Number of involved National legislation and regulatory documents,
institutions information from authorities
Several necessary documents to be prepared. Quantitative Number of different National legislation and regulatory documents,
types of documents information from authorities
Information availability Availability of public information Qualitative 3-point scale Expert evaluation based on available
information
Accumulated knowledge of the project Quantitative Indicator (kW/thousand Statistical data
implementation. inhabitants)
Impact of public opinion Number of public discussions to be carried out Quantitative Number of public National legislation and regulatory documents,
during the project implementation process; discussions information from authorities
The opportunity for local society to influence Qualitative 3-point scale Expert evaluation based on available
the implementation of RES projects. information
Impact of local authority The opportunity for the municipality to Qualitative 3-point scale Expert evaluation based on available
influence the implementation of RES projects. information

year (European Parliament and the European Council, 2018). The
analysis is based on national legislation and regulatory documents, with
additional information on the process obtained from the authorities’
websites where necessary.

Some project implementation permitting procedures are project-
specific and depend highly on local conditions and project developers
(Valenca and Bernard, 2015), (Abranches et al., 2020). Therefore, the
timeframe is analysed separately for processes with standardisable and
clearly definable rules and separately for non-standardisable permitting
or approval procedures, which consider various project-specific ele-
ments as well as the developer’s ability to meet the authorities’ re-
quirements promptly.

Fig. 2 shows standardisable processes with predictable variables and
a fixed timeframe for implementation - permits for increasing electricity
production capacities or the introduction of new production equipment,
construction permits and electricity trading permits. These permits are
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Fig. 2. Timeline analyses depending on the implementation process (author’s
elaboration).

issued by the government ministries or government agencies responsible
for the sector, or by local authorities, and the length of the process de-
pends mainly on the capacity of the authorities, but should not exceed
the number of days specified in the regulatory documents (usually
30-70 days). The timeframes for processing applications and issuing
relevant permits have been identified through an analysis of regulatory
documents and the authorities’ websites.

Processes such as EIA, spatial planning changes and grid connections
are project-specific and require additional experts such as ornithologists,
bat experts, and planners and approvals from nearby landowners to
meet legal requirements and obtain approvals. These processes are
therefore described as “non-standardisable” because, despite the regu-
latory time frames for examining applications and granting approvals,
they will vary slightly from project to project (Gulbrandsen et al., 2021),
(Schiitz and Slater, 2019).

Project implementation timeframe for “standardisable” and “non-
standardisable” processes was identified. “Standardisable” processes, in
this case, refer to intra-organisational processes where a single admin-
istrative authority is involved in issuing a permit or licence (Ziekow,
2021). In this case, inter-organisational procedures for issuing the
necessary permits are understood as “non-standardisable” processes
because they involve two or more administrative entities, making it
challenging to define a single time and complexity frame for these
procedures (Ziekow, 2021). The total project implementation time was
also identified from the case studies carried out, through interviews with
wind and solar park developers, and from a literature analysis on the
implemented projects in the countries analysed.

2.2.2. Complexity

One perspective for the RES project implementation process analysis
is the complexity of the coordination process. One of the critical pa-
rameters is the number of authorities to which the project developer
must apply for permits or approvals for the activities carried out as part
of project development (Yaqoot et al., 2016), (Spodniak and Viljainen,
2012). The RES Directive recommends that for smoother implementa-
tion of RES projects, there should be a single point of contact to obtain
the necessary approvals or permits to facilitate the implementation of
projects (Gonzalez et al., 2020), (European Parliament and the European
Council, 2018). Hence, the first criterion in the “complexity” dimension
is the number of contact points (contact institutions). The inventory of
existing contact points in the countries included in the study will make it
possible to determine which countries have implemented the
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requirement of the RES Directive (European Parliament and the Euro-
pean Council, 2018) to move to a single contact point and whether fewer
contact points can facilitate or shorten the lead time for renewable
electricity generation installations.

The RES project implementation process sometimes indirectly in-
volves other institutions whose opinion or approval is necessary to move
forward. The number of institutions indirectly involved has, therefore,
been chosen as a second criterion. For example, in the case of WF, this
could be the military authorities, as the installation of WF at certain
heights could interfere with radars, or in the case of SPP near an airport,
the glare from the panels could pose a threat to air traffic safety.

The third criterion is the approximate number of documents required
for project approval, identified through an analysis of the legislation or
found on the official websites of the authorities involved in the project
approval process. This also specifies the administrative load put on the
procedure for RES project implementation. The assumption is that the
more documentation necessary, the more difficult and time-consuming
the implementation process will be (Yaqoot et al., 2016).

2.2.3. Information availability

Another essential aspect for a successful implementation of RES
projects is information available on the administrative procedures and
approvals and permits required (Kudurs et al., 2020). Authors have
rated information availability by using a 3-point scale where 3 points are
attributed if the information is easily accessible, can be found in one
source about the whole coordination process and deadlines but 0 points
if information cannot be found, is not publicly available.

Authors also include accumulated knowledge of the project imple-
mentation process as a criterion because if there are more implemented
RES projects, the developers and authorities have more precise un deep
knowledge of the implementation process. In the context of this study,
the accumulated knowledge about the implementation of RES is pro-
portional to the installed capacity, as a larger number of implemented
RES makes the implementation process more transparent for both
project implementers and licensors. However, the analysed historical
period is condensed to three years to evaluate the implemented projects
under the most recent regulatory framework. The hypothesis is in line
with the previous research by Kobos et al. (2006) (Kobos et al., 2006)
which uses the historical data of installed capacities of solar and wind
energy to quantify the learning process and impacts on RES technology
development. Other authors focus on expenditures of RES technologies
as one of the main indicators presenting the research and development
(Miremadi et al., 2019). For the Baltic States, although, data on in-
vestments in solar and wind technology were unavailable. Conse-
quently, writers place additional emphasis on installed capacity as
representative criteria.

2.2.4. Impact of public opinion

The local society can substantially impact the realisation of RES
projects (Stephens and Robinson, 2021), (Polzin et al., 2015). Therefore,
the authors have identified local societies’ influence on the RES project
permitting process and evaluated the impact of public opinion on the
project implementation The first identified criterion is the maximal
number of public discussions about the RES project implementation
approval, which was identified through legislation analyses and publicly
available information on official websites.

The second criterion is the possibility of influence of the local society
on the implementation of the projects of RES (Spodniak and Viljainen,
2012). It is assessed through legislation and case study analyses by using
a qualitative 3-point scale where 3 points mean that the local society has
sufficient opportunities to listen to the project implementers and influ-
ence the progress of the project, but there is no possibility to unrea-
sonably suspend the implementation of the project, 1 point if it can
unreasonably suspend the project, but 0 points if the public discussions
are not organised, although RES projects significantly impact the
environment.
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The authors consider that the possibility of local society to partici-
pate in the project implementation by obtaining in-depth information is
valuable and necessary.

2.2.5. Impact of municipality

The success and speed of the implementation of the RES project
highly depend on the local authority’s experience in coordinating this
type of project and its attitude towards the technology, and therefore its
ability to influence the process (Stephens and Robinson, 2021), (Inder-
berg et al., 2020), (Geissler et al., 2022), (Inderberg et al., 2019).

The criterion has been determined by careful legislation and case
study analyses and the qualitative assessment has been done by
assigning points from a 3-point scale like that used for local social
impact evaluation. As with the evaluation of public opinion, the authors
believe that the ability of local authorities to engage in the project
implementation by getting detailed information is vital for municipal-
ities. However, unreasonable delays in project implementation caused
by the municipality should be avoided.

2.2.6. Definition of microgeneration

In the case of microgeneration, the additional criterion of the
research is the capacity breakdown of micro and small-scale electricity
generators because it is subject to a simplified installation and approval
process. The microgeneration installations are defined beyond the
following levels:

e Latvia - 11.1 kW;
e Lithuania— 30 kW;
e Estonia— 15 kW;

e Finland - 100 kVA;
e Norway - 100 kW;
e Sweden - 43.5 kW.

In the Nordic countries, microgenerators are either not categorised
by capacity or are considered with larger capacities than in the Baltic
States (Fredriksen et al., 2015).

2.3. Process comparison methodology

The obtained criteria values are evaluated using a multi-criteria
decision analysis Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS) and Analytic Hierarchy Process (AHP) methods.
Multi-criteria decision analysis TOPSIS is a frequently used method to
evaluate environmental strategies for sustainable development. The
primary purpose of TOPSIS is to allow comparison and choice between
several alternatives (Zlaugotne et al., 2020). TOPSIS and AHP methods
were chosen for this study because they are relatively more straight-
forward and better enable the comparison of qualitative and quantita-
tive criteria.

The main steps within the multi-criteria assessment are the nor-
malisation of the criteria values by developing a normalised decision-
making matrix, calculation of normalised rating, the weighting of
criteria according to the AHP method, and determination of the positive-
ideal (best) and the negative-ideal (worst) solutions (Chatterjee and
Chakraborty, 2014). Finally, the relative proximity of the alternative to
the ideal solution is calculated (Balioti et al., 2018; Krohling and
Pacheco, 2015; Pachemska et al., 2014).

The AHP method was used to determine the degree or weight of
criteria using a pairwise comparison matrix, which reflects the decision
maker’s choice of the relative importance of the various criteria. The
pairwise comparison matrix and the alternative scoring matrix are
developed based on the methodology described by Samal and Kansal
(2015) (Samal and Kansal, 2016). When comparing the two alternatives,
a peer-to-peer rating is entered into the corresponding cell where these
alternatives intersect. Five independent experts developed their
weighting matrix, and the average weighting rates were used to assess
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the RES implementation process.

The obtained weights for different criteria are shown in Fig. 3. The
weights have been determined from the project developer’s perspective.
Therefore, the highest values have been assigned for the number of
contact points, public information available, and necessary documents.

The comparison has been prepared to assess separately different
technological solutions of power production: microgeneration, large and
average scale SPP, and large and average scale WF projects. WF and SPP
are considered medium-sized plants with a capacity of up to 10 MW and
large-sized plants with a capacity of more than 10 MW; this breakdown
was based on the generation capacity to be connected to the TSO, which
in most countries starts from 10 MW.

3. Results

This section presents the results of qualitative and quantitative
procedures assessment in the analysed Baltic and Nordic countries.

3.1. RES project implementation process in analysed countries

The study concluded that the legislative framework and the admin-
istrative procedures for installing WF and SPP in the countries studied
are practically the same in terms of project implementation phases and
required permits, with some minor differences (Table 3). Typically, in
literature, administrative procedures have been assessed separately for
wind and solar installations, but during the study, authors identified
identical project implementation steps for both technologies, with the
main difference being that SPP mostly are not subject to spatial planning
restrictions and do not require an EIA. The implementation phases of
RES projects for power generation are as follows: feasibility study; co-
ordination of the project idea; power generation and grid permits;
construction and commissioning (Fig. 4), thus almost covering two of
the three project implementation stages listed in Fig. 1 up to the start of
power generation.

The feasibility phase of the project was not examined in detail on a
country-by-country basis. During the case study analyses RES project
developers mentioned the following feasibility studies: wind speed or
shading in the selected area; restrictions on spatial planning; pre-
liminary assessment of possible environmental impacts; noise mea-
surements; connection to the network and connection costs;
infrastructure for transporting technology; economic viability of the
project, as well as the distance from military installations and radars.

In Sweden permitting process for WF development may only be
started if the municipality has approved (Wretling et al., 2022), (Larsson
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and Emmelin, 2016). Otherwise, the first step in implementing a RES
project is either to amend the spatial plan or to carry out an EIA pro-
cedure, if necessary (Wretling et al., 2022), (Larsson and Emmelin,
2016).

The legislative framework for spatial planning usually determines
the general requirements for spatial development planning - spatial use
and restrictions for construction. Municipalities may designate certain
areas in their spatial plans or detailed plans where the construction of
WEF is allowed or prohibited. In some cases, municipalities also include
restrictions on the installation of SPP.

In the Baltic States, if the municipality does not foresee the instal-
lation of WF on the selected plot of land according to the spatial plan or
detailed plan, the project developer must submit an application to the
municipality requesting an amendment to the detailed plan (Cabinet of
Ministers, 2013a) (Parliament of Estonia, 2019). In addition, land lease
agreements must be concluded in case any part of the planned site is not
already in the possession of the project developer, as well as agreements
with adjacent landowners must be concluded. The administrative pro-
cedure for making changes to municipal spatial plans can include public
consultation (Cabinet of Ministers, 2013a) (Parliament of Estonia,
2019).

In Norway, municipalities are responsible for spatial planning in all
sectors except for energy, where project developers turn to the Norwe-
gian Water Resources and Energy Directorate (NVE) (Inderberg et al.,
2019), (Saglie et al., 2020). Municipal involvement is only part of the
EIA process (Inderberg et al., 2019). The law of the Republic of
Lithuania on Energy from Renewable Sources determines simplified
spatial planning conditions for small-scale systems under 500 kW using
RES - no need for detailed spatial plans or change of the primary land
use, provided that it does not conflict with the regulations on local
management land use (Lietuvos Respublikos Seimas, 2011).

The next step for medium and large —scale WF usually is an Initial
EIA or a mandatory EIA, depending on the power plant capacity to be
installed (Inderberg et al., 2019). The EIA procedure can also be carried
out before changes are made to the municipality’s spatial plan, or both
procedures can be carried out in parallel. EIA usually is carried out in
accordance with national Law on Environmental Impact Assessment.
SPP usually are not subject to the EIA procedure, however, in Estonia it
is possible that an Initial EIA could be required for the construction of a
SPP plant as a part of the construction permit granting process, if the
municipality concerned decides that the activity could have a negative
impact on the environment (Consultare OU, 2020). Swedish munici-
palities have the right to speak, including the right to appeal, in matters
concerning permits under the Environmental Code in order to protect
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Table 3

The regulatory framework assessed to identify administrative procedures (2021).
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Territorial planning EIA Permits Connection to the grid
Latvia 1. Spatial Development Planning 1. Law on Environmental Impact 1. Cabinet of Ministers Regulation No. 1. Energy Law (Sacima, 1998b);
Law (The Saeima, 2011); Assessment (Saeima, 1998a) 559 “Regulations Regarding Permits 2. Electricity Market Law (Saeima, 2005);
2. Cabinet of Ministers Regulation for Increasing Electricity Production 3. Decision No 1/10 of the Council of the
No.240 “General Regulations on Capacities or the Introduction of New Public Utilities Regulatory Commission
Spatial Planning, Use and Production Equipment” (Cabinet of “Rules for System Connection to the
Construction” (Cabinet of Ministers, 2020) Electricity Transmission System” (The
Ministers, 2013b); 2. Construction Law (Cabinet of Public Utilities Regulatory Commission,
Ministers, 2014a) 2021)
3. Cabinet of Ministers Regulation 4. Law on Regulators of Public Utilities
No.500 “General Construction (Saeima of Republic of Latvia, 2000)
Regulations” (Cabinet of Ministers,
2014b)

Lithuania 1. Law of the Republic of Lithuania 1. The Law on Environmental 1. Law of the Republic of Lithuania on 1. Law of the Republic of Lithuania on
on Energy from Renewable Impact Assessment of Proposed Energy from Renewable Sources Energy from Renewable Sources
Sources (Lietuvos Respublikos Economic Activities (Seimas of (Lietuvos Respublikos Seimas, 2011); (Lietuvos Respublikos Seimas, 2011);
Seimas, 2011); the Republic of Lithuania, 2017) 2. Law on Construction (Lietuvos 2. Law on Electricity (Seimas of the

2. Law on Territorial Planning Respublikos Seimas, 1996); Republic of Lithuania, 2000)
(Lietuvos Respublikos Seimas, 3. Law on Electricity (Seimas of the
1995) Republic of Lithuania, 2000)
3. Law on Special Conditions for
The Use of Land of The
Lithuanian Republic (Lietuvos
Respublikos Seimas, 2019)
Estonia 1. Planning Act (Parliament of 1. Environmental Impact 1. Building Code (Riigikogu, 2015); 1. Electricity Market Act (Riigikogu,
Estonia, 2019); Assessment and Environmental 2. Electricity Market Act (Riigikogu, 2003)
Management System Act 2003);
(Riigikogu, 2005) 3. General Part of the Economic
Activities Code Act (Riigikogu, 2011)
Finland 1. Land Use and Building Act ( 1. Law on the Environmental 1. Land Use and Building Act (Finnish 1. Electricity Market Act (Parliament of
Finnish Parliament, 1999) Impact Assessment Procedure 5/ Parliament, 1999) Finland);
5/2017/252 (Finnish
Parliament, 2017)

Norway 1. Planning and Building Act 1. Regulations on Impact 1. Planning and Building Act (Ministry of 1. Act on production, transformation,
(Ministry of Local Government Assessment (Ministry of Climate Local Government and Modernization, transfer, sale, distribution and use of
and Modernization, 2021); and Environment and Ministry of 2021) energy (Energy Act) (Ministry of

Local Government and Petroleum and Energy, 1990);
Modernization, 2017);

Sweden 1. Planning and Building Act 1. Environmental Code (Ministry 1. Planning and Building Act (Ministry 1. The Electricity Act (Ministry of

(Ministry of Finance, 2010); of the Environment, 1998) of Finance, 2010); Infrastructure, 1997)
2. Environmental Code (Ministry of

the Environment, 1998)
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Fig. 4. General steps for RES project implementation and approval process (author’s elaboration).

environmental and other public interests within the municipality
(Swedish Energy Agency, 2020a), (Cross et al., 2015). Finnish munici-
palities can facilitate the development of WF by adopting a wind
power-directing local master plan, in which most of the required envi-
ronmental assessments have already been carried out (Bergmann,

2018).

In most cases, around three public consultations are carried out

during the Initial EIA and EIA procedure (Saeima, 1998a) (Riigikogu,
2005), whereas, in the Lithuanian EIA procedure, five public consulta-
tions can be identified, as well as the possibility for the responsible
authority to return the report several times for correction (Seimas of the

Republic of Lithuania, 2017).

Once the EIA report has been approved and the installation of RES
technologies has been agreed upon by the spatial plan in Latvia,
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Lithuania, a permit for the introduction of new power generation
equipment must be obtained (Cabinet of Ministers, 2020), (Seimas of the
Republic of Lithuania, 2000), (Rozentale and Blumberga, 2019). In
Finland, power plants with an electrical capacity of at least 1 MVA must
notify the Energy Agency of the power plant construction plan or the
decision to increase capacity (Jaaskelainen et al., 2017).

The next step for WF and SPP installations is to obtain a building
permit and start the construction works (Cabinet of Ministers, 2014a),
(Lietuvos Respublikos Seimas, 1996), (Riigikogu, 2015). Micro-
generation installations are often exempt from the obligation to obtain a
building permit (Inderberg et al., 2018). For example, in Lithuania, SPP
and WF with an installed capacity of up to 30 kW, not exceeding the
noise level, can be installed on buildings or integrated into buildings
without a building permit (Lietuvos Respublikos Seimas, 2011). In
Estonia, where possible, the EIA procedure is combined with the
Building Code procedures; in that case, the requirements of both pro-
cedures must be met (Riigikogu, 2015), (Jansone et al., 2012). The Land
Use and Building Act of Finland states that a building permit for a WF
may be issued if a legally binding master plan stipulates that the plan or
part thereof is the basis for the building permit (Finnish Parliament,
1999).

In Sweden, if there is a plan to build something that requires building
permission, the developer can apply for prior notification first to find out
early on whether it is possible to build the project on the particular site
(The National Board of Housing Building and Planning, 2020a; Noardo
et al., 2022; Granath Hansson, 2017). A favourable prior decision gives
the developer the right to carry out a particular measure on the site,
provided that the developer applies for a building permit within two
years (The National Board of Housing Building and Planning, 2020a).
Before the construction works begin, the developer must apply for and
wait for a decision on a building permit and planning permission (The
National Board of Housing Building and Planning, 2020a).

Finland has a one-stop digital service portal, “Lupapiste”, for man-
aging building permits and other license-related services to allow mu-
nicipalities to act according to the Land Use and Building Act; this
service is scaled for the individual needs of municipalities, developers
and others in the permitting procedure involved parties (Heiskanen,
2018), (Helander et al., 1012).

In Lithuania and Estonia, a permit for electricity generation must be
obtained (Riigikogu, 2003), (VERT, 2019), (Pazéraite et al., 2014).
Before starting their activities, electricity producers or traders must
register accordingly in a register of electricity producers or traders
(Saeima, 2005), (Riigikogu, 2003), (Riigikogu, 2011). Electricity trading
in Finland does not require a separate licence for trading activities,
whereas, in Norway, a trading licence is required (Ministry of Petroleum
and Energy, 1990), (The Energy Agency, 2021), (Banet, 2017).

In most countries covered by the study, small and medium-sized
power plants with up to 10 MW capacity are connected to the DSO,
while large power plants with capacities above 10 MW are connected to
the TSO. In Lithuania, project developers must obtain a letter of intent to
connect a power plant to the electricity grid (Lietuvos Respublikos Sei-
mas, 2011), (Seimas of the Republic of Lithuania, 2000). The number of
DSOs varies widely among the countries included in the study - Latvia
11; Lithuania 6; Estonia 34; Finland 77; Norway over 120; Sweden 170
(Paiho et al., 2021; GM. and Prettico, 2021; Sareen, 2020).

Norway is the only country in the study with a single point of contact
- the NVE, which coordinates the development of SPP and WF and issues
the necessary permits (Inderberg et al., 2019). The Swedish Energy
Agency is currently working on setting up a digital contact point
covering permits, exemptions and notification procedures for RES in-
stallations and their connection to the grid (Swedish Energy Agency,
2021).
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3.2. Obtained values of analysed criteria

3.2.1. Timeline for the project implementation

Table 4 shows the duration of the standardised processes for the
different RES projects, comparing the countries analysed. In Norway and
Estonia, installing microgenerators is the most time-consuming due to
the lengthy building permit process. The longest timeframes for large
and medium-sized SPP are in Lithuania and Estonia and for WF in
Lithuania and Sweden.

The estimated timeline for non-standardisable processes is based on
the legislative framework and several assumptions, as the precise
duration for such processes as EIA or changes in spatial planning doc-
uments is project-specific and within the same country can differ not
only by days but by months. Nevertheless, because of the above, the
authors have estimated the duration of each RES project by using the
maximal timeframe.

The real-time it takes for a RES technology project development
depends on different aspects; therefore, the implementation differs for
each project. The performed case study analyses of 14 different solar and
wind projects in different countries show that, on average, onshore wind
projects take five years to complete (Eesti Energia Windaparks, 2011;
Fortum to build; Paldiski Onshore; Raggovidda Wind Farm; Construc-
tion; The Sjisjka wind farm; The Windfarm; Windfarm Design). Solar PV
development projects are mostly completed within 1-2 years (Atria
expands Finland, 2021; Estonia’s; Latvenergo starts; Nya Solevi; Solar
collector).

3.2.2. Complexity

Table 5 shows the number of contact points (local and national au-
thorities, agencies) involved in the project’s implementation process and
obtaining all necessary permits. The identified institutions are sum-
marised in Appendix A, B and C. As can be seen, the number of contact
points for installing microgenerators is limited to one or two authorities.
The first authority is usually the local municipality or the municipal
building authority. In all cases except Sweden, the second point of
contact is the DSO, which coordinates the connection to the electricity
grid. Finally, in the Swedish case, an electrical installer at an electrical
installation company should be contacted for the connection
establishment.

The number of contact points during the implementation process of
SPP and WF projects overlaps in all the countries assessed. The most
contact points are in the Baltic States, particularly Latvia. Norway is the
only country in the study that has conceptually implemented the coor-
dination process through a single contact point (Inderberg et al., 2019).
The NVE is the central point of contact, but in some cases, the local
municipality must be contacted to install smaller power plants (The
Norwegian Water Resources and Energy Directorate, 2021a), (The
Norwegian Water Resources and Energy Directorate, 2021b).

Identifying the exact number of institutions indirectly involved
during the study was impossible, as they are not always listed in the
legislation or other officially available information. It may be that, in
considering whether to grant a permit, the authorities directly involved
in the approval process themselves contact the authorities indirectly
involved, who then give their opinion on environmental and technical
aspects. The identified number of indirectly involved authorities is
roughly the same in all the countries included in the study.

The number of documents required for implementing RES technol-
ogies was obtained from the analysis of legislation or found on the
official web pages of authorities. The data is summarised in Table 5 and
shows that developers in the Baltic States must submit more documents
than developers in the Nordic countries. This difference could be
because, in the Baltic States, the legislation lays down specific docu-
ments that need to be prepared and submitted to obtain permits. In
contrast, the Nordic regulatory system does not require this; however,
clarification on the required documents can be obtained by contacting
the relevant authorities. Most often mentioned documents are
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Table 4
Average duration (days) of different types of RES projects (2021).
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Standardisable processes

Non-standardisable processes, days

Estimated real project time, days

Days

Country Microgeneration SPP WF Microgeneration SPP WF SPP WF
Latvia 30 91 91 30 343 1676 300 3285
Lithuania 0 89 89 48 519 1878 365 2920
Estonia 60 165 165 30 720 1817 273 3650
Finland 14 58 180 30 720 1268 365 2920
Norway 0 103 154 90 638 822 365 1460
Sweden 70 70 100 90 430 1247 365 2920

Table 5

Number of contact points indirectly involved institutions and necessary documents for RES projects (2021).
Number of contact points Number of indirect institutions Number of necessary documents
Country Microgeneration SPP WF Microgeneration SPP WF Microgeneration SPP WF
Latvia 2 6 8 0 2 4 2 15 16
Lithuania 1 4 5 0 2 2 1 18 20
Estonia 2 4 5 1 2 2 2 17 30
Finland 2 4 4 1 1 2 1 3 7
Norway 1 1 1 2 3 3 1 4 4
Sweden 2 3 3 0 3 3 1 2 5

applications for issuance of the necessary permits - building permits;
permits for energy production; permits for selling electricity; application
and technical documentation for connection to the network, and EIA
programs and reports. Installation of microgeneration equipment re-
quires only a few documents that vary depending on the installation’s
technology, capacity, and location. For medium and large-scale SPP,
WF, the number of documents required is quite similar, mainly
depending on the constraints for the chosen site, as there are areas where
additional permits are required.

3.2.3. Information availability

The information available about the RES project implementation
process has been evaluated using a scale described in the Methodology
section. The accessibility ratings were obtained by analysing the infor-
mation available on each country’s official websites and, where neces-
sary, reviewing the legislation. The analysis aimed to find
comprehensive and explanatory official information in one place. In
particular, to find official and transparent information on the stages of
the administrative process and the authorities to turn to, if necessary, to
install RES technologies.

The results have been summarised in Table 6. As seen from the
evaluation, the most comprehensive information about necessary per-
mits and implementation processes can be found in Norway because the
project development process for SPP and WF is managed by one contact
point — the NVE (The Norwegian Water Resources and Energy Direc-
torate, 2021a), (The Norwegian Water Resources and Energy Direc-
torate, 2021b). Although Sweden does not yet have a single contact
point system and the approval process for RES power plant development
projects is the responsibility of the municipalities, comprehensive

information on the implementation of SPP and WF projects can be found
on The Swedish Energy Agency’s website (Cross et al., 2015), (Swedish
Energy Agency, 2019, 2020b, 2020c, 2020d, 2020e). Sweden has also
developed a handy tool for using the Planning and Building Act, “PBL
Knowledge Bank” (Boverket) (PBL knowledge bank, 2020), (The Na-
tional Board of Housing Building and Planning, 2020b) which explains
in great detail the application and interpretation of the Planning and
Building Act depending on the activity to be carried out concerning
territorial planning and construction.

The accumulated knowledge indicator is based on the number of
implemented RES project capacities from 2015 to 2019 and the coun-
try’s population (Estonia, 2022; Official statistics portal, 2020; Official
statistics portal of Lithuania, 2022; IRENA, 2022a; IRENA, 2022b;
Eurostat, 2022). If more RES projects are implemented, more knowledge
and experience will be gained, which be helpful for future project
development. Norway and Sweden have the best knowledge and expe-
rience. Estonia has seen the highest growth in installed capacity among
the Baltic States in recent years, but this can still be considered low
compared to the Nordic countries.

3.2.4. Impact of public opinion and municipalities

The impact of public opinion has been evaluated through two criteria
— the number of public discussions regarding RES project implementa-
tion and the possibility of society to impact the implementation of the
RES project. Since there is no public discussion about installing micro-
generation technologies in the countries studied, these criteria were
excluded from further analysis.

The summary of obtained criteria values can be seen in Table 7. The
lowest societal impact of SPP has been identified for Latvia, where there

Table 6 Table 7
Summary of qualitative evaluation on information availability (2021). Overview of society and municipality impact evaluation (2021).
Information availability Accumulated knowledge, kW/ Municipality impact Society impact Number of public
evaluation thousand inhabitants evaluation evaluation discussions
Country Microgeneration ~ SPP~ WF SPP  WF Country SPP  WF SPP  WF SPP  WF
Latvia 2 2 1 2 5 Latvia 3 1 0 2 0 3
Lithuania 3 2 2 12 35 Lithuania 3 1 3 2 1 5
Estonia 1 1 1 51 12 Estonia 1 1 2 2 2 2
Finland 1 2 1 37 232 Finland 3 2 2 3 2 2
Norway 1 3 3 20 384 Norway 3 3 2 3 2 2
Sweden 2 3 3 60 280 Sweden 1 1 2 3 1 2
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is no necessity to organise public discussions regarding SPP installation.
The highest social impact scores are found for WF in Finland, Norway,
and Sweden, where the local population is well-informed and generally
supportive of RES technologies, leading to higher installed capacities in
these countries. We find this even though in Sweden, the municipality
has a veto (Wretling et al., 2022) and in Norway, the municipalities and
residents have informal rights to influence decisions about WF instal-
lation (Saglie et al., 2020).

Regarding the municipality impact, the highest score is attributed to
SPP installation in Latvia, Lithuania, Finland, and Norway, where the
local government has vast opportunities to listen to the project imple-
menters and influence the project’s progress (see Table 7).

3.3. Multi-criteria analyses results

The obtained criteria values have been normalised and weighted
according to the methodology described in Section 2.2.

Fig. 5 shows the multi-criteria decision analysis results for different
technologies. Regarding microgeneration, Lithuania scored the highest
among all countries because of the Law of the Republic of Lithuania on
Energy from Renewable Sources (Lietuvos Respublikos Seimas, 2011)
which clearly describes the regulatory framework for microgeneration
installations - capacity limits, simplified installation process in terms of
territorial and building permits. Such a legislative act summarising
regulation for RES technologies can be seen as a facilitating factor for
developing and installing RES technologies and contributes to the
transparency of the processes. Finland has the second-highest score,
while Sweden is not far behind. According to the multi-criteria decision
analysis, Latvia scores the lowest in implementing microgeneration
projects.

Nordic countries have obtained the highest rank for large and
average size SPP- Sweden and Norway with the highest score, followed
by Finland due to the lower number of contact points for the necessary
permit receiving and the high information availability. The Baltic States
have received the lowest results, with Lithuania behind Finland, Latvia,
and Estonia. Estonia is ranked lowest because SPP projects can be sub-
ject to EIA compared to other countries, and a change in spatial plans is
required. As for WF, the assessment results show higher scores for the
Nordic countries, as fewer institutions are involved in the implementa-
tion process and shorter project implementation periods. Also, the
implementation of WF projects in Norway is smoother due to the opti-
mised permitting processes.

4. Conclusions and policy implications

Administrative procedures and the regulatory framework should be
adapted to the potential target audience to avoid unnecessary
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administrative barriers— generation of electricity for private use
(including small power plants) through microgeneration; small and
medium capacity power generation facilities providing electricity for
enterprises or community; large capacity plants designed to generate
income from the sale of electricity. Such an approach could help to in-
crease the share of electricity generated from RES in different sectors.

The study compares the implementation process of different capacity
SPP and WF projects in Baltic and Nordic countries by considering 11
criteria and applying multi-criteria decision-making methods. The
comparison has been made by considering the project implementation
timeline, complexity, information availability, and the impact on local
society and municipalities. In addition, the number of contact points,
public information available, and the number of documents necessary
for the project’s approval have been identified as the primary evaluation
criteria.

4.1. Microgeneration

The study evaluated the information on installing microgenerators
and found little difference in administrative procedures. Installing a
microgenerator is between one and three months, indicating a simplified
process for installing and connecting microgenerators to the grid. The
comparative part of the research has shown that Lithuania has the most
favourable administrative conditions for installing microgenerators of
all the countries included in the study and the highest permitted ca-
pacity of microgenerators of all three Baltic States. Installing a micro-
generator is not restricted by spatial planning restrictions and does not
require a building permit. In other countries, on the other hand, a
building permit or notification from the authority responsible for con-
struction may be required.

The analysis shows that the Baltic States classify equipment as
microgenerators with a much lower capacity than the Nordic countries.
Therefore, given the recent increase in electricity prices (European
Commission, 2021), the installed capacity of a microgenerator in a
household may not be able to cover the amount of electricity consumed.
Thus, the authors suggest that the legislation in the Baltic States defining
microgeneration and its capacity should be revised, and a higher ca-
pacity should be established.

The information published by the DSOs on the requirements for
connecting microgenerators to the power grid and the process de-
scriptions can be evaluated as comprehensive and helpful. However, the
study found that the general information on installing WF and SPP
microgenerators is incomplete in almost all countries covered. Guide-
lines on the administrative procedures for installing microgenerators or
small-scale WF and SPP (for each technology separately) with explan-
atory information on the administrative process and specific re-
quirements would improve transparency and potentially speed up the

WF

Finland Norway Sweden

Fig. 5. Multi-criteria analysis results for different RES projects (author’s elaboration).
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process.
4.2. Medium and large-scale onshore wind and solar PV installations

Article 16 (1) of the RES Directive (European Parliament and the
European Council, 2018) proposes that Member States establish one or
more single points of contact where developers of RES projects can
obtain the necessary advice and permits in one place without going to
other authorities. Establishing a single point of contact also complies
with the objectives and measures to be carried out under the National
Energy and Climate Plan of Latvia and Lithuania (Ministry of Economics,
2020), (Government of Lithuania, 2020).

Authors recommend following the example of the Swedish and
Norwegian Energy Agencies, which maintain detailed information on
the deployment of RES technologies, the administrative process and the
regulatory framework (Cross et al., 2015). Therefore, the establishment
of single points of contact under national energy agencies or munici-
palities administering permits and licences should be considered, as
both the literature analysis and the study have confirmed that it accel-
erates the pace of RES project deployment (Schumacher, 2019),
(Gonzalez et al., 2020), (Polzin et al., 2015).

The case studies conducted in the Baltic States revealed a high public
resistance to installing RES technologies, possibly based on misinfor-
mation and stereotypes regarding SPP and WF. Energy agencies could be
the national organizations in the Baltic States to promote confidence in
solar and wind energy through transparent and trustworthy explanatory
information (Polzin et al., 2015).

Municipalities are responsible for ensuring that the location of WF or
SPP complies with existing spatial planning, issue building permits and
are involved in the EIA process, which is a large part of the project
implementation process. Given the relative lack of explanatory infor-
mation on the websites of public administrations in the Baltic States, the
authors recommend following the example of Sweden and Norway and
publishing more comprehensive and explanatory information about the
administrative procedures for installing RES technologies.

Information about the necessity and the conditions for issuing
building permits was one of the most challenging parts of the adminis-
trative procedure in all the countries studied, except for Sweden. To
improve the administrative process related to the construction process,
the authors suggest setting specific requirements for the installation of
RES technologies (Polzin et al., 2015), in this case specifically SPP and
WF, making the rules related to the construction process more under-
standable and transparent (Cross et al., 2015), (Leiren et al., 2020).
Alternatively, explanatory information about the rules and the correct
interpretation of the legislation can be made publicly available (Silva,
2022), (Kudurs et al., 2020), as in the handbook produced by The Na-
tional Board of Housing Building and Planning of Sweden (Boverket),
which explains how the Planning and Building Act should be interpreted
(The National Board of Housing Building and Planning, 2020b).

The study did not find the reasons and practical necessity of the
permit for introducing new generation equipment that must be obtained
in Latvia and Lithuania, nor the criteria considered when assessing
whether such permits should be granted (Rozentale and Blumberga,
2019). According to the authors, such a permit could therefore be
combined with an application for grid connection, included in a building
permit, or if a single point of contact is created, the need for such a
permit could be automatically integrated into the overall coordination
of SPP or WF project implementation.

In order to collect and compile the necessary information, a large
number of documents in several languages (Latvian, Lithuanian, Esto-
nian, Finnish, Swedish, and Norwegian) had to be analysed. This process
was particularly challenging for the Baltic States, as almost all process
schemes and stages had to be developed from scratch as a primary
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source using legislation. It was not always clear how to interpret the
legislation appropriately, especially regarding procedures for obtaining
building permits for installing SPP and WF. Another limitation is that
spatial planning regulations in the countries covered by the study could
differ from municipality to municipality, so the sequence and duration
of the implementation process may vary. For this reason, the study was
generalised at the national level and not at the municipal level. Another
limitation is that the study was conducted in 2021, ending just before
the geopolitical crisis in Ukraine escalated in February 2022, which led
to a significant increase in fossil fuel energy prices. The dramatic in-
crease in energy prices was followed by rapid legislative amendments
that simplified the requirements for installing SPP and WF and a sharp
increase in households installing SPP for self-consumption, which
increased the installed RES technology capacity in the countries covered
by this study.

4.3. Further research

The article contains detailed analyses of the administrative process of
the RES project implementations. However, further research would be
needed to determine whether the required permits and the complex
permitting process are the main barriers to increasing the share of solar
and wind energy in the Baltic States. A deeper understanding of the
bottlenecks could be gained through the number of applications
received for installing RES technologies at each stage of project imple-
mentation; the rejections received and the reasons for rejections, and the
need to correct the resubmission application. In this way, it would be
possible to identify the most delayed stages of the administrative process
and analyse their reasons. In-depth interviews with staff of the respon-
sible authorities could provide insight into all the nuances of the
administrative process and the authorities indirectly involved. Future
studies should also investigate whether the legislation of the Baltic
States includes well-formulated provisions for the final stage of WF and
SPP, i.e., decommissioning.

The analyses of historical and existing support measures for WF and
SPP are out of the scope of this study. However, the complex assessment
of administrative barriers and support measures could provide addi-
tional examples of good practices for implementing RES.

The existing legislation and administrative procedures for devel-
oping RES projects in the Baltic and Nordic countries are changing and
evolving rapidly, so an up-to-date analysis of the actual situation should
be conducted in due course.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
Krista Laktuka reports financial support was provided by European So-
cial Fund.

Data availability
Data will be made available on request.
Acknowledgements

The study was prepared with support from the European Social Fund
within Project No 8.2.2.0/20/1/008, “Strengthening of PhD students and
academic personnel of Riga Technical University and BA School of
Business and Finance in the strategic fields of specialization” of the
Specific Objective 8.2.2 “To Strengthen Academic Staff of Higher Edu-
cation Institutions in Strategic Specialization Areas” of the Operational
Programme “Growth and Employment”.



K. Laktuka et al.

Appendices

Appendix B

Appendix A
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Summary of involved institutions for microgeneration project implementation

Country Contact points Indirectly involved institutions
Latvia County Construction Board
DsO
Lithuania DSO
Estonia Local municipality Local building authority
DSO
Finland Local municipality One licence point
DSO
Norway Local municipality
DSO
Sweden Local municipality The Planning and Building Agency

Electrical installation company

Summary of involved institutions for average and large-scale solar power plant project implementation

Country Contact points Indirectly involved institutions
Latvia Ministry of Economics Civil Aviation Agency
- Ministry of Defence
Local building authority
The State Inspection for Heritage Protection
Public Utilities Regulatory Commission
DSO or TSO
Local municipality
Lithuania ~ The National Energy Regulatory Council The Lithuanian National Commission for Cultural Heritage
- Lithuanian Armed Forces
DSO or TSO
Local municipality
Local building authority
Estonia Local municipality Geologists
- The Ministry of Defence
DSO or TSO
- The Register of Economic Activities
Environmental Board
The Competition Authority
JSC Elering
Finland Energy Market Authority The Centre for Economic Development, Transport and the Environment
- The regional environment centre, the regional council and the local authority
The Energy Agency
The Ministry of the Environment
Local building supervision authority
Norway The Norwegian Water Resources and Energy Directorate (NVE) The Ministry of Petroleum and Energy
Local municipality
Statnett
DSO
Sweden Local municipality or region The National Board of Housing, Building and Planning

Municipality’s building committee

Energy and climate advisor

DSO

Electrical installation company registered with the Swedish Electrical Safety Agency
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Appendix C

Utilities Policy 82 (2023) 101577

Summary of involved institutions for average and large-scale wind farm implementation

Country Contact points Indirectly involved institutions
Latvia Ministry of Economics Ministry of Defence
- Civil Aviation Agency
Local building authority
- State Environmental Service regional environmental board
DSO or TSO
Public Utilities Regulatory Commission
Local municipality
The State Inspection for Heritage Protection
Environment State Bureau
State Environmental Service
Lithuania State Energy Regulatory Council Commander of the Lithuanian Armed Forces
- Minister of Health of the Republic of Lithuania
DSO or TSO
Local municipality
Estonia Local municipality Eight different Ministries
- Geological surveys
JSC Elering
Environmental Board
The Competition Authority
Finland The Energy Agency The Centre for Economic Development, Transport and the Environment
- The regional environment centre, the regional council and the local authority
The Ministry of the Environment
Local building supervision authority
DSO or TSO
Norway The Norwegian Water Resources and Energy Directorate (NVE) Pollution authority
Sweden Local municipality or region The municipal board
- City Council
County Administrative Board
- Municipality’s environmental and health protection board
The Swedish Environmental Protection Agency
- DSO
Municipality’s building committee
Electrical installation company
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Abstract: A vital component of achieving climate neutrality in the future involves bolstering energy
efficiency measures in educational institutions and improving the overall knowledge on sustainable
solutions. To achieve fruitful outcomes, the active involvement of various stakeholders, such as
managers, teaching staff, and students, is indispensable. By implementing energy-efficient building
systems, advancing the use of renewable energy sources, and incorporating sustainable practices
into the curriculum, educational institutions can decrease their environmental impact and conserve
resources for future generations. Active participation from all stakeholders, including managers,
teaching staff, and students, is essential for the success of these efforts. Providing students with
a comprehensive education on sustainability equips them to apply this knowledge in their future
professions, thus contributing to a more sustainable society. To gain insights into the existing state of
sustainability within educational systems, a comprehensive study of educational institutions was
undertaken. To assess and compare schools’ sustainability, a composite indicator was developed.
The study’s findings reveal that the implementation of mandatory and optional measures can lead
to a substantial reduction in primary energy consumption by 39% and greenhouse gas emissions
by 34% in educational institutions. The average abandonment costs for mandatory measures are
5.87 EUR/kgCO, /year, but the average value for optional measures is 33.80 EUR/kgCO, /year. It
is suggested demonstration projects be implemented in institutions where specialists in RE, mecha-
tronics, building engineering systems, and environmental technologies are trained by showcasing
technologies needed for the transition to climate neutrality.

Keywords: composite indicator; energy efficiency; environmental impact; greenhouse gas emissions;
optimization; policy; primary energy consumption; renewable energy; survey

1. Introduction

The Sustainable Development Goals (SDGs), adopted by the United Nations (UN) in
2015, include SDG 4 on education. Other goals, such as SDG 7 on affordable and clean
energy, SDG 11 on sustainable cities and communities, and SDG 13 on climate action [1],
mutually influence sustainable education and building energy consumption. Furthermore,
the Paris Agreement, adopted in 2015, strives to reduce the global temperature rise to
1.5 degrees Celsius above pre-industrial levels, with 2 degrees Celsius being the maximum
level allowed [2]. Reducing emissions is significant to achieving this goal, and buildings
were responsible for 27% of the total energy sector emissions in 2021 [3].

Nevertheless, sustainable education empowers students with the knowledge, values,
and skills required for informed decision making and enhancing quality of life while
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ensuring the needs of future generations [4], and can thus significantly impact the move
towards climate neutrality [5,6]. However, only in recent years has the role of education
been emphasized in the context of achieving climate goals [7]. Improved sustainability
requires significant transformations in organizations, supply chains, and communities,
and this can only be achieved through continuous learning and innovation [8]. Therefore,
a strong vocational education system can provide many benefits, such as supporting
green growth and boosting labor productivity [9]. A heightened understanding of climate
change can inspire students to actively engage in carbon neutrality education, and this
result is facilitated by environmental responsibility [10-12]. Teachers can leverage this
information to enhance students’” comprehension of the impact of climate change and
inspire them to embrace energy-conserving behaviors through educational initiatives that
raise environmental consciousness [11].

In addition to promoting sustainable education, educational buildings themselves
play an essential role in reducing primary energy consumption and providing a sustainable
and motivating learning environment [13]. They have the potential to make a significant
impact on reducing greenhouse gas emissions (GHGs) through energy efficiency measures
and renewable energy (RE) production [14,15]. Various studies have analyzed the potential
energy savings achievable in educational buildings. For example, implementing energy re-
habilitation in educational buildings in Spain resulted in a 66% reduction in non-renewable
primary energy consumption and a 71% reduction in CO, emissions [16]. A multi-objective
optimization of scenarios, including district heating and ground-source heat pumps in
combination with photovoltaic panels (PVs), provides multiple cost-optimal solutions
while resulting in a primary energy consumption equal to or below 170 kWh/m?a [17].
However, investment costs and energy tariffs significantly impact Pareto optimality in en-
ergy efficiency and energy production measures [18]. An improvement in building energy
consumption grade from level G to B can be achieved through a combination of energy
efficiency measures, such as external insulation of building envelopes and installation of
new windows and doors, with RE production measures such as PVs, biomass heating
systems, combi-solar systems, and replacement of lighting appliances [19]. In a case study
of the Kazakh-German University in Almaty, Kazakhstan, retrofitting measures were found
to reduce CO, emissions by 48-82%. [20]. In general, educational buildings have great
potential as locations where GHG emissions can be reduced through energy efficiency
measures and RE utilization.

This research paper explores ways to increase sustainability in Latvia’s vocational
education buildings through a composite indicator with a specific focus on reducing energy
consumption in buildings, increasing the use of RE and providing a sustainable learning
environment. Through an examination of 23 educational institutions, the current state of
energy management in the educational system is analyzed and optimization of energy
efficiency and RE production measures is performed. The composite indicator is used to
rank and compare educational institutions based on the selected cost-effective measures
and survey results. The research findings provide valuable insights for policymakers and
educational institutions hoping to implement sustainable practices and contribute to a
more sustainable society.

2. Methodology

The research methodology (see Figure 1) consisted of three key components: an analy-
sis of energy consumption, on-site visits, and surveys, determining the energy efficiency
and RE production potential, optimization, and the ranking of professional schools using
a composite indicator. The analysis of energy use revealed the current level of energy
efficiency in educational institutions and pointed out areas for potential development.
Information was gathered about the educational institutions’ current energy efficiency
practices, RE sources, and environmental policies through on-site visits and surveys. Each
institution consisted of several buildings, e.g., study buildings with classrooms, kitchens,
workshops, dormitories, sports halls, and administration buildings. Each building had
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a unique construction project with a different area, location, enclosing structures, and
engineering communication systems. Most of the buildings were renovated, but four
were newly built. The building area ranged from less than 200 m? to 12,555 m? for large
educational buildings. Therefore, individual energy efficiency assessment was necessary to
identify potential sustainability measures.

Research objectives | . . S
X I i\ Available

and evalutation ! I !

! i Budget i

__________ i

criteria

[ Optional | Selected

|\ Measures | Measures

[ Mandatory |

: ry Results Recommendations
SESNESy

—— T

Ranking ]
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Figure 1. Research methodology.

From the on-site visits, survey results, and energy consumption and emission data,
potential measures were identified. The recommended measures were split into two groups:
mandatory and optional. In addition, innovative demonstration projects were suggested to
schools that have specific educational programs (e.g., building construction technicians,
heat supply and heating systems technicians, car mechanics) to demonstrate innovative
solutions for building energy efficiency, installation of RE systems, development of electric
vehicles, and similar future technologies.

Further, the energy efficiency and sustainability measures were optimized to select
the best available measures due to the limited available budget of vocational education
institutions. The potential reduction in total primary energy consumption (both renewable
and non-renewable) and annual emissions were calculated for the identified measures.
These, when merged with the survey results, were used in a compositive indicator to
determine the educational institutions in which measures should be implemented with
higher priority. Based on the survey results and developed demonstration projects, the
recommendations were given.

This methodology provides a thorough overview of the existing sustainability situation
in Latvia’s vocational education system and proposes viable solutions for lowering energy
consumption, increasing the usage of RE sources and improving the overall quality of
education related to future energy systems.

2.1. Data Gathering

Detailed data were collected to evaluate the energy consumption patterns within the
educational institutions and their sub-departments. This comprehensive data set included
information from 167 buildings across all 23 educational institutions and constituted
building area, monthly heat, and electricity consumption from 2017 to 2022, as well as the
source of heating and electricity for each building.

Figure 2 summarizes the obtained energy consumption data for the analyzed educa-
tional buildings. The specific energy consumption for most of the buildings was in the
range of 48 to 93 kWh/m? /year, which indicates relatively high energy efficiency. Only



Sustainability 2023, 15, 10998

40f16

250

200

150

100

o
o

Specific energy consumption,
kWh/m2/year

for 30% of buildings was the specific energy consumption greater than 100 kWh/m?. The
preliminary data analyses indicated that most of the buildings had already gone through
complex renovation measures, and to further improve the overall efficiency of buildings, it
is necessary to identify other potential energy-saving activities, for which the methodology
is described below.
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Figure 2. Regression analyses of building-specific energy consumption in relation to total
building area.

2.2. On-Site Visits and Survey

The evaluation of educational institutions was performed through on-site visits. Dur-
ing these visits, a survey was given to each educational institution’s representative. The
survey consisted of identical questions for each educational institution prepared according
to the methodology described by [21].

The survey comprised four distinct categories of questions:

(1) Energy use and behavior;

(2) Environmental policy and education;

(3) Main electricity consumers;

(4) Energy efficiency and production measures that have been implemented thus far.

The questionnaire was designed to elicit both technical information on the primary
energy consumers in buildings and their operational conditions, as well as more gen-
eral information on organized environmental activities, environmental topics integrated
into educational programs, waste management, and the engagement of teaching staff in
sustainability initiatives.

Responses were quantified using a binary scoring system, with positive answers
earning a score of 1 and negative answers earning a score of 0 [22]. This systematic approach
provided an understanding of the current energy and environmental management practices
within educational institutions, which allowed the selection of possible primary energy
consumption reduction measures.

2.3. Sustainability Measures

The selection of sustainability measures was based on a comprehensive literature
review analysis, energy consumption data, building energy audits, on-site visits, and
surveys carried out at each educational institution. To address the identified problems
in most educational institutions, similar solutions need to be employed, while individual
measures should be tailored accordingly. Various measures can be divided into two groups:
(1) measures similar to the majority of educational institutions (mandatory measures), and
(2) individual measures (optional measures). Given the available funding, the first group
of measures takes priority for financing, while the allocated funds for the second group
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of measures represent the difference between the total funding amount and the required
funding for the first group. The prioritization of the optional measures is determined
through the optimization technique described in the next section. This approach resulted
in a targeted selection of cost-effective measures, maximizing their impact on a reduction
in energy consumption and a decrease in GHG emissions. The main identified measures
are described below.

Further, a cost-benefit analysis was performed to identify measures by quantifying
the potential energy savings and necessary investment costs. Table 1 summarizes the cost
assumptions for the main identified energy measures.

Table 1. Overview of cost assumptions for main identified measures.

Energy Efficiency Measure Specific Costs Source
Appointment of an energy management employee and training 1173 EUR/year [23]
Introducing a building management system 7.6 EUR/m? [23]
Implementation of environmental policy 1000 EUR per building Survey results
Indoor temperature control 0 Building energy audits
Informative materials 0.01 EUR/m? [24]
Mechanical ventilation with recuperation 30 EUR/m? [23]
Modernization of lighting 8.9 EUR/m? [25]
Wall insulation (inside) from 9 to 60 EUR/m? Building energy audits
Roof insulation from 0.3 to 2.7 EUR/m? Building energy audits
Plinth insulation 4.3 EUR/m? Building energy audits
Window replacement from 28.9 to 88.8 EUR/m? Building energy audits
Replacement of heating elements with thermoregulators 7.4 EUR/m? Building energy audits
Replacing the heat exchanger 0.03 EUR/m? Building energy audits
Renovation of the heat substation 0.8 EUR/m? Building energy audits
Installation of new boilers 3.6 EUR/m?2 [26]
Solar collectors 1169.8 EUR/m? [26]
Installation of solar panels 308.2 EUR/m?2 [26]
Connection to the district heating network 24.5 EUR/m? [26]

2.4. Optimization

The optimization of optional measures was carried out on Microsoft Excel Spreadsheet
Software [27] using a data solver tool, with an evolutionary optimization technique [28].
Evolutionary optimization refers to a group of algorithms developed after a biological
evolution, following natural selection, reproduction, and mutation [29]. It works by having
a set of candidate solutions to a problem and applying operations that resemble natural
evolution selection, recombination, and mutation to produce new solutions. The objective is
to discover the optimal solution to the problem by repeatedly enhancing the set of candidate
solutions through these operations [30]. The optional measures were represented as binary
variables, with a value of 1 indicating that the measure has been applied and a value
of 0 indicating otherwise. This is called binary decision making [31]. The optimization
aims to maximize the reduction in primary energy consumption. The available budget
was EUR 19.14 million. This budget was divided into three parts: EUR 203 thousand for
demonstration projects, EUR 10.4 million for mandatory measures, and EUR 8.54 million
for the optimization of individual measures. The objective of the optimization was to
determine the most effective combination of available optional measures that would reduce
energy consumption while staying within the EUR 8.54 million budget constraint.
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Ranking Educational Institutions

The ranking of the 23 educational institutions was performed with a composite indi-
cator, using a Simple Additive Weighting (SAW) technique that considered three critical
factors. A factor can be considered a “Benefit attribute” if an increase in its value is desirable,
and a “Cost attribute” if otherwise [32]. These factors were as follows:

e  The number of survey points achieved during an on-site visit, which is a benefit
attribute and given a weight of 0.1;

e  The reduction in primary energy consumption per euro invested; this is a benefit
attribute, and was assigned a weight of 0.45;

e  The required investment in euros to reduce annual emissions by one kilogram; it is a
cost attribute, and was also given a weight of 0.45.

By taking these three criteria into account and weighting them, an overall ranking of
the educational institutions was performed, providing an objective evaluation.

The SAW method is a multi-attribute decision-making procedure that is based on
a weighted summation of the normalized values for each alternative on all criteria [33].
The objective is to find the highest score, and therefore the best alternative. This method
normalizes the decision-making matrix to a comparable scale. This method is mainly used
to solve multi-criteria decision-making problems.

A decision matrix is an (m x n) matrix in which each element x;; represents the value
of alternative A; based on the decision criterion C;. The alternatives are represented by
i=1,2,3,...,mand the criteria are represented by j =1, 2, 3, ..., n. Each element has a
numerical weight w; assigned for each criterion [33,34].

The first step is to normalize the decision matrix using Equation (1) for the benefit
attribute and using Equation (2) for the cost attribute [33].

. . (1)
v Max (x;5)”

Min(x;;
rij = —x(] ), @

where rjjis the normalized value of the i alternative for the jth criterion.

The overall score for each alternative is calculated by multiplying the normalized data
for each criterion by its weight. The weight is subject to constraints in Equations (3) and (4).
The result of the overall score is shown in Equation (5) [33].

27:1 wj=1 ®)
0<w; <1, 4
S,' = 27:1 wjrl-j, (5)

where §; is the overall score of the i alternative.
The alternatives are ranked based on their overall scores, with the alternative with the
highest overall score being the best [33].

3. Results
3.1. Applied Measures

The on-site visits and survey results indicated that most educational institutions
face similar issues. During the on-site visits, renovation and improvement points were
identified, and measures were chosen appropriately, taking into consideration the needs
and specifics of each institution. The most common measures are described below.

Appointment of energy managers and introduction of the EMS

Each educational institution has an employee responsible for energy systems and
engineering communications. During visits, it was observed that these employees have
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varying levels of knowledge about energy conservation and the operation and regulation of
different systems. The motivation to save energy also varies among these employees. On the
other hand, in other institutions, a lack of motivation correlated with a lack of knowledge.

The appointment of energy managers would allow the achievement of significant
energy savings and determine those responsible for energy system maintenance and im-
plementation of energy-saving activities. Defining and implementing the functions of the
energy manager require a change in attitude and management processes. For now, the
technical staff in educational buildings are mainly responsible for the smooth operation
of equipment without the goal of seeking energy efficiency improvements. If possible,
there should be a motivation system based on linking the obtained energy savings with
remuneration. Alternatively, it would be possible to introduce an energy manager position
in the responsible ministry, who would oversee the energy management of all institutions.
The creation and implementation of an EMS would ensure a 15-30% reduction in energy
consumption in those educational institutions where the functions of the energy manager or
BMS have not been implemented. In other institutions, energy savings could reach 5-10%.

Introduction of a BMS

Only some educational institutions have installed building management systems
(BMSs) that allow for obtaining energy consumption data, analyzing them, and taking
measures to reduce energy usage. In most educational institutions, heating radiators
are only partially equipped with thermostatic regulators. This is either because they are
not installed due to system incompatibility and the need for system reconstruction, or
because they are installed but students remove the thermostat heads. In some educational
institutions, it is necessary to replace old heating substations with new ones to enable
automatic heating regulation.

According to the European standard [35], BMSs are divided into four categories:
A—high energy efficiency control; B—semi-optimized control; C—standard control; D—no
automation. A class A BMS can provide a 30% reduction in energy consumption in
those educational institutions where no energy manager functions or no BMSs have been
implemented (compared to class D), but in other institutions, it results in 20% savings
(compared to class C).

This measure should be carried out together with the creation of an EMS since the
BMS is a tool that ensures the daily operation of the energy manager, as many functions
are performed automatically, and the number of man-hours required for manual work is
significantly reduced.

Improving the operation of the mechanical ventilation system

The use of mechanical ventilation systems in some educational institutions poses
difficulties, and in some they are only partially utilized. Challenges include increased
noise levels that disrupt the educational process, high costs, lack of information about daily
usage, physically inaccessible equipment, improper use of air filters, and the inability to
operate the systems in individual rooms while others are occupied.

In educational buildings where mechanical ventilation systems are installed, an audit
should be carried out to assess the difficulties encountered by building users when using
equipment and find a solution to eliminate them (e.g., installation of air silencers, air pre-
filters, a frequency converter on the supply and exhaust fans). Some of the recommended
measures do not reduce energy consumption, but they are essential to achieving optimal air
quality in the classrooms. Energy savings can be achieved through several improvements
in ventilation systems:

e Installation of a heat utilizer: a 50% reduction in heat consumption for ventilation;

e  Training of personnel, preparation of technical information and instructions for use:
depending on the situation, energy consumption may decrease or increase, since it
depends on how the equipment has been used before (if it is used rarely, then con-
sumption may increase, by improving indoor air quality; if it is used inappropriately,
then energy consumption may decrease);
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e  Provision of access to ventilation units: depending on the situation, energy consump-
tion may decrease or increase, as it depends on how the equipment has been used in
the past;

e Installation of valves in each of the rooms that provide variable airflow, depending
on the level of CO; in the room, and a frequency converter on supply and exhaust
fans: it is possible to achieve a 30% reduction in energy consumption for ventilation in
those educational institutions where the functions of an energy manager have not been
performed or there is no BMS, and in other institutions, the savings could reach up to
20%. If a BMS is installed, this measure does not need to be carried out separately.

This measure should be taken simultaneously with the establishment of an EMS for
buildings and the introduction of a BMS.

Replacing lighting bulbs with LED bulbs

In most educational institutions, only a partial transition has been made from tradi-
tional light bulbs to LED lights. Some institutions gradually replace them using accumu-
lated funds.

In all educational institutions where this has not been carried out, it is necessary to
replace the inefficient light bulbs with LEDs and carry out the installation of light sensors in
places where it is needed. Replacing light bulbs will reduce the total electricity consumption
by 10% if 50% of the bulbs in the institution need to be replaced.

Installation of solar panels

Solar energy technologies have been installed in several educational institutions, but
only one institution utilizes them for energy generation, while the others do not use them.
Therefore, in all educational institutions, where the roof structures of buildings allow it,
solar panels should be installed to cover part of the building’s electricity consumption. The
installation of solar panels will reduce the primary energy factor from 2.5 to 1 and reduce
the CO, emission factor from 109 g CO,/kWh to 0 gCO,/kWh [36].

Establishing an environmental policy

Environmental policies or their elements have been partially implemented in some
educational institutions, while the majority have not implemented them. Environmental
issues are incorporated into various subjects in some educational institutions.

It is necessary to establish an environmental policy and a plan for its implementation,
which determines how various measures related to environmental aspects are implemented
in an educational institution, reducing the overall environmental impact of the educational
institution. The existence of an environmental policy demonstrates to learners, employees,
and the public that it is an environmentally friendly institution that understands and
demonstrates its responsibility for reducing its impact on the environment. This includes
three aspects:

e Whether the learners in the educational institution have a healthy and sustainable
quality of life (e.g., indoor microclimate and air quality, food quality, outdoor quality).

o  How well the educational institution prepares learners for work in the 21st-century
economy, which is on the way to climate neutrality, and ensures the development of
learners’ citizenship to live in a world where the challenges and opportunities related
to environmental problems are increasingly gaining importance.

e  How environmentally friendly the policy of the educational institution is (e.g., with
respect to energy consumption, waste management, water circulation, preservation of
biodiversity, environmentally friendly habits, reduction in impact on climate, adapta-
tion to climate change).

This measure would reduce energy consumption, which depends on the behavior
of individuals, such as their water consumption, use of a bicycle or public transport as
opposed to a car, and room temperature regulation, as well as reduce environmental
pollution by reducing the amount of waste, impact on biodiversity, air pollution, etc.

The mandatory measures for each of the 23 educational institutions comprised several
components aimed at increasing energy efficiency and reducing the environmental impact
of the institutions. These measures included the introduction of an EMS and appointment of
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an energy management employee, the installation of a BMS, implementing PVs, providing
informative materials on-site highlighting energy-saving measures, and the adoption of an
environmental policy. These mandatory measures aim to create a more sustainable and
environmentally friendly environment for educational institutions while reducing their
energy costs.

The optional measures were tailored to the individual needs of each educational
institution and aimed to further increase energy efficiency and reduce energy consumption.
Some of the specific measures included upgrading the lighting system, modernizing the
boiler house, adding insulation to the attic and inner walls, switching from individual
heating to more efficient district heating, installing a ventilation system, transitioning
from natural gas to renewable biomass in the boiler house, and renovating the heating
unit. These measures offered additional opportunities for the institutions to decrease their
environmental impact and conserve resources for future generations. The applied optional
measures are provided in Figure 3.

Lighting Appliances Replacement
Solar Collector System

Interior Wall Insulation

Attic Insulation

Mechanical Ventilation System
Renovation of the Heating Unit
Switch to District Heating
Window Replacement

Plinth Insulation

Applied Individual Measures

Heat Exchanger Replacement
Boiler House Renovation

Biomass Fuel

0 2 4 6 8 10 12 14

Number of Educational Institutions

Figure 3. The number of implemented optional measures in educational institutions.

Figure 4 shows the comparison of calculated primary energy savings per necessary in-
vestments for different analyzed educational institutions. The mandatory energy efficiency
measures led to higher energy savings per capital investment due to improved energy
management, which does not require high financial support. The average energy savings
from these activities would bring 1.99 kWh/year/EUR invested. However, the same value
for optional measures is 0.6 kWh/year/EUR, showing that the identified measures would
require a higher amount of investment to reach the same energy savings compared to
mandatory measures. For some buildings, the energy savings are even negative due to the
installation of mechanical ventilation, which would require extra energy consumption but,
on the other hand, would improve the overall air quality.
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Figure 4. Comparison of primary energy savings from mandatory measures and optional measures.
The results for the indicated CO, abandonment costs can be seen in Figure 5. Emis-
sion reduction can be achieved through energy consumption reduction and the instal-
lation of RE technologies. The average abandonment costs for the mandatory mea-
sures are 5.87 EUR/kgCO;/year, but the average value for optional measures is 33.80
EUR/kgCO,/year.
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Figure 5. Comparison of CO, abandonment costs for mandatory measures and optional measures.

3.2. Demonstration Projects

In Latvia, specialists in RE, mechatronics, building engineering systems, and environ-
mental technologies are trained in 9 out of 23 educational institutions. These institutions
have demonstration projects designed to enhance educational programs by showcasing
technologies needed for the transition to climate neutrality [37] and incorporating them
into their education process. This hands-on approach provides students with practical
experience in fields such as RE, mechatronics, and environmental protection, preparing
them for careers in these areas, and aligns with SDGs [38].

The demonstration project system includes small-scale RE sources, energy storage
technologies, the consumer side of energy use, and technologies to improve energy effi-
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ciency in heating, cooling, and electricity consumption. A smart control system is also
included. The demonstration project system is given in Figure 6.
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Figure 6. Demonstration project system scheme.

The demonstration project should be small and include the following:

e  RE technologies (e.g., solar panels 2.4 kW, tree of solar panel 1.8 kW, solar collectors
1 kW, wind generator 1 kW, biogas tank 100 L and gas combustion plant 1 kW, biomass
boiler 10 kW);

e  Energy storage technologies (e.g., hydrolysis plant, hydrogen storage tank, fuel cell:
10 kW; hot water storage tank 100 L; lithium-ion batteries 1 kW)

e  Energy consumers (electric vehicles (scooters, cars, mopeds); solar-powered air-cooling
unit; heat pump);

e  Technologies for improving the energy efficiency of final energy consumption: tech-
nologies for reducing heating and cooling consumption (mock-up of the building
(2 m3), smart water distributors, heat recovery from sewer water with a heat ex-
changer 200 W, efficient household electrical equipment, ventilation unit with efficient
heat utilizer and motors with frequency converters;

e  Smart control system with class A building control system and renewable energy
management, data reading and monitoring system, Internet of Things.

Reduction in primary energy consumption and Emissions

The introduction of mandatory and selected measures could lead to a substantial
decrease in energy consumption, primary energy consumption, and annual emissions.
The energy consumption decreased by 9.7 GWh/year, which is 25% of the total energy
consumption; the primary energy consumption also decreased by 21.5 GWh/year, which is
39% of the initial primary energy consumption, and the annual emissions also decreased
significantly, with a decrease of 2.5 ktCO, /year, which is 34% of the total annual emissions
before the implementation of sustainability measures. Decrease percentages in educational
institutions ranged from 11 to 66% for annual GHG emissions and 20%-55% for primary
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energy consumption. The pre-implementation and post-implementation values for these
measures are demonstrated in Table 2.

Table 2. Energy consumption and emission data before and after implementing sustainability measures.

Energy Primary Energy Annual
Consumption, Consumption, Emissions,
GWh/Year GWh/Year ktCO,/Year
Before 384 55.2 7.41
After 28.7 33.7 491
Absolute decrease 9.7 21.5 25
Percentage decrease, % 25% 39% 34%

3.3. Educational Institution Ranking

The composite indicator results are shown in Figure 7. The results are given as a
percentage. Institution No. 20 had the highest result at 95%. Institution No. 7 had the
lowest result at 8%. The educational institutions are listed in descending order by their
composite indicator result. The highest-ranking educational institutions scored a high
number of points in the survey and implemented various energy efficiency measures and
utilized RES before this study, and the main benefits came from implementing mandatory
measures. Educational institutions with the lowest and middle scores should additionally
implement optional measures. This results in a lower ranking because the reduction in
primary energy consumption and emissions per investment of optional measures compared
to mandatory measures is lower. The lowest-ranking educational institutions have not
implemented or improved their mechanical ventilation systems, resulting in a smaller
decrease in primary energy consumption and emissions compared to the decrease achieved
with other measures.

201114 1 9 19 3 16 12 13 8 5 18 10 23 2 221521 6 4 17 7

Educational institution

M Primary energy savings per investment M CO, abandonment costs B Number of survey ponts

Figure 7. Composite indicator ranking of educational institutions based on the sustainability criteria.

4. Discussion

There is a dilemma in balancing the need for energy efficiency with the requirement for
proper ventilation systems in educational institutions. On the one hand, the aim is to reduce
energy consumption through energy-efficient building systems and the use of RE sources.
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On the other hand, it is important to maintain proper indoor air quality for the health and
safety of students and staff, which often requires energy-consuming ventilation systems
and equipment [39—41]. Thus, educational institutions mandated to install ventilation
systems rank poorly according to composite indicator criteria.

The interviews and survey were conducted with representatives of educational insti-
tutions. Afterwards, building and energy system inspections were carried out during the
on-site visit. During these inspections, it was found that the information given during the in-
terviews was not accurate. The representatives may have given positive answers to present
their institution favorably and to avoid negative feedback. Nevertheless, it is possible that
they sincerely believed the information they were presenting was true [42—44]. Regardless,
it is important to consider the potential biases and motivations of the interviewees when
analyzing the authenticity of their responses.

During the on-site visits to the educational institutions, some representatives showed a
comprehensive understanding of the EMS and energy sources in the educational institution,
while others proved otherwise. Energy illiteracy can result in poor decisions regarding
energy use and management or neglect of energy efficiency measures, and lead to reliance
on inefficient energy sources [45—47]. Therefore, it is important to ensure that representa-
tives are educated on sustainable practices in educational institutions [48]. Further research
could be conducted on representative energy awareness levels and educational institutions’
energy consumption.

The expenses regarding sustainability measures can have had a significant impact
on the results. For this study, measures with a positive discounted payback time during
their economic life were selected. Changes in energy tariffs can create financial incentives
for educational institutions to adopt or reconsider the adoption of energy efficiency mea-
sures. These changes can also impact behavior related to energy conservation. Similarly,
changes in the price of energy efficiency can impact affordability, return on investment, and
competition among providers and manufacturers, potentially leading to changes in the
availability of products and services, and changes in the price of energy efficiency measures
can impact the speed of their implementation, resulting in delays until the prices become
cost-effective [49-51]. Therefore, educational institutions need to select measures according
to their availability and needs.

The only measure regarding climate change adaptation taken so far by some educa-
tional institutions is planting trees for shading and cooling. Although trees additionally
provide carbon sequestration and biodiversity, these answers have not been given by
the representatives of educational institutions. Representatives were not interested in
adaptation to climate change because they do not see any benefit as of this moment. If
the educational buildings are not adapted to climate change, students and staff may face
health risks, such as exposure to a hot indoor climate and air pollution [52]. This can also
result in a decreased quality of education. Increasing resilience to climate change demands
understanding, organization, collaboration, and foresight from educational institutions [53].
Education and awareness of climate resilience could be provided to representatives and
students to improve the resilience of educational buildings [54-56]. Hence, educational
institutions must deliver more effort regarding climate change adaptation.

5. Conclusions

This research paper aimed to explore strategies to increase sustainability in Latvia’s
vocational education system by conducting a comprehensive assessment of potential energy
efficiency and sustainability measures. The effectiveness of these measures was quantified
using a composite indicator.

To accomplish this, a thorough assessment of 23 educational institutions was con-
ducted to examine the current state of energy management in the educational system.
Optimization of energy efficiency and RE production measures was then carried out.

The composite indicator was used to rank and compare educational institutions
based on the provided measures and survey results. Our analysis revealed that primary
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energy consumption was reduced by 39%, while annual emissions were reduced by 34%.
The reduction in primary energy consumption and annual GHG emissions in individual
educational institutions ranged from 20 to 55% and 11 to 66%, respectively.

This research paper proposes using a composite indicator to compare educational
institutions based on their current energy efficiency and environmental practices, as well as
the efficiency of their implementation of energy efficiency and RE production measures. The
composite indicator enables the comparison of current practices and future sustainability
measures in a single result.

The results reveal that educational institutions with higher composite indicator scores
perform better than those with lower scores. Specifically, the investment variable in the
composite indicator criteria can be used to allocate investments to prioritize implementing
mandatory or selected measures when financial constraints arise.

The composite indicator can be used as a decision-making tool to identify educational
institutions that require financial incentives to implement energy efficiency and RE pro-
duction measures. By focusing on the highest-ranking educational institutions, financial
resources can be allocated more efficiently to achieve the best possible outcomes.

In conclusion, the composite indicator is a valuable tool for evaluating and comparing
energy efficiency and environmental practices in educational institutions. The results
of this research paper suggest that financial incentives for implementing mandatory and
selected measures should be allocated to educational institutions with the highest composite
indicator scores to ensure the most effective allocation of resources. Further research is
necessary to evaluate the long-term effectiveness of this method. Based on the composite
indicator results, it is recommended that educational institutions implement the mandatory
measures suggested in this study. These measures aid in managing energy consumption
by changing the paradigm shift in traditional energy consumption behaviors, such as
requiring educational institutions to switch to an automated EMS. The inclusion of PV
systems provides a beneficial reduction in primary energy consumption during the summer
months and is included in the mandatory measures together with an improved EMS.
The identified optional energy efficiency measures can be used as further solutions in
educational institutions to decrease energy consumption and increase energy efficiency, but
these measures are less financially efficient compared to the mandatory measures.

Demonstration projects have been tailored to specific educational institutions in Latvia.
This system is potentially different from projects based on the climate, available resources,
and learning environment implemented in other educational institutions. Further studies
could include the effects of implementing demonstration projects and analyzing the change
in students’ attitudes towards sustainability. Different measures could be applied to
educational institutions, and sensitivity analysis on selected measures could be performed.
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Abstract: Meeting the global demand for aquatic products while maintaining sustainability is a
critical challenge. This review article examines global practices of land-based aquaculture systems
that could be implemented in the EU, as the EU has not yet fully realized its potential in develop-
ing the aquaculture sector. Therefore, the article examines different aspects (aquaculture systems,
technological solutions and improvements, and best management practices) in achieving sustainable
aquaculture and emphasizes the need for innovation and cooperation in the face of increasing envi-
ronmental concerns and resource constraints. There is no one-size-fits-all solution for the sustainable
intensification of aquaculture. The way forward requires a combination of different and improved-
upon technological solutions complemented by technological innovation and better management
practices. The sustainability of aquaculture requires a broader application of the ecosystem approach
to aquaculture and the promotion of energy and resource efficiency measures in aquaculture systems.

Keywords: land-based aquaculture; aquaculture systems; technologies; EAA; bio-economy

1. Introduction

The terms “sustainability” and “sustainable” have become frequently used words
today, both in relation to environmental issues and processes and activities in connection
with future development. This statement is well illustrated by the ScienceDirect search
function for scientific articles. For example, when entering the phrase “sustainable” or
“sustainability” in the search bar, the following message is displayed: “Due to the large
number of search results, only the last three years are included” [1], and it is indicated
that there are more than 1,000,000 existing results these three years. It has been argued
that the term “sustainability” has lost its deeper meaning and has become an alienated
cliché that is overused both inside and outside of its intended context [2]; nevertheless, the
principles of sustainable practices are indisputable and need to be discussed. Despite the
importance of the notion and widely discussed concept of sustainability, the meaning of
the term “sustainable aquaculture” has not been clearly defined, and it is not clear when it
is appropriate to refer to aquaculture as sustainable [2].

In the past, aquaculture systems were viewed as environmentally friendly because
they operated according to the circular economy principle—mainly by utilizing agricultural
and locally available waste and by-products, such as crop residues and animal or human
manure, as nutrients [3]. Unfortunately, presently, things have changed. Although only
the production of pelleted feed has been introduced relatively recently, it is already widely
used in modern aquaculture systems due to its ease of handling [3]. Pelleted feed is
one of the reasons why aquaculture production has made a huge leap forward in recent
decades and has become the fastest-growing food production sector in the world, and it is
expected that its growth will continue to increase [4-6]. This process is also known as the
“Blue Revolution”—specifically, the rapid growth and intensification of fish, shellfish, and
aquatic plant aquaculture production from the mid-20th century to the present day [3,7,8].
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However, the increase in pond productivity has come at a cost—the excessive amount of
pelleted feed in water has led to an overabundance of nutrients, affecting water quality and
posing serious environmental risks [3].

Although there is a trend towards the expansion of offshore aquaculture due to the
high quality of water suitable for farming, the unlimited potential, and the natural treatment
of waste in aquaculture systems, it is more likely that land-based aquaculture will remain
the main source of fish, shellfish and aquatic plants as opposed to mariculture [3]. This
is due to the significant technological, operational, economic, legal, and political barriers
that still need to be overcome before the oceans may be utilized as a significant source of
farmed fish [3]. It is, therefore, estimated that the majority of farmed fish will continue to
be reared in inland waters for the foreseeable future [3].

Producers’ views on the need to develop aquaculture systems to increase resource
use efficiency and reduce environmental impacts are changing in favor of sustainable
solutions [2]. This is due to promising technologies that combine traditional and modern
aquaculture practices, reducing the negative environmental impacts of modern pellet-fed
aquaculture [3]. Although intensification leads to higher production and, consequently,
higher profits, such practices need to be strictly monitored in order to maintain environ-
mental sustainability [2]. The challenge for the future, therefore, is to increase production
per hectare by increasing resource efficiency and resource consumption (kilograms per
hectare) [2].

In tropical developing countries, fish and shellfish can generally be farmed at a
lower cost, and to date, transporting these products to economically developed consumer
countries has not been a significant cost factor [2]. This puts developed, temperate countries
at a disadvantage due to higher cultivation, production, and labor costs, as it is difficult
to compete with developing countries, which may produce and transport the products
at a fraction of the cost [2]. At the same time, the proximity of developed countries with
temperate climates to markets with a high demand for live and fresh produce should be
seen as an advantage to be capitalized on in the future [2]. To do so, a way must, therefore,
be found to reduce the costs of farming and intensify aquaculture while, at the same time,
maintaining a sustainable approach to ensure continuity.

Aquaculture and the EU

The European Union (EU) has exclusive competence for marine plants and animals,
governed according to the Common Fisheries Policy [9]. For aquaculture, the EU shares
competence with Member States, which then set their own specific requirements enshrined
in regulations and legislation [9,10]. However, at the same time, aquaculture farms and their
activities are subject to several EU regulations that govern certain aspects of their activities,
such as farmed fish welfare, environmental impact, water quality, spatial planning, feed
requirements, and other standards [10,11]. To contribute to the implementation of the core
objectives of the European Green Deal and the resulting Farm-to-Fork Strategy, the Euro-
pean Commission adopted, in 2013, a Communication entitled “Strategic Guidelines for the
sustainable development of EU aquaculture” and, subsequently, in 2021, a Communication,
entitled, “Strategic guidelines for a more sustainable and competitive EU aquaculture for
the period 2021 to 2030” (hereafter referred to as the Strategic Guidelines) [10,12,13].

In the 2013 Strategic Guidelines, the EU aquaculture sector was assessed as stagnating
despite the high environmental standards and the high quality of aquaculture produc-
tion [13]. A similar conclusion was reached in the latest Strategic Guidelines [12], adopted
in 2021, which recognize that the EU aquaculture sector is still “far from reaching its full
potential in terms of growth and meeting the increasing demand for more sustainable
seafood” [12]. To better illustrate the situation, according to the 2023 report “The EU Fish
Market” by the European Market Observatory for Fisheries and Aquaculture Products
(EUMOFA), aquaculture production and catches from the Asian continent accounted for
74% of the global market in 2021, while Europe accounted for only 8% [14]. In Asia, catches
account for 30% of the total volume, while 70% of the total volume comes from aquacul-
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ture [14]. In Europe, the ratio is reversed, with 81% of the volume coming from catches and
only 19% from aquaculture production [14].

The aim of this review article is, therefore, to look at and analyze global practices
for land-based aquaculture systems that could be adopted in the EU. The article mainly
focuses on scientific articles and solutions from Asian countries, as they are world leaders
in aquaculture production [14], as well as several articles from the U.S., where several
technological solutions for aquaculture (e.g., aerator technologies [15,16] and partitioned
aquaculture systems [17,18]) have been developed, as well as improved. This article
focuses on sustainable aquaculture practices related to the growth phase of an aquatic
organism in an aquaculture system, from egg to adult [19], and the technological elements of
aquaculture systems, without a detailed discussion of the feed and disease control measures
or consideration of the harvesting practices and the downstream stages of the product
value chain. Throughout this article, the authors will address the following subjects:

Aquaculture systems—the most appropriate farming method;

Technological solutions for aquaculture systems;

Technological solutions—future perspectives;

Development of the aquaculture sector through good management practices.

The sustainability and environmental impact of individual aquaculture systems or
technologies can be measured using a variety of tools and methods. In addition, the en-
vironmental impact and sustainability of aquaculture operations depend on a variety of
factors [5]: (1) species or type of aquatic organism being farmed; (2) intensity of the produc-
tion system—extensive, semi-intensive or intensive; (3) density of cultivation; (4) quality
of the feed; (5) management practices; (6) wastewater treatment, etc. [5]. The scientific
literature refers to methods such as the life-cycle assessment (LCA) [5], emergy analysis [5],
ecological footprint [5], Ecopath model [20,21], dynamic simulation models [22], and many
others, depending on the research topic.

Dong et al. [20] suggest that the Ecopath model, proposed by Polovina in 1983 [21], is
an effective way to assess the sustainability and environmental impact of integrated pond
aquaculture systems in the context of an ecosystem. The Ecopath model quantifies factors
that represent the characteristics of an ecosystem by simulating food chains, energy flows,
and the trophic structure [20,21]. In their study, Dong et al. [20] propose to complement
the Ecopath food web model with an evaluation index system to enable improvements in
pond aquaculture—for resource and energy efficiency and environmental protection.

2. Aquaculture Systems

Traditional aquaculture consists primarily of integrated agricultural-aquaculture sys-
tems that utilize by-products, manure, and plant material from farming or agricultural
activities [3]. Integrated peri-urban aquaculture systems are primarily nourished by mu-
nicipal effluent and agricultural by-products [3]. Fertilized ponds, in particular, ponds
fertilized with waste from other activities, are attractive because of their low dependence
on external resources for food, energy, and waste treatment [2]. However, putting more
feed in the ponds does not increase fish production, as most of the feed ingested is not
converted into harvest but is discharged into the water as waste material, which can have a
negative impact on the environment in which the fish are farmed [2]. For example, nutrient
wastes such as nitrogen, phosphorus, and other minerals, as well as organic wastes such as
excrement and uneaten food, stimulate biological activity within the rearing system, which
can significantly lower the dissolved oxygen level, endangering the culture grown there [2].
Aquaculture wastes include uneaten feed, nitrogenous metabolites, excreta, chemicals, and
therapeutics, and they produce mainly two types of residues: liquid and solid [5,23]. Liquid
residues are wastewater and discharged water from operations [5,23]. Solid residues consist
of feces, feed, and other solid materials [5,23]. However, aquaculture ponds are unique
in that if the right balance is struck between intensification and sustainability, residues
can be treated in the pond using internal processes without additional stress on external
ecosystems [2].



Sustainability 2023, 15, 16952

40f26

Fertilizing ponds with organic or chemical fertilizers that stimulate plant growth
can also boost pond productivity [2]. The productivity of fertilized ponds is variable.
Sometimes, it may be as high as 4 to 6 t/ha, depending on the duration of the growing
season, the species cultivated, and the type of fertilization program applied [2]. In stillwater
ponds, 8-10 t/ha or more can be produced with additional feeding and aeration, again
depending on the length of the growing season and the physiological characteristics
of the species being cultivated [2]. However, the amount of plant material that can be
produced in fertilized ponds is eventually restricted by the amount of solar radiation that
is available; this places a maximum limit on the amount of plant material that can be
produced [2]. To improve the productivity of aquaculture beyond what is possible simply
through fertilization, the essential ingredients for development must be obtained from
sources other than the water itself and then transformed into feed that is both attractive
and nutritious [2]. Mixtures of various plant and animal feed constituents are used in the
production of commercial aquaculture feeds [2]. Not only the sustainability of the aquatic
organisms produced but also the sustainability and safety of feed ingredient production,
environmental impacts, potential import dependency, and food security are becoming
increasingly important [2].

New filtration, recirculation, and water treatment will enable better purification of
used water so that it can be re-used [2]. On the other hand, there is a lack of land resources
to develop new aquaculture systems—there is no suitable land available, either the land
has limited access to suitable water sources, or it is too expensive to be economically viable
for conversion into an aquaculture system [2]. The release of nutrients from ponds to the
external environment is inversely proportional to the rate of water exchange, as a significant
amount of waste is treated on site in ponds with standing water [3]. In low-intensity pond
culture, there is minimal wastewater discharge with little to no negative impact on the
environment, as the pond ecosystem processes significant amounts of waste during the
culture cycle [3].

In the following subsections (Sections 2.1-2.4), different technologies will be discussed
and described for cultivating aquatic organisms—monoculture, polyculture, as well as
three more advanced technologies such as integrated multitrophic aquaculture, aquaponics,
and biofloc technologies (Figure 1).

/ / /
/ 4 > 4 ! Integrated
! }\" . multi-trophic
&y _ Iture
\ > —o~ A aquacu
\ v

Aquaponics

Figure 1. Simplified depiction of aquatic organism cultivation technologies.
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2.1. Intensively Fed Monoculture and Polyculture

Some species, such as filter-feeding mollusks and algae, feed on the waters around
them and do not need to be fed, even in extremely dense populations [2]. Other species,
including most fish and crustacean species, require external food sources and are usually
cultivated in intensively fed monocultures [2]. Monoculture, the cultivation of a single
aquatic species at varying densities, is widely practiced throughout the globe—Europe,
North America, China, and Australia [2,24,25]. Monocultures are characteristic of intensive
recirculated aquaculture systems in which a species with a high market value is cultivated
in high density [24]. High-quality commercial feed is fed to monocultures and usually
accounts for 50-80% of production costs, and the main products are high-value fish and
crustaceans [2].

Monoculture aquaculture is based on the concept of linear economy, which is not the
most sustainable approach [2]. By cultivating only one species, the aquatic organisms that
are farmed cannot consume all the food given to them, which is disadvantageous from the
point of view of resource efficiency [24]. Monocultures have lower resistance to pathogens
and viruses [24].

Polyculture can be described as the rearing of two or more species, the combination of
plants and animals, fish or plants, and even aquatic and terrestrial species in the same fixed
space [24,26]. Polyculture has its roots in China, where several species of carp were reared
in one pond or fish farming was combined with rice cultivation [26,27]. Today, the concept
of polyculture has evolved considerably, trying to combine different aquatic organisms, but
the basic principle remains the same: the aquatic organisms to be cultivated must occupy
different ecological niches and must not compete with each other for nutrients [26]. The
simultaneous cultivation of more than one aquatic organism offers advantages such as
additional resource efficiency and economic benefits from all species farmed and sold, as
well as improved water quality [26].

2.2. Integrated Multitrophic Aquaculture

Integrated multitrophic aquaculture (IMTA) is an old and, at the same time, a new
concept based on the principle that more than one species is farmed in the same aquaculture
system (pond, tank, or cage) [3,25]. IMTA can be seen as an advanced version of polyculture,
where the cultivation of fish or shrimp is supplemented by algae, which can remove
inorganic nutrients, and sediment eaters such as shellfish and/or sea cucumbers, which
can remove organic nutrients [5,25,26]. Another difference between polycultures and
IMTAs is that polycultures have different species growing in the same body of water [27].
However, this does not mean that they form an ecosystem in which one species feeds on
the waste of another [27]. One of the biggest challenges for IMTA is to create a balanced
system of aquatic organisms, as it requires knowledge of each species’ trophic level, feeding
habits, oxygen requirements, and other specific requirements that vary from species to
species [5,28].

IMTASs can be land-based and established in ponds, tanks, or open water (sea, ocean) [28].
Land-based IMTA consists of ponds or tanks arranged in order to facilitate the flow of
water in a flow-through system or recirculating aquaculture system [28,29].

Research carried out by several scientific groups [25,30,31] points to the positive
impacts of IMTA in all three dimensions of sustainability—environmental, economic, and
social. Furthermore, IMTA systems operate according to the principles of the circular
economy, improving not only resource efficiency but also energy efficiency and reducing
the risk of pollution [27,32]. The resource efficiency of the IMTA system is demonstrated by
its ability to produce more protein from a given amount of feed than other conventional
production systems [2]. Research by Alexander et al. [32] on the perception of the European
public towards IMTA showed that the level of public knowledge and awareness of this
farming method is generally low. At the same time, after receiving additional information
about the principles of IMTA, respondents expressed more approval than disapproval of
this farming method [32].
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IMTA systems are considered to be under-researched, not only in Europe but also on a
global scale [30]. There are drawbacks, such as high initial costs as well as the subsequent
operating costs of the system, that should be addressed in the future [28,33]. Additional
support from national governments and industry, as well as evidence of financial benefits,
could encourage the adoption of IMTA [28,30,33].

2.3. Aquaponics

Aquaponics is defined as the cultivation of vegetables in a soilless nutrient solution
by fertilizing the plants with nutrients from fish tank effluent [3,5,23]. Aquaponics can
be considered to be a derivative of IMTA, supplemented with elements from combining
recirculating aquaculture systems and hydroponics [3,5,23,34]. The benefits of aquaponics
systems include nutrient uptake by the plants and improved quality of the water that is
returned to the fish tanks [5,23]. The water from aquaponics systems can be used to grow
a variety of vegetables such as lettuce, spinach, tomatoes, cucumbers, and other plants
like water hyacinth (Eichhoria crassipes) or water fern (Azolla sp.) [5,35]. Henares et al. [5]
and Zimmermann et al. [34] point out that closed aquaponics improves the quality and
productivity of vegetables through a better controlled nutritional value and reduces the
spread of pests and diseases.

Aquaponics is one of the latest trends that has attracted the attention of both scien-
tists and companies. Nevertheless, there are currently very few commercially successful
aquaponics systems [3]. Aquaponics systems primarily produce vegetables, not fish, so
the high-quality fish feed used to “fertilize” the plants is not cost-effective [3]. Moreover,
aquaponic systems have greater capital and operating costs, energy consumption, and
greenhouse gas emissions per unit of production than pond and cage culture [3,23]. Itis,
therefore, argued that growing hydroponic vegetables with inorganic fertilizers in fertilized
low-cost farming systems are more cost-effective and simpler than integrating them into a
fish recirculation system [3].

Aquaponics is predominantly practiced as a hobby and in small-scale backyard agri-
culture [3]. Although aquaponics may have potential in countries with limited freshwater
resources or in the commercialization of fish and vegetables produced in such systems
as niche products for which consumers would be willing to pay a higher price, it is not
expected that such systems will be intensified in the near future [3].

2.4. Bioflocs

Biofloc aquaculture or biofloc technology (BFT) consists of a controlled environment
system that combines suspended phytoplankton, heterotrophic bacteria, algae, protozoa,
feces, and uneaten food to produce an organic fish diet [2,5,23,36]. The concept of BFT
was developed in the 1970s and aims to solve the two main environmental problems in
aquaculture: wastewater recovery and protein extraction [23,26]. There are several reasons
there is hope for the BFT to be one of the primary aquaculture paths to a sustainable
future [36-39]:

minimal or no external water exchange;

less feed is needed, which reduces feed costs by 30%;

natural microbial biomass improves water purification;

enhanced growth, performance, and immunity of cultured aquatic organisms;
some bacterial species are useful in sequestering atmospheric CO,.

In addition to the waste treatment function of BFT, it is a nutrient-rich food source
made entirely from recycled waste materials and can be used as an in-pond food source or
supplement [2,5,23,39]. Plant-based proteins as a supplementary feed source can be used in
BFTs to make the system as environmentally friendly and sustainable as possible [37]. The
nutritional value of BFT is largely determined by the microbial community in the water
body [37].

The construction and operation of BFT are both very costly and energy-intensive.
Therefore, it requires a high level of technical competence [2,37]. Outdoor BFT can be
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established in tanks or ponds as well [36]. However, when deploying outdoor BFT systems,
the location of the water body, the light intensity, and the time of year should be carefully
considered, as these factors can have a strong influence on the internal balance of the
system [37]. BFT needs to be monitored as it tends to accumulate [36]. Water quality
parameters, especially dissolved oxygen, pH, and ammonia levels, must be monitored
regularly as elevated levels can stress aquatic organisms and impair their growth [5,36].
Therefore, BFT must be supplemented with intensive aeration [5,26,36].

From a consumer perspective, the preference for aquatic organisms cultured in BFT could
be undermined by the presence of metabolites such as geosmin and 2-methylisoborneol in
the water, which give the cultured product a muddy or earthy taste [37,40,41]. In addition,
consumers may be skeptical of aquaculture products from BFT, as nutrient extraction is
based on converting the excreta of aquatic organisms into feed [39].

The use of BFT can be combined with IMTA, therefore increasing economic bene-
fits [37]. Although BFT applications are no longer rare, further research is needed to
balance and improve understanding of the microscopic mechanisms involved in biofloc-
culation [36,39]. It is also important to explore the microbial sources responsible for
the formation of geosmin and 2-methylisoborneol in BFT and to find ways to eliminate
them [41]. Ogello et al. [36] point to the need to improve aquaculture policies to pro-
mote innovative aquaculture techniques for sustainable production and the viability of
aquaculture enterprises.

3. Engineered Ponds and Tanks for Increased Productivity

The regenerative capacity of pond ecosystems is not unlimited, and this limit of
self-regeneration coincides with the upper limit of intensification of aerated aquaculture
ponds [2]. To go beyond the limit of self-regeneration, it is necessary to find a way to
clean the water mechanically or to increase the self-cleaning capacity of the ponds [2]. The
internal waste removal capacity of a pond can be increased by using BFT or by redesigning
the pond and using different technologies to gain more control over the internal biological
processes [2]. The environmental impacts of ponds with water exchange are different from
those of ponds with no or limited water exchange [2]. The amount of water exchanged in
different types of ponds can vary from none to several volume exchanges per day [2]. Water
exchange increases water consumption, the risk of runoff, and the spread of infectious
diseases, and shifts the environmental and economic burden of waste treatment from the
pond to other water bodies, which has ethical implications and may be subject to legal
regulation [2].

Promising technologies that reduce or even eliminate the negative impact of pond
effluent on the environment are the partitioned aquaculture system—split ponds and
in-pond raceway system—both closed aeration systems that do not discharge water [3].

3.1. Traditional Pond Aquaculture Systems

Surprisingly, there is not much scientific literature dealing specifically with pond types
and their hydrological systems, apart from simplified manuals or guides by FAO [42] and
C.E. Boyd of Auburn University. Boyd et al. [43,44] describe three main commonly used
hydrological pond types—watershed ponds, embankment ponds, and excavated ponds
(Figure 2). The average depth of aquaculture ponds varies between 1 and 4 m, and ponds
in intensive aquaculture systems are typically no larger than 1 ha [44].

Watershed ponds, also known as rain-fed ponds or terrace ponds, are created by
building an embankment to collect runoff [43,44]. These types of ponds are usually filled
with water throughout the year because water is constantly flowing in from nearby springs
or streams or mechanically fed from other nearby external sources [43]. Water levels may
fluctuate seasonally due to evaporation or lack of rainfall [43,44]. Runoff from this type of
pond either percolates into the groundwater or seeps through dams into the surrounding
area, where it evaporates or flows downstream [43].



Sustainability 2023, 15, 16952

8 of 26

Traditional pond aquaculture systems
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Figure 2. Land-based aquaculture systems (freshwater and saltwater). The blue arrows in the figure
indicate a further breakdown of the above aquaculture systems. The black dotted arrows indicate the
possibility of using these aquaculture systems as land-based mariculture.

The embankment ponds are constructed on flat ground by removing enough topsoil to
build dams that enclose the area where the water is discharged [43]. At their highest point,
the embankments are usually 2-3 m high and 2-5 m wide [44]. The water catchment areas
of the reservoirs are formed by the inner slopes of the dams and the tops of the dams [43].
It is difficult to fill and maintain embankment ponds with rainwater alone, so water to fill
the pond is taken from nearby streams, wells, lakes, and river estuaries [43]. The advantage
of this type of pond is that the water level can be more easily controlled, and the aquatic
organisms can be harvested by draining the pond [43,44].

The excavated pond is formed by creating a basin in the ground [43,44]. If the ground-
water level is high enough, the excavated pond fills up to the current groundwater level
and is also replenished by rainwater [43]. The main disadvantage of this type of pond is
that the water level cannot be controlled, so the water must be mechanically pumped out
of the pond to collect the cultured organisms [43,44]. This type of pond is more suitable for
small-scale farming due to its small size and lack of water level control [43,44].

More attention should be paid to the environmental impact of pond aquaculture to
avoid endangering nearby ecosystems, as nutrient-rich pond water and organic matter can
lead to eutrophication of the watershed [44].

3.2. Partitioned Aquaculture Systems

The main feature of partitioned ponds, also known as partitioned aquaculture systems
(PAS), is the partitioning or physical separation of the pond between the fish farming and
water treatment areas [45]. PAS was developed in the 1990s to allow water to be recirculated
between intensive fish farming raceways and effluent treatment channels to treat effluent
without discharging it [2,34,46]. PAS can be characterized by the use of shallow tanks, pond-
wide mixing, and continuous cultivation of phytoplankton and zooplankton biomass [45].
Fish are reared in concrete tanks divided into raceways, smaller channels, or ponds that
occupy about 5% of the total tank area, with the remaining 95% used for water circulation
and re-use [34].

PAS use the high productivity of phytoplankton to extract inorganic nutrients from
fish cultivation, increase algal growth, remove waste, and produce oxygen while serving
as a water filter [45,46]. Fish aquaculture waste is recycled through a large, well-mixed
pond modeled on the “high-rate algal ponds,” originally developed to treat wastewater
from municipal sources [2,34]. PAS allow for higher capacity ponds and operate without
water exchange, allowing for higher fish production per unit area [17]. Tilapia is the most
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commonly farmed species in PAS, with the main advantage being its adaptability and
lower feed quality requirements [45].

3.2.1. Split Ponds

According to Tucker et al. [47], split ponds based on PAS were introduced in the US in
the 2000s. Its main objective was to make the management of the system easier for catfish
farmers. Split ponds are essentially a lower-cost version of PAS, consisting of two ponds
with different functions working in tandem [2,18,45,47]. The smaller pond, which is about
15-20% of the total area of the two ponds, is used for rearing [17,18,48]. The other pond
is about four times the size of the first one, contains no fish or other cultured organisms,
has a high algae density, and is used for water treatment [2,18,45]. The load of nitrogen,
phosphorus, and other plant nutrients is higher in split ponds than in traditional catfish
ponds because fish stocking and feeding rates are higher [18,47].

Split-pond construction involves the construction of an earthen levee to divide an
existing pond into two unequal sections, with high-volume turbines circulating water
between the two sections [2,18,34]. It is not always necessary to build a new pond to
switch from a traditional pond system to a split-pond system [49,50]. It is possible to
upgrade an existing pond to a split-pond system by renovating it and adding the necessary
elements [49,50]. When constructing split ponds, the openings between the ponds should
be separated so that fish cannot migrate from the smaller pond to the larger pond [2,49].
If necessary, the flow of water between the two ponds can be stopped completely so
that the smaller pond can be harvested without draining the larger pond [2,49]. Water
is circulated between the two basins of the split ponds using water circulators, which
increase water mixing during the day [18,48]. At night, water exchange between the
two ponds is stopped, and aerators are switched on in the small pond to maintain the
required dissolved oxygen (DO) concentration [17,47]. For water circulation, farmers
usually choose circulators/aerators with a large slow-rotating paddlewheel, a modified
paddlewheel aerator, a screw pump, or an axial-flow turbine pump [17,48]. One of the
disadvantages of split ponds is the high initial cost, which is quickly recouped through
high productivity [17,47,50].

Interestingly, Schrader et al. [18,51] describe cases where geosmin and 2-methylisoborneol,
off-flavor metabolites that are more common in traditional ponds, were detected in fish from
some of the split ponds. This means that the conversion of aquaculture from traditional
ponds to split ponds is not an absolute escape from these “earthy” and “musty” flavors [51].
Therefore, even in the case of a split-pond system, it is recommended that samples are
taken before harvesting to determine the presence of off-taste cyanobacteria in the farmed
fish [51]. Also, the use of algicides such as diuron and copper-based products in pond
management practices is recommended [51].

3.2.2. In-Pond Raceway Systems

In-pond raceway systems (IPRS) have their roots in the U.S., where they were de-
veloped for channel catfish aquaculture [34]. Research on a floating IPRS began in the
1990s at Auburn University, where attempts were made to build an improved version
of cage culture systems to increase fish production and to be able to collect and remove
fish waste [52,53]. The successful design and ability to integrate the IPRS into existing
infrastructure have led to its widespread and successful use in the farming of carp, tilapia,
and other omnivorous fish [34,54].

Only 5% of the total surface area of the IPRS is used for fish cultivation, with the
remainder used for water treatment [34]. The IPRS consists of a water flow mechanism that
circulates the water around the fish, which are enclosed in a flowing water system [55]. The
IPRS consists of a floating rectangular box or container equipped with air-lift pumps at one
end and a water discharge system at the other end of the container [52,53]. The advantage
is that the floating IPRS containers can be made in different sizes and materials—plastic or
plywood—which are then attached to a floating pier [53,56]. The containers are closed with
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openable lids to prevent fish from escaping or, conversely, to prevent access by various
predators [53,56]. In addition, walkways are added to the fish-holding tanks to allow
workers to access the fish [53,56]. Air-lift pumps, usually powered by a high-volume, low-
pressure regenerative blower, move the water through the container, ensuring water flow
and necessary DO level [53,54]. Water treatment in IPRS is managed by various mechanical
and biological systems [53,56].

IPRS offer comparable advantages to PAS, including simplified feeding, sped-up
harvesting, improved fish protection, and more cost-effective construction [2,53]. One
of the major advantages of IPRS is that they can be deployed in almost any body of
water [53]. They have higher yields than traditional ponds and can be operated with
less labor force [53,56]. IPRS systems can recover waste from cultured aquatic organisms,
making the system environmentally friendly [53,56,57]. Masser and Lazur [56] point out
that IPRS systems can be used as a caging system for already cultured fish, where the
grown fish can be purged of off-flavors developed during farming within about a week.

A disadvantage of the IPRS is the need for constant water circulation, and water
circulators are usually powered by electricity [55]. It is, therefore, important to install
emergency power systems so that cultured aquatic organisms are not affected in the event
of a power failure [55,56]. Like the other PAS mentioned in earlier chapters, IPRS have high
initial and operating costs (although these vary depending on the technological solution of
the IPRS containers and energy source used to power the water circulators) [52,55]. With
IPRS, as with other PAS, the potential impact on the control of environmental parameters
such as light, temperature, and water quality is limited [54].

An interesting result by Nagy et al. [54] is a study on the possibility of farming
pikeperch (Sander lucioperca) in Central and Eastern European countries using IPRS. The
study confirms that high-value fish species such as pikeperch can be farmed in IPRS,
and in this system, it even shows better growth performance than the same fish species
farmed in a recirculating aquaculture system [54]. Although Nagy et al. [54] point out that
further research is needed in winter conditions, IPRS is considered to be a potential future
development option.

3.3. Recirculating Aquaculture Systems

Recirculating aquaculture systems (RAS) can be characterized as intensive closed-
system aquaculture [23,58]. The main advantage of RAS is the relatively low environmental
impact, as 90-99% of the water can be re-used in the more efficient systems, and they require
less territory compared to a flow-through system [3,23,35,59]. On the basis of the water
exchange rate of the system, the following classification of RAS is proposed: flow-through
(>50 m3/ kg feed); re-use (1-50 m3/ kg feed); conventional recirculation (0.1-1 m3/ kg feed)
and “next generation” or “innovative” systems (<0.1 m3/kg feed) [60]. RAS typically con-
sists of elements such as rearing tanks, solid waste removal, wastewater treatment, filtration
systems, power generators, oxygen suppliers, water pumps, etc. [23,34,58]. Disinfection
can be achieved by ultraviolet treatment, which destabilizes the microbial composition and
inactivates pathogenic bacteria [34,58]. Tanks for rearing fish and other aquatic organisms
can be placed indoors or outdoors, depending on what species are being reared and their
temperature requirements [60].

The most distinctive feature of RAS is the high density of fish cultivated in a relatively
limited volume of water [3,5,60]. The water is treated to remove the toxic metabolic wastes
of the fish and is then re-used in the system [3,5,35]. RAS can be very simple, with the
water passing through a single biological filter, or complex, with multiple treatment steps
such as mechanical, biological filters, oxygen enrichment, and ultraviolet disinfection [5].
Unlike ponds, a RAS system is isolated from the external environment, allowing better
control of water quality, temperature, and nutrients and reducing the risk of exposure to
pathogens and parasites from wildlife, as well as the environmental impact of the systems
themselves [5,60,61].
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The disadvantage of RAS is the relatively high initial and operating costs, as well as the
complexity of the system, which discourages companies from opting for such aquaculture
systems [3,5,34,35,60]. The material flow processes and the constant supply of oxygen
in RAS make the system very energy-intensive and require structural and functional
coordination of several mechanical units [23,35]. The RAS can accumulate toxic waste and
sludge that need to be removed periodically [3,61]. In the event of a power failure, the
system may shut down with serious consequences [23].

Due to the small amount of additional water required and the high level of wastewater
treatment, RAS is considered an environmentally friendly and sustainable system [35,61].
From a circular bio-economy perspective, RAS is not optimal because the nutrients (ni-
trogen, phosphorus, carbon) in the water are not returned to the production cycle after
treatment [23]. However, in terms of promoting a circular bio-economy, hazardous ni-
trogen waste from aquaculture could be collected and converted into high-value-added,
protein-rich products [23,60].

The search for more sustainable and environmentally friendly solutions for RAS
continues and is also described in the scientific literature. For example, it is possible to
combine RAS with constructed wetland systems, where pollutants are absorbed by plant
roots and leaves [5,35]. Bio-RAS or systems combining BFT and RAS technologies have
been explored with the aim of achieving zero water exchange and reduced disease risk [62].
Monocultures are characteristic of RAS, but to optimize water use, the possibility of using
RAS as a polyculture cultivation mechanism is being explored [24]. Xu et al. [63] briefly
describe the recirculating pond aquaculture system (RPAS) as “an innovative mode of
pond culture for its environmentally friendly characteristics”. In a pilot study, Xu et al. [63]
compared the performance of a traditional pond with an RPAS design, where the RPAS
developed consisted of elements such as rearing ponds, a treatment pond, an inlet ditch, an
outlet pipe, an ecological ditch, and an electrically driven pump. In the experiment, the
RPAS showed improved water quality, growth, and muscle quality, as well as physiological
conditions [63]. These are just a few examples of attempts to optimize and improve RAS.

3.4. Land-Based Mariculture

Mariculture is seawater aquaculture that can take place in the sea, in the ocean, or
even on land [64]. Setting up land-based mariculture systems a few kilometers inland
and pumping seawater into specially designed ponds or tanks could be an option for
developing aquaculture in coastal regions. Mariculture farms on land are considered to
be a more environmentally friendly and sustainable option, as wastewater management,
nutrient recycling, and improved feed conversion are easier and cheaper on land than
in open water [65]. Transmission of pathogens and genes between cultivated and wild
species is prevented, there is no need to worry about weather damage, and the public’s
right to access the sea is not compromised [65]. Land-based mariculture can be designed
according to IMTA principles, for example, by combining marine fish and mollusks with
phytoplankton as a biofilter and food for the mollusks in a single system, making it even
more sustainable [64,65].

The construction of a land-based mariculture is technically not very different from the
construction of a freshwater aquaculture, except for the need to establish it near the coast
and to find a good location for a pumping station [2]. Establishing mariculture inland is
less environmentally damaging, and pumping costs are predictable [2]. However, local
conditions and the mechanics of filtering and pumping huge volumes of saline water must
also be assessed [2]. The hydrogeology of potential pumping sites must be thoroughly
investigated, as pumping seawater inland could contaminate freshwater [2]. Cultured
organisms can be managed, fed, and harvested in raceway systems, but raceways produce
effluents [2]. However, these can be treated with halophytic plants, which are suitable for
the treatment of saline wastewater [35,66]. To treat wastewater with halophytic plants, a
wetland system can be constructed where the plants act as biofilters [35,66]. Another option
could be RAS, which can provide near-zero water exchange, but investment and operating
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costs are relatively higher [2]. Another advantage of recirculation systems is that they do
not require seawater, so the marine organism farming facility does not need to be on or
near the coast [2]. Ponds are probably the best option for establishing a marine aquaculture
system, although there are several difficulties with their installation [2]. In addition, the
split-pond system may be the optimal production system for near-shore facilities [2]. If the
soil is barren, the bottom of ponds constructed near the coast often needs to be lined with a
special material [2].

4. Technological Improvements—Energy Efficiency and Renewable Energy Resources

Developments in aquaculture technology over the last century have led to an intensifi-
cation of pond production processes [3]. Although manure and chemical fertilizers were
initially used to supplement natural feed, pond farms later switched to pelleted feed to
provide more valuable nutrients to the fish [3].

Improving resource and energy efficiency in aquaculture operations has been iden-
tified as key to optimizing operations, although energy accounting has been relatively
underrepresented in the scientific community [23]. The sources and intensity of energy
used in aquaculture vary from system to system, ranging from renewable solar energy to
nonrenewable fossil fuels [23].

4.1. Technological Solutions—Aeration

The amount of dissolved oxygen (DO) required is different for different aquatic
organisms. To maintain viable conditions for fish, the DO concentration in the water must
generally be 5 mg/L or more for warm-water fish, the same for a raceway or circular tank,
and 6 mg/L or more for cold-water fish at their optimum temperature [67-69]. Sustained
oxygen concentrations below 3 mg/L are potentially lethal, while oxygen concentrations of
0.5 mg/L are considered non-survivable for most aquatic organisms [67,70-72]. Aerators
are devices that introduce oxygen into the water by mechanical circulation [5], increasing the
amount of dissolved oxygen, which means better water quality and more nutrients [3,67].
This also means improved fish health, which is a critical factor in achieving economic
sustainability [2]. Aeration also allows for much more efficient use of land and water at
an agricultural level, supporting sustainable production practices compared to the level
achievable in unaerated ponds [2].

In the past, fish farmers sometimes added more organic matter to ponds than the ponds
could assimilate, resulting in low DO concentrations or other water quality problems [2].
It was not until fish farmers started using commercially produced feeds in the 1950s and
1960s that low DO concentrations became a common problem hindering the success of
pond aquaculture [2]. In the early days, aeration equipment was primitive and often made
from farm equipment available on the farm [16]. This later led to the invention of the
tractor impeller-powered aerator [2]. The tractor-powered paddlewheel aerator consisted
of a trailer with a truck differential and axles that supported the impeller [2]. The trailer
was driven backward into the water, and the water was agitated by the impeller wheels,
causing oxygen exchange [2]. Later, farmers began to use tractor-powered pumps mounted
on a trailer and fitted with a hose to distribute the water into the air for aeration [16].

Initially, the tractor impeller-powered aerator was a good solution to provide DO
to the fish during the warm season and prevent them from dying, but it was expensive
and inefficient to use over long periods [16]. Therefore, aquaculture quickly moved to
permanently installed electric aerators that could provide a constant supply of oxygen [16].
In later years, various types of floating electric aerators were invented, but most were
not efficient enough [16]. Research at Auburn University, in close collaboration with
several engineering firms interested in manufacturing fish farming equipment, led to the
development of an efficient floating electric paddlewheel aerator [2,16].

The choice of the right aerator model for aquaculture farms today depends on several
factors, such as the aquatic organisms to be cultured in the pond, the geometry of the pond,
and the type of water treatment or water exchange, not least the cost of purchasing and
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installing the aerator, the cost of its operation and maintenance, and finally the energy
consumption of the aerator [67]. More energy-efficient use of aerators reduces maintenance
costs, saves energy, and reduces emissions [67]. Therefore, the criteria for selecting an
aerator cannot be limited to the most efficient improvement in the DO concentration in the
water [67].

Ponds are naturally aerated by atmospheric diffusion and plant photosynthesis, which
contributes to a natural increase in DO [72]. Natural aeration alone is not sufficient to
intensify cultivation in ponds and during warmer seasons; mechanical aerators must be
used to increase DO concentrations [72]. According to Boyd et al. [16] and Roy et al. [72], in
addition to natural aeration, there are three main aeration systems or types of aerators used
in aquaculture: splash aerators, aerators that release air bubbles into water or bubbling
aeration, and gravity aerators. The most common types of aeration systems are summarized
in Table 1, and the main components, as well as the advantages and disadvantages of each
type of aerator, are described. Technology is constantly evolving, and improvements
are being made to existing types of aerators, as well as improved designs and solar-
powered aerators. For example, the Solar Updraft Aeration (SUpA) system, which passively
promotes DO destratification using solar heat [73]. As proposed by Mahmoud et al. [73],
the SUpA is powered by a solar thermal collector that heats a metal pipe immersed in a
pond, heating the lower layers of oxygen-poor water. This creates a natural convection
current that drives the oxygen-poor cold water to the surface [73]. The supersaturated water
sinks to the bottom, reducing oxygen losses and increasing total DO [73]. Existing types of
aerators are being improved in terms of efficiency and functionality [67,74-76], as is the
off-grid use of aerators with renewable energy sources, particularly solar energy [77-79].

Table 1. Types of aeration systems used in aquaculture ponds.

Mechanical . .
. Basic Information about Aerator
Aeration Aerator Types Type Pros Cons
Systems P
Basic configuration consists of an
impeller connected to a shaft and a .
. . improved DO
. submersible motor [72]. Water is . . L
Vertical . . useful in aeration of concentration in aerator
. splashed into the air from the center of ) -
turbines/pumps . hatcheries [72] proximity and near the
the float through an opening [72].
. surface [78]
Photovoltaic panels can be used for
power supply [72].
Submerged propeller in a vertical tube
attached to an electric motor very effective in increase the DO in a
suspended by floats. Propeller draws :
=1 . . aerating the bottom small area, but a large
° water into the vertical tube and
= . . part of the pond [77] area cannot be
<] Pump-sprayer pumps it upwards. Water is then .
o . . . simple and do not aerated [72];
] discharged at high velocity, deflected . . . .
< . o require much horizontal influence is
@ radially through orifices, and falls . o
< X maintenance [72,77] very limited [72]
B back on the water surface in an
®

umbrella-like pattern. [72,77,78].

Paddlewheel aerator

. . hy ffecti high h
Surface aerators, can be divided into 2 the TOSt effective '8 Rurc ase ar}d
broad groups: electrical floating and surface aerators operating costs of a
performance —wise [72] tractor

power takeoff driven [72]. Consists of
a frame, motor, floats, coupling, speed
reduction mechanism, bearing, and
paddle wheel [72].
The most commonly used type of
aerator for ponds larger than
0.5 ha [43].

high standard oxygen
transfer rate, suitable
for use in emergency
situations [72];
solar—powered
aerators are a result of
recent research [80]

impeller-powered
aerator [16]
sometimes powered by
a diesel generator,
which releases
emissions and increases
operating costs [80]
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Table 1. Cont.

Mecha_mcal Basic Information about Aerator
Aeration Aerator Types Pros Cons
Type
Systems
Aeration obtained by constant
splashing of water into the can be used in intensive sometimes powered b
atmosphere by the spiral rotation and semi—intensive a diesel penerator y
. (tangential) of the impeller. Consists of cultures [72]; S¢l & !
Spiral aerator . . which releases
an electric motor, a reduction gearbox solar—powered - .
. emissions and increases
or a reducer, handles, cups, connecting  aerators are a result of operating costs [S0]
shaft, a base frame, movable joints, recent research [80] P €
cover spines, and floats [72].
energy-efficient and R .
Releases air bubbles to affect aeration with lower operating ﬂf)el pe::;;;f;ﬂlﬁigter
. . near the bottom or top of a water body  costs compared to other b
Diffused-air . pond management [72];
. using a blower or compressor to aerators [72] - -
systems/ diffused . . . high cost if pure
supply air to diffusers [72]. High can be used for -
aerator . . . i oxygen is used [72];
oxygenation rates can be achieved if sensitive cultured not suitable for shallow
diffusers use pure oxygen [72]. animals as it has no onds [74]
moving parts [72] P
Consists of a frame, air suction pipe,
c propeller, and a motor [72,81]. The
2 pump draws in atmospheric air
<] through a rotating hollow shaft used in small water
@ . . . performance depends
< connected to an electric motor at one bodies [72];
oD on the shaft
< end and a propeller at the other end one of the most often submergence depth
i Propeller-aspirator submerged under water [15,81]. used aerator type [74]; 8 Pty
) P 11 ) h itable f . positional angle,
= ropeller accelerates the water to suitable for use in ller desi d
@ create a d th intensi propeller design, an
pressure drop across the intensive rotational speed [72]
diffuser surface [15,81]. This forces air aquacultures [74] P
to pass through a diffuser in the
hollow shaft and enter the water as
fine bubbles [15,81].
Consists of a hollow pipe above the
water, a submersible pump attached to
Submersible acrators the pr.opeller [72]. As the p.ropf—.‘ller efficiency depends on angular position and
rotates in the water, it sucks in air and submergence depth of the propellers [72]
mixes it with the water, which
facilitates aeration [72].
Aeration takes place above a dam by
splashing, where gravity breaks up
the water droplets, which then flow
. over various screens [72]. These wat‘er no additional power feasible for small ponds
Weir aerator droplets are sucked under the dam in
. . . supply needed [72] [72]
a current, creating a large inflow of air
I .g [72]. Used for general water treatment,
-E "é’ fish hatcheries, and flowing water or
g K in raceways [72].
® o
27T The system consists of a circular no pumping is required
>3 stepped cascade and a pump. The © pumpiig qu
L . if natural elevation is
oo pump lifts the water to the top of the available for gravi
. cascade and drops it over the steps of gravity low efficiency, has to be
Circular stepped . . flow [72]; . |
the aerator. This creates turbulence in . combined with other
cascade very economical [72];

the water, breaking the air-water
interface and resulting in aeration [75].
Used to treat wastewater before or
after filtration [72].

most economical for
ponds with less than
1000 m? capacity [76]

aerator types [72]
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It is particularly important to study the relationship between aeration and water
velocity to manage DO and improve optimum growth conditions and other factors relevant
to pond intensification [2]. A possible disadvantage of excessive use of aerators is that the
water currents generated can lead to severe erosion of the pond bottom and, in particular,
the inside of the embankments [5]. Meanwhile, water velocity that is too high or too low can
hinder the growth and well-being of the fish to be cultured or cause additional stress [82,83].
Research to determine the conditions under which water circulators could be effectively
combined with aeration practices should be given high priority [2], as different species of
aquatic organisms require different water flow rates for optimal living conditions [2,82-84].

Automatic aerator control systems have been developed to activate and deactivate
aerators in response to signals from a DO monitoring probe placed at a selected location in
the pond [2]. Switching to automatic operation of aerators based on the DO concentration
in the pond saves energy [43] and thus improves the sustainability of aquaculture.

Wiranto et al. [85] describe an automatic aerator control system using wireless sensors
and an application as a monitoring tool for an aquaculture system measuring four water
quality sensors (pH, temperature, conductivity, and DO). The measured data are transmit-
ted via a wireless transmitter to a smart data logger and then a web server [85]. The study
concluded that the smart data logger was able to activate the aeration system automatically
to reduce the energy consumption of the aquaculture [85]. Several similar studies have been
carried out to develop remote measurement, reading, and operation of aerators [86-88].
However, it has been pointed out that the monitoring programs still need to be improved
to ensure the accurate and reliable operation of aeration control systems [2,86].

The knowledge required to contribute to sustainable production systems through
the effective use of aerators is not yet fully established [2]. This includes the need for
further research into the placement of aerators in ponds, as different aquaculture species
require different minimum DO concentrations that can be maintained without reducing
feed consumption and feed conversion efficiency and without increasing disease suscep-
tibility to disease [2]. Research is strongly dominated by studies and trials carried out in
Asian countries, while in the EU, technological developments in aquaculture—in this case,
aeration—can be considered to be under-researched. For a sustainable intensification of the
existing aquaculture in the EU, additional attention should be paid to necessary research
and updating the development of knowledge-based aquaculture systems.

4.2. Energy from Renewable Sources

Aquaculture faces sustainability barriers due to its inability to transition away from
fossil fuels as a primary energy source [2]. Ideally, aquaculture should reduce the use of
fossil resources at all stages of production and replace them with bio-based and renewable
resources [2]. Currently, fossil fuels are still used as the main energy source in aquaculture,
although the use of renewable energy sources, especially solar energy, is increasing due to
the advantages of low operating costs, long life-cycle, environmental friendliness, no CO,
emissions and low soil pollution [79]. Solar energy applications in aquaculture continue
to develop and include power generation, aeration systems, feed dispensers, pumps, and
water-heating systems [79]. Tropical aquaculture ponds have the advantage of sunny
weather and can use dynamic waste treatment powered by solar energy with a minimal
environmental footprint and a nature-based approach [23]. On the other hand, countries
without year-round sunshine are still lagging behind in introducing solar energy or other
renewable resources into their energy mix.

Another reason for integrating energy production and aquaculture is the increased use
of water surface, which allows land to be used for other purposes, such as agriculture [79,89].
Aquaculture systems combined with solar PV technologies are referred to as floatovoltaics
(EV) [79,89], while other sources refer to them as aquavoltaics or AquaPV [90]. FV systems
consist of the same photovoltaic panels as land-based PV systems, but the panels float in
the water, usually attached to floats or moored to land [79]. The advantage of such systems
is that installation is not limited by the body of water, and they can be installed in different
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bodies of water, inland as well as on the sea or ocean [79,89]. More importantly, aquaculture
can be developed in combination with FV in sparsely populated areas with no or poor grid
access [89]. In addition, PV installed on the water surface also has a direct practical benefit,
reducing water loss through evaporation by up to 70-85% [89,90] and can reduce algal
growth rates [90,91].

Badiola et al. [92] suggest that geothermal energy can be used to produce both elec-
tricity and hot water, as well as waste heat from other industries. The use of waste heat
in aquaculture is not new, and the scientific literature dates back to the 1970s [93-95],
although it has become relevant again due to climate change and the high cost of energy
sources [96,97]. According to Lund and Toth [98], the use of geothermal energy in aquacul-
ture has actually increased over the years, with an installed capacity of 950 MW in 2020.
Leading countries using geothermal energy in aquaculture systems are China, the United
States, Iceland, Italy and Israel [98]. Instead of geothermal energy, solar collectors and
heat pumps can also be used to keep the water at the right temperature for the aquatic
organisms being cultured [92,97].

4.3. High Technologies and Aquaculture

The Internet of Things (IoT) and artificial intelligence (Al) are expected to become more
widespread in the future and are the way forward for sustainability [23,76,99]. Modern
technologies have the potential to be used to collect and analyze data, communicate with
process supervisors, and even make decisions [23,76]. This is because Al systems are now
so advanced that they can predict the exact amount and timing of feeding based on fish
movements, growth rates, and other technical data [23]. Sensor-based AI systems can
predict potential water quality deteriorations and disease outbreaks [23]. High technologies
in aquaculture have been and are being developed in the following main categories: water
quality, nutrition, water recirculation, transport and traceability, and welfare [100].

Technological advances are also increasing, with the development of new hatchery
technologies, automated feeding, sensors to monitor water quality, and CCTV cameras
to monitor feeding [101]. The latest technologies help automate processes and enable the
regular, comprehensive, and reliable collection, storage, and analysis of data on water
quality, cultured fish, energy, and feed consumption [76]. Innovative sensors can accurately
measure variables such as dissolved oxygen, temperature, pH, ammonia, turbidity, and
water level [100]. AI can be combined with solar PV to provide power for aquaculture,
e.g., to monitor feeding, growth, and health status [101]. Some commercial aquaculture
operations use drones to monitor fish health and growth, helping to determine optimal
feeding tactics and reduce feed waste [23]. Drones also facilitate regular water quality
monitoring and record real-time data for decision-making [23].

Automation of various processes and information technology (IT) have been slow
to take off in aquaculture because most aquaculture owners, especially in developing
countries, are reluctant to invest large sums of money in new technology for fear of not
recovering their investment if the technology fails [23,99,101]. At the same time, further
research is needed to improve the quality of sensors and minimize their cost to make them
more affordable for smaller aquaculture operations [100,102].

The high-tech solutions mentioned above are just some of those available to today’s
aquaculture farms. Other more specific solutions can modernize, optimize, and make
aquaculture more sustainable, such as cloud computing, machine learning, Big Data,
virtual reality, robotics, cyber-physical systems, etc. [103]. In addition to high-tech advances,
research is also addressing challenges such as the development of genomic platforms to
accelerate genetic improvement, molecular methods to identify genes for resistance to
iridoviruses and other diseases [101], selective breeding [104], sustainable fish feeds [105]
and many other advances.



Sustainability 2023, 15, 16952

17 of 26

5. Towards Best Management Practices

The development of the aquaculture industry in the 1970s could be described as
a “technological regime with a poor degree of control and labor-intensive production
processes” [19], whereas the aquaculture industry today can be described as “biological
manufacturing” [19,106]. Sustainability is a growing concern that is driving innovative best
management practices (BMP) for the benefit of the environment, economy, and society [23].
In aquaculture, BMP means that aquatic organisms are farmed according to standards set
by various governmental and non-governmental organizations with the aim of reducing the
environmental impact, reducing harm to local communities, and controlling and improving
animal welfare [5]. There have been improvements in the use of renewable energy sources
and the primary production of alternative feed sources—wastes and by-products of human
activities such as insects, algae, molds, fungi, bacteria, etc. [2].

The Strategic Guidelines, adopted by the European Commission, provide a vision
for the future and encourage the use of BMP for sustainable development at the national
level [12]. One of the directions is to build resilience and competitiveness, which includes
the need to coordinate spatial planning for both freshwater and land-based aquaculture
systems based on several criteria, such as the impact on the local ecosystem, the carry-
ing capacity of the area, water quality indicators, etc. [12]. At the same time, licensing
procedures should be facilitated by providing legislation and administrative guidance
for aquaculture activities, if possible, through the establishment of a one-stop shop in the
public administration [12]. There should be a focus on animal health and public health
research to improve breeding and husbandry conditions, reduce the use of various types
of pharmaceuticals, and improve disease control, data collection, and monitoring [12],
adaptation to and mitigating climate change, and participating in the green transition in
line with the objectives of the Green Deal [12]. Promoting social acceptance and recognition
of the benefits and value of aquaculture activities and EU aquaculture products [12]. One
of the ways to achieve greater public support for aquaculture products is to integrate
aquaculture systems into local communities, increase knowledge of sustainable practices
and products, and promote innovation [12].

One way to incentivize BMPs is through appropriate national policies. Afewerki
et al. [19] describe the case of Norway, where development licenses were introduced as
one of the innovation policy instruments to promote further sustainable development of
the aquaculture industry, including pollution control and reduction [107]. The introduced
licensing scheme was designed to actively encourage aquaculture enterprises to participate
in the development of new knowledge and/or to use existing knowledge from research or
practical experience to develop new sustainable aquaculture production technologies [19].
According to Afewerki et al. [19], there are several aquaculture licensing schemes in Norway,
with each license having its own objective, such as limiting the amount of fish to be farmed,
the location, the technological solution to be applied or, like the development license
mentioned above, the development of technologies that can address important challenges
for the sustainability of the industry.

The environmental, animal welfare, and social standards of aquatic food products are
increasingly important considerations for producers, buyers, and sellers [6]. Sustainable
aquaculture certification schemes (also eco-certification schemes) incorporate the concept
of sustainability by requiring aquaculture producers to comply with a set of pre-defined
indicators, which are then measured and monitored, thus providing a method to influence
the adaptation of BMPs and sustainable practices [6,108,109]. International certification
schemes put sustainability into practice, provide clear sustainability roadmaps, and en-
courage the adoption of BMPs [108]. They also allow producers to communicate their
standards and values to stakeholders and consumers [108]. The solution would, therefore,
be to encourage aquaculture companies to certify their activities and thus take the initiative
to move towards sustainability and safe production for consumers [109]. Sustainability
certification should preferably be combined with the principles of the ecosystem approach
to aquaculture (more on this in Section 5.2) in order to improve social and environmental
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sustainability at different levels [109]. The role of certification in promoting sustainable
aquaculture could also be strengthened by involving local communities (social sustainabil-
ity) in the certification process and using criteria that promote continuous improvement of
the business [109].

Information and communication technology (ICT) is one of the easiest ways to improve
BMPs in small-scale pond farms [110]. Ntiri et al. [110] describe a case study conducted in
Ghana where fish farmers using ICT were found to harvest 0.5 kg more fish per square meter
than those not using ICT. The biggest contributors to the adoption of BMPs and increased
productivity were mobile phone users (SMS and WhatsApp, the free messaging application
owned by Meta (formerly Facebook)) and TV [110]. Therefore, for the development of small
and less intensive aquaculture farms and the wider use of BMPs, educational materials
on disease control, feed, markets, etc., can also be developed and disseminated using ICT
technologies [110].

In addition to the development of BMPs, proteomics (the study of all the proteins
present in a cell, tissue, or whole organism to identify and quantify their structure and
function) could improve disease diagnosis and targeted drug delivery and reveal potential
protein biomarkers of stress, reproduction, disease or the immune system, in the aquacul-
ture industry, according to Jaiswal et al. [111].

5.1. Traceability and Transparency

As consumers become more affluent, there is growing concern about ethical issues
related to the welfare of those involved in the production and distribution of aquatic food,
the environmental sustainability of production systems, the use of genetically modified
feed or fish, and animal welfare [6]. Safe food and food supplies ensure nutritional value
while minimizing risks to consumer health [6,108]. Traceability of products in supply
chains is therefore essential to ensure that contaminated products or products at high risk of
contamination, including substandard products, are not passed off as products without such
risks [6,112]. Meat from farmed fish can be contaminated during production with a variety
of chemicals, including authorized veterinary pharmaceuticals, disinfectants, other biocidal
chemicals used for disease control, feed additives, contaminated feed ingredients, and
antifouling agents used on farms (e.g., copper oxide) [6,112]. Even though the EU strictly
regulates and controls food growing conditions to prevent the presence of various harmful
substances and contaminants in food, unscrupulous producers continue to find ways to
circumvent the system. It is, therefore, very important to know “where” (traceability)
and “how” (transparency) food has been produced and to be able to trust the information
provided by the farmer or producer [2,112]. Traceability and transparency are essential
to demonstrate accountability and the pursuit of sustainability [2,108]. Therefore, the
aquaculture industry should adopt radical transparency and traceability as the absolute
standard [2]. Radical transparency means owning both your sustainably farmed product
and its environmental impact while encouraging others to help find solutions to improve
the sustainability credentials of your products [2]. Thus, one of the future challenges for
sustainable aquaculture is the implementation of transparency and traceability as well as
corporate social responsibility through open dialogue with relevant stakeholders [2,113].

At the same time, significant quantities of fish and other aquatic organisms are im-
ported into the EU from other countries [114], some of which have been criticized for lack
of transparency and traceability in their operational systems [112]. One example is the
Global Aquaculture Alliance, which owns and manages the certification of best aquaculture
practices [2]. In addition to certifying aquaculture companies, it also certifies its own board
members [2]. At the same time, consumers are not sufficiently informed about human
rights violations in Asia, the environmental damage caused by the West African fishing
industry, “the salmon wars” in Norway, and the apparent lack of traceability of many
seafood products [2,113]. Even in relatively well-regulated supply chains, food fraud in
aquaculture is a common phenomenon [6,112]. The visual similarity of white muscle from
different fish species makes fraud possible, and there are many processed fish products
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whose appearance or taste is altered by the addition of other ingredients [6]. In the near fu-
ture, food fraud could be prevented, and traceability and transparency could be improved
through blockchains, as this technology can record different transactions such as values,
different complementary information, or digital events without the possibility of deleting
them [115]. Currently, the lack of knowledge about blockchains and the resulting lack of
trust in them is an obstacle to their wider use [115]. This could be changed by further
research into how aquaculture companies and farmers perceive blockchain technologies
and how they implement them in practice [115].

In the future, it would be important to ensure that the aquaculture industry drives
the idea of sustainability rather than expecting consumers to regulate it through their
demand [112]. Through national government and regulatory frameworks, it is possible to
give the industry an additional push towards more sustainable farming and production
practices [112].

5.2. Ecosystem Approach to Aquaculture

As defined by the Food and Agriculture Organization of the United Nations (FAO),
the ecosystem approach to aquaculture (EAA) is “a strategy for the integration of the
activity within the wider ecosystem such that promotes sustainable development for
both present and future generations, equity and resilience of interlinked social-ecological
systems” [116,117]. The EAA and the technical guidelines for its implementation have
been developed in particular to support Articles 9 and 10 of the FAO Code of Conduct for
Responsible Fisheries [117]. There is a strong link between science, policy, and governance,
as well as the integration of the concept into national development policies, strategies, and
plans for EAA implementation [11,117]. The main objective of the EAA guidelines [117]
is to assist countries, institutions, and policymakers in developing and implementing
sustainability in the aquaculture sector, the integration of aquaculture with other sectors,
and its contribution to social and economic development [7].

In principle, EAA is not a new concept, as aquatic organisms have been farmed
on a small scale in inland aquaculture in the past, especially in Asian countries [118].
Aquaculture of carp and other freshwater fish has typically used poultry or other organic
waste as a feed source [118]. However, in modern times, it is difficult to implement
EAA when intensive and industrial farms are operated in this way [118]. In addition,
the regulatory framework in many countries prohibits or discourages the circulation of
resources and by-products or residues of bioresources that would allow aquaculture to
operate under the EAA [118]. In addition, the ecosystem approach requires that community
development planning include physical, ecological, social, and economic systems, as well as
other stakeholders, thus addressing all three dimensions of aquaculture sustainability in a
social, economic, and environmental context [118]. Figure 3, based on the table created and
described by Soto et al. [118], shows the three main principles on which the EAA is based,
the degree of its impact, and the main problem areas that need to be addressed for the
further development and sustainability of the EAA. Another obstacle to the development
of economically sustainable aquaculture is currently the lack of a sufficiently efficient
calculation of environmental services [3]. Aquaculture systems are mainly evaluated in
terms of financial benefits to farms and businesses but not in terms of socio-economic
benefits to society, which could be completely transformed by the introduction of the
EAA [3].

A significant shift towards more environmentally sustainable aquaculture could be
achieved by implementing policies that require companies to externalize the costs of envi-
ronmental services in a realistic way, i.e., a properly functioning polluter pays principle [3].
The EAA can overcome the identified barriers by implementing a precautionary approach
and adaptive management [118,119]. This approach is crucial for managing ecosystem
changes that are slow to reverse, difficult to control, and poorly understood [118]. Adaptive
management is the best approach, and interdisciplinary research is essential for long-term
success [118].
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Figure 3. EAA development—scales (on the left), key issues across all three levels and principles
(center), and three guiding principles (on the right) (adapted from Soto et al. [118]).

Simulation models can be used to support decision-making tools at different scales,
and research on ecosystem service valuation is critical for effective planning and mit-
igation [118]. Integration of aquaculture, including integrated multitrophic aquacul-
ture (IMTA), is essential to increase productivity and reduce risks associated with by-
products [118].

Proactive management agencies should ensure effective training of all staff involved in
EAA implementation [118]. Policymakers should ensure that farmers, workers, and other
stakeholders are adequately involved in policy decisions and regulations [118]. Incentives
should be participatory, timely, and transparent, involve other stakeholders and sectors,
and should focus on watershed certification, eco-labeling, eco-certification, and promoting
integration and awareness of the ecosystem approach [118,119]. Education and training
should be targeted at the farm level and focus on management-oriented knowledge and
collective values [118]. At the same time, global consumer and public education are crucial
to promoting sector integration [118].

According to Brugere et al. [120], on the relevance of the EAA topic in the scientific
literature, the concept has had the greatest impact on spatial planning for aquaculture,
including site selection and ecosystem carrying capacity at both the watershed and farm
levels. Although EAA has also led to significant advances in land use and spatial planning
in practice [11], it has not been used by decision-makers and planners to understand and
resolve the more complex institutional issues that also influence aquaculture develop-
ment [120].

6. Discussion

At this stage, none of the options described above is universally applicable to meet
the growing global demand for food from aquatic organisms. In the future, this could
be achieved mainly through the combination and improvement of different technological
solutions, better management practices, and better siting of aquaculture farms so that
they do not exceed the carrying capacity of ecosystems. Henares et al. [5] discuss that
the potential sustainability of an aquaculture enterprise could be improved by the choice
of aquatic species and location, as well as production and management practices before
production begins. Such a practice would be in line with Edwards [3], who argues that
the future belongs to the EAA, which promotes ecologically and socially responsible
development and operation of aquaculture systems. However, there are still several
challenges that need to be overcome if the EAA is to become the future of sustainable
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aquaculture governance. One of these is balancing the different levels of impact (farm,
watershed, global) to minimize the impact at each level. Solutions could include eco-
certification schemes that, under the guidance of qualified auditors, can assess the impact
of aquaculture on ecosystems at the farm or organizational level over a period of time.

Roy et al. [72] note that farmers often empirically use aeration systems without consid-
ering suitability, efficiency, and management costs, which can lead to high management
costs and prevent maximum efficiency. In addition, energy efficiency measures should be
promoted in aquaculture businesses, especially in RAS, to help business representatives
identify weaknesses and improve electricity and heating consumption behavior. Energy
efficiency measures have helped to address the energy consumption patterns of several
other energy-intensive industries [121-123].

Aquatic organisms cultured in ponds or recirculation systems integrated into a farming
operation can be compared to the same principles used by IMTA. Integrated farming models
maximize the use of infrastructure, labor, and natural resources in a circular and resource-
efficient manner, therefore increasing the environmental and economic sustainability of
aquaculture. Das et al. [23] argue that circular aquaculture can improve fish productivity,
provide livelihoods and food, reduce environmental impacts, and make aquaculture cost-
effective. Circular aquaculture practices can help address climate change, resource scarcity,
environmental challenges, and high cost of living [34].

For sustainable land-based aquaculture under changing conditions, research on sci-
entific and management aspects of the bio-economy needs to be more collaborative and
involve stakeholders. Technology transfer from universities and research institutes to
aquaculture companies is inefficient [5]. More attention should be paid to practical research
on technical improvement of aquaculture systems, as some of the most significant research
dates back to the 1970s to 1990s [15,56,93,95,124], but since then, there has been a huge
leap in technology development, especially in the field of IOT. The scientific field is also
dominated by some scientific heavyweights, notably Boyd of Auburn University, USA,
who, according to the authors, has made an invaluable contribution to the technological
development of aquaculture.

To overcome the identified barriers and challenges, the literature mentions solutions
such as better cooperation between universities, research institutes, and aquaculture com-
panies to improve knowledge transfer. A quick look at the education opportunities for
aquaculture or aquaculture engineering in Europe does not seem to offer much—training
in this area is available in Norway, Denmark, Spain, and the Netherlands. Consequently,
the authors are of the opinion that aquaculture education needs to be expanded and pro-
moted at the same time to contribute to the growth of the sustainable aquaculture sector as
a whole.

Edwards [3] argues that future contributions to the global fish supply from aquaculture
technologies such as RAS, aquaponics, and IMTA are doubtful. This is because of the
technological improvements required, which make the end product less competitive due to
high production costs. This is in line with Henares et al. [5], who argue that more research
is needed to develop and improve aquaculture systems and that it is then quite possible
that these systems will prove competitive in the future. If the necessary leap forward in
aquaculture technology is achieved, it is possible to talk about forward-looking options
for developing aquaculture in line with trends in food production, which are increasingly
taking place in cities, by growing aquatic organisms on the rooftops of supermarkets and
in urban industrial facilities, where the future circular economy is represented by advanced
technologies that combine aquaponics, RAS, industrial waste heat and renewable energy
sources [34].

7. Conclusions

A potential obstacle to the development of aquaculture in the EU is probably the
lack of relevance of the sector so far, as well as the changing seasons and cold winters,
which make it impossible to farm aquatic organisms in open systems and ponds all year



Sustainability 2023, 15, 16952 22 of 26

round. RAS, on the other hand, are often complex and energy-intensive. The EU’s long
coastline and access to the seas and oceans have probably also played an important role in
the lack of development of fisheries in the past. In the future, there is an urgent need for
more in-depth case studies of land-based aquaculture enterprises in Europe to determine
the current state of knowledge on available technical solutions and the interest and need
for technical solutions. To keep pace with the global leap in aquaculture production, the
EU should emphasize the need for practical research to improve the energy and resource
efficiency and utilization of renewable resources of the technologies used in aquaculture.
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Abstract: Latvia has abundant water resources, but the aquaculture sector has been slow to adopt
technological advances and innovations. To address this gap, the Latvian Aquaculture Development
Plan for 2021-2027 aims to improve the competitiveness and sustainability of the sector. An essential
component of this effort is the establishment of effective communication channels that bridge the
knowledge gap between the general public, industry professionals and researchers. To promote
consumer interest in sustainable aquaculture products, an environmental communication framework
to assess their sustainability was used. This assessment utilised a multi-criteria analysis technique
complemented by an online survey to formulate an effective communication strategy. According to
the multi-criteria analysis, canned fish emerges as the most sustainable product, while fish oil, fish
meal and spirulina show promise. The online survey identifies the most appropriate communication
channels: social media, audio and video. To facilitate engagement and information sharing, we
advocate for the practice of communication, which can effectively facilitate the sustainable use of
biological resources and serve as a channel for knowledge sharing.

Keywords: aquaculture; bioeconomy; biodiplomacy; environmental communication; communication

strategy; fisheries

1. Introduction

Recognising climate change and its potential threats to the environment, economy
and society, the European Union (EU) has set itself the goal of becoming the first climate-
neutral part of the world in terms of net greenhouse gas (GHG) emissions by 2050 [1].
This goal is to be achieved gradually, starting with a 55% reduction in GHG emissions by
2030 compared to 1990 levels [1]. To achieve this objective, the EU has adopted a number
of strategies and policy planning documents over time [2]. The European Bioeconomy
Strategy “Innovating for Sustainable Growth: A Bioeconomy for Europe” [3] and the
updated version “A sustainable Bioeconomy for Europe: Strengthening the connection
between economy, society and the environment” [4] are some of these policy documents.
The bioeconomy is one of the cornerstones of the transition to climate neutrality. It promotes
the application of sustainable practices in bio-based resource sectors such as agriculture, the
forest sector and fisheries and aquaculture, maximises the use of extracted resources for the
production of food and raw materials and reduces dependence on non-renewable energy
sources [2,5,6]. The successful integration of the bioeconomy into the different sectors
requires a specific approach to raise awareness in society and convince governments and
companies to adopt new governance tools that contribute to building a sustainable-minded
society [7].

A shift to more sustainable and environmentally friendly production of food, manu-
factured goods and energy is necessary to ensure that the current rate of global population
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growth does not deplete the regenerative capacity of the environment, threatening the
existence of all living things and ecosystems [8,9]. Experts with a broad range of expertise
are needed here to advocate for sustainable resource use in dialogue with society and the
economy and to help achieve the goals of the bioeconomy and circular economy [7,8,10].

Diplomacy can be employed as a means to foster a shift in thinking among diverse
stakeholders in the bioeconomy. The Oxford Advanced Learner’s Dictionary and the Cam-
bridge Dictionary define the term “diplomacy” in two ways: (1) “the activity of managing
relations between different countries; the skill in doing this” [11] and (2) “skill in dealing
with people in difficult situations without upsetting or offending them” [11,12]. Science
diplomacy, as defined in the scientific literature, refers to the application of knowledge-
based decision-making to promote the alignment of local and international interests in
order to achieve global sustainability [13-15]. The term is defined explicitly and also in
different ways, but the literature review looks at the origins of the term and its use.

The origins of biodiplomacy lie in the concept of biopolitics, which is part of the “bios
theory” developed in the late 1980s by A. Vlavianos-Arvanitis [16]. Bios is translated from
the Greek meaning “life”, and the proposed theory is based on the belief that humans should
be able to interact in harmony with the environment and all living beings [16]. However, the
threat to this harmonious interaction is the impact of human activities on the environment,
which is exacerbated by geopolitical conflicts [17]. The solution to the paradigm shift lies
in proper education, interdisciplinary communication and concerted action by universities
and government [17,18]. Although A. Vlavianos-Arvanitis does not provide a definition
of “bio-diplomacy”, it is rather seen as a vision of the future: “[...] bio-diplomacy which
will be involved in enhancing international co-operation on environmental issues and
will actively support all efforts to protect and maintain biodiversity. At the same time,
biodiplomacy will seek to improve human relations and attain the goal of world peace,
by replacing current diplomatic attitudes with a complete international and intercultural
perspective [18]”.

Nearly three decades later, the concept of biodiplomacy is regaining prominence [19,20]
as a communication tool aimed at raising global public awareness of the concepts of the
circular economy and the more sustainable use of bioresources [19,21]. In the context of the
bioeconomy, biodiplomacy refers to a mode of communication and negotiation between
many parties involved to advance the utilisation of bioresources in accordance with glob-
ally and nationally accepted norms that promote environmental sustainability and climate
neutrality [19].

The concept of biodiplomacy is used internationally, and the previous paragraphs
have given an overview of the use and meaning of the term, and that it is mainly used as a
form of communication between parties. In this publication, a national case study has been
carried out for Latvia, which may also be transferred internationally, but in the following,
the term environmental communication will be used for communication between parties.
This includes the type of communication, how easy or difficult it is to reach the social
side (the consumer of the products), which are the best types of communication and what
needs to be thought about in order to ensure a sustainable product chain in the economy in
the future.

In this case, (to develop the concept) an attempt was made to develop a communica-
tion strategy for environmental communication at the national level. Methods were used
that can also be applied internationally, such as a multi-criteria analysis of selected criteria
and online surveys. Developing a communication strategy at the Latvian level is important
because fish stocks in the Baltic Sea are declining [22,23] and the growth of aquaculture
should be encouraged to be sustainable, while consumers and the industry lack confidence
in the science and scientists [24,25], which hinders the necessary growth. Therefore, a
Latvian case study was chosen to test the developed methodology and to disseminate it on
a larger scale in future research. The United Nations Bruntland Commission is credited
with providing one of the best-known definitions of sustainability [26]. The Bruntland
Commission defined sustainable development as “meeting the needs of the present without
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compromising the ability of future generations to meet their own needs” [27]. In public
perception, however, sustainability is more often understood as “the capacity of human
activities to persist in time while maintaining a healthy environment” [26]. The contem-
porary understanding of sustainability is sometimes ambiguous and therefore requires
a close examination of what sustainability means in the economic, environmental and
social domains.

The three domains or pillars of sustainability are economic sustainability, the ability
of people to continue to earn a living from an activity; social sustainability, which is
based on public acceptance of a particular activity; and environmental sustainability, the
ability to engage in an activity without harming the environment while not compromising
the extraction of necessary resources so that they can be used [26]. At the same time, it
is imperative to comprehend that the three components of sustainability are intricately
linked and indivisible [26,28]. Nevertheless, the increasing global demand for fish and other
aquatic goods poses a challenge to achieving a balance between these three domains [26,29].

Environmental sustainability and policies that mitigate pollution or improve the
natural environment have been on the EU agenda since the 1970s [30], while national
governments have only recently recognised the importance of environmental challenges
and the importance of environmental sustainability [31,32]. In the field of ecology, sus-
tainable biological systems are characterised by their diversity, adaptability, resilience and
productivity over extended periods of time [26]. In practice, this means the presence of
thriving biological systems and ecosystems, such as seas, lakes, rivers and forests [26].
In contrast, this definition of environmental sustainability is difficult to apply to food
production systems, including aquaculture [26]. In the case of aquaculture, environmen-
tal sustainability should be understood as the impact of its production processes on the
specific place where it is located, in addition to the pressures on natural resources used
in the production, handling and processing operations [26]. Environmentally sustainable
production is essential to maintain the productivity and diversity of food resources and the
ecosystems that support them and to ensure that food production does not compromise
other ecosystem services [33,34]. The direct and indirect environmental impacts of pro-
duction systems and supply channels, including those related to energy demand, threaten
environmental sustainability [33,35].

The definition of sustainable development in economic theory explains sustainable
economic development as an economic system in which the production base or total capital
remains constant over time [26]. Capital in this case refers to the comprehensive wealth of
a system, including its human, environmental and economic components [26]. The planet’s
limited resources do not allow for unlimited growth, but at the same time, it is not possible
to clearly define the limits of the system and to quantify the consequences for the elements
that are not directly linked to it [26].

Social sustainability can be interpreted as enhancing or maintaining the well-being
of the members of a community [26]. Social sustainability focuses on ensuring fair labour
practices and efforts to reduce social inequalities, improve quality of life, protect human
rights and prevent risks by promoting the adaptation of just and equitable social, economic
and environmental policies [26,36]. Social sustainability in the context of aquaculture
could also take the form of product accessibility to local communities, both in terms of the
price and physical availability of the product [36]. Socially sustainable aquaculture would
also contribute to the strategic objectives of the Farm to Fork Strategy [37]. Low financial
profitability of production systems and a lack of resilience to disruption pose a threat to
social and economic sustainability [33].

The EU Bioeconomy Strategy Progress Report “European Bioeconomy policy: stock-
taking and future developments” (further: Progress Report), published in June 2022, states
that all bioeconomy policies are interlinked and must be based on all three dimensions
of sustainability mentioned above [38]. In this context, the sustainability dimensions
mentioned in the Progress Report are defined as follows:

e  Environment: management of land and biological resources within ecological limits;
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e  Economy: sustainable value chains and consumption;
e  Society: social justice and fair transformation [38].

Examining the broad concept of sustainability in its three aspects provides a clearer
understanding of the criteria against which aquaculture practices should be assessed and
the variables that need to be considered. Given the strict environmental regulations of
the European Union [30] and its ambitious goals for the future, it is essential that the
assessment of sustainability focuses on the complex elements described in the Progress
Report [38]. At the same time, it is important to avoid isolating one facet of sustainability
from the other two but instead to look at the whole system as a multi-faceted concept [26].

Various stakeholders support the concept of sustainable aquaculture, but in practice,
the concept of sustainability is often forgotten, resulting in the loss of one or more sustain-
ability dimensions [26]. Sometimes one of the pillars of sustainability is placed above the
others, leading to an imbalance in the development and maintenance of truly sustainable
aquaculture [26].

Sustainability vs. Fisheries and Aquaculture

The European Bioeconomy Strategy “Innovating for Sustainable Growth: a Bioe-
conomy for Europe”, adopted in 2012, addresses the need to use biological resources
sustainably and to try to produce “more from less” [3]. Promote the creation of higher
added-value products in the aquaculture sector through a knowledge-based approach
and by encouraging innovation [3]. The strategy identifies a number of measures that
should be taken to improve the production of sustainable and healthy aquaculture products.
These include better control of reproductive processes, innovative methods for selective
breeding, optimisation of feed and industrial processing, monitoring of animal health and
welfare, disease control and mitigation, and conservation and bioremediation of aquatic
ecosystems [3]. Sustainability has gained importance not only as an ideological vision
for future growth but also as a result of efforts to develop and implement sustainability
assessments [39—-41]. It argues that future bioeconomy development should focus more
on sustainability assessment, including sustainable management and the use of biological
resources [38]. The future development prospects and competitiveness of fisheries and
aquaculture require the application of assessment techniques based on sustainability assess-
ment. Sustainable food production is an inherently subjective concept that describes how
the planet enables people to use raw materials from which a variety of goods and services
are produced and to benefit from them in ways that are theoretically compatible with the
continued provision of these environmental services [26]. Food industry stakeholders have
recognized that the amount of food produced per unit of land must be increased to meet
the protein needs of a growing world population [26]. Increasing intensification could be a
solution, but it has already and will continue to have negative impacts on natural habitats
and the ecosystem as a whole, which, combined with climate change, will have a long-term
negative impact on food availability [26,42].

The bioeconomy, as discussed in the context of the European Bioeconomy Strategy,
is innovative, knowledge-based and circular and conceptually departs from the princi-
ples of the conventional and resource-inefficient bioeconomy [6]. In contrast, in the case
of inland aquaculture systems, conventional farming methods used historically may be
considered more sustainable than modern intensified aquaculture systems [43]. This is
because traditional aquaculture systems were deeply integrated into the functioning of
the farm, and the by-products and residues were used to feed the farmed aquatic organ-
isms [43]. Aquaculture should ideally mimic the natural conditions that aquatic organisms
would find in the wild, but this approach is not always compatible with intensification
and the expected increase in production [26]. Therefore, sustainable aquaculture practices
should be able to provide a continuous supply of nutrients from aquatic organisms without
damaging existing ecosystems and without exceeding the planet’s capacity to replenish the
natural resources needed to cultivate aquatic organisms [26,33]. Especially since aquacul-
ture production is no longer an insignificant market share compared to animal protein and
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has overtaken beef production over the last decade [26,33,44]. The increasing demand for
sustainably produced protein has fuelled the rapid growth of aquaculture and encouraged
its intensification [26]. However, increased intensification is not always compatible with
the concept of sustainability [26].

The pathway for aquaculture to achieve its sustainability goal should be the same as for
any other form of food production, namely limiting, preventing or isolating local pollution
and accelerating the efficient use of natural resources, in a way that does not conflict with
any of the dimensions of sustainability [26]. Consequently, a sustainability assessment for
aquaculture should take into account the different perspectives of stakeholders and try to
identify where they intersect, as well as draw red lines where these intersections of interests
lie outside the dimensions of sustainability, in order to be able to address the problem.

This study employs a mixed-methods approach to analyse the sustainability of the
fisheries and aquaculture sector and to determine the most communication channels for
biodiplomacy. The methodology was used to identify sustainable fish and aquaculture
products and assess the basic concepts on which to build an environmental communication
strategy to send appropriate signals to both the public and the industry.

2. Materials and Methods

The study followed a two-part strategy (Figure 1). The main objective of the first
part was to identify the best environmentally and economically sustainable approach to
using fish or aquaculture products. To achieve this goal, a total of six different fishery and
aquaculture products were selected. Of these, three were categorised as fish products, while
the other three were algae products. A comprehensive comparison was made between these
commodities using the TOPSIS multi-criteria analysis method based on specific criteria
established for this study.
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The second part of the methodology was to select the most appropriate method to
communicate the sustainable use of fisheries and aquaculture production to the public.
A questionnaire was chosen as the most appropriate means of collecting information to
achieve the objective. In order to obtain the largest possible number of respondents and
answers, the survey was conducted in electronic form. The questions were designed to best

Figure 1. Research algorithm.



Sustainability 2023, 15, 16418

6 of 21

understand the communication channels, the patterns of use of the educational content and
the public’s attitude towards environmental and climate change communication in general.

The findings facilitate the effective development of communication materials in terms
of content, type and format that can effectively disseminate knowledge-based information
to the general public. This will enable customers to make more informed decisions and
choose sustainable goods or materials.

2.1. Aquaculture Products Selected for Comparison

The study compared six alternatives for the use of fisheries and aquaculture products.
The algae products proposed were biogas, spirulina as a food supplement and algae
fertiliser. The fish products selected were fish meal and oil, biodiesel from fish and canned
fish. The study looked at both innovative and traditional alternatives, as the innovative
alternatives offer the possibility to optimise existing processes and develop the sector, while
the existing alternatives are more reliable and have more accurate data.

In order to compare the alternatives, the raw material quantities for the alternatives
studied were set at 1 tonne of algae and 1 tonne of fish.

2.2. Selection of Sustainability Criteria

Assessing the sustainability of a product or process involves economic, social and en-
vironmental considerations and therefore requires the use of criteria related to these aspects.
In order to achieve the most impartial results possible, a combination of quantitative criteria,
which were subjected to quantification or calculation, and qualitative criteria, which were
scored on a scale of one to five (with higher scores indicating greater sustainability of the
chosen option), was established. The criteria were divided into four different categories,
namely economic, environmental, technical and social.

Economic criteria have significance as they demonstrate the economic use of a specific
product and its capacity to align with broader economic progress. Economic criteria include
economic indicators assessed by experts and the selling price of the product.

The social factors examined in the study exhibit a strong correlation with the economic
criteria. These elements encompass the perceptions and opinions held by the general
public towards a certain product and exert a direct influence on consumer habits and
behaviours. In addition to the other ethical aspects, possible employment opportunities
were considered, since they are closely associated with economic growth and the long-term
viability of the product.

The current state of the world’s climate, combined with a growing population and
increasing resource consumption, has led to a need for sustainable products that have
minimal impact on the environment. Consideration of environmental variables is crucial
in assessing the sustainability of various goods. Research includes expert assessments of
environmental and climate performance as well as analyses of their impact on biodiversity.

Finally, it is important to consider technological variables, as they provide information
on the long-term viability and durability of the technology used in the production process.
Technological elements include the degree of technological advancement as assessed by
experts in the field and indicate the level of knowledge and expertise related to a particular
technology. In addition, these variables include the energy consumption associated with the
manufacturing or extraction processes of a particular product. The level of understanding of
a particular technology correlates directly with its reliability and potential for optimisation
to increase operational efficiency.

2.3. Qualitative Criteria

In the multi-criteria analysis, six of the eight criteria were determined by calculating
the arithmetic mean of the experts’ ratings. A total of 28 experts were interviewed and rated
the impact of each criterion on the alternative on a scale of one to five. The only exception
was the criterion “impacts on biodiversity”. For this criterion, the rating scale ran in reverse
order: the higher the numerical value, the more negative the rating. This can be justified by
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the fact that a sustainable alternative has the lowest possible impact on biodiversity. Of
course, there can also be positive impacts on biodiversity, but the study concluded that, in
this case, it would be more appropriate to rate the impact on biodiversity as negative. An
analysis of the experts’ assessments shows that the results are similar, although the experts
specialise in different areas.

2.4. Quantitative Criteria

The study examines two quantitative criteria, namely the price and the energy con-
sumption of the selected products (Table 1. Regarding the selected quantities of 1 tonne
of algae and 1 tonne of fish, it is imperative to verify the units of measurement provided
in the sources and perform any required conversions. The selling price was determined
by calculating the average price of the product. To achieve this, data were collected from
many online marketplaces, and the necessary conversions were made.

Table 1. Quantitative criteria.

Biogas Spirulina Fertiliser Fish Oil Biodiesel Food (Canned)
and Flour
Selling price (EUR/t) 67 [45,46] 30,000 [47] 100 * 2350 [48] 57.21 [49] 4750 [50]
Energy consumption (kWh/t) 220 [51] 2180 [51] 350 [52] 32 #** 187.7 [53,54] 170 **

Creating a

value matrix

* For fertiliser, seaweed and algae washed from the sea are taken, and only transport costs are included. ** from
BAT. *** calculations.

2.5. Evaluating Aquaculture Products Using TOPSIS

The Technique of Order Preference Similarity to the Ideal Situation (TOPSIS) method is
used to find the solution that is closest to the ideal positive option [55]. This method uses the
numerical values of the previously identified qualitative and quantitative criteria [55]. The
TOPSIS multi-criteria analysis requires five sequential steps that can be used to determine
the sustainability score of the indicators (Figure 2).

A Obtaining Obtaining Fmdmg e
Derivation o relative
the positive and o
ORRE weighted negative . proximity of
normalised 5 & each process

normalised ideal
matrix solutions

to the ideal
solution

matrix

Figure 2. Toolbox for applying the TOPSIS method.

The first step is to create a matrix of values based on the previously mentioned criteria.
Table 2 shows the aggregated data used for the TOPSIS multi-criteria analysis method. To
make the matrix transparent, the criteria are grouped according to their factors: economic,
environmental, technological and social. The alternatives are also ordered by the type of
aquaculture product concerned, with algae alternatives first, followed by fish alternatives.

Upon completion of the construction of the matrix of values, a normalised matrix is
generated by calculating the values in accordance with Equation (1), whereby each value is
divided by the sum of all square roots associated with the respective criterion.

Xai

[ — 1
) @

Tai =

where
a—alternative;
i—criterion;
r;i—normalised value;
x;i—indicator value.
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Table 2. Data collected for TOPSIS analysis.

Fish Oil

Biogas Spirulina Fertiliser and Flour Biodiesel Food (Canned)

Economic indicators 3.39 3.82 2.75 3.64 3.38 3.36

Selling price (EUR/t) 67 30,000 100 2350 57.21 4750

Environmental and climate 3.39 3.39 3.11 3.20 354 3.04

indicators

Impacts on biodiversity 2.96 3.29 3.04 343 3.32 3.29
Technology development level 3.54 3.32 343 3.57 2.98 4

Energy consumption (kWh/t) 220 2180 350 32 187.7 170

Potential number of jobs 2.93 3.54 2.74 3.54 3.18 4.07

Ethical aspects 3.6 4.3 3.6 2.67 2.08 2.85

The normalised matrix values are further used to create a weighted normalised matrix.
The weighted normalised matrix values are obtained by multiplying each rai value by
the weighting value w. The total weighting value for all criteria should be one. In the
normalisation method of the TOPSIS multi-criteria analysis, all criteria have been given the
same weight of 0.125. This value is obtained by dividing the number of all criteria, which is
eight, by one.

After obtaining the weighted normalised matrix, the positive ideal and negative ideal
solutions are determined. This is performed by taking the maximum and minimum values
from the weighted normalised values obtained earlier. In all cases, except for the calculation
of energy consumption its and impact on biodiversity criteria, the maximum numerical
value from the weighted normalised matrix was taken as the positive ideal value and the
minimum numerical value as the negative ideal value. In the case of energy consumption
and its impact on biodiversity, it should be noted that the higher the energy consumption
or biodiversity impacts, the more negative the impact on the sustainability rating of the
product or process. Therefore, when determining the positive and negative ideal values
for these two criteria, the minimum of the weighted normalised values was taken as the
positive ideal value and the maximum of the weighted positive values as the negative
ideal value.

Next, the distance of the numerical value of each alternative from the positive ideal
solution and from the negative ideal solution is determined. Equation (2) was used to
determine the distance from the positive ideal solution, and Equation (3) was used to
determine the distance from the negative ideal solution.

das+ — \/ (T (o — v ) @

da— = \/(27:] (07 — vy )2) ®3)

where

d;f—distance to the positive ideal solution;

d; —distance to the negative ideal solution;

v —positive ideal value;

v; —negative ideal value;

v,i—weighted value.

Once the distances to the positive and negative values have been determined, the
relative proximity coefficient is calculated according to Formula (4):

dq

C - a4
T (dy +dy)
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where

Cp—coefficient of relative proximity.

The value of the relative proximity coefficient lies between zero and one, and the
closer it is to one, the more favourable the alternative is and the more sustainable it can be
evaluated as. Using the above equations, the calculations are carried out, and the values
are presented in Tables 3-5. In all tables, the alternatives are marked with the letter A, and
the criteria are marked with K. The alternatives and criteria are arranged in the same order
as in Table 2.

Table 3. Normalised matrix.

Al A2 A3 A4 A5 A6
K1 0.4063 0.4579 0.3296 0.4363 0.4051 0.4027
K2 0.0022 0.9847 0.0033 0.0771 0.0019 0.1559
K3 0.4216 0.4216 0.3867 0.3979 0.4402 0.3780
K4 0.3753 0.4160 0.3844 0.4341 0.4205 0.4160
K5 0.4140 0.3889 0.4015 0.4182 0.3491 0.4684
K6 0.0985 0.9761 0.1567 0.0143 0.0840 0.0761
K7 0.3557 0.4295 0.3329 0.4295 0.3861 0.4946
K8 0.3910 0.4425 0.3832 0.4025 0.3794 0.4455

Table 4. Weighted normalised matrix.

Al A2 A3 A4 A5 A6
K1 0.0508 0.0572 0.0412 0.0545 0.0506 0.0503
K2 0.0003 0.1231 0.0004 0.0096 0.0002 0.0195
K3 0.0527 0.0527 0.0483 0.0497 0.0550 0.0473
K4 0.0469 0.0520 0.0480 0.0543 0.0526 0.0520
K5 0.0518 0.0486 0.0502 0.0523 0.0436 0.0585
K6 0.0123 0.1220 0.0196 0.0018 0.0105 0.0095
K7 0.0445 0.0537 0.0416 0.0537 0.0483 0.0618
K8 0.0489 0.0553 0.0479 0.0503 0.0474 0.0557

Table 5. Positive and negative ideal solutions.

Positive Ideal Solution Negative Ideal Solution
K1 0.0572 0.0412
K2 0.1231 0.0002
K3 0.0550 0.0473
K4 0.0469 0.0543
K5 0.0585 0.0436
K6 0.0018 0.1220
K7 0.0618 0.0416
K8 0.0557 0.0474

The values given in Table 5 are further used to determine positive and negative ideal
values, which are then used to derive the relative proximity coefficient. To better analyse
the results, the relative proximity coefficient is presented in a graph. A sensitivity analysis
is then carried out to check which of the results obtained is the most consistent.

2.6. Sensitivity Analysis

To determine the stability of the given criteria, a sensitivity analysis was carried
out after the TOPSIS multi-criteria analysis. The sensitivity analysis shows how much
the results of each alternative in the TOPSIS analysis change when the weighting of the
criterion is changed. For this purpose, a matrix was created for each criterion showing the
values of the relative closeness coefficient of each alternative when the weighting of the
criterion is changed. As mentioned earlier, the total value of the weighting of all criteria
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should be one. This means that by changing the weighting of a particular criterion, the
remaining weighting value is evenly distributed among the other criteria. The weighting
value of the criterion in question, i.e., the value of the weighting of the criterion in question,
was changed in steps of 0.1 from 0.1 to 0.9. The weighting value of the remaining criteria
was calculated according to formula 1.5 by subtracting the value of the criterion in question
from one and then dividing by seven. The remaining weighting value thus obtained is
distributed equally among the remaining seven criteria.

w*l_wo
7

®)
where

w—weight of each remaining criterion;

wo—weight of sensitivity analysis criterion.

After the calculation, a diagram is created from the changed matrix of each criterion,
which can be used to see how the results and the ranking of the alternatives, in terms of
sustainability, change as a result of the change in a particular criterion. According to the
sensitivity analysis, the most sustainable outcome is the one that adapts best to the changes
in the criteria, i.e., the one with the most upward curves. To calculate this, the number of
upward curves for each alternative was subtracted from the number of downward curves.
The most sustainable alternative is the one with the highest numerical result.

2.7. Questionnaire

To determine public attitudes, information-gathering habits and the most appropriate
form of biodiplomacy, a survey was conducted via Google Forms and disseminated through
Facebook. By creating an electronic version of the survey and disseminating it through
social media platforms, a wider population can be effectively targeted and included in the
data collection. A total of 140 respondents of different ages were surveyed. Most of the
respondents were between 18 and 55 years old.

The questionnaire included questions on the respondents’ regular communication
patterns and information consumption habits, as well as their views on the concept of
biodiplomacy.

3. Results
3.1. Analysis of TOPSIS Results

The results of the TOPSIS multi-criteria analysis calculations carried out to assess the
six fisheries and aquaculture products against the stated sustainability criteria are shown
in Figure 3.

It can be seen that, of the values obtained for the coefficient of relative proximity,
canned fish comes closest to the ideal result, with a value of 0.56 according to the given
criteria, which means that canned fish can be considered the most sustainable product
among the given alternatives according to the given criteria. However, it should be noted
that the relative coefficient values are similar for all alternatives. The value of fish meal
and oil differs from canned fish by only 0.03, and spirulina comes in third, differing from
canned fish by 0.04.

The results show that the alternatives or products whose values are closest to the ideal
result (Ca: coefficient of relative proximity) are widely known and used. This means that
they have a high level of technological development, high market demand and proven
stability. However, it can be seen that the values for biodiesel from fish products and biogas
from algae are relatively close to those for fishmeal, canned fish and spirulina, which means
that the ranking of alternatives in the sustainability assessment may change over time as
the technologies for producing biodiesel and biogas evolve.
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Figure 3. TOPSIS analysis results.

3.2. Results of Sensitivity Analysis

To enhance the clarity of the sensitivity analysis findings, our team conducted criteria
sensitivity analyses for distinct groupings of criterion components, including economic,
environmental, technical and social aspects.

The graphs of the changes in the economic factor criteria are shown in Figures 4 and 5.
Figure 4 shows the change in results when the weighting of the economic indicator criterion
is changed, and Figure 5 shows when the weighting of the sales price criterion is changed.
Although the change in the relative proximity coefficients between the two criteria is mostly
different for all alternatives, it can be observed that the spirulina score increases for both
criteria. This shows that spirulina is potentially the more economically viable alternative.

It can also be observed that the values for fishmeal and oil increase significantly as the
weight of the economic performance criterion increases. The difference between the graphs
of the two economic factor criteria could be explained by the fact that economic indicators
can take into account several factors that could differ between alternatives, such as profit,
payback period, production costs and others. In the case of the selling price, on the other
hand, only the value of the selling price is taken into account, regardless of other costs.
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Figure 5. Change in results due to a change in the weight of the selling price.

Increasing the criterion weighting values for the group of environmental factors,
Figures 6 and 7 show that the value for biogas increases towards the ideal value, while
the positions for canned fish and fish oil and meal decrease significantly. Fish biodiesel
increases in value because it is a new, innovative product produced from fish by-products
and is in line with the basic principles of the bioeconomy.

Figure 7 also shows that the relative proximity coefficients of all alternatives decrease
as the weight of the biodiversity impact criterion increases, with the exception of algal
biogas and fertiliser production. The absence of direct environmental impacts in biogas
production due to anaerobic digestion and the use of algae and seaweed found on the
coasts as fertilisers, which mitigates the risks of eutrophication and promotes biodiversity,
are the reasons for these results.
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In the technological criteria, the evaluation of canned fish is highest when the weight
is changed. In Figure 8, increasing the weight of the level of technological development
leads to a decrease in the scores of alternatives where the production technology is still
underdeveloped, not widely used or may require an optimisation process. An example is
biodiesel from fish, which is a relatively new, unexplored product for which the production
technology is not yet developed. The spirulina curve for a food supplement is probably
sloping downwards because the production process needs to be optimised and is currently
not efficient enough.
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Figure 8. Changes in results as the weight of the technology development level changes.

The increase in energy consumption weight shows that the results of all alternatives
increase, with the exception of spirulina, which can be explained by the fact that the produc-
tion process of spirulina consumes significantly more energy than the other alternatives.

The impact of changes in the weighting of the social criteria on the alternatives is
shown in Figures 9 and 10. As can be seen, as the number of potential jobs increases, so
does the number of alternatives whose production process requires more people either
to perform the work manually or supervise the process. Biogas and biodiesel are pro-
duced through a biochemical process, while algae and seaweed for fertiliser are currently
harvested for free by local coastal people, either manually or with simple machinery.
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Figure 9. Changes in results by changing the energy consumption weight.
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Figure 10. Changes in results by changing the weight of the potential number of jobs.

Changing the weight (Figure 11) of ethical aspects diminishes the value of alternatives
to the use of fish products that can be associated with the process of harvesting and
killing fish.

The sensitivity analysis depicted in the graphs demonstrates that alterations in the
weight assigned to each criterion exert a substantial influence on the deviation of alternative
values from the desired outcome. Notably, no scenario is observed where the value of the
alternatives remains unaffected or exhibits negligible sensitivity to modifications in the cri-
teria. The graphs illustrate that notable variations in the outcomes are attributed to criteria
in which a certain alternative has a considerably superior performance. In the context of
the cost of sales, it is seen that the selling price of the spirulina food supplement surpasses
that of all other alternatives, indicating the substantial superiority of this particular option.
Table 6 shows the calculations for the differences between the quantities of the positive and
negative curves.
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Table 6. Sensitivity analysis results.

Biogas Spirulina Fertiliser Fish Oil Biodiesel Food (Canned)
and Flour
Number of upward curves 6 4 2 4 3 4
Number of downward curves 2 4 6 4 5 4
Margin 4 0 —4 0 -2 0

The alternative with the highest score is biogas. It is followed by canned food, spirulina
and fishmeal and oil. Overall, the most favourable alternatives are canned fish, fishmeal
and oil, food supplements (spirulina) and biogas.

3.3. Survey Results Analysis

The first step was to find out which sources of information the respondents prefer to
use in their daily lives. Since most people use several sources of information for different
purposes in their daily lives, there was more than one answer option. From the respondents’
answers, the three most popular sources of information they use on a daily basis are social
networks, news portals and television. This is followed by radio, newspapers and others.
It should be noted, however, that the survey was distributed via Facebook, which could be
related to the fact that people prefer to obtain their information from social networks.

To understand which communication channel or platform builds trust and helps
people absorb information more easily, it is necessary to find out how people communicate
with each other and what kind of communication they prefer in everyday life. This question
could be even more relevant for communication with industry or companies to develop
a personalised approach and convince them as effectively as possible to reconsider the
sustainability of the industry or company. Means of communication can vary depending
on who you are communicating with, for example, in a work environment, information
is often shared differently with colleagues than with friends or family members. For this
reason, respondents were given the option to choose multiple answers at the same time.
From the results, it appears that the majority prefer WhatsApp, Messenger, etc., and face-
to-face meetings for interpersonal communication, suggesting that both written and verbal
information is easily perceived.

However, despite the fact that the majority of respondents use various platforms on
the internet, it is important to understand whether they also like to consume educational
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content and, if so, in what format. Almost 93% of the respondents answered that they
consume educational content, preferring mostly visual and audiovisual material. This
could be explained by the fact that they are easier to understand and usually do not take as
long as reading blogs or scientific publications, for example. However, it should also be
clear that there are several factors that influence this.

The most effective way to inform the public about the environment, sustainable
development and climate change is through visual and audiovisual materials (34%). This
is followed by environmental actions (20%), such as “The Great Cleanup” (Liela talka),
“Don’t Eat the Globe” (Neapéd zemeslodi), etc. A smaller number of respondents chose the
following communication formats: 17% visual materials/infographics; 14% motivational
speeches by public figures; 8% informative articles; 4% educational seminars and lectures;
3% other.

The function of biodiplomats is crucial in facilitating the efficient exchange of infor-
mation. This must not only be someone with a broad knowledge of a particular sector or
environmental issue but also someone who has credibility in the community. Public figures
and influencers, despite their potential lack of technical or scientific expertise, possess the
ability to effectively communicate information and demonstrate a greater receptiveness
to alternative viewpoints. Promoting environmental awareness and sustainable develop-
ment among public figures and influencers has the potential to enhance outreach efforts.
Therefore, a survey was conducted to find out which communicators would be most likely
to raise public awareness. A number of options were given, including public institutions,
environmental organisations, scientific institutions, influencers, etc. The majority of respon-
dents, 46%, chose local and international environmental organisations. Public figures and
influencers came in second with 29%, followed by administrative authorities (ministries,
EU authorities), who came in third with 19%. Interestingly, scientists and scientific organ-
isations were found to have the lowest level of public trust, with just 3% of respondents
expressing confidence in them. Similarly, other media sources also received a mere 3% of
public trust.

However, the influence of the intended audience must also be taken into consideration.
For instance, those engaged in scientific pursuits exhibit a higher propensity to place faith
in the information and experts endorsed by scientific establishments. Perhaps better results
can be achieved if all or at least some of the communicators work together, aligning the
information conveyed and developing a coherent biodiplomacy communication strategy.
By tailoring the information to the respective target audience without changing the content
of the message conveyed, communicators have a better chance of gaining the trust of
different social groups.

The portrayal of climate change, environmental challenges and sustainable devel-
opment exhibits variation among different sources, mostly based on the assessment of
advantages and possible drawbacks. These sources highlight the potential gains or losses
that may arise if these aspects are not effectively addressed. There exist sources that
emphasise the adverse aspects of climate change through the dissemination of diverse
photographs or movies that elicit potent negative feelings, including dread, among individ-
uals. These visual representations often depict natural disasters and the melting of glaciers,
among other phenomena. But there are also sources that encourage people to change
their daily habits and use renewable energy, with the idea of a beautiful, pollution-free
future. Consequently, the questionnaire incorporated an inquiry on the optimal strategy, as
seen by respondents, for promoting contemplation of the significance of climate change,
environmental predicaments and sustainable modes of living. The results show that the
majority of respondents, about 43%, still prefer to highlight the negative impacts of climate
change, while almost 36% of respondents want to focus on the benefits of environmentally
friendly measures. A total of 18.6% of respondents think that scientifically proven facts
showing the impact of human activities on the environment would be the most appropriate
content to raise awareness. As the results are relatively close, a coherent biodiplomacy
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should preferably include both the negative sides of climate change and the benefits of a
sustainable lifestyle.

The questionnaire included a question on biodiplomacy as a concept for dialogue
between society, industry and science to understand whether such communication on
climate change could help raise awareness among the general public and industry. The
results of the survey show that the majority of respondents, 95%, are positive about the
idea of biodiplomacy and its importance in the context of sustainable development. This
means that the concept of biodiplomacy has overall potential, and the results indicate that
the public is willing to be educated. However, it is important to ensure that the information
being distributed is presented in a clear and comprehensible manner in order to maintain
public support and interest.

4. Discussion

Due to the decline of fish stock in the seas and oceans, aquaculture has been one of
the fastest-growing sectors in recent decades [39,56]. Although the sector is developing
rapidly in a global context, the level of development in Latvia in terms of technology and
innovation is still low [57]. Given the high availability of water resources in Latvia, the
current limited development of the sector suggests that there is still room for growth. The
Latvian Aquaculture Development Plan 2021-2027, prepared in 2021, aims to “further
develop competitive, growth-enhancing aquaculture through innovative, cost-effective and
environmentally friendly solutions” [57]. This goal is positive in terms of both economic
growth and sustainability. Nevertheless, concerns have arisen that the aquaculture sector
and the broader bioeconomy policy planning framework in Latvia are not sufficiently inte-
grated. This potential divergence could hinder the future development of the aquaculture
sector. Therefore, an environmental communication approach was used to take a step
towards the development of the sector by assessing the sustainability of fisheries and aqua-
culture products and finding the most appropriate communication channels and ways to
communicate information about sustainable products to the public. There is still frustration
in sustainable consumption research and practice that public (consumer) oriented impacts
are not easily translated into action [58].

First, a multi-criteria analysis was conducted to find the most sustainable aquaculture
and fisheries product. Multi-criteria analysis has been widely used to compare different
alternatives [59,60]. TOPSIS showed that canned fish is the most sustainable product, but
fish oil and flour and spirulina also have potential. The use of a multi-criteria analysis in the
study enables the comparison and evaluation of alternatives against specific criteria [60].
In order to evaluate the alternatives in a multi-criteria analysis as objectively as possible, it
would be necessary to introduce additional quantitative criteria, such as emissions (t/year),
capital investment and payback period (EUR), for the alternatives after additional data
have been collected.

The use of a multi-criteria approach and the evaluation of alternatives enable a valid
assessment of the alternatives from the researcher’s point of view. The inclusion of an
assessment of the alternative options by industry representatives in the research is a viable
approach. However, it is currently difficult to gain access to the fisheries and aquaculture
sector, resulting in limited information and data on these industries. This includes data
that would allow for a proper assessment of the energy efficiency, resource efficiency and
sustainability of the sector.

A multi-criteria analysis was used to derive results and identify products that then
had potential for the future, but did the results align with the pillars of sustainabil-
ity? The pillars of sustainability were labelled in the literature review as three sus-
tainability domains—economic sustainability, social sustainability and environmental
sustainability—and explained in the context of sustainability [26]. The link between eco-
nomic growth and the analysis and results can be linked to the TOPSIS result that canned
fish (0.56) has the highest score, so fish production is a product that will continue and has
potential and people will continue to make a living in this activity. Statistics show that the
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canned food market was worth around EUR 28 billion in 2016 and will be worth around
EUR 34 billion by 2021 [61]. The social sustainability pillar was well aligned with the ‘new’
products that are yet to be developed and will play an important role in people’s daily lives
and economic growth. For example, the TOPSIS results showed that both fish oil and flour
(0.53) and spirulina (0.52) have potential. The analysis and results on the sustainability of
aquaculture and fishery products indicate the sectoral trend towards sustainability as well
as the interactions between the pillars. Social sustainability, based on public acceptance of
a particular activity, was in line with the environmental sustainability pillar. Whatever a
person chooses to do with a particular product, environmental sustainability is often not
a consideration; the products analysed, fish oil and flour and spirulina, are products that
are produced in an environmentally friendly way without compromising the extraction of
necessary resources. Linking the multi-criteria analysis to the sustainability pillars, it can
be concluded that the results with sustainable aquaculture and fisheries products were in
line with the economic sustainability pillar as well as the social and environmental pillars.
At the moment, Latvia is on the way to developing the aquaculture sector, which can be
justified by the development of new companies in Latvia (SpirulinaNord), the inclusion of
new products on the market and the important scientific research (K. Spalvins et al. [62])
being carried out to think about the growing demand for easily obtainable proteins.

The pursuit of sustainability in a sector, in this case, aquaculture and fisheries, involves
not only analysing products and justifying their sustainability but also transferring the
results to society. To transfer knowledge to society, we need to work on it, both in terms
of research, which approach works better, and financially, to make knowledge-driven
societies [63]. In this study, a survey was conducted to find out what would be the most
effective communication format and way to promote public preference for sustainable
products and solutions. The public often does not receive information from researchers,
and the survey showed a trend towards information from social media, audio and video.
Currently, there is a “gap” between the public, industry and researchers [64]. To bridge this
gap, it is necessary to promote the concept of biodiplomacy and develop its diplomatic
action directed at industry and society, with the aim of using bioresources as efficiently,
and as sustainably, as possible [21]. It is necessary to create a knowledge transfer bridge
that forms a triple helix and can strengthen interaction and information transfer between
society, industry and research. The public overwhelmingly prefers to obtain information
from social networks. Summarising the results of the survey, it can be concluded that the
most effective way to educate the public about climate change and sustainability would be
through visual or audiovisual materials that include the benefits of a sustainable lifestyle.
A common message across different media could be the most effective way to reach a wider
audience and build trust among different groups in society. The main objective of further
studies is to identify potential opportunities and risks in the aquaculture sector, taking into
account existing challenges and aiming for sustainable practices.
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ARTICLE INFO ABSTRACT

Keywords: Climate change, the increasing global demand for food and feed and the loss of biodiversity, requires a shift

Bioeconomy towards a sustainable, innovative and knowledge-based bioeconomy. Simultaneously, the implementation of a

E"‘es‘ sector strategic approach to the utilization of the sector and associated bioresources that aligns with the principles of
orestry

sustainability represents a significant challenge. The aim of this study is therefore to develop a methodology for
policy and decision makers to facilitate a knowledge-based bioeconomy policy planning framework. To map the
development opportunities of the bioeconomy, a detailed analysis was conducted on the Latvian forest sector.
This entailed an examination of the system’s components within the sector, which involved the collection and
analysis of statistical data, reports, and official information from forest sector stakeholders, with the objective of
obtaining a comprehensive overview of Latvia’s forest sector. Following the identification of the current enablers
and constraints of the sector, a selection of niche products with high value-added for sector development was
made. During group model building experts: (1) developed a SWOT matrix for the Latvian forest sector; (2)
selected three wood-based high value-added products — textile from trees; particle board; natural thermal
packaging; (3) elaborated SWOT/TOWS analysis to facilitate strategy development for the niche products. The
developed methodology incorporates a synthesis of established scientific methods, including SWOT, TOWS, and
AHP, with a bioeconomy system component analysis approach. The methodology therefore not only systematises
the process of forest sector analysis, but also applies the findings to the development of sector development
pathways aimed at shifting from low value-added to high value-added production. The innovation of the
methodology lies not only in the combination of methods used, but also in the insights gained, which allow for a
narrower product development perspective to be taken in order to understand the enablers and constraints of the
sector and vice versa.

Niche products
Value-added products
Latvia

1. Introduction

The role of the bioeconomy is becoming increasingly important in
the context of the European Green Deal and the achievement of climate
neutrality [1,2]. The sustainable development of a circular bioeconomy
would bring about change in traditional sectors (agriculture, forest
sector) and enable new cross-sectoral actor networks that create new
ecosystem services and products, improve resource efficiency and allow
industry and consumers to choose products with higher added value and
lower environmental impact while ensuring a just transition for all [1,3,
4]. Despite the adoption of the first European Bioeconomy Strategy more
than a decade ago [5,6], EU Member States (further EU-27) are still

* Corresponding author.

discussing and searching for the best transformation pathways to
reconcile intensive bioresource extraction methods with a sustainable
and ecosystem-based approach [2,7].

As the bioeconomy is driven by academic and political interest [1,3],
there is an opportunity to facilitate the transition through
knowledge-based bioeconomy strategies at national and/or regional
levels [8,9]. In Latvia, a national bioeconomy strategy was developed
and adopted in 2017 [10], nevertheless, the recognition and application
of the concept of a sustainable bioeconomy in practice has not pro-
gressed as quickly as hoped. This is reflected in the bioeconomy value
added, where Latvia has one of the lowest value added generated in
2020 compared to other EU-27 [11].
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There are different ways to analyse the bioeconomy and its devel-
opment rates. Grouiez et al. [12] analyse the pace of development of the
bioeconomy in France from the perspective of Social Ecological Eco-
nomics by examining the functioning of the current system [12,13]. The
study is based on a case study in the Grand Est region of France and data
sources such as grey literature, interviews, participant observation and
focus groups. Grouiez et al. [12] map the process of ecological transition
of the economy and integrates the relationship between different
stakeholders and their sustainability strategies for bioeconomy devel-
opment. Mauno et al. [14] analyse the opportunities for forest bio-
economy development by identifying weak and strong signals using
social science methods, including Real-Time Delphi, combined with
creativity and imagination. In this way, weak signals in the sector can be
identified early and decision-makers can prepare for changes in the
bioeconomy environment. System dynamics modelling techniques can
also be used to model the development of the bioeconomy [5,15,16]. In
their study, Dolge et al. [17] model the effects of the European Green
Deal on the bioeconomy and how a development of the bioeconomy of
more than 10 % compared to the baseline scenario can be achieved with
the help of various policy measures or support mechanisms.

Despite identifying knowledge-based bioeconomy development
pathways and opportunities, both the European Bioeconomy Strategy
and the Latvian Bioeconomy Strategy 2030 (further - LIBRA) lack
specificity. This deficiency in actionable guidance hinders the identifi-
cation of specific bioeconomy development pathways at the national or
regional level, as well as the assessment of opportunities and limiting
factors that would affect the practical implementation of the priorities
set forth [18,19]. Therefore, authors aimed to develop a
knowledge-based methodology that would be understandable and easy
to apply in practice, in order to create a dialogue between researchers,
decision and policy makers, and entrepreneurs during the strategy
development phase. Critically assessing the capacities and constraints of
each party involved. The first part of the methodology is based on the
approach to bioeconomy analysis developed by Maciejczak [20] and
extended by Wreford et al. [18], which analyses the various factors
influencing the bioeconomy. Nevertheless, the mere identification of
factors affecting the bioeconomy is insufficient for the purpose of setting
specific directions for further development and their potential impacts.
This was complemented by the determination of specific bio-based
products to be promoted and the elaboration of development strate-
gies using the Strengths, Weaknesses, Opportunities, and Threats
(further - SWOT) and Threats, Opportunities, Weaknesses and Strengths
(further -TOWS) analysis methods. TOWS is SWOT spelled backwards
and supports strategy development by matching internal strengths and
weaknesses with external opportunities and threats [21]. The proposed
methodology will be subjected to rigorous testing in the analysis of the
Latvian forest sector, with a particular emphasis on the identification
and selection of niche products that can contribute to the advancement
of a sustainable bioeconomy. On this basis, the authors have devised and
validated a case study-based approach that can be used to identify the
strategic actions required for the development of a bioeconomy strategy
at both national and regional levels, as well as for the formulation of a
comprehensive action plan to effectively implement such a strategy.

This paper has five sections. After an introduction with contextual
information, the methodology and methods used in the study are
described. The third section comprises the initial phase of the study,
which involves an analysis of the Latvian forest sector system compo-
nents. These include finance and governance, renewable resources,
knowledge, innovations, technologies, processes, products, services,
research and development, and private and public expectations. The
fourth section outlines the second phase of the study, which identifies
transformative pathways for the niche products in question. This is
achieved through an analysis of the niche products and the development
of future scenarios for the forest sector. The section entitled “Discussion
and Conclusions™ presents a detailed analysis of the study’s findings and
offers a critical examination of the methodology developed.
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2. Methods and methodology

This study employs a mixed-methods approach, wherein the first
phase is primarily based on statistical data and grey literature, including
government and public authority research and secondary data, as well as
research databases such as Scopus, Semantic Scholar, and Google
Scholar. These resources were utilised to identify articles reflecting the
current discourse on the forest sector system components of Latvia
(Fig. 1). Phase one employs a systematic methodology to collate data on
the extant situation within the sector. This encompasses the identifica-
tion of sector enablers and constraints, which collectively form the basis
for the subsequent development of pathways in phase two. In the second
phase of the research, niche products and sector transformation path-
ways are identified through group model building (further-GMB) with
experts from industry and policy and decision makers in the bioeconomy
and forest sector (Fig. 1).

2.1. Group model building

The expert GMB were conducted in accordance with the principles of
the focus group method, with the key distinction being that in focus
groups, participants typically adopt a more passive role, whereas in the
case of the SWOT, Analytic Hierarchy Process (further - AHP) and TOWS
matrices, the experts were required to engage in active interaction with
one another. Focus groups are a widely used method in social and
behavioural science to understand the beliefs, motivations and attitudes
of individuals that influence their behaviour in response to specific so-
cial phenomena [22,23]. A focus group discussion can be seen as an
exchange and sharing of opinions between a number of individuals to
explore different aspects of a topic or a matter of knowledge [22,23].
Important to note that the aim of the discussions is not to reach a
consensus on the topic, but to capture the various facets of the topic and
to evaluate the different perspectives on the subject [22,23]. Focus
group discussions usually involve people who do not know each other
and are familiar with the topic, and they are often a series of discussions
[24].

2.2. Strengths, weaknesses, opportunities, threats

The SWOT matrix is a widely used method for evaluating internal
and external influences and for decision-making [25,26]. The SWOT
matrix can be seen as a strategic planning element that enables a timely
assessment of the measures to be taken for future development [26,27].
At the same time, the SWOT matrix has the disadvantage that it gener-
alises the factors listed in the matrix without examining the individual
factors in more detail [25,26].

2.3. Analytic Hierarchy Process

In order to evaluate the factors contained in the SWOT matrix in a
more analytical way, the SWOT method was combined with the AHP
method for factor ranking [25-28]. AHP is one of the most widely used
multi-criteria decision analysis techniques that can be used in
decision-making processes to evaluate social and political issues [29,
30]. Once the SWOT matrix had been constructed, the experts were
requested to rank the identified impact factors in order of importance
and impact. Ranking the SWOT factors and limiting them to five was
necessary to ensure greater consistency in the results [31,32]. This
resulted in the five most significant S, W, O, T factors being identified in
each of the SWOT matrices. These factors were then subjected to further
ranking using the AHP method. In the context of this study, the selected
factors were subjected to an additional pair-wise hierarchical compari-
son by the experts using Saaty scale of relative importance levels (1-9)
as it allows for the inclusion of multiple views or perspectives in the
evaluation [28,29,33].

The initial stage of the process entailed the definition and valuation
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Fig. 1. Methods and methodology (author’s elaboration).

of the criteria (1-9). This was conducted for each SWOT matrix, with the
five most highly ranked S, W, O, and T factors being identified. This
resulted in a total of 12 AHP matrix rankings. The following equations
were used to construct the AHP matrix and determine the factor values
[31,32]:

For calculation of normalized matrix using Eq. (1):

G

X:=
LY

@

where:
Cij — criteria value;
>"Cij - column sum.
For calculation of priority vector from Eq. (2):

X
w; :% @

where:

>"Xij — normalized matrix column sum;

n — number of criteria.

The resulting values of the factors or criteria were subsequently
incorporated into the TOWS matrix, with the most significant influ-
encing factors being those that had the highest value or weight in the
AHP assessment.

2.4. Threats, opportunities, weaknesses, strengths matrix

A complementary element to the SWOT and AHP method was the
TOWS matrix, which was created to determine the interactions between
the factors identified in the SWOT matrix and thus increase the added
value of the strategic measures to be developed [26,30]. TOWS was
introduced by Weihrich in 1982 [34] as a situational analysis suitable
for strategic planning and applicable in different types of organisations.
The acronym TOWS is made up of the same elements as the SWOT
matrix, but with a different approach, allowing external threats and

opportunities, as well as internal weaknesses, to be linked to the orga-
nisation’s strengths [34-36]. In this study, the matrix is created by
combining the most influential factors from SWOT, ranked with AHP
and then inserted into the TOWS matrix. Applying this procedure the
authors supported the process for strategy development and the
formulation of recommendations for different stakeholder groups
(maxi-maxi (SO) strategy: maximising opportunities by using particular
strengths, mini-maxi (WO) strategy: minimizing weaknesses by using
opportunities, maxi-mini (ST) strategy: using particular strengths to
minimise threats, mini-mini (WT) strategy: minimizing weaknesses and
avoiding threats.

A hybrid approach combining SWOT, AHP and TOWS methods was
used to identify niche products and develop more suitable strategies.
Similar approach has been taken in a study by Kurttila et al. [26], who
used these methods as part of the strategic planning process for forest
certification. The study concluded that the combination of these
methods improves the information available for strategic planning and
strengthens the decision-making process [26].

3. Forest sector system components

In the 20th century, the forest sector or forest-based sector included
timber products, pulp and paper products, and forestry associated with
these [37]. Currently, forest-based bioeconomy encompasses much
more - construction, bioenergy, biochemicals, and textiles, among others
[37]. Forestry encompasses everything involved in the management of
forest land, from infrastructure to the seeding and harvesting of trees
[38]. Although the sustainability of forestry is important for the steady
supply and availability of the raw material, it is the processing that adds
value to the wood [39]. Nevertheless, forestry, forest sector and
forest-based industries are sometimes mistakenly confused with each
other [40]. In this paper, the term “forest sector” is used to describe the
entire value chain of the forest-based sector, including the non-wood
goods.
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The territory of Latvia is rich in forests, agricultural land and water
bodies [41], forests occupy the largest area by type of land use, ac-
counting for about 48 % of the total area [42]. The next largest area is
occupied by agricultural land, which accounts for about 35 % of the land
area [42]. In comparison to EU-27, the proportion of forest cover in
Latvia is amongst the highest in relation to the country’s total area [41,
43]. The Latvian state possesses a substantial amount of forest land,
amounting to 1521 thousand hectares or 46 % of the total forest area
[44]. Latvia’s State Forests (further - LVM), a state-owned joint-stock
company, is responsible for managing state forests in Latvia [45]. In
addition to forestry, LVM provides hunting and recreational services,
produces selected seeds and seedlings, and markets subsoil resources
such as sand, gravel and peat [46]. LVM conducts and funds contract
research on the forest sector. LVM invests an average of 0.2%-0.5 % of
its turnover per year in funding and organising scientific research to
increase the capital value of forests and makes the results of the research
publicly available [47]. This provides an opportunity for the national
government to implement a coherent management strategy to efficiently
promote the sector - economic growth and the creation of value-added
goods [48-50]. Sustainable use of forests could be crucial to maximise
social and economic benefits for industry, private and public actors,
while maintaining environmental sustainability [48,51].

In Latvia, the primary sub-sectors comprising the forest sector are the
forestry sector and the timber industry [52]. Forestry and logging
encompass the management of forest land throughout the silvicultural
cycle. This includes, but is not limited to, the preparation and marketing
of forest products, as well as tourism and sports-related services [51,52].
Forest products are measured in terms of tangible values such as wood,
mushrooms, berries, nuts and intangible values such as forest biodi-
versity, recreational opportunities and services, skills etc. [52,53].

Agricultural and forest sectors represent the contributors to the
Latvian bioeconomy [10,54]. Value-added in the bioeconomy increased
by 11.6 % in 2021 compared to 2020, reaching 4.6 % of the total
value-added in Latvia’s gross domestic product (GDP) [55]. This in-
crease is partly due to a surge in inflation in the second half of 2021,
which peaks in 2022 [56]. The forest sector and the resources obtained
from it play a vital role in the Latvian bioeconomy, notwithstanding the
current underutilization of the potential of both wood and non-timber
resources [54,57]. LIBRA highlights the importance of the Wood Pro-
cessing and Furniture Industry of Latvia, as raw materials of different
qualities that are currently exported could be replaced by high
value-added products manufactured in Latvia, such as fibreboard,
furniture or prefabricated wooden buildings [10,58]. The cellulose in-
dustry could also be developed [10].

3.1. Renewable resources

3.1.1. Wood resources

The data on the distribution of standing timber by tree species shows
that pine accounts for the largest share with about 39 % of the total
stand in 2020 [59]. Birch, accounts for about 26 % of all standing tim-
ber, spruce within the total standing wood stock is approximately 19 %
[59]. Aspens account for about 7 % of the total standing timber stock in
2020, grey alders for about 5 % and black alders for about 3 % of it [59].
In 2020, the standing wood stock share of tree species, including oak,
ash, linden, maple, elm, white elm and other rather rare species,
constituted less than 1 % of the total standing timber stock in Latvia
[59].

3.1.2. Non-wood resources

In addition to the abundance of timber, Latvian forests possess a
diverse array of non-timber resources that are not accounted for in
official statistical records [60]. The available resources encompass a
diverse range of berries, including blueberries, lingonberries, cran-
berries, bilberries, blackberries, and others [60,61]. Additionally, a va-
riety of edible and inedible mushrooms that can be used in both the food
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and pharmaceutical industries can be found [61]. The forest’s important
resources encompass a diverse array of plant species, including junipers,
mosses, and lichens [60].

It is not possible to provide an accurate estimation of the volume and
productivity of non-timber forest resources. However, a study conducted
by Donis and Straupe [60] estimated the approximate value of
non-timber forest products and services at approximately MEUR 100 in
2010 [52,60]. Most of the non-timber forest resources are used for own
consumption, but about 13 % of the total forest products are sold in the
market [52,60]. The most important forest products are mushrooms,
wild berries and birch sap whose extraction value accounts for half of
the value of the non-timber forest products [52,60].

3.1.3. Biomass flows

The 2015-2020 data on the volume of forest stock harvested in the
state forests indicates that the primary species being harvested are pine,
birch, and spruce [62]. In the private forests, the harvested stock in the
same period from 2015 to 2020 consisted mainly of birch [62]. Pine is
the second most frequently harvested tree species, while grey alder takes
third place [62]. Fig. 2 “Main timber products exported by Latvia”
demonstrates that wood sawn or chipped lengthwise has the highest
value share, with exports of MEUR 683 in 2020, followed by softwood
lumber [63]. Firewood; wood chips or particles rank third in 2020 ex-
ports [63]. Wooden products; veneer and plywood, and veneered sheets
and similar laminated wood materials are also exported [63]. The total
value of exported wood and wood products has increased significantly,
from MEUR 2362 in 2015 to MEUR 2992 in 2020 (Fig. 2), [63].

Fuel wood, including firewood, wood by-products, fuel wood chips,
wood briquettes, and wood pellets, constitutes a significant component
of Latvia’s renewable energy sources [64]. In 2020, 82.5 % of residential
buildings used wood as an energy source for heating purposes, mainly
for indoor and cooking stoves [65]. Since 2015, the proportion of fam-
ilies buying firewood has decreased slightly, while the proportion of
households preparing firewood themselves has increased accordingly
[65].

The extraction of non-timber forest products is an important part of
the rural economy, especially for the livelihood of individual households
[52,61,66]. Mushroom and berry picking is an integral part of Latvian
culture and, in rural areas, offers the opportunity to generate additional
income by selling the mushrooms and berries collected [61,66]. Hunting
is also of great socio-economic importance in Latvia, where most of the
game hunted is used to produce a variety of meat products, which are
then used in the household or sold at local markets [67,68].

3.2. Knowledge, innovations, technologies

The forest sector in Latvia has developed in a market economy
supported by factors such as an accessible and high-quality raw material
base, years of experience, knowledge and tradition [69]. Latvia’s Forest
policy provides for the state to play a supporting role in the forest sector
through its institutions and financial resources in order to promote
sustainable forestry and also to support the development of the private
sector [69]. Support functions include vocational and academic training,
forest owner training, advisory systems, research, forest inventory, sta-
tistical data collection and information systems, monitoring and pro-
tection against various diseases, forest fire protection, control of
reforestation materials and forest monitoring [69].

Unlike many other EU-27 countries, the forest industry and wood
processing in Latvia are dominated by small and medium-sized enter-
prises, and there are relatively few companies that cooperate with sci-
entists not only for routine analysis and expertise, but also for the
development of innovative technologies and new products [52].
Therefore, the Forest Sector Competence Centre (FSCC) was established
in 2011 to promote the development of the forestry, timber and related
industries through the development and introduction of new products
and technologies [52,70]. The FSCC promotes cooperation between the
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Firewood; wood chips or particles

Fig. 2. Main timber products exported by Latvia (MEUR) (author’s elaboration) [63].

research and industrial sectors in the implementation of industrial
research, development of new products and technologies [52,70].

A variety of educational pathways are available for those wishing to
pursue specialised studies in the forest sector in Latvia. These range from
vocational programmes to higher education institutions (Fig. 3). Higher
and vocational education institutions are geographically dispersed
throughout the country.

It is widely acknowledged among industry experts that the forest
sector’s achievements to date have been largely attributable to the
success of competitive practices and the production of relatively low-
value added products derived from wood. The Guidelines for the
Development of Forest and Related Sectors for the period 2015-2020
state that the use of cutting-edge technology and the development of
new goods and markets should be at the heart of future developments in
order to maximise value creation [52]. The availability of skilled labour
would therefore be an important factor for the development of the sector
[52,73]. However, the recruitment and preparation of trained and
qualified workforce is hampered by the underfunding of higher educa-
tion and science, which has a significant impact on the skills of teaching
staff and the quality of higher education itself [52,73]. Lack of resources
to attract young professionals into scientific and academic work [52].

3.3. Process, products, services

In this section, the authors conducted research and sought to present
the principal actors in the Latvian forest sector, namely forest sector
federations, associations and unions, as well as their members, within a
unified framework. The information summarised in Fig. 4 demonstrates
the high innovation potential of the forest sector, while simultaneously

Kloipeda 5,

Fig. 3. Location of forest sector related educational establishments (author’s
elaboration based on [71,72]

indicating its fragmentation. In 2000, a number of companies operating
within the forest industry collectively established the Association of
Latvian Forest Industry Federation (Latvijas Kokrupniecibas federacija)
[71] (indicated with A in Fig. 4). The Association’s mission is to promote
the sustainability of the Latvian forest industry in cooperation with
interested institutions, to create a stable economic environment for the
development and competitiveness of forest industry enterprises, to
ensure the international representation of the interests of the Latvian
timber industry and to develop and coordinate the activities of the as-
sociations [71]. The Latvian Forest Industry Federation brings together
associations of timber processing companies such as Association of
Furniture Manufacturers in Latvia (H in Fig. 4); Latvian Timber Pro-
ducers and Exporters Association (B in Fig. 4); Latvian Association of
Wood processing Entrepreneurs and Exporters (C in Fig. 4); Association
,Latvian Wood” (D in Fig. 4); Latvian Union of Timber Harvesting En-
terprises (E in Fig. 4); Latvian Association of Independent Timber Har-
vesting Companies (F in Fig. 4); Latvian Association of Biomass
“LATbio” (I in Fig. 4); Latvian Wood Construction Cluster (G in Fig. 4)
[71]. Associations of timber processing companies under Latvian Forest
Industry Federation represent areas such as manufacturers of furniture,
furniture parts and components [74]; softwood sawn timber, plywood,
OSB and pellet producers [75]; producers of picture frames and sauna
decoration materials, finger-jointed materials and components;
gardening products, kiln-dried products for indoor use; manufacturers of
wooden houses [76] profiled wooden materials for interior finishing,
tool shafts, floor covering; wooden windows, doors, stairs and wood
carvings [77]; forestry machinery sales and maintenance; freight
transport services; timber harvesting; forest estate management;
roundwood freight services [78]; use and production of biofuels [79];
educational and research institutions, and other related companies [76].

An examination of the 25 largest companies in Latvia (ranked by
turnover in 2020) reveals that the primary business sectors are forestry,
logging, timber sales, the production of wood chips, wood pellets,
plywood, and veneer sheets [80]. Sawmills are often at the centre of the
business activities of wood processing companies [80]. Relatively few of
the products manufactured have high value-added. There is a small
proportion of innovative and niche wood products that are manufac-
tured locally [80]. Many of the leading companies use the principle of
cascading and wood residues from the manufacturing process to pro-
duce products such as wood briquettes or pellets. Recently, development
has increasingly focused on product longevity, recyclability and envi-
ronmental impact throughout the value chain [80]. Wood processing
companies are exploring development areas such as garden and “Do It
Yourself” products and the production and marketing of prefabricated
wooden houses [80].
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Fig. 4. Latvian forest industry associations under the Latvian forest industry federation (author’s elaboration) [71,74-79]

3.4. Research and development

Research in Latvia is highly dependent on public funding. Several
ministries are responsible for forest research in Latvia - the Ministry of
Education and Science, the Ministry of Agriculture, the Ministry of
Environmental Protection and Regional Development and the Ministry
of Economics [81]. Various funding mechanisms are available, the most
important of which are core research funding, public grants and pro-
jects, as well as EU Structural Funds [81]. Research and development
funding in Latvia fluctuates widely, from the lowest point in 2016 at
0.44 % of GDP to 0.71 % of GDP in 2020 and 2021 [82]. The Science,
Technology and Innovation Guidelines 2021-2027 target funding of 1 %
of GDP in 2024 and 1.5 % in 2027 [83]. However, this is still low
compared to the average share of R&D spending in the EU-27 countries,
which reached 2.32 % in 2020 [84]. Although both public and private
institutions conduct research in Latvia, only public institutions are
entitled to the national budget [81]. The national research budget
allocated by the Ministry of Education and Science is primarily intended
to support the basic operation of research institutions, while these in-
stitutions must raise research funds themselves through national and EU
calls for proposals, making research in Latvia heavily dependent on EU
funding [81]. In recent years, due to funding shortages and government
measures, research institutions have increasingly competed for funding
from national funding programmes and international funding pro-
grammes such as Horizon2020/Horizon Europe, Interreg and other EU
research programmes [81].

The Latvian Timber Industry Federation, has signed a Memorandum
of Cooperation with LVM in 2021 with the aim of increasing the share of
renewable resources and bioeconomy in the Latvian economy [85]. The
Memorandum sets out three strategic objectives for the sector: (1)
double the value-added per job in the forest sector by 2030; (2) to double
the value of forest products by 2030; (3) make forest stands 25 % more

productive [85]. This could be achieved by science-based forest man-
agement models, support the construction of wooden houses, including
the construction of high-rise buildings [85]. The European Commis-
sion’s European Innovation Scoreboard 2021 praises Latvia’s perfor-
mance on a number of innovation indicators [86,87]. However, the
lowest indicators for Latvia in 2020 are R&D investment, the share of
innovative small and medium-sized enterprises and the number of PhDs,
which calls for further action to promote R&D and innovation and thus
improve these indicators [86,87].

3.5. Finance and governance

The Ministry of Agriculture is responsible for the bioeconomy and for
the growth and monitoring of the forest sector [52]. The Ministry is
advised on forestry-related issues by the Forest Advisory Council, which
aims to promote the development and implementation of a balanced
forest sector policy in Latvia [88]. The Advisory Council brings together
various stakeholders - representatives of private, state and municipal
forest owners and managers, timber industry and others [88]. The State
Forest Service monitors compliance with legislation on forest manage-
ment and use, fire protection and hunting, participates in the develop-
ment and implementation of forest sector policy, and monitors
compliance with requirements by operators placing timber and timber
products on the market [89]. Ministry is also a state shareholder in
joint-stock companies LVM and Ltd “Latvian Rural Advisory and
Training Centre Forest Advisory Service Centre” which aims to
contribute to rural prosperity by providing clients with access to
knowledge, advice and other services related to the sector [52,90].

There are a variety of policy and development planning documents at
the national level that influence and guide the development of the forest
sector and the wood processing industry. Annex 1, Table 1.1 shows the
most important national documents and a brief overview of their impact
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on forest sector development.
3.6. Private and public expectations

The forests in Latvia are a favourite recreational destination, a place
to pick berries or go for a walk. As part of a study conducted by LVM and
Latvian State Forest Research Institute “Silava” [91], Latvian residents
were asked about their habits when visiting the forest [92]. Depending
on the time of year, up to 53 % of the population surveyed go to the
forest on weekdays to relax, while 69 % do so at least once at the
weekend, spending around 1.5-2 h in the forest [92]. In winter, spring
and autumn, people go to the forest to hike, cycle or observe and
photograph nature, although mushroom and berry picking (40-50 %)
predominates in summer [92]. According to the survey, people in Latvia
are most reluctant to go to forests where deforestation is taking place
[92]. Research carried out by Vidale et al. [93] shows that in Latvia,
compared to the other EU-27 countries, most households (67.5 %) go to
the forest to collect wild forest products, while the EU average is only
24.5 %.

The regularity and frequency with which Latvians visit the forests
shows that they appreciate local forests, and also their commitment to
sustainable forest management and the preservation of the forest land-
scape [94]. Over the past decade, the public and environmental activists
have aggressively campaigned against deforestation and clear-cutting,
citing unsustainable forest management and biodiversity decline
[95-98]. At the same time, the LVM and a number of wood processing
companies deny such claims and emphasise that the logging and man-
agement methods used are not only harmless, but will improve the sit-
uation in the forests in the long term [99,100]. There is also
contradictory information in the Latvian media about the environmental
impact of clear-cutting, to the extent that it gives the impression that
LVM is engaging in censorship by actively opposing the use of the term
“clearcutting” Gelzis [101]. As a result, two fronts are emerging in the
public sphere: one side claims that Latvian forests are managed with
respect for nature and sustainability, while environmentalists and rec-
reational forest users remain sceptical [95][94,98,101].

3.7. State of the bioeconomy in Latvia

After defining Latvian forest sector system components (see Sections
3.1 to 3.6), it is possible to identify the strongest enablers and con-
straints affecting the growth of the Latvian forest sector (see summarised
in Table 1).

LIBRA has pointed out the potential for development of the wood
processing and furniture industry. This is also in line with the need to use
wood more efficiently for higher value-added products [63]. Society’s
resistance to the rapid increase in logging intensity and concerns about
future resource efficiency and availability make it necessary to use wood
residues and low-grade wood resources for the production and mar-
keting of high value-added export items.

The above Table 1 points to another problem, namely the lack of
current strategic steering of the forest bioeconomy (as well as the bio-
economy as a whole) in Latvia towards high value-added products. It is
undeniable that Latvia’s Forest and Wood Processing sector is strong due
to the local availability of resources, the knowledge and skills accumu-
lated over the years, and the strong companies that are able to compete
price-wise in the market (both due to the availability of resources and
low labour costs) due to the infrastructure that has historically existed.

In 2020, the forest sector accounted for 1.9 % and the wood pro-
cessing sector for 3.1 % of the value-added of the entire economy in
Latvia [86,87]. Moreover, the wood processing industry accounts for
almost a quarter (24.8 % in 2020) of the manufacturing industry in
Latvia [86,87]. However, as defined in the National Industrial Policy
[86,87], the value-added per employee in bioeconomy production in
Latvia still does not reach the industry average in the EU [86,87]. These
policy guidelines also call for a wider use of innovation as a possible
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Table 1
System components of Latvian forest sector (based on [18] and elaborated by
authors).
System Categories Enablers Constraints
component
Renewable Raw material High forest coverage ~ Non-timber
resources Valuable non-timber  resources of
resources — game, Latvia’s forests can
mushrooms, berries, neither be
lichens quantified nor
assessed
Excessive timber
extraction could
have a negative
impact on
biodiversity
Knowledge- Expertise, Long-standing Industry operates
innovations- Technology traditions according the
technologies Schools offer principles of the
vocational training “old” bioeconomy
in forestry and wood  Industry-qualified
processing educators are hard
to find due to low
salaries
Products & Market Wood processing Production focuses
services Customers companies located on low value-added

Research and

Research and

all over Latvia
Economically
important primary
sector

Many high-level

wood products

90 % of harvested
wood is exported,
causing domestic
competition for raw
material

Research depends

development  development research institutions almost entirely on
specialise in or public funding
conduct research on Low indicators in
forest sector and R&D investment
related industries and the share of
innovative SME’s
Finance & Collaboration Sectoral Sector-specific
governance Financing development policy planning
(public/ included in RIS3and  documents
private) other policy outdated
Legislation planning documents Strong lobby
Policies Half of the forest towards more

Public, private

Risk averse

area state-owned
and managed by a
single company
(LVM)

Forests play an

intensive logging
Little financial
support for
innovation
Economic interests

expectations culture, important role in the  take precedence
Sustainability extraction of non- over public
timber resources for interests (intensive
domestic use logging)
Conserving forests is ~ Current forest
important for society ~ management

practises split
public opinion,
biodiversity
conservation
concerns

solution to improve productivity and resource efficiency in the bio-

economy [86,87].

Overall, the main obstacles and constraints hindering the develop-

ment of an innovative bioeconomy in Latvia include lack of financial
resources — for infrastructure, for innovation funding, for capacity in
science and education, and for communication and awareness. There are
also sector-specific problems of the bioeconomy: there is a lack of a
comprehensive definition of the boundaries of the sector (some attribute
a role only to the traditional branches of the bioeconomy; the modern
bioeconomy does not yet have enough lobby) and thus a lack of effective
governance of the whole sector. Knowing that an innovative bio-
economy based on the concept of engineered wood, wood biorefinery
and improved cascade use of resources, focusing on the use of low-
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quality wood biomass for the production of higher value-added prod-
ucts, is not yet sufficiently developed in Latvia, it can be said that the
cumulative effect of all the above-mentioned limitations hinders its
development.

Nevertheless, Latvia’s achievements in numerous areas of research
and innovation are remarkable, especially considering the science base
funding. The experience gained in Latvian and high-level international
scientific projects makes it possible to advance scientific research to-
wards a knowledge-intensive bioeconomy. To further promote knowl-
edge transfer, the cooperation between efficient research institutions
and successful wood-processing companies must be strengthened.

4. Transformation pathways for forest bioeconomy
4.1. Promising opportunities in the bioeconomy for niche products

A group of five experts in the Latvian forest sector, wood processing
and sustainable product development was formed to identification and
prioritization of innovative bio-based products with high value-added.
This therefore would contribute to the country’s economic growth and
the sustainable use of resources, in contrast to the current situation
whereby large volumes of wood are exported as a low value-added raw
material. The discussions were moderated by the researcher, who pro-
vided an initial overview of the task at the beginning of each session and
steered the discussion in a manner that would facilitate the completion
of the specified task. GMB had the optimal approach to designing and
analysing niche product development scenarios. Furthermore, consul-
tations were conducted with experts from a range of relevant fields,
including energy, the bioeconomy, resource efficiency, waste manage-
ment and policy, with the objective of optimising the effectiveness of the
study.

GMB were organised in person. During the sessions, experts were
invited to discuss and express their views on specific topics, each
meeting lasted 1-2 h. In the first session, the experts were introduced to
the research question and the work done so far, including the system
components of the Latvian forest sector. The SWOT analysis method was
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presented and the experts filled in the SWOT matrix for the forest sector
in Latvia (Fig. 1). In the following sessions, the experts identified three
potential wood or non-wood products and developed SWOT matrices for
all three niche products. They discussed which five factors from each
part of the SWOT matrix had the greatest potential impact on product
development. Then those five factors were ranked using AHP. The re-
sults obtained were inserted into the TOWS matrices for each of the
innovative products and possible interactions were identified. Then,
necessary steps to develop the three niche products and to open up new
market opportunities were identified based on the TOWS matrix for each
product. Priority actions for the development of innovative high value-
added products and long-term solutions in the forest sector and bio-
economy were prioritised.

GMB started with an outline of the methodology (Fig. 5) and the
experts were informed about the system components of the Latvian
forest sector, as well as the enablers and constraints identified in a later
phase. In order to stimulate the discussion and identify additional fac-
tors that influence the forest sector and can play an important role in the
development of the sector or directly hinder it, a SWOT matrix was
created.

The debates that took place during the GMB and the created SWOT
matrix showed both opportunities and strengths of the Latvian forest
sector. The strengths of the Latvian forest sector are the availability of
forest resources (timber) and a well-developed access infrastructure.
This includes an accessible export infrastructure by land and sea. Forest
resources (wood) are recognised as important resources in regional and
national policy planning documents. At the same time, experienced
research institutes and the associated accumulated knowledge and
experience of forests and forest management have been recognised by
experts as a strength. Forests have historically characterised the cultural
values of Latvia, and Latvians appreciate the intangible values and re-
sources that forests provide. This wealth of available resources and the
growing demand for sustainable woody biomass, together with tech-
nological developments, could provide Latvia with excellent opportu-
nities for economic growth. Experts emphasise the need to use the
existing forest potential to promote the production of high value-added

3 niche products: natural

SWOT matrix
for the Latvian 1
forest sector

System components;
SWOT for forest
sector

Identification of 3wood
ornon-wood products

SWOT matrix for

thermal packaging;
textile from tree; particle

board

SWOT matrix and
factor ranking for AHP

analysis
SWOT matrix for
natural thermal
packaging:
Smost impactful 3
SWOT matrix criteria

SWOT matrix for
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SWOT matrix
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S strategic actions particle board;
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Fig. 5. Topics and results of the GMB (author’s elaboration).
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products from low-grade wood through technological developments,
such as engineered wood-based products or innovative forest products
from non-wood resources. At the same time, Latvia should also
emphasise the intangible value of forests through recreational forest
services. To achieve this, the existing weaknesses in the legal framework
need to be addressed and the commitments and policy direction of the
legislation updated in line with the European Green Deal. Another
weakness is that half of Latvia’s forest land is owned by the state, which
leads to slower decision-making and possible politicisation of decisions.
Greater use of innovation in the application of forest resources should be
encouraged. Reduce the heavy reliance on public funding for research
and increase teachers’ salaries to strengthen vocational training and
thus contribute to the training of skilled labour, of which there is
currently a shortage. The increasing use of wood with low value-added,
for example for energy production and exports, is also seen as a threat as
competition for raw materials increases. Also, the economic growth
opportunities arising from the intensification of logging pose a signifi-
cant threat to existing forest ecosystems and biodiversity. Biodiversity
loss affects the entire forest ecosystem and not necessarily only at the
local level, so a balance between economic and ecological aspects must
be sought.

As the next step after the creation of the SWOT matrix for the forest
sector, the experts had to identify promising niche products that would
meet the principles of an innovative, knowledge-based and sustainable
bioeconomy. They were asked to select products that could be produced
either from wood or from non-wood resources (berries, mushrooms,
plants, game) based on the four transformation pathways in the bio-
economy proposed by Dietz et al. [102]. These transformative pathways
are: “(1) substitution of fossil fuels with bio-based raw materials; (2)
productivity increase in bio-based primary sectors; (3) increasing effi-
ciency in biomass utilization; and (4) value creation and addition
through the application of biological principles and processes separate
from large-scale biomass production” [102] which are closely linked to
the Sustainable Development Goals defined by the United Nations
[103]. At the same time, every choice of direction harbours not only
advantages but also potential risks [102]. Therefore, after much dis-
cussion, the experts identified three wood products with higher added
value for further analysis that correspond to different transformation
pathways (see Table 2).

Table 2
Three niche products selected by the experts (adopted from Ref. [102]).
Transformation Description Product
pathway identified
TP1 Triggered by increased oil prices. Textile from
TP3 Increased demand for bioenergy, with tree

direct and indirect impacts on land use,
depending on land availability and the
effectiveness of environmental and
economic governance systems.
Innovations in downstream sectors to
increase biomass use efficiency and
waste stream recycling. Could replace a
widely used unsustainable or fossil-based
product in the foreseeable future.

TP2 Technological innovation to increase
productivity in forest sector, which can
unleash transformative forces that open
up new production methods. A product
already on the market with high demand
and a wide range of applications, whose
environmental performance could be
improved in line with the principles of
sustainability and circular bioeconomy.

TP3 Innovation in downstream sectors to
increase biomass use efficiency and
waste stream recycling. Innovative
product that could come into the market
in the coming years.

Particle board

Natural thermal
packaging
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Although the potential of non-wood resources found in Latvia’s
forests has not yet been fully utilised, the experts still leaned in favour of
three products that can be made from wood, including low-quality wood
or wood residues. This could be due to more familiar technological
processes and an established supply and processing infrastructure. While
there are many unknowns in the development of higher value-added
non-wood products, including the volumes to be sourced and their
seasonal nature.

4.2. Textile from tree

The extraction of textile fibres from wood dates back to the late 19th
century, when viscose — the first man-made fibre - was made from cel-
lulose [104,105]. It was relatively cheap and easy to produce, as a large
amount of chemicals were used in its production, which was not
considered a problem at the time. However, growing concerns about
environmental pollution in the 1970s prompted companies such as the
Austrian manufacturer “Lenzing” to focus on biorefinery and
closed-loop production, which led to the creation of Lyocell [104]. The
European Commission’s “Guidelines on biomass cascading with selected
best practices for the use of woody biomass” mentions the shift towards
the production of textiles made from wood as an example of best prac-
tice [106]. “Lenzing” which processes sulphite cellulose into standard
and special cellulose fibres is thus one of the good examples of envi-
ronmentally friendly and energy-efficient production plants for
wood-based man-made fibres [106]. Another is “Spinnova”, a Finnish
company that produces textile fibres from spruce and pine cellulose
using a dry spinning process from mechanically obtained pulp. There-
fore, no chemicals or excess water are used [106]. Such bio-based tex-
tiles can replace other synthetic fibres made from fossil resources or
even natural cotton fibres, the cultivation of which has a heavy impact
on the environment [106]. Therefore, the production of textiles from
wood and wood residues was considered as one of the possible niche
products that could be developed in Latvia in the future.

The SWOT matrix (Annex 2, Table 2.1) on textile from tree is concise
and the discussion on the production of textiles from wood was not too
extensive. This can probably be explained by the fact that Latvia does
not have a production site and it is difficult to fully grasp the potential
opportunities, threats and disadvantages that would be associated with
the transfer and adoption of technological know-how from countries
where such sites are already established. After developing a SWOT
matrix for the textile from tree, the experts identified which five factors
from each category (strengths, weaknesses, opportunities, threats) could
have the greatest impact on production and market entry for further
analysis. For the identified five factors from each category, an AHP
matrix was created to quantitatively characterize the impact of the
factors. After ranking the factors and creating the AHP matrix (see
Table 3), the results were inserted into the TOWS matrix.

A further task for the experts was to identify the interaction between
the factors that were prioritised and ranked in the AHP matrix. Firstly, a
TOWS matrix was created by inserting the factors ranked with the AHP
method. Experts had to identify interactions between the factors listed
(Strength-Opportunity; Strength-Threat; Weakness-Opportunity; Weak-
ness — Threats strategies) e.g. for strength-threats how the strengths
could be used to minimise the identified threats [34]. After completing
the TOWS matrix, the experts were given time to discuss which of the
identified interactions could play a decisive role in enhancing the pro-
duction of the product, and these are summarised in Table 4.

Building a production plant for textiles from trees and implementing
the technology, including research, would require financial support and
some government guarantees to ease the administrative burden, at least
for a pilot project. A national commitment to the targets set out in the
European Green Deal, as well as a commitment to gradually replace
unsustainable and fossil-based textiles, would go a long way towards
attracting investment. The development of cooperation mechanisms
between research institutions, companies and investors should be



K. Laktuka et al.

Table 4
Strategic actions to be taken for textile from tree.
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Table 3
Factor ranking with AHP for textile from tree.

STRENGHTS AHP 'WEAKNESSES AHP

S2 Smaller negative 39 ‘W4 High initial investment to 32
environmental impact than % build a production site %
from cotton or fossil-based
fibre

S4 Developed production 20 ‘W3 Technology availability, 28
technologies % validation, testing %

S5 Locally available resource 14 W1 High energy and water 22

% consumption %

S1 Stable and growing demand 14 ‘W5 Public ignorance about the 10

for bio-based fibres % origin, environmental impact, %
sustainability of the textiles on
the market

$3 Raw material cultivation 13 ‘W2 There is no technology yetto 8 %
does not compete for % fully utilize production residues
agricultural land

OPPORTUNITIES AHP THREATS AHP

01 Development of innovationto 31 T5 Insufficient funding may 38
make the production fully % stop technological progress %
sustainable and
environmentally friendly

04 New job opportunities in 23 T3 Government decisions, 25
Europe % legislative changes %

05 Potential to achieve high 23 T1 Competition for raw 18
energy efficiency, resource % material %
efficiency, etc.

02 Growing market pull for 17 T2 Public dislike of large 11
sustainable products compliant % factories, NIMBY phenomenon %
with circular economy

03 Reduced microplastics by 6 % T4 Excessive pressure on 7 %

replacing fossil-based fibre
with natural fibre

forest ecosystems
(overexploitation of

System
component

Category Interactions Action to be taken

resources)

strengthened in order to promote innovation and licensing of wood-
based textile fibres. This could also be achieved through increased
knowledge transfer to Latvia from other countries with experience in
wood-based textile fibre production technologies. The experts also noted
a lack of public awareness of the environmental impacts of widely used
textile production and its life cycle, which could only be changed in the
long term by supplementing educational content and additional
outreach work at different levels of education.

4.3. Particle board

In the production of wood-based panels, different types and qualities
of wood are used - thin wood, wood residues from tree felling, sawmill
residues (sawdust and wood chips), post-production wood residues, etc.
[106]. Boards are divided into two main categories: particle board and
fibre board [106]. The main difference between them is in the size to
which the wood particles are reduced before drying and compacting into
the finished boards [106]. Particle boards are manufactured from low
quality wood particles heat-pressed together using adhesive — usually
melamine of formaldehyde based [107,108]. Although adhesive com-
prises only 2 %-5 % of the final wood-based board, it makes up for up to
25 % of the product costs, therefore making a great impact on produc-
tion profitability [107,108]. This promotes the research and develop-
ment of new and improved adhesives, nevertheless popular synthetic
adhesives are industry standards — providing durability and resistance to
water [107,108]. The particle board making process represents
cascading and more efficient use of wood [106]. Today, recycled wood
content in particleboard is around 70 % or more, extending the carbon
cycle and creating new opportunities to add economic value [106]. The
negative side is that the production of wood-based panels is both capital
and energy intensive [106]. The energy for the production processes is
often obtained from wood biomass, which makes the process CO2-n-
eutral, although the production process is energy-intensive [109-112].
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Finance &
governance

Finance &
governance

Finance &
governance

R&D

Knowledge
Innovations
technologies

§3+04
W5+T3

Financing
(public/
private)

Implement public
financial support/
grants/research
projects for the
construction of new
technological
solutions and product
production facilities
(funding for pilot
projects) contributing
to the development of
the circular economy.
Commitment by the
government
(ministries
responsible for
developing the
bioeconomy) to
adhere to/implement
the objectives of the
European Green Deal
and the European
Bioeconomy Strategy,
promoting the circular
bioeconomy and
sustainable solutions
in practice. Guarantee
a safe investment
environment and
provide local
businesses with clarity

Collaboration
Legislation
Policies

S§2+S5+83+T3
W4+W5+T3

Legislation S$24S14+T3+4T2

Policies

R&D §4+51+01
§5+01+04
W44+W4+W1+01

W1+T1

W5+W2+04+05
W4+W5+T3

Expertise

on the government’s
long-term priorities.
Legislation to replace
unsustainable textiles
with sustainable ones
by a certain deadline.
This could also
contribute to
changing public
perception and thus
the demand/supply
structure.
Establishment of
cooperation links and
mechanisms between
companies, investors,
and research
institutions for
innovation
development (e.g.,
energy, and resource
efficiency).
Companies contract
research institutions
for specific services
Education (higher
education, lifelong
learning programmes)
on the circular
bioeconomy and the
latest technological
developments for
circular and
sustainable resource
use. Circular
bioeconomy as an
advanced learning
programme/course
and as a general
education course in
other scientific fields
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Environmental aspects and effects on human health include dust, which
can be carcinogenic or cause respiratory problems due to the resins
contained in the material (aminoformaldehyde or phenolic resins)
[109-112]. Important to emphasise that the development of innovations
has made it possible to make the particle boards environmentally and
human health friendly [106] and to reduce the energy intensity of the
production process.

After developing a SWOT matrix for particle board (see Annex 2,
Table 2.2), the experts identified which five factors from each category
could have the greatest impact on production and an AHP matrix was
created to determine which of the factors would have the greatest
impact. After ranking the factors and creating the AHP matrix (see
Table 5), the results were inserted into the TOWS matrix.

Another task for the experts was to identify the interaction between
the factors that were prioritised and ranked using the AHP matrix.
Again, a TOWS matrix was created in which the factors ranked with the
AHP method were inserted. The experts had to identify the interactions

Table 5
Factor ranking with AHP for particle board.
STRENGHTS AHP WEAKNESSES AHP
S3 Competitive price, cheaper 31 W4 High energy consumption 37
than solid wood % (drying, milling) to produce the %
product
S1 Because of their light- 24 W3 Low durability and a shorter 19
weight nature, the furniture % lifespan than medium density %
made is relatively easy to lift fiberboard and plywood
and transport
S7 Products standardised and 24 W2 Since the manufacturing 18
certifiable % process involves the usage of %
urea-formaldehyde resin and can
be toxic
S2 Created using wood chips 13 W6 When exposed to a 16
and sawdust or other lumber % considerable amount of %
products moisture, expands, warps and
discolours easily
S4 Locally available resource 8% W9 Low density makes them 11
easily damaged during shipping %
OPPORTUNITIES AHP THREATS AHP
08 Intrinsic properties can be 34 T2 Competition for raw 36

improved using raw materials %
that are derived from natural

fibres, such as wheat, barley,

rice, cotton gin, banana, and

coir and kenaf, to launch

diverse product

materials - decreasing %
availability of wood raw

materials and increasing

demand for products

04 Currently used binders can 21 T3 Increase in raw material 19
be replaced in the production % cost %
process with bio-based binders
that are environmentally and
human health friendly

05 Potential to replace existing 16 T1 Often advertised as 19

plastic furniture on the market % environmentally friendly due %
to the fact that it they’re made

from wood residues, although
urea-formaldehyde resin is

used as a binder

(greenwashing)

T4 Competition in the foreign 14
market (Asia), cheaper butless %
environmentally friendly

product

07 As the world’s population, 15
housing building, and income %
levels rise, the need for
furniture such as chairs, tables,
mattresses, sofas, shelves, and
cupboards has risen

dramatically

02 Financial resources available 15 T5 Higher demand in countries 12
to further develop product % with few or no forests, such as %
features China, could result in an

increased interest in panels
made from agricultural
lignocellulosic materials,
competing with boards made
entirely from wood residues
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between the listed factors [34]. After completing the TOWS matrix, the
experts had time to discuss which of the identified interactions could
play a crucial role in producing a product with better environmental
performance and improved or even bio-based adhesives. These are
summarised in Table 6.

Particleboard is an existing and well-known product on the market
for which additional research and investment in production technology
would be required to improve sustainability and environmental per-
formance. In order to stimulate both production and consumer prefer-
ence for such a product, information campaigns should be conducted to
stimulate demand for particleboard with improved properties. Although
consumer demand for particleboard with improved environmental
properties is seen as the decisive factor, government subsidies or support
mechanisms for producers aimed at promoting the use of bioresources
for products with higher added value according to the bioresource value
pyramid could also have a decisive impact [113].

4.4. Natural thermal packaging

Thermal packaging made of logging residues and an organic binder
that is suitable for transporting various temperature-sensitive goods
(visual representation in Fig. 6), can protect goods from external tem-
perature fluctuations during transport or storage and is resistant to
mechanical damage is the third niche product chosen by experts
[114-117]. Currently, thermal packaging is mostly made of expanded
polystyrene (EPS) [114-117]. The main value of this newly developed
material is that it has no negative impact on the climate, environment
and human health during its life cycle [114-117]. The material can be
utilised to manufacture thermal packaging boards, which can be inser-
ted into boxes for the transportation of goods. The laboratory studies
indicate that the boards possess characteristics of being lightweight,
resilient, and exhibiting low heat conductivity and being biodegradable
[114-117]. Market research shows a wide range of applications for
thermal packaging, especially in the pharmaceutical and biomedical
sectors, to make the delivery of medicines and vaccines more environ-
mentally friendly [114-117]. Natural thermal packaging material is a
new product licensed at TRL6 level, awaiting development, demo plant
construction, and production piloting offering to customers [114-117].

After developing a SWOT matrix for the natural thermal packaging
(see Annex 2, Table 2.3), the previously described workflow was
applied. Table 7 displays factor ranking with AHP for natural thermal
packaging.

Another task for the experts was to identify the interactions between
the factors prioritised and ranked in the AHP matrix by developing a
TOWS matrix. The results of expert discussions on TOWS are summar-
ised in Table 8.

The priority actions include the creation of infrastructure for the
collection of secondary and tertiary wood resources in rural areas.
Encouraging the collection of low-value wood residues, not only to
ensure the full utilization of the resource, but also to encourage the use
of these residues in the manufacture of new products. Government
commitment to Green Deal targets would also play an important role in
encouraging greater use of bioresources in products previously made
fully or partly from fossil resources by providing targeted financial
support to companies to develop and market such bio-based products.
An important role for the promotion of natural thermal packaging would
also be to communicate the importance of cascading and the circular
economy to the public, companies and their representative associations.

4.5. Strategic actions to be taken

The bioeconomy in Latvia faces several challenges, including a lack
of incentives for higher value products and innovations, bureaucratic
complexity and insufficient funding. To address these issues, the authors
suggest developing national guidelines for companies to promote the use
of lower quality wood for higher value-added products. These guidelines
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Table 6

Strategic actions to be taken for particle board.

System
component

Category

Interactions

Action to be taken

Finance &
governance

Finance &
governance

Knowledge
innovations-
technologies

Knowledge —
innovations-
technologies
Public/
private
expectations

Products &
services
Public/
private
expectations

Financing
(public/
private)
Legislation
policies

Legislation
policies

Expertise,
Technology

Market,
customers
Sustainability

§2+05
S§2+484+T2+T3

$2+54+05
S2+4-84+T2

§7+07, W4+05
W4+02, S7+T1+T4
W4+ W2+W6+W9+T2
W4+4T2

W2+W6+04
W2+05, S7+T1+T4
W2+T1

§7+04

$2+04
§3+81+87+05+07
W2+W6-+04
W2+05

Shifting subsidies
from less efficient
uses of biomass to
higher value-
added uses of
bioresources and
biomass

National
guidelines for
companies to
switch to lower
quality wood for
higher value-
added products.
Optimisation and
transition to
cleaner production
through legislation
- stricter regulation
that provides for a
sufficiently long
transition period.
Introduce
Environmental and
Energy
Management
Systems in
companies to boost
competitiveness
and improve
production
processes.
“Recognise
Greenwashing”™
information
campaign
involving various
organisations.
Aims to highlight
the distinction
between justified
higher prices for
greener products
and profit motives.
Companies should
be encouraged to
certify their
products to ensure
consumer
confidence. Raise
public awareness
of product
certification
schemes and their
importance for
consumers to
identify eco-
products and the
companies that
produce them.
Marketing
campaigns on the
life cycle of
products to explain
why furniture
made from
biomass is
preferable to
plastic.
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Fig. 6. Natural thermal packing material [114,115]

Table 7
Factor ranking with AHP for natural thermal packaging.
STRENGHTS AHP WEAKNESSES AHP
$3 Production price similar to 40 W4 High energy consumption 47
EPS packaging % (drying, milling) to produce the %
product
S1 High demand for thermal 36 W1 Piloting the production the 29
packaging % innovative product requires %

time and financial investment
S5 CO; is stored in the product - 10 W3 Technology readiness level 15

CO,, valorisation % is in “the valley of death™ %
(TRL6)

S2 Replaces thermal packaging 7 % W5 Raw material market not 4%
currently produced from fossil developed
resources

S$4 Made from widely available 7 % W2 Consumers lack 4%
low-quality forestry, and information on the product’s
agricultural residues positive features
(secondary and tertiary
bioresources)

OPPORTUNITIES AHP THREATS AHP

02 “Latvian NOKIA™ - gain 43 T1 Necessary funding will not 33
visibility and international % be attracted and TRL will stay in %
market opportunities “the valley of death™

03 Rural, regional development 35 T2 Possible negative public 26
- creating jobs, raising living % attitudes towards the material %
standards, etc. (lobbying and marketing of

fossil resources)

01 Bioresources are used to 9% T4 Increase in raw material cost 23
produce a product with %
higher added value

04 Widespread use of the 7% T3 Competition for raw 11
material would contribute to material %
sustainability goals

05 Develop innovation for 6% T5 Potential changes in the 6 %
further product improvement regulatory framework that may

hinder the introduction or use
of the product

could be inspired by the Best Available Technology (BREF) reference
documents provided by the European Commission. These guidelines
should be adapted to local conditions while taking into account the in-
ternational state of the art in this field.

Financial support mechanisms such as public grants, subsidies and
research projects should be introduced to direct research and innovation
initiatives towards higher value-added products. This would help
overcome financial bottlenecks, such as lack of funds for research,
development and innovation. In addition, the government needs to give
clear signals on long-term planning and adherence to the objectives of
the European Green Deal and the European Bioeconomy Strategy in
order to promote the circular bioeconomy and sustainable solutions in
practise.

A knowledge-intensive bioeconomy requires a strong educational
and scientific background, but funding for science and education in
Latvia is insufficient and unpredictable [54]. To ensure continuity of
research and strengthen R&D, it is necessary to break the cyclical nature
of funding and ensure predictable and sufficient science funding [54].
The weaknesses of Latvian bioeconomy enterprises are partly related to
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Table 8
Strategic actions to be taken for natural thermal packaging.
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System component Category Interactions Action to be taken
Finance & governance Legislation ~ $4+03+01 Promote the development of infrastructures for the collection of tertiary and secondary residues by
Policies W5+T4+T5 integrating this into policy planning documents. Build logistics chains to maximise the efficiency of tertiary
and secondary residue collection.

Finance & governance Legislation ~ S3 + S1 +82 + Reduce the administrative burden for the market entry of products (green corridor) that replace fossil-based

Policies 02 products, provided they meet certain quality requirements and comply with the principles of the circular
W1+04+05 bioeconomy.

R&D R&D S3 + S1 +S2 + Public grants/subsidies to companies for further development of products/processing technologies if this
02 achieves the objectives of the Green Deal and the European Bioeconomy Strategy by simplifying the criteria
$3+81+S5+01 and application mechanism for support.

Knowledge-innovations- Expertise $4-+03+4-01 Workshops and training for companies, associations and the general public on the wide use of wood waste

technologies S3+85+S1+T3 (and beyond) in products with higher added value and in line with the circular bioeconomy. Thus, shifting
from conventional methods to knowledge-based and innovative ones.

Products & services Market §3+85+S1+T3 Promoting the product and its positive attributes - a campaign to show that natural thermal packaging

Customers complies with Article 9 of the EU taxonomy, thus helping the company to make the transition to sustainable

economic activity.

the energy intensity of the technology and insufficient energy and
resource efficiency. The introduction of environmental and energy
management systems in companies can help to increase competitiveness
and promote efficiency and innovation culture.

Promoting public awareness and the flow of information is also
crucial. This includes measures to counteract “greenwashing” and
encourage companies to certify their bioeconomy products. Workshops
and training for industry on the wide use of wood and wood residues in
higher value-added products, construction and in line with the circular
bioeconomy should be provided [118].

General awareness of the importance of the bioeconomy in society
should be raised and to clarify the difference between low value-added
biomass applications and technologically innovative high value-added
bioeconomy, as well as to promote sustainable products and busi-
nesses [57,118]. The concepts to popularise the bioeconomy should be
complemented by explaining the importance of carbon neutrality, the
use of renewable energy and the overall objectives of the European
Green Deal.

5. Discussion and conclusion

An assessment of national-level policy planning documents related to
the bioeconomy, carried out as part of a previous study [119], has shown
that the objectives for bioeconomy development set at the international
level are generally included in Latvian policy planning documents at a
high level. The main concern, however, is the policy planning docu-
ments dealing specifically with the forest sector. At the time of this
research, the forest sector specific policy planning documents were not
up to date - there were no officially available Guidelines for the Devel-
opment of Forests and Related Sectors beyond 2020 and the national
Forest Policy was last updated in 1998. Long-term development goals
are missing from the forest sector’s policy planning documents, leading
to uncertainties about its development towards the European Green Deal
and the EU Forest Strategy for 2030. During GMB sessions experts sug-
gested developing national guidelines (BREF) for companies to use
lower quality wood for higher value-added products, taking into account
Latvia’s low industrial capacity. The guidelines could be adapted to local
conditions and ensure political will to develop the bioeconomy and
implement the goals of the European Green Deal in Latvia.

Funding for research and education in Latvia is insufficient and un-
predictable, especially in the field of bioeconomy. To ensure continuity
of research and strengthen R&D, it would be necessary to break the
cyclical nature of funding and shift subsidies from less efficient biomass
uses to higher value-added uses. Introducing financial support mecha-
nisms such as public grants, subsidies and research projects can steer
research and innovation initiatives towards higher value products,
overcoming financial bottlenecks. Experts suggest that subsidies should
be shifted from the less efficient use of biomass to the more value-added
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use of bioresources and biomass.

Industry needs clear signals from government on long-term planning
and commitments to meet and implement the objectives of the European
Green Deal and the European Bioeconomy Strategy, which promote the
circular economy and sustainable solutions in practise. This would
guarantee a safer investment environment and provide clarity to local
businesses about the government’s long-term priorities, especially in
higher risk novel industries.

The knowledge-based bioeconomy should be promoted in society to
distinguish between low-value biomass applications and high-value,
technologically innovative applications. This includes promoting sus-
tainable products and businesses, combating “greenwashing” certifying
higher value bioeconomy products and providing workshops and
training on the use of wood residues in higher value-added products in
line with the circular bioeconomy.

The developed methodology for the analysis of the bioeconomy and
the identification of specific niche products, with the objective of pro-
moting a knowledge-based bioeconomy. The developed methodology
combines several well-known scientific methods such as SWOT, TOWS
and AHP, with a less well-known bioeconomy analysis method devel-
oped by Maciejczak [20] and extended by Wreford et al. [18]. The initial
phase of the study, which involved the analysis and compilation of data
and information, afforded a comprehensive overview of the forest sector
system components. This approach enabled the authors to gain a
comprehensive understanding of the sector from the perspective of
different system components, and to identify the enablers and con-
straints affecting it. It also provided the basis for the second phase of the
study, which examined the development opportunities of the forest
sector from a narrower product development perspective. It should be
noted that the conclusions of the second phase of the study, in which
GMB experts assessed the potential of the three identified niche products
to emerge and grow in the market, exhibited a high degree of alignment
with the results of the first phase on the barriers to forest sector devel-
opment in general. The methodology developed therefore serves two
purposes: firstly, it allows to assess the development of specific
bio-based products; and secondly, to identify the underlying issues that
are hindering the development of the sector as a whole. To illustrate, the
specific outcomes of this study indicate that, when considering the
strategic direction of bioeconomy development, the critical factors are
not necessarily the selection of a particular group of products, but rather
the ensured availability of raw materials, the consistency of political
commitment and legislation, and the predictability and accessibility of
funding.

The developed methodology was subjected to practical testing dur-
ing the analysis of the forest sector system components and within the
GMB process. In this process, different sector experts utilised SWOT and
TOWS matrices to develop strategic pathways for niche products. The
results were favourable, indicating that the methodology was effective
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in achieving the intended results. Despite the time investment required,
the methodology was found to be both understandable and imple-
mentable by the GMB participants. One identified limitation of the time
intensive nature of both the analysis of the forest sector system com-
ponents and the multiple GMB sessions. In the initial phase, the analysis
was conducted by a team of scientists, and the findings were subse-
quently presented to the GMB participants, which could have influenced
the subsequent expert discussion. To further refine and evaluate the
methodology, it is recommended that a follow-up study be conducted
with two separate groups of experts. Such a comparison would enable an
evaluation of whether the absence of initial sector-wide feasibility study
findings (Phase 1) affects the identification of sector-wide issues related
to product development and promotion (Phase 2). The methodology
developed is designed to be simple for policy and decision makers, to
facilitate feasibility studies and to allow in-depth involvement of
different stakeholder groups in the development of strategic pathways.
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Annex 1.

Table 1.1

Latvian policy and development planning documents related to the forest sector (2022)

Policy document

Matters pertaining to forest sector or the wood industry

Latvia’s Sustainable Development Strategy
2030 (Latvia2030)
Adoption year: 2010

National Development Plan for 2021-2027
(NDP2027)
Adoption year: 2020

National Energy and Climate Plan 2030
(NECP2030)
Adoption year: 2019

LIBRA
Adoption year: 2017

Latvian Forest Policy
Adoption year: 1998

Sustainable forest use is crucial for national and rural development because forests are strategic resources[120]. Transforming
the forest sector to focus on advanced wood processing and high-value, internationally competitive end goods [120]. Transfer of
knowledge and innovation in forest sector. Afforestation of low-value and unused agricultural land [120].

Green infrastructure, sustainable natural resource management, and biodiversity and landscape diversity protection [121].
Fund corporate, public, and academic collaboration, business-focused research and innovation, and targeted investment across
the business cycle, from knowledge generation through development and sales[121]. From short-term profitability to long-term
productivity [121]. Carbon sequestration commitments and the sustainable and efficient use of natural resources [121].
Governance that balances economic activity, social interests, carbon sequestration, and biodiversity conservation [121].
Achieve investment in R&D of 2 % of GDP, with 25 % of total R&D investment going to the development and deployment of
climate technologies and achievement of climate targets, including forest management [122]. Ensure the use of forest land for
wind farm development [122]. Sustainable forest management, taking into account climate, environmental, economic and
social aspects [122]. Maintaining forest cover at existing levels to ensure Carbon sequestration, contribution to bioenergy [122].
Increasing bioresource usage and the use of wood as a material, private forest production, and climate change adaptation [122].
Improve forest drainage, plant high-quality seedlings, enhance soil quality, and manage young stands to promote carbon
sequestration [122].

Potential to increase harvesting volumes in forests that have reached the appropriate age structure (Ministry of Agriculture,
2018). Great potential to increase the economic value of forests by creating and restoring nature-friendly drainage systems and
forest roads, by targeted planting and cultivation of native tree species that are more economically valuable and ecologically
suited to Latvia’s climate, without reducing the area available for growing and harvesting wood (Ministry of Agriculture, 2018).
Convert agricultural land overgrown with low-value tree species and shrubs into economically valuable forests (Ministry of
Agriculture, 2018). Wood processing and furniture sectors may expand by increasing primary manufacturing and employment,
exports of forestry and wood by-products can be replaced by goods produced in Latvia, and using sawn timber and boards as raw
materials for higher-value products instead of exporting them (Ministry of Agriculture, 2018). Knowledge transfer from the
conventional bioeconomy to a knowledge-based one, and collaboration between scientists, entrepreneurs, and forest owners
(Ministry of Agriculture, 2018). Replace fossil fuels with low-quality wood or wood leftovers. (Ministry of Agriculture, 2018).
Certification of forest owners, logging and processing companies according to internationally agreed standards (Ministry of
Agriculture, 2018). GHG emissions reduction and disposal (Ministry of Agriculture, 2018).

Sustainable management of forests and woodlands [69]. Ensure that existing forest cover is not reduced; maintain and enhance
the productivity and value of forest land; promote afforestation of unusable land [69]. As a forest owner, the state’s main

(continued on next page)
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Policy document

Matters pertaining to forest sector or the wood industry

Guidelines for the development of forests and related
sectors 2015 — 2020
Adoption year: 2015

LVM medium-term action strategy
Adoption year: 2020

interest is to increase the value of its forests and to make a profit from the forests it owns [69]. The development of a market
economy and free competition in the forest sector, the regulation of forest use principles to stabilise the sustainable availability
of timber resources, the financing needed for forest management to be obtained from trade [69]. Promoting the use of wood as
an environmentally friendly material, wood residues for panel and pulp production, electricity, etc., through an incentive-based
tax policy[69]. Preserving and maintaining biodiversity at current levels [69]. Balancing society’s and forest owners’ interests
in using forests’ social values and developing forest sector working relations, with forests freely available to everybody,
regardless of ownership [69]. Forest education, science, and information could enhance forest policy, law, and practice and
sustainably manage forests [69].
At the time of this study, the guidelii

for forest devel I after 2020 had not yet been updated.

To implement sustainable, economically viable, environmentally friendly, socially responsible management of state forest
estate and to develop the necessary infrastructure, services and knowledge [123]. Forestry shall be carried out within the
framework of sustainable forest management [123]. The multiple values of the forest for future generations, ensuring resource
sustainability; biodiversity conservation; outdoor recreation opportunities; public participation in forest management;
adaptation of forestry to mitigate global climate change; leadership and staff management; and social responsibility [123]. New
higher value-added products from woody biomass, peat for energy production, extraction of subsoil products and geospatial
solution development services, and offer consulting services [123]. Supply energy to local heat and power producers by
increasing production and sales from managed land and timber from other owner’s resources [123]. Boost woody biomass
utilization for green energy to reduce fossil carbon and increase Latvia’s energy independence [123]. Investment projects for
energy production from RES and the use of wood in chemical processing, including biofuels production [123]. Investing in
research to create new knowledge that can be transferred to production [123]. Priorities for knowledge transfer include forest
stand growth patterns, harvesting technologies under low carrying capacity conditions, soil fertility improvement, landscape
ecology planning, forestry adaptation to global climate change, and remote sensing to generate forest data for forestry planning
[123].

Annex 2.

TABLE 2.1
SWOT for textile from tree

STRENGHTS

WEAKNESSES

S1 Stable and growing demand for bio-based fibres;

S2 Smaller negative environmental impact than from cotton or fossil-based
fibre;

$3 Raw material cultivation does not compete for agricultural land;

S4 Developed production technologies;

S5 Locally available resource;

S6 Both wood and pulp can be used;

S7 The technology can be used for recycling textile waste (circular economy);

S8 Lower quality raw material may be used;
S9 Competitive market price

W1 High energy and water consumption;
‘W2 There is no technology yet to fully utilize production residues;

‘W3 Technology availability, validation, testing;

‘W4 High initial investment to build a production site;

W5 Public ignorance about the origin, environmental impact, sustainability of the textiles on the
market

OPPORTUNITIES

THREATS

01 Development of innovation to make the production fully sustainable and environmentally friendly;
02 Growing market pull for sustainable products compliant with circular economy;
03 Reduced microplastics by replacing fossil-based fibre with natural fibre;

T1 Competition for raw material;
T2 Public dislike of large factories, NIMBY;
T3 Government decisions, legislative changes;

04 New job opportunities in Europe;
05 Potential to achieve high energy, and resource efficiency, etc.

T4 Excessive pressure on forest ecosystems (overexploitation of resources);
T5 Insufficient funding may stop technological progress

TABLE 2.2
SWOT for particle boards

STRENGHTS

WEAKNESSES

S1 Because of their light-weight nature, the furniture made out of these boards is relatively easy to lift and

transport;
S2 Created using wood chips and sawdust or other lumber products;

S3 Competitive price, cheaper than solid wood;
S4 Locally available resource;

S5 COx, is stored in the product (CO3 valorisation);
S6 Due to their lightweight properties, easily transported and handled;

W1 Not recyclable;

W2 Since the manufacturing process involves the usage of urea-
formaldehyde resin, can be toxic;

W3 Low durability and a shorter lifespan than medium density
fiberboard and plywood;

W4 High energy consumption (drying, milling) to produce the
product;

W5 Low on strength, hence cannot support heavy loads;

W6 When exposed to a considerable amount of moisture,
expands, warps and discolours easily;

(continued on next page)
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STRENGHTS

WEAKNESSES

S7 Products standardised and certifiable;

S8 Can be used in making home furniture, such as kitchen cabinets, bookcases, doors, windows, and wall and floor

coverings, in the commercial and residential sectors across the globe;

S9 Can be easily laminated, painted, and wallpapered to improve their overall aesthetic value;

W7 Susceptible to attacks by different microorganisms and
insects;
W8 Raw material market not developed;

W9 Low density makes them easily damaged during shipping

$10 Any wood species could be used for particle boards, although softwoods and lower-density hardwoods are

preferred

OPPORTUNITIES

THREATS

01 Bioproduct with a higher added value;
02 Financial resources available to further develop product features;

03 Innovations can be developed for further product feature improvement;

04 Currently used binders can be replaced in the production process with bio-based
binders that are environmentally and human health friendly;

05 Potential to replace existing plastic furniture on the market;

06 Machine manufactured to desired dimensions. Standard pieces of furniture can be
efficiently mass-produced;

07 As the world’s population, housing building, and income levels rise, the need for
furniture such as chairs, tables, mattresses, sofas, shelves, and cupboards has risen
dramatically;

08 Intrinsic properties can be improved using raw materials that are derived from natural
fibres, such as wheat, barley, rice, cotton gin, banana, and coir and kenaf, to launch
diverse product

T1 Often advertised as environmentally friendly due to the fact that it they’re made from
wood residues, although urea-formaldehyde resin is used as a binder (green washing);
T2 Competition for raw materials - decreasing availability of wood raw materials and
increasing demand for products;

T3 Increase in raw material cost;

T4 Competition in the foreign market (Asia), cheaper but less environmentally friendly
product;

T5 Higher demand in countries with few or no forests, such as China, could result in an
increased interest in panels made from agricultural lignocellulosic materials, competing
with boards made entirely from wood residues;

T6 Research efforts have been shifted to agriculture-based materials, with the advantages
of the built-in insulation, sound suppression characteristics, and low cost;

T7 Concerning chemical health hazards among workers

Table 2.3
SWOT for natural thermal packaging

STRENGHTS

WEAKNESSES

S1 High demand for thermal packaging;

S2 Replaces thermal packaging currently produced from fossil resources;
S3 Production price similar to EPS packaging;

S4 Made from widely available low-quality forestry, and agricultural residues (secondary and

tertiary bioresources);
S5 COx is stored in the product - CO, valorisation;
$6 Easily obtainable raw material/resource;

S7 Locally, widely available resource;

S8 Experienced woodworking industry in Latvia;

S9 Customizable shape and functionality;

$10 Safe for environment and human health, biodegradable at the end of its life

W1 Piloting the production the innovative product requires time and financial
investment;

‘W2 Consumers lack information on the product’s positive features;

‘W3 Technology readiness level is in “the valley of death™ (TRL6);

‘W4 High energy consumption (drying, milling) to produce the product;

W5 Raw material market not developed;

‘W6 More difficult for a manufacturer to form or change the shape of the material
than for EPS;

W?7 Less visually appealing in comparison to EPS;

W8 Higher density compared to EPS increases transport costs

OPPORTUNITIES

THREATS

01 Bioresources are used to produce a product with higher added value;

02 “Latvian NOKIA™ - gain visibility and international market opportunities;
03 Rural, regional development - creating jobs, raising living standards, etc.
04 Widespread use of the material would contribute to sustainability goals;

05 Develop innovation for further product improvement;

06 Product’s market entry would promote transition from fossil resources;

07 Bringing the product to market would reduce the negative impact on climate change from

temperature sensitive goods transportation;
08 Qualify for green certification (eco-label)

T1 Necessary funding will not be attracted and TRL will stay in “the valley of
death”;

T2 Possible negative public attitudes towards the material (lobbying and
marketing of fossil resources);

T3 Competition for raw material;

T4 Increase in raw material cost;

T5 Potential changes in the regulatory framework that may hinder the
introduction or use of the product;

T6 Shortages of current legislative framework;

T7 Intellectual property violation;

T8 Alternative production facilities and products will enter the market
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Abstract — Adoption of the “Regulation (EU) 2024/3012 of the European Parliament and of
the Council establishing a Union certification framework for permanent carbon removals,
carbon farming and carbon storage in products” represents a significant policy shift,
introducing a voluntary, harmonised EU certification framework. This study assesses the
policy coherence of the CRCF Regulation and related EU regulatory and policy documents,
examining how the certification framework for carbon removals, including carbon farming,
is integrated into the EU’ broader climate and agricultural policy landscape. A qualitative
content analysis was conducted on 31 EU documents, which were selected using snowballing
sampling approach and nine search terms related to carbon removals, soil emissions and
carbon farming. The identified text fragments were coded and grouped into nine thematic
groups and qualitatively analysed to assess whether they reflect horizontal and vertical policy
coherence or, indicate gaps and ambiguities. The results highlight a high degree of horizontal
coherence with key EU documents, including the EU’s Land Use, Land Use Change and
Forestry Regulation and the Common Agricultural Policy. However, several gaps and
ambiguities remain, particularly regarding baseline methodologies, potential overlaps in
funding mechanisms, and practical implementation pathways. These findings underscore the
need for stronger vertical integration and methodological clarity to ensure that certified
activities effectively support EU climate goals.

Keywords — Carbon farming; certification framework; CRCF regulation; EU climate policy;
SDG 13.

1. INTRODUCTION

The United Nations Framework Convention on Climate Change (UNFCCC) adopted in
1992 and the subsequent Kyoto Protocol in 1997 marked the first international steps to combat
climate change [1]—[3]. The Paris Agreement which entered into force in November 2016 and
was replaced the Kyoto Protocol sets the goal of keeping the global temperature increase well
below 2 °C, aiming for 1.5 °C above pre-industrial levels [4], [S]. These international
commitments are complemented by the 17 Sustainable Development Goals (SDGs), adopted
through the United Nations “2030 Agenda for Sustainable Development” in 2015 [6]. Among
these, SDG 13 calls for urgent action to combat climate change and is closely linked to other

“Corresponding author.
E-mail address: krista.laktuka@rtu.lv

©2025 Author(s). This is an open access article licensed under the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0). 658



Environmental and Climate Technologies

2025 /29

goals such as life on land (SDG 15), zero hunger (SDG 2), and responsible consumption and
production (SDG 12) [6].

Under the Paris Agreement the EU has committed to reduce greenhouse gas (GHG)
emissions by 55 % by 2030 compared to 1990 levels [7], [8]. These reductions also apply to
the Land Use, Land Use Change and Forestry (LULUCF) sector [1]. The EU's internal
commitments on climate neutrality by 2050 are set out in the European Green Deal and made
legally binding by the European Climate Law. These objectives are operationalised through
the legislative package “Fit for 55 %” [8]—-[10]. While it was initially expected that the EU’s
climate targets could be met through incremental mitigation measures, it is now clear that this
will not be sufficient, and large-scale carbon removal will be necessary [9]. One potential
pathway is the wider application of carbon farming practices. The importance of the LULUCF
sector for carbon sequestration in natural ecosystems has long been recognised: as early as
2004, Lal [11] demonstrated that the conversion of natural ecosystems to agroecosystems can
lead to a decline in soil organic carbon (SOC) stocks by up to 60-75 %, while also identifying
a range of land management practices with high carbon sequestration potential [11]. Two
decades later, carbon sequestration in ecosystems is no longer solely a scientific concern — it
is increasingly framed as a strategic policy tool [12].

Despite the well-documented potential of carbon farming [13]-[15], the EU lacked a
harmonised framework to quantify and reward the uptake of such practices. This gap is now
being addressed by “Regulation (EU) 2024/3012 of the European Parliament and of the
Council of 27 November 2024 establishing a Union certification framework for permanent
carbon removals, carbon farming and carbon storage in products” (CRCF Regulation) [16].
This development builds on a broader shift in EU climate un agricultural policy, shaped by
several strategic initiatives — most notably the European Commission Communication
“Sustainable Carbon Cycles” (COM (2021) 800 final) [17]. Earlier policy frameworks, such
as the Circular Economy Action Plan (COM (2020) 98 final) [18] and the Farm to Fork
Strategy (COM (2020) 381 final) [19], had already emphasised the need to align food supply
chains, land use and product design with climate and environmental goals, laying important
groundwork for the CRCF Regulation and its integration with the greening of the Common
Agricultural Policy (CAP) [9].

The CRCF Regulation is positioned not only as a new green business model for farmers
and land managers, but also as a mechanism to support EU Member States (MS) in meeting
their emission reduction targets under the revised LULUCF Regulation EU 2018/841 [20]. It
requires that carbon removals be quantified using methodologies consistent with the 2006
Intergovernmental Panel on Climate Change Guidelines for National Greenhouse Gas
Inventories (IPCC guidelines), which also underpin national GHG inventory reports [21]—
[23]. Since certified activities and associated removals will follow the same methodological
basis, they may be integrated into MS reporting obligations under the UNFCCC, the Paris
Agreement, and Regulation (EU) 2018/1999 on the Governance of the Energy Union
[23], [24].

While this study focuses on the application of carbon farming practices under the CRCF
Regulation, it is important to note that the CRCF Regulation also encompasses permanent
carbon removals and carbon storage in long-lasting products [16], [25]. Technological
solutions such as Direct Air Carbon Capture and Storage (DACCS) and Bio-Energy Carbon
Capture and Storage (BECCS) are considered vital for the EU's long-term decarbonisation
strategy [17], [25]. In parallel, the CRCF Regulation promotes the use of bio-based
construction materials, effectively transforming buildings into long-term carbon storage units
[25].
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The reminder of this paper is structured as follows: Section 2 provides a theoretical
overview of carbon farming, focusing on definitional variations and implementation
challenges. Section 3 outlines the research methodology, including document selection,
search term identification, and application of the qualitative content analysis (QCA).
Section 4 presents both quantitative and qualitative findings derived from the QCA, including
document characteristics, search term frequency, and a synthesis of findings structured into
eight thematic groups. Finally, Section 5 summarises the main insights, discusses regulatory
and policy implications in the context of EU climate and agricultural policy, and reflects on
implementation challenges at the MS level.

The aim of this study is to evaluate the policy coherence of the newly adopted CRCF
Regulation and the certification framework it introduces for carbon removals, including
carbon farming. The analysis focuses on both horizontal coherence — the alignment of the
CRCF Regulation with other EU climate and agricultural policy instruments, and vertical
coherence, referring to the consistency between EU level objectives and potential
implementation at the national level. The following research questions were formulated to
guide the analysis: (1) How is the CRCF Regulation horizontally integrated with other EU
climate and agricultural policy documents, particularly in relation to carbon farming? and (2)
What are the main challenges and opportunities for achieving vertical policy coherence when
implementing the CRCF Regulation at the national level?

2. THEORETICAL BACKGROUND: CARBON FARMING

In order to understand how carbon farming is operationalised within the CRCF Regulation
and related EU regulatory and policy documents, it is essential to examine how the term is
defined and conceptualised in different sources. Carbon farming practices are defined in
various ways in EU documents, research reports and scientific articles. These definitions
range from descriptions of farm-level activities aimed at managing carbon pools, flows, and
GHG fluxes, to more conceptual framings that emphasise climate change mitigation and new
green business models [26], [27]. Therefore, to understand the activities addressed by the
CRCF Regulation, a comparative analysis of carbon farming definitions was conducted (see
Table 1). Definitions were drawn from core EU documents published in 2021, including the
Communication “Sustainable Carbon Cycles” and the European Parliament ENVI Committee
study “Carbon farming — Making agriculture fit for 2030, as well as from the proposal and
final version of the CRCF Regulation. These policy-based definitions were complemented by
three peer-reviewed scientific publications selected for their conceptual relevance and
academic visibility.

When comparing the definitions based on the GHGs they cover, it becomes evident that
most regulatory and policy documents, as well as the Carbon Cycle Institute [30], focus
primarily on CO; emissions, referring to their removal, reduction or storage. Only one
definition, provided by McDonald ef al. [29] (a), explicitly includes all three major GHGs
(CO3, CH4, N>0). Panchasara et al. [32] refer more generally to GHG emissions without
specifying individual gases, suggesting a broader but less clearly defined scope. In terms of
content, the definitions vary in scope, ranging from general to specific, and differ in the
mechanisms they emphasise. Some definitions include a combination of carbon removal,
emission reductions and carbon storage, while others refer only to one or two of these. As
shown in Table 1, several definitions (e.g., McDonald et al. [29] (b), Cavallin [21]) do not
specify which part of the carbon cycle they target. Instead, they frame carbon farming as a
business model rather than a set of quantifiable climate actions. It is also notable that the
definitions differ in terms of their focus.
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TABLE 1. COMPARATIVE OVERVIEW OF CARBON FARMING DEFINITIONS IN POLICY AND

SCIENTIFIC SOURCES

=
S = _
$ 2 E 5 g ¢
Z2 o o £ g
Source Definitions of carbon farming S - £ = 8 E
o £ g8 £ £ £
T 2 = F 5 =
O E § 0 & =
=
Communication  “a green business model that rewards land managers for taking C X X - X T
“Sustainable up improved land management practices, resulting in the increase O,
Carbon Cycles”  of carbon sequestration in living biomass, dead organic matter
[17] and soils by enhancing carbon capture and/or reducing the
release of carbon to the atmosphere, in respect of ecological
principles favourable to biodiversity and the natural capital
overall”
Proposal for “... a carbon removal activity related to land management that C X X X - T
CRCF results in the increase of carbon storage in living biomass, dead 0,
regulation [28] organic matter and soils by enhancing carbon capture and/or
reducing the release of carbon to the atmosphere”
CRCF “... any practice or process carried out over an activity period of C X X X - T
Regulation [16]  at least five years, related to the management of a terrestrial or 0, C
coastal environment and resulting in the capture and temporary
storage of atmospheric or biogenic carbon in biogenic carbon
pools, or in the reduction of soil emissions”
McDonald et al.  “(a) ... farm management practices that aim to deliver climate c X X X - A
[29] mitigation in agriculture. This involves the management of both 0O,
land and livestock, all pools of carbon in soils, materials, and C
vegetation, plus fluxes of carbon dioxide (CO,), methane (CH,), H,
and nitrous oxide (N,0). It includes carbon removal N
(sequestration and permanent storage of carbon in soils and 02
biomass), avoided emissions (preventing the loss of already
stored carbon), and emissions reductions (i.e., reductions of
GHGs below current levels of farm emissions)”
McDonald et al.  “(b) ... also refers to the business model that aims to upscale - - - - X A
[29] climate mitigation by paying farmers to implement climate-
friendly farm management practices”
Carbon Cycle “Implementation of agricultural practices that are known to c - X - - A
Institute [30], improve the rate at which CO, is removed from the atmosphere 0,
Harman un and converted into plant material and/or soil organic matter, such
Uphoft [31] as agroforestry and conservation agriculture”
Panchasara et “a way to reduce GHG emissions by capturing and holding the G X X X - 7T
al. [32] carbon in vegetation or soils. Carbon farming seeks to reduce the H
emissions in its production stage while still managing to increase G
the yield production, sequestering carbon within the landscape”
Cavallin [21] “... in the context of agricultural soils is meant to leverage the - - - - X A

carbon cycle in relation to soils to make the farmland more fertile
and more resilient and take advantage of its potential for climate
change mitigation, with the added benefit of generating
opportunities for the agro-food chain” [33]

Where the term “carbon” is used without further specification, it is assumed to refer to carbon dioxide (CO,),
consistent with common usage in EU policy documents.

*Abbreviations used: T — terrestrial (land-based); A — agriculture/ agricultural soils; C — coastal
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Some refer explicitly on agriculture, agricultural land, and agricultural soils and biomass,
while others extend the scope to include other land managers and landscapes. The definition
in the CRCF Regulation [16] is the only one that specifies activities in coastal environments.
It also stands out as the only definition to introduce a time constraint, requiring that
measurable carbon removal or emission reduction be achieved within a five-year period.
However, this definition narrows the emission reduction objective to a specific category —
soil emissions, rather than addressing the full set of emissions from agricultural or land
management activities, such as those related energy and fuel use.

This definitional diversity reflects the fragmented nature of carbon farming as a policy and
scientific construct. While the CRCF Regulation provides a specific and legally binding
definition focused on measurable removals and soil emission reductions, scientific literature
reveals a much broader and diverse set of related concepts, such as: climate-smart agriculture;
soil-based carbon farming; regenerative agriculture; agroecological agriculture; green
agriculture; organic regenerative agriculture; sustainable agriculture [26], [34]-[36]. These
overlapping and sometimes ambiguous terms vary in scope, underlying principles, and
implementation contexts. As a result, the alignment between the CRCF Regulation’s
definition and the science-based practices described in the literature may be limited. This
misalignment could pose challenges for the practical implementation of carbon farming
measures, especially in terms of translating evidence-based approaches into certifiable
actions under the CRCF framework.

To better understand the nature of carbon farming, it is essential to consider not only how
it is defined but also the practical methods it encompasses. These methods are grounded in
effective land management practices that enhance carbon sequestration while generating co-
benefits for ecosystems and biodiversity [17]. “Technical Guidance Handbook - setting up
and implementing result-based carbon farming mechanisms in the EU” [27], along with the
“Sustainable Carbon Cycles” Communication [17], identify several priority methods
appropriate for the EU context. These include: (a) conversion of arable land to grassland to
sequester SOC; (b) new agroforestry; (c¢) wetland/peatland conservation/restoration; (d)
woodland planting; (e) management of existing woodland, hedgerows, woody buffer strips
and farmland trees; (f) reduced and minimum tillage; (g) leaving crop residues on the soil
surface; (h) optimised feeding strategies for livestock; (i) improved on-farm energy
efficiency, etc.

Transitioning from conventional farming to carbon farming practices often entails
significant upfront costs and risks. Therefore, the development of effective support
mechanisms is critical. For this reason, three models of support payments for carbon farming
practices can be distinguished: action-based, where payments are made for following a
particular practice and are already supported by the CAP; results-based, where payments are
made for the amount of carbon sequestered; and hybrid schemes, which combine both
approaches [21], [27].

Despite growing interest in carbon farming, its practical implementation faces several
challenges. One of the most significant is the accurate measurement, monitoring and
verification of carbon sequestration [21], [34], which is often hampered by technical
constraints, high costs related to measurements, and the temporal variability of SOC changes
over time [13], [21], [34]. In addition to these technical barriers, the broader uptake of carbon
farming practices is constrained by low carbon credit prices, high transaction costs, lack of
information and awareness among land managers, and uncertainty about long-term policy and
market conditions [21], [26]. A key conceptual and methodological challenge is the
demonstration of additionality, that is, proving that the observed carbon removal or emission
reduction would not have occurred without the implementation of specific carbon farming
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practices. Ensuring the long-term permanence of stored carbon in soils or biomass is another
major concern [13], [26]. Baumber et al. [26] highlight that insufficient awareness,
knowledge and understanding are among the main reasons why many farmers remain
disengaged from carbon farming schemes. Strengthening stakeholder collaboration [26],
particularly through bottom-up initiatives [37], is therefore seen as essential. Bento et al. [38]
emphasise the importance of establishing robust, credible baselines that accurately reflect
business-as-usual emission levels. More credible baselines can reduce the need for
conservative methodological assumptions, thus improving the financial attractiveness of
carbon farming projects [38]. To further support uptake, a variety of modelling tools,
including DayCent, COMET-Farm, Cool Farm and WaCSE, have been developed to estimate
SOC sequestration potential over a period of time [34]. These models differ in terms of input
data requirements, level of detail and whether they are tailored to the farm level or regional
level [34]. However, existing models cannot capture the high level of process complexity,
meaning they cannot be used as the sole quantification tool without additional on-the-ground
measurements [22].

2.1. International Context and Critiques of the CRCF Regulation

Before drawing conclusions on the CRCF Regulation’s policy coherence, it is important to
position it within a broader international context and reflect on critical viewpoints concerning
its conceptual and practical implementation. Several comparative insights and critiques help
to contextualise the CRCF framework’s scope, limitations, and the challenges of
operationalisation.

The design of carbon farming schemes varies across jurisdictions. For example, Australia,
for example, has been a global frontrunner, first through its Carbon Farming Initiative (2011),
later replaced by the Emission Reduction Fund in 2015, under which carbon credits are
purchased via auctioning [26], [39]. Although similar credit-based mechanisms have been
introduced in other countries such as Canada (Alberta), India and China [26], they differ in
terms of scale, governance structures, credit calculation methodologies, and eligibility
criteria.

Although the CRCF Regulation is expected to promote carbon farming in the EU, several
studies have raised concerns about the CRCF Regulations approach. Brad and Schneider [9]
claim that the EU missed the chance to adopt robust carbon removal measures in the early
stages, instead choosing offsetting mechanisms. They also highlight the lack of clear
separation between emission reduction and removals in the European Climate Law, which
may enable large emitters to offset rather than actually reduce their emissions [9], as also
noted by Landers et al. [36]. Cavallin [21] highlights methodological robustness and
accountability gaps in the CRCF Regulation, and challenges the assumption that increased
soil carbon content necessarily indicates sustainable soil health. There are ongoing concerns
about the reversibility of sequestered CO, and the limited clarity on surrounding the
functioning of carbon credits under the CRCF framework [21]. Similarly, Paul et al. [13] are
sceptical, warning that the framework may not lead to effective mitigation and suggesting
that funding should focus directly on emission reductions instead.

These international experiences and critical assessments provide an important basis for
evaluating the coherence of the CRCF Regulation. The next section outlines the methodology
employed to analyse EU policy and regulatory documents within the CRCF framework.
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3. MATERIALS AND METHODS

QCA was chosen as a suitable method for analysing EU regulatory and policy documents,
as it enables systematic identification of themes, meanings and underlying patterns across a
diverse set of texts [40], [41]. This method was considered appropriate because it supports
the structured analysis of regulatory and policy documents, and is particularly useful for
exploring policy formation and coherence in the context of policy development and
implementation [40], [41]. As defined by Mayring [42], QCA is a systematic, rule-guided
method for interpreting textual material. It allows for an empirical, theoretically grounded
analysis without premature quantification. QCA is reliable and transparent [43] and is
particularly suitable for examining the normative and interpretative aspects of grey literature,
such as policy documents [43], [44]. The method enables analytical categories to be
developed based on the research question and these can be adjusted as new insights
emerge [44]. Coding units are not predefined but are created during the coding process [43].
The research question guided the development of the coding structure and subsequent
thematic analysis, ensuring alignment between the analytical process and the study’s
objectives [43]. This study used a hybrid categorisation approach, combining deductive and
inductive strategies [43]. The deductive approach is based on an existing theoretical
framework and is used to develop the initial categories [43] derived from EU regulatory and
policy context of the CRCF Regulation and its expected operational elements. By contrast,
an inductive (data-driven) approach was employed to identify additional themes or concepts
that emerged during the analysis process [43].

The research began with the definition of the research question (see Section 1), followed
by the selection of five initial search terms via a deductive approach. These were searched
for in the CRCF Regulation to identify relevant text passages. The snowballing approach [45],
[46], was used, whereby references to other policy or regulatory documents found within the
text passages were included in analysis. Thus, a further 14 documents were selected for the
next stage of analysis, along with two additional search terms. In the third iteration, a further
16 EU regulatory or policy documents were identified, bringing the total to 31 EU regulatory
and policy documents. Nine search terms were applied across these documents in total. Figure
1 summarises the process and methodological steps of the QCA. The top part of the figure
shows the search term and document selection steps. Text fragments were initially grouped
into 17 codes, which were then reviewed and structured into nine broader thematic groups
(categories) based on recurring topics. The corresponding analysis steps are indicated at the
bottom.

Ist nd 3rd 1 group

round of round of round of excluded

Carbon farming selection || Conditionality | selection selection 16 documents (technical
Carbon 1 irreleveant)
- Soil o storage in preliminary
Bascline emissions s;it’:']?]?::‘l:‘;"'d products 14 documents codes

L . § thematic
8y emissions saving
Carbon °

Additionality criteria Sequestration . . groups
) ; F Reouls
removal CRCF Regulation analysed

Research Evaluation of
question horizontal and
defined vertical
Selection of search terms X coherence
Coding Clustering conceptually
e o . . . . related codes based on
Selection of regulatory or policy planning document using snowballing approach . B
- - Analysing the recurring topics and
coded data policy relevance.

Selecting text passages containing search terms

Fig. 1. Research process methodology (above the arrow: search terms and their selection stages, document selection
phases, and the nine identified thematic groups; below the arrow: corresponding methodological steps).
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The search terms are intentionally formulated as compounds phrases, with extensions
applied in only selected cases. The search terms for which no extensions were applied were
— carbon farming, baseline, conditionality, sequestration. The search term “additionality” was
used with and extension to capture related references to additional actions, even where the
full term itself was not explicitly mentioned. For the search terms “carbon removals” and
“soil emissions”, an extension was applied to include singular uses (“carbon removal”,
“removal”, “soil emission”). During the analysis it was also found that the search term
“sustainability and greenhouse gas emissions saving criteria” sometimes appeared with the
additional article “the” (sustainability and the greenhouse gas emissions saving criteria), so
this variation was included in the search extension. For the search term “carbon storage in
products”, the extension “carbon storage” was used to include a wider range of text on carbon
storage options in products and, where possible, other wording related to carbon storage
options that may have been omitted previously.

Relevant text fragments were manually selected and entered into an Excel database. They
were then grouped according to search terms and initially coded thematically. Text fragments
that were clearly unrelated to the research question or contained technical information were
excluded. The remaining fragments were compiled into a single spreadsheet and duplicates
were deleted. In the next step, each text fragment was manually assigned a short descriptive
title summarizing its main theme (e.g., rules for defining baseline; reversal of previous
removals; definition and explanation of carbon farming practices; blue carbon, etc.). This
inductive process resulted in 17 preliminary codes. These were then reviewed and merged
into broader themes, to reduce overlap and provide a clearer analytical structure for the study.
The final coding framework consisted of nine thematic groups, created by clustering
conceptually related codes based on recurring topics, contextual links, and policy relevance
observed across the data set. Eight of these groups are described in detail in the results section,
including the number of text fragments per group. The ninth group, consisting of text
fragments not directly related to the research question, is not discussed further. The full
coding structure, including the initial 17 codes, the final nine thematic groups and all analysed
text fragments, is available in the accompanying open-access Excel file on Zenodo
https://zenodo.org/records/15012191.

The results section presents and overview of the analysed documents, the frequency and
distribution of search terms, and the thematic synthesis derived from the coded text fragments.

4. RESULTS

4.1. Overview of Selected Documents

In this study, QCA was used to analyse 31 regulatory and policy documents, including
one international treaty (the Paris Agreement) and one Proposal for a Regulation. Documents
closely related to the CRCF Regulation included three directives and nine regulations, while
the largest number of documents (17) were European Commission Communications. The
structure of the documents analysed by type of document is shown in Fig. 2.

In terms of timeframe, the oldest document is from 2003, “Directive 2003/87/EC of the
European Parliament and of the Council establishing a scheme for greenhouse gas emission
allowance trading within the Community” [39], and the latest is from 2024. Comparing the
number of documents by year, only five documents were included from 2003 to 2017, while
26 documents were adopted from 2018 to 2024, which shows the rapid development of
regulatory and policy documents in the context of the research question.
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= Communication

Fig. 2. Documents analysed by type of document.

4.2. Analysis of Search Term Frequency and Distribution

Research question is not only reflected in the number of documents analysed, but also in
the frequency of the search terms used in them. Comparing the two periods of adoption of the
documents 2003-2017 and 2018-2024, there is a significant increase in the number of
mentions. In the first period (2003-2017), the documents analysed contain a total of only 26
mentions of search terms, whereas between 2018 and 2024, the number of mentions increases
to 1473. It should be stressed that these data reflect the unfiltered frequency of search terms
across all 31 documents, before the exclusion of technical and irrelevant passages during
content analysis. The sharp increase in search term mentions from 2018 onwards coincides
with the change in EU climate policy following the Paris Agreement at the end of 2015. The
transition period following the adoption of the Paris Agreement reflects a typical cycle of
regulatory revision and policy adaptation, in which the EU started to flesh out new policies
and policy instruments to mitigate climate change and promote carbon removal and
sequestration.

Summarising the frequency of mentions of search terms (Table 2) across the documents
analysed (before data filtering), search terms are mentioned a total of 1499 times. The most
frequently used search terms are “carbon removals” (535 times), “additionality” (388 times)
and “carbon farming” (194 times). It should be noted that the extended search term
“additional” was used to search for “additionality”, which increased the frequency of
mentions unrelated to the research question. Other search terms were “baseline” (93 times),
“soil emissions” (77), “sequestration” (67) and “carbon storage in products” (60). The least
frequently mentioned search terms were “conditionality” (53 times) and “sustainability and
greenhouse gas saving criteria” (32 times), which were added at a later stage of the analysis
to further explore the relationship of the CRCF Regulation with the CAP and other
regulations. A detailed breakdown of mentions is shown in Fig. 3.

The dispersion of search terms across documents was highly uneven, with the number of
mentions per document ranging from 1 to 387. The five documents with the highest mention
frequency: the CRCF Regulation [16] (387 times), “Sustainable Carbon Cycles” [17] (199
times), and key legislative documents such as Regulations (EU) 2021/2115 [47] (107 times),
Regulation (EU) 2018/1999 [48] (98 times) and Regulation (EU) 2018/841 [49] (94 times).
This is understandable given that the CRCF Regulation [16] was the starting point of the
analysis and the basis for the research question, while “Sustainable Carbon Cycles” [17]
provided the conceptual basis for the development of the CRCF Regulation. Almost half of
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the documents analysed (15 out of 31 documents) contain less than 20 mentions of search
terms, indicating their limited relevance to the research topic.

Carbon farming _ 194
Baseline - 93
Additionality [ 388
Carbon removals Y 535
Soil emissions - 77

Sustainability and greenhouse gas emissions . 3
saving criteria

Search terms

Conditionality [ 53

Sequestration - 67
Carbon storage in products - 60

0 100 200 300 400 500 600
Frequency of mentions

Fig. 3. Frequency of search term mentions in the set of documents analysed.

The lowest number of mentions (1) is found in the Communication “Innovating for
Sustainable Growth: A Bioeconomy for Europe” (COM/2012/060 final) [50], where the
search term “sequestration” is mentioned. This is followed by Directive 2003/87/EC [51];
Directive 2009/31/EC [52] and Communication “New European Bauhaus” (COM/2021/573
final) [53], where search terms are mentioned five times in each document. Most of these
documents were adopted before 2018, which coincides with the observed increase in thematic
relevance in recent years. Looking at individual search terms in more detail, the words
“carbon farming” and the search extension “carbon storage” appear in documents for the first
time in 2018 in the Communication “A sustainable Bioeconomy for Europe” (COM (2018)
673 final) [54]. The search term “removal” on the other hand, is already mentioned in the
2009 Directive 2009/31/EC [52]. Search term “soil emissions” is only found in two
documents: the 2018 Communication “A Clean Planet for all” (COM/2018/773 final) [55]
and the CRCF Regulation [16] (76 times). Detailed number of mentions per document and
search terms are available in the attached Zenodo open access repository
https://zenodo.org/records/15012191.

4.3. Thematic Groups of Extracted Text Fragments

Thematic analysis of the coded text fragments resulted in their classification into nine
thematic groups (Table 2). These groups reflect the main areas of interaction and coherence
between the CRCF Regulation and other EU regulatory and policy documents, particularly in
relation to climate and agricultural policy. The thematic groups were formed based on their
relevance to the research question and help illustrate how the CRCF framework is structured
and horizontally integrated across EU policy instruments, as well as its links to practical
implementation. Eight of the nine themes are described in detail below, while the ninth
includes fragments that were excluded due to their technical character or lack of direct
relevance the research question.
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TABLE 2. THEMATIC GROUPS OF TEXT FRAGMENTS IDENTIFIED IN THE DOCUMENTS

Number of .
No. Thematic group text Documents fro*m which text fragments
were extracted
fragments
. : [10], [16], [17], [19], [47], [48], [49], [50],
1. Genemal information on BU GHG 17 [54]. [551. [56]. [57]. [581. [59. [60]. [61]
8 [62], [63], [64], [65], [66], [67], [68]
The CRCF Regulations certification
2. framework as an instrument for 42 H;&’ (171, [18], [19], [54], [58], [61], [63]),
implementing EU climate objectives
Certification framework, monitoring,
5 upport tools 84 [16]. [17], [19], [54], [62], [64]
4 Quar_ltlﬁcatlon, baseline, reversal of 53 [16], [17], [49], [58], [65]
previous removal
5 Links and interactions between CRCF 4 [17], [19], [47], [60], [61], [62], [63], [67],
: and CAP [69]. [70], [71]
6. Carbon farming as a business model 34 % g’ { %’ [54], [581], [60], [61], [62], [64],
7 Carbon farming and carbon storage in 29 [16], [17], [18], [49], [53], [54], [55], [60],
’ ecosystems and products [61], [63], [69]
Sustainability, additionality and
8 activities with co-benefits 14 [10], [16], [57]
9 Text fragments excluded from further 485 3

analysis**

* The references refer to the documents that are listed in the bibliography.

** A detailed description of thematic group 9 is not provided because it contains text fragments that were excluded
from further analysis due to limited relevance of the research question or highly technical content.

It should be noted that although thematic group eight “Sustainability, additionality and
activities with co-benefits” was initially identified as conceptually distinct, further analysis
revealed that its content did not form a self-contained theme directly addressing the research
question. Instead, insights from group eight were found to reinforce and overlap with themes
already covered in other groups, especially in relation to certification principles and
quantification (thematic group two and three), and carbon storage in ecosystems and products
(thematic group seven). Therefore, thematic group eight is not discussed as a standalone
section, and its relevant content has been integrated where appropriate in the respective
thematic discussions.

4.3.1. Thematic group 1: General information on EU GHG emission reduction targets

Thematic group one included the largest number of text fragments (117), summarising the
overarching climate policy goals that shape the context in which the CRCF Regulation is
implemented. It illustrates how the CRCF Regulation fits into the broader EU regulatory and
policy framework for reducing GHG emissions, enhancing carbon sequestration and ensuring
long-term storage, particularly within the bioeconomy, LULUCEF, renewable energy and
related sectors. This thematic group assists in assessing the degree of horizontal policy
coherence between the CRCF Regulation and other key EU climate and energy policies on a
broader, strategic level. More specific dimensions of policy coherence are examined in the
subsequent thematic groups.
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The European Green Deal sets a target of climate neutrality by 2050, made legally binding
for MS by Regulation (EU) 2021/1119 [10], [65], along with an interim target of a 55%
reduction in GHG emissions by 2030 compared to 1990 levels [65]. Under the UNFCCC, the
EU and its MS are required to prepare, regularly update, publish and report national GHG
inventory reports, quantifying anthropogenic emissions and carbon sinks [48], [49], [67]. A
common methodology developed by the IPCC ensures the comparability and consistency of
reporting in line with the requirements of the UNFCCC and the Kyoto Protocol [48], [49]. In
addition, Regulation (EU) 2018/1999 obliges the MS to develop and regularly update
integrated national energy and climate plans outlining their contributions to the EU’s Energy
Union objectives [48].

The bioeconomy contributes to climate targets by reducing fossil fuel emissions through
replacing GHG-intensive materials with bio-based and sustainable products in the energy,
transport, chemical and construction sectors [17]. Bioresource extraction sectors, such as
agriculture and forest sectors currently sequester around 300 Mt COze per year [55], but
national GHG inventories also indicate decline in net removals over the past decade, mainly
due to degradation of forest ecosystems [17]. MS are therefore encouraged to promote the
sustainable use of resources, increase mobilisation and develop new forestry and agricultural
production systems [60] that meet sustainability and GHG reduction criteria, thereby ensuring
positive environmental and climate impacts [57].

The CRCF Regulation complements other instruments that support forest-based carbon
sequestration. These include the new EU Forest Strategy [61], which promotes sustainable
forest management, afforestation, agroforestry practices, and biodiversity conservation [59],
[61]. Tt also aligns with the Renewable Energy Directive 2018/2001 [57], introducing
additional safeguards for the use of wood and other bio-based fuels. It implements enhanced
sustainability and GHG emission saving criteria for biofuels, bioliquids and biomass fuels,
and establishes voluntary certification schemes to ensure the traceability of biomass
extraction [57]. These measures are directly relevant to the CRCF Regulation, as certifiable
operations must also comply with the sustainability criteria [16], [S7]. Although severely
affected by climate change, the LULUCF sector is essential for the long-term storage of
carbon stocks with minimal risk of leakage [49]. Improving the productivity and regeneration
capacity of the LULUCEF sector through sustainable land management practices would reduce
its carbon and environmental footprint [49], making it possible to achieve the LULUCF
Regulation's target of 310 Mt COje net carbon sequestration by 2030 [17], [60], [61].
Additional carbon sequestration is also anticipated through ecosystem restoration initiatives
outlined in the EU Biodiversity Strategy 2030 [67].

Alongside nature-based approaches, the EU is also exploring industrial carbon removal
technologies, such as DACCS or BECCS [58]. However, deployment remains limited due to
the associated costs, energy intensity and volatile prices of the CO, removal [58].
Nevertheless, the European Commission has set a target to ensure that at least 20 % of the
carbon used in the chemical industry is sustainable by 2030, as well as achieving at least 5
Mt COse capture and storage [58].

4.3.2. Thematic group 2: The CRCF Regulations certification framework as an instrument for
implementing EU climate objectives

Thematic group two focuses on the strategic role of the CRCF Regulation’s certification
framework within the EU policy architecture, moving beyond its technical functions to
examine how it contributes to long-term climate governance and policy coherence. While the
thematic group one outlined the general alignment of the CRCF Regulation with high-level
EU climate goals, this group explores its functions as a structural instrument underpinning
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multiple regulatory and policy pathways, particularly its relevance for the European Climate
Law, LULUCF Regulation, Renewable Energy Directive, and international commitments
under the Paris Agreement. This group highlights both horizontal policy coherence with
parallel EU strategies (e.g., biodiversity, bioeconomy, forest and agricultural policies) and
vertical alignment with international climate compliance systems. It builds upon the earlier
policy vision laid out in the “Sustainable Carbon Cycles” Communication, but shifts the focus
form methodological development to the broader governance function of the CRCF
certification framework.

The activities certified under the CRCF Regulation must demonstrate a clear and
measurable climate benefit, while also avoiding the risk of greenwashing [16]. Priority is
given to solutions that remove CO, from the atmosphere and ensure its long-term storage in
ecosystems or products, provided they preserve biodiversity and ecosystem integrity, and
respect the precautionary and the “do no significant harm” principles [16], [17]. This aligns
the CRCF Regulation with broader EU climate policy framework, including 2050 climate
neutrality target set by the European Climate Law (Regulation (EU) 2021/1119) [16], [65].
The certification framework should initially focus on solutions implemented within the EU
that provide sufficient guarantees on storage duration, accuracy of measurements and
management [17]. Certified carbon removal under the CRCF Regulation could potentially
support the EU’s Nationally Determined Contributions under the Paris Agreement, depending
on how they are integrated into the EU’s official GHG accounting and reporting framework,
particularly under the Regulation (EU) 2018/1999 [16], [48].

The CRCF Regulation is an essential tool for the implementation of other EU policies,
particularly those addressing land use, sustainable bioeconomy, climate change mitigation
and rural development [50], [54], [59]-[63], [67], [69]. It is closely aligned with the LULUCF
Regulation (EU) 2018/841 [49], which already provides a binding governance framework for
monitoring and incentivising land-based carbon sinks at the MS level. In the industrial sector,
the 2023 revision of the EU Emission Trading System Directive recognises that carbon stored
in certain products can be considered permanent [58]. The CRCF Regulations certification
framework extends this recognition by allowing the certification of industrial activities that
store atmospheric or biogenic CO; in products in a way that prevents re-emission to the
atmosphere [58].

4.3.3. Thematic group 3. Certification framework, monitoring, support tools

The third thematic group focuses on the operational principles of the CRCF Regulation’s
certification framework, its monitoring procedures, and support instruments for practitioners.
With 84 text fragments, primarily from the CRCF Regulation and the “Sustainable Carbon
Cycles” Communication, this group reflects how the political commitments made at the
strategic level have been operationalised into regulatory practice. Thematic group three
provides insight into how definitions, prioritisation criteria for eligible activities, monitoring
tools, and advisory measures are structured to ensure the functionality of the certification
framework. It illustrates a key aspect of horizontal policy coherence: the alignment of the
CRCF Regulation with other EU strategies relating to agriculture, forest sector, and
digitalisation. In particular, it reflects to continuation and concretisation of goals set out in
earlier policy documents, such as the “Sustainable Carbon Cycles” Communication.
Moreover, the inclusion of digital innovation, traceability, and support services connects the
CRCF regulation to broader EU policy frameworks, demonstrating a coordinated approach to
carbon farming implementation.

The CRCF Regulation provides definitions of permanent carbon removals, carbon farming
and carbon storage in products, their criteria and certification requirements, additionality and
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concepts related to accounting methodologies are defined [16]. The above and other related
definitions define the requirements for activities to be certifiable and for methodological
consistency with IPCC guidelines, LULUCF Regulation requirements and other binding
regulatory documents [16]. The CRCF Regulation should encourage land managers to
undertake activities that go beyond standard practices and legal requirements, i.e. activities
that are not already mandated by existing legislation [16]. Certification methodologies should
be developed first for activities that are at the highest stage of maturity, can deliver the highest
co-benefits, contribute to biodiversity conservation and meet sustainability and GHG
emissions saving criteria [16], [57]. In addition, certified activities must not cause significant
environmental damage and must deliver at least one of the sustainability objectives listed in
the CRCF Regulation Article 7 [16]. With regard to carbon storage in products, the
development of certification methodologies for wood and bio-based building materials is a
priority [16]. To ensure transparency and avoid fraud and double counting, the CRCF
Regulation foresees the establishment of an EU registry within four years of its entry into
force [16]. Certified units will be issued only upon verified net benefit of CO, removal or soil
emission reduction [16]. In parallel, additional requirements may be needed to align the CRCF
Regulations framework with the Paris Agreement and best practices from voluntary carbon
markets, particularly regarding methodology, monitoring, baselines, additionality and
emissions leakage [16].

The successful implementation of the CRCF Regulation will depend heavily on the use of
advanced technological solutions to minimise the cost of on-site measurements. Digital
technologies, geographic information systems, remote sensing and innovative on-site
quantification systems for CO,, as well as artificial intelligence and machine learning
solutions, will play a pivotal role in monitoring and verifying GHG emissions and removals.
These technologies enhance the accuracy, efficiency and comparability of CO; accounting by
combining on-site measurements with remote sensing and modelling [16], [17], [62], [64].
The promotion of such digital tools is consistent with broader EU policy directions. For
example, the EU Strategy to Reduce Methane Emissions envisages a digital carbon navigator
template to support farm-level carbon balance calculations [62]. Proposal for a Regulation on
a Monitoring Framework for Resilient European Forests highlights the need to standardise
remote sensing data products to support climate and biodiversity indicators, including carbon
removals and certification [64]. Similarly, “The Future of Food and Farming”
Communication emphasises the importance of digital technologies, big data and precision
agriculture to enhance the sustainability and climate resilience of farming systems [70]. Taken
together, these initiatives reinforce the horizontal policy coherence of the CRCF Regulation,
aligning digitalisation objectives across climate, forest and agricultural strategies.

To support broader uptake carbon farming, the CRCF Regulation emphasises the need for
tailored advisory services, improved data management, and reduced administrative burdens
for farmers and foresters [16], [17]. Particular attention should be paid to small-scale land
managers who often lack the experience and resources to implement carbon farming practices
and meet certification requirements [16], [17]. They require tailored support through
guidance, digital tools, and monitoring systems to assess the performance and ensure
compliance with quality criteria [16], [17]. Targeted education and training in sustainable
practices can enhance understanding and engagement [16], [17]. These support measures also
reflect horizontal alignment with other EU policies, such as the CAP and the new EU Forest
Strategy, which highlight the role of capacity building and digital innovation in sustainable
lang management [47], [61]. The Horizon Europe mission “A Soil Deal for Europe” identifies
carbon farming as a hotspot for research and innovation [17], while the European Climate

671



Environmental and Climate Technologies

2025 /29

Pact encourages knowledge exchange among land managers through initiatives such as the
European Climate Pact Ambassadors [17].

4.3.4. Thematic group 4. Quantification, baseline, reversal of previous removal

This thematic group summarises the CRCF Regulation’s methodological framework for
quantifying net carbon removals and soil emission reductions. It comprises 53 text fragments and
outlines the use of standardised and activity-specific baselines, the requirements for consistency
with TPCC guidelines, and the risk of reversal of previously certified removals. These elements
are critical for ensuring the credibility of certified carbon removals and for aligning the CRCF
Regulation with broader EU’s climate governance framework. The thematic group focuses on
vertical coherence between the CRCF Regulation certification framework and the application of
international and EU-level reporting obligations at the MS level. These obligations are as set out
in the Paris Agreement, the LULUCF Regulation EU 2018/841 and the Regulation (EU)
2018/1999 on the Governance of the Energy Union and Climate Action. At the same time, it
demonstrates methodological consistency with internationally acknowledged standards, such as
the IPCC guidelines, which are recognised by the UNFCCC and form the basis for GHG
accounting under Paris Agreement transparency framework.

For the calculation of CO; removals and GHG emission reductions from carbon farming
practices, the Tier 3 methodology should be applied in accordance with the IPCC guidelines. This
ensures consistency with national GHG inventories and compliance with both Regulation (EU)
2018/841 and Annex V, Part 3 of Regulation (EU) 2018/1999 [16]. The requirements of
Regulation (EU) 2018/841 apply to GHG emissions and removals from the following land
inventory categories: afforested land; deforested land; cultivated arable land; cultivated grassland;
cultivated forest land; cultivated wetland [49]. These land areas are vulnerable to natural
disturbances such as forest fires, insect and disease outbreaks, extreme weather events and
geological disturbances, which may lead to increased GHG emissions or the reversal of previous
removals [49]. Reversals may also result from management decisions, such as tree felling or
planting. To avoid double counting, it is important to ensure that emissions and removals are not
recorded in more than one land accounting category [49].

The CRCF Regulation sets out calculation formulae to quantify the permanent or temporary
CO, removal or storage resulting from an activity [16]. An activity is considered a net CO;
removal benefit if the CO, removal above the baseline is greater than the increase in GHG
emissions associated with its implementation, including machinery use, indirect land use change
emissions and carbon leakage [16]. Additional GHG emission reductions (excluding agricultural
soil emissions) should be considered as co-benefits for the sustainability objective of climate
change mitigation and can increase the value of the certified carbon sink [16]. Calculation
formulas defined in the CRCF Regulation for carbon removal and soil emission reduction
activities are summarised in Table 3.

The calculations will be performed on the basis of a pre-defined baseline. The reference
values (CRuasecline, LSEbaselines; ASEvaseline) should reflect the standard performance levels of
comparable activities and processes under similar social, economic, environmental,
technological and regulatory conditions [16]. Such baselines must account for applicable
legislation and market conditions, include geographical and local pedoclimatic factors [16].
If an activity is mandatory and does not require incentives, it should be considered part of the
standardised baseline, with the corresponding baselines defined by the European Commission
in the relevant certification methodologies [16]. Once an activity becomes common practice,
it can no longer be certified [16]. Standardised baselines will facilitate the demonstration of
additionality and reduce the administrative burden, which is particularly important for small
land managers [16]. Where justified (e.g., due to lack of data or comparable activities), an
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activity-specific baseline may be used and updated regularly [16]. The baseline emissions
from agricultural soils (A4SEbascline) and the total emissions from agricultural soils (ASEiotal)
should be consistent with the IPCC agricultural source category, subcategory 3.D Agricultural
soils [16]. Additionally, emission reductions from agricultural soils under subcategory 3.D
should be included in the quantification of carbon farming activities, in accordance with the
IPCC guidelines [16].

TABLE 3. QUANTIFICATION FORMULAS FOR CARBON REMOVAL AND SOIL EMISSIONS UNDER THE
CRCF REGULATION [16]

Activity type Quantification formula
Permanent net carbon removal benefit
A carbon farmi tivity: t t carb — —

carbon farming activity: (a) temporary net carbon CRbaseline CRtotal GHGassociated >0

removal benefit

Carbon storage in product activity: temporary net
carbon removal benefit

where: CRpaseline — the amount of carbon removals under the baseline; CR ., — the total amount of carbon removals
of the activity; GHGissociated — the increase in direct and indirect GHG emissions over the entire lifecycle of the
activity which are attributable to its implementation, including indirect land use change, calculated, where
applicable, in accordance with the protocols set forth in the IPCC guidelines and any further refinements.

A carbon farming activity: (b) net soil emission
reduction benefit:

LSEbaseline + ASEb > 0

where: LSEpaseiine — the amount of LULUCEF soil emissions under the baseline; LSE .. — the total amount of LULUCF
soil emissions of the activity; ASEaseiine — the amount of agricultural soil emissions under the baseline; ASE 1 — the
total amount of agricultural soil emissions of the activity; GHGassociated — the increase in direct and indirect GHG
emissions over the entire lifecycle of the activity which are attributable to its implementation, including indirect land
use change, calculated, where applicable, in accordance with the protocols set forth in the IPCC guidelines and any
further refinements.

—LSE

total

— ASE,

total

GHG

aseline associated

Quantifications are given a negative sign (—) for GHG removals and a positive sign (+) for
GHG emissions, and are expressed in tonnes of COze [16]. Quantification must be
appropriate, conservative, accurate, complete, consistent, transparent and comparable, in
accordance with the best available science [16]. While carbon farming generally improves
soil quality, it can sometimes reduce food production and lead to indirect land use changes
and carbon leakage, therefore, the associated indirect emissions must be considered [16].
Monitoring should be based on an appropriate combination of on-site measurements and
remote sensing or modelling, in accordance with the applicable methodology’s
provisions [16].

Carbon removals from atmospheric or biogenic sources may be reversed due to natural or
anthropogenic causes; therefore, preventive measures and continuous monitoring are required
throughout the designated monitoring period [16]. To account for potential reversals, both
carbon sequestration unit and the unit for carbon storage in products are subject to expiry
dates, with a minimum of 35 years [16]. By 2028, all land managers should have access to
verified emissions and removals data to facilitate the widespread adoption of carbon farming
and achieve and additional 42 Mt COxe in net removal [17].

4.3.5. Thematic group 5: Links and interactions between CRCF Regulation and CAP

Thematic group five explores the linkages between the CRCF Regulation and the new CAP
(2023-2027), focusing on their overlapping objectives and implementation mechanisms
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related to carbon farming. While the CAP remains predominantly action-based support
scheme, the CRCF Regulation introduces a result-based approach. This creates both
opportunities and challenges for coordination, particularly where practices may be eligible
under both instruments. The 42 text fragments in this group reflect an emerging horizontal
policy coherence between the two frameworks, especially in how they incentivise sustainable
land management, enhance climate and environmental performance, and promote the uptake
of carbon farming through national CAP Strategic Plans.

The new CAP (2023-2027) sets higher environmental and climate targets, including
reducing GHG emissions, promoting CO, sequestration and sustainable energy, halting
biodiversity decline, and improving ecosystem services [47], [67]. The measures set out in
Regulation (EU) 2021/2115 are closely linked with carbon farming practices, which will be
promoted through CAP Strategic Plans of MS [47]. Voluntary eco-schemes are expected to
support environmental and climate performance beyond minimum requirements, and cover at
least two key sustainability areas, including: “(a) climate change mitigation, including
reduction of GHG emissions from agricultural practices, as well as maintenance of existing
carbon stores and enhancement of carbon sequestration; (b) climate change adaptation; (c)
protection or improvement of water quality and reduction of pressure on water resources; (d)
prevention of soil degradation, soil restoration, improvement of soil fertility and of nutrient
management and soil biota; (e) protection of biodiversity, conservation or restoration of
habitats or species, including maintenance and creation of landscape features or non-
productive areas; (f) actions for a sustainable and reduced use of pesticides; (g) actions to
enhance animal welfare or combat antimicrobial resistance” [47]. These areas substantially
overlap with the sustainability criteria set out in Article 7 of the CRCF Regulation, which
highlight similar domains including climate change mitigation and adaptation, water and
marine protection, biodiversity and ecosystem restoration, soil health and land degradation
prevention [16]. This alignment demonstrates horizontal policy coherence and potential
synergies in the implementation of carbon farming practices across both frameworks.

The new conditionality system for CAP support includes statutory management
requirements (SMRs) and good agricultural and environmental conditions (GAEC) [47]. The
SMRs cover a range of legislation on the environment, animal welfare, plant health, food
safety and land requirements [47]. The GAEC in turn aims to contribute to climate change
mitigation and adaptation, water management, soil protection and quality, and biodiversity
protection and quality [47]. Several CAP impact and performance indicators directly relate to
carbon farming activities covered by the CRCF Regulation. These include impact indicators:
[.10 Contribution to climate change mitigation: GHG from agriculture; I.11 Enhancing carbon
sequestration: SOC in agricultural land [47]. As well as performance indicators R.14PR
Carbon storage in soil and biomass, emission reduction or carbon stock increase, and R.17
Afforested land — afforestation, agroforestry and restoration [47]. These shared monitoring
objectives illustrate the potential for coordinated implementation and coherent reporting
between the CAP and the CRCF Regulation. This is further supported by tools un the
reformed CAP such as the Farm Sustainability Tool (FaST) for nutrient and integrated GHG
accounting at farm level [17].

Although the CAP and CRCF Regulation are based on different support concepts — action-
based and results-based — there is currently no clear delineation between the two financing
approaches. MS may include action-based CAP payments in their CAP Strategic Plans to
support carbon farming practices, while the CRCF certification framework is designed to
operate on a results-based mechanism, where certified carbon removals may serve as the basis
for issuing tradable units. Those units could potentially be sold to private buyers or counted
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towards climate targets, depending on future policy arrangements. Therefore, a clear
distinction between the financing approaches is essential to avoid double funding [19].

The growth of the bioeconomy through sustainable entrepreneurship should be a priority in
the CAP Strategic Plans, supporting the development of the circular economy and new
business models [70]. By promoting clean energy production and the use of sustainable
biomass, the CAP can contribute not only to rural development and increased farm income,
but also to broader EU objectives such as the Energy Union and industrial policy [70]. In this
context, several other EU strategies reinforce the integration of carbon farming within
agricultural policy. The “EU Strategy to Reduce Methane Emissions” encourages MS to
incorporate carbon farming practices into their CAP Strategic Plans [62], while the “EU Soil
Strategy” sets out actions to support climate-neutral soil management and adaptation to
climate change [60]. Rural areas are further acknowledged for their role in biodiversity
restoration and climate mitigation, with legally binding targets under discussion to limit the
drainage of wetlands and organic soils, restore peatlands and conserve carbon stocks [55],
[60].

4.3.6. Thematic group 6. Carbon farming as a business model

Thematic group six explores carbon farming as a potential business model for farmers and
foresters, highlights how the CRCF Regulation could monetise environmental services and
incentivise CO, removals beyond traditional products. This thematic group contributes to
answering the research question by evaluating the extent to which the CRCF certification
framework is aligned with existing EU climate and market policies. It reflects horizontal
policy coherence with EU strategies on industrial carbon management, forest resilience,
environmentally friendly food systems, and the bioeconomy. It also addresses gaps,
particularly the current absence of carbon removals from compliance markets like the EU
Emission Trading System (EU ETS). In this context, the CRCFR Regulation serves as a
bridging mechanism between climate action, agricultural entrepreneurship and voluntary
carbon market development.

Switching to carbon farming practices offers the potential for an environmentally
sustainable business model that rewards land managers for increasing carbon storage in living
biomass, dead organic matter, and soil, while respecting biodiversity and ecosystem
protection principles [17], [19], [60]. Certified carbon credits could serve as an additional
“product” for land managers alongside food and biomass, while buyers may include
bioeconomy actors, such as food processing companies aiming to decarbonise their supply
chains [17].

The “Proposal for a Regulation on a Monitoring Framework for Resilient European Forests”
is expected to create new opportunities for small and medium enterprises in terms of access
to digital services for forest monitoring, and innovation in monitoring technologies [64], [65].
In addition, forest stakeholders will benefit from the additional income generated by the
certification framework established by the CRCF Regulation [16], [64]. While the EU ETS
does not currently recognise negative emissions, biogenic and atmospheric carbon capture
and storage have not yet been incentivised through a carbon market price for compliance [58].
The voluntary EU certification framework under the CRCF Regulation can help to address
this gap by mobilising funding while ensuring environmental integrity [58]. In parallel, the
banking and financial sectors are increasingly investing in sustainable agriculture, creating
market-based incentives for carbon sequestration [60].

Unlocking the potential of carbon farming requires overcoming several barriers identified
prior to the adoption of the CRCF Regulation, especially the fragmentation of existing private
carbon schemes, which apply widely differing methodologies and criteria, undermining trust
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in credit quality [17], [62]. The EU certification framework is therefore expected to provide
a harmonised and transparent standard, ensuring environmental integrity and methodological
consistency. This would support the emergence of credible carbon market by enabling land
managers to estimate potential revenues, allowing policymakers to align activities with
regulatory frameworks, and increasing buyer confidence [17]. As a business model, carbon
farming could offer farmers and foresters an additional source of income, while
simultaneously incentivising emission “insetting” - allowing companies in the agri-food and
bioeconomy sectors to reduce their carbon footprint through carbon removal within their own
operations. Unlike the EU ETS, which targets emission reductions, the CRCF Regulation
introduces financial incentives for the removal and long-term storage of already emitted CO».

4.3.7. Thematic group 7: Carbon farming and carbon storage in ecosystems and products

This thematic group focuses on the types of carbon farming activities that could be eligible
for certification under the CRCF Regulation, emphasising their environmental potential as
well as their policy alignment across EU frameworks. It demonstrates horizontal coherence
between the CRCF Regulation and other EU strategies on biodiversity, sustainable land use
and product circularity. The group illustrates how land and product-based sequestration
options, ranging from soil management to wood use in long-lived products, are gradually
being integrated into broader EU environmental, climate and product policies. However,
some gaps were identified, especially with regard to blue carbon, suggesting a need for more
balanced integration across domains.

The CRCF Regulation covers a wide range of land-based carbon farming practices also
identified in the “Sustainable Carbon Cycles” Communication, including afforestation,
reforestation, and sustainable land management; as well as agroforestry; intercropping, cover
crops, conservation tillage and increasing landscape elements. It also covers the conversion
of arable land to fallow land or permanent grassland; and the restoration of peatlands and
wetlands [16], [17], [55], [69]. Actions with the highest potential for positive co-benefits
should be prioritised for certification [16], [17], [55]. Maintaining and enhancing carbon
stocks in mineral soils is crucial for supporting soil biodiversity, health, and fertility [60].
Unsustainable land use leads to annual losses of approximately 7.4 Mt COse across the EU,
yet a wider uptake of climate-smart management practices could enable mineral soils to
sequester between 11 and 38 Mt COze annually [60].

In addition to terrestrial practices, the CRCF Regulation also extends to carbon farming
activities in marine and coastal ecosystems, where “blue carbon” is sequestered by algae,
seagrasses, mangroves and salt marshes [16], [17]. While the CRCF Regulation recognises
the potential of these ecosystems, other EU regulatory and policy documents rarely emphasise
blue carbon, suggesting a potential mismatch in policy attention. Nature-based solutions such
as regenerative aquaculture and marine permaculture could enhance sequestration,
biodiversity and coastal resilience [17], [63]. Further development would require targeted
investments in habitat restoration and improved data collection for robust quantification of
blue carbon stock.

Although carbon storage in products is not a primary focus of this study, it represents a
relevant aspect of the CRCF Regulation’s broader scope and its alignment with other EU
policy initiatives. Certification methodologies should contribute to food security, biodiversity
and ecosystem protection [16], [55], [69], but they are also expected to align with the
Corporate Sustainability Reporting Directive (EU) 2022/2464, which promotes transparency
in corporate reporting and encourages carbon sequestration in durable products [17]. This
enables recognition in product-specific regulations such as the Construction Products
Regulation and the Sustainable Products Initiative [17]. CO> accounting should also be
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reflected in the EU’s Product and Organisation Environmental Footprint methodologies [17].
The new European Bauhaus initiative supports the conversion of woody biomass into durable
wood products and buildings as a means of extending carbon storage [53], [61]. Furthermore,
the LULUCF Regulation requires MS to report changes in carbon stocks for harvested wood
product categories (paper, wood panels, sawn timber) [49], [61], while the EU is developing
a comprehensive strategy for a sustainable built environment, promoting life-cycle
assessment, circularity, and sustainable financing [18].

5. DISCUSSION AND CONCLUSIONS

This study addressed two research questions: (1) How is the CRCF Regulation horizontally
integrated with other EU climate and agricultural policy documents, particularly in relation
to carbon farming? and (2) What are the main challenges and opportunities for achieving
vertical policy coherence when implementing the CRCF Regulation at the national level?
These questions were explored through a QCA of 31 policy and regulatory documents. The
terms “carbon farming” and “carbon storage” were first introduced in the 2018 “A sustainable
Bioeconomy for Europe” Communication [54] where they were identified as innovative
approaches with high potential for climate change mitigation. This marked their entry into
EU policy landscape, where they were framed as economically viable, result-based public
goods provision models for farmers and foresters, and linked with broader policy domains
such as the bioeconomy, circular economy and climate neutrality [54]. Similarly, the term
“soil emissions” first appeared in the 2018 “A Clean Planet for all” Communication [55], but
was further elaborated in the CRCF Regulation, where it is included as a separate carbon sink
category [16]. In earlier EU policy documents terms such as “carbon sequestration” were used
broadly to describe the process of storing carbon in soil or biomass, often in connection with
land management practices [17], [18], [55]. In the CRCF Regulation, however, a conceptual
shift is evident: “carbon removal” and “soil emission reductions” are introduced as distinct,
process-based certification categories, while “sequestration” refers to a quantifiable outcome
(sequestration unit), which represents a verified result of these practices [16]. This evolution
in terminology illustrates the move towards greater precision, methodological differentiation,
and market applicability in EU carbon management frameworks.

An assessment of horizontal policy coherence based on the first four thematic groups
(Table 2) provides an understanding of the role of the CRCF Regulation in the broader context
of EU climate, agriculture, LULUCF, and energy policy. These groups highlight the link
between the CRCF Regulation and strategic objectives, including increasing carbon removal,
developing the bioeconomy, and achieving climate neutrality. The methodological approach
of the CRCF Regulation is illustrated, including the certification framework, monitoring, the
need for innovation and digitalization, which are part of the overall vision for the development
of EU policy and regulatory documents. Strengthening the knowledge and capacity of land
managers, their involvement and trust building. The CRCF Regulation builds on the political
vision set out above, in particular in the Communication on “Sustainable Carbon Cycles”,
and complements existing tools by providing a coordinated approach to the implementation
of carbon farming practices.

The fifth and sixth thematic groups focus on the interconnection between the CRCF
Regulation and the CAP, and the development potential of carbon farming as a green business
model. Horizontal policy coherence between the CAP and the CRCF Regulation was
identified in relation to sustainable land management, climate objectives and improved
environmental performance. The CRCF Regulation is positioned as a voluntary and
complementary mechanism to be implemented on a results-based approach, while the CAP
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continues to operate within an activity-based support system. The sixth thematic group
demonstrates coherence with other EU strategies, including industrial carbon management,
promoting forest resilience, decarbonising food chains and bioeconomy development. At the
same time, it reveals shortcomings of the existing system: the EU ETS was designed to focus
on incentivising emission reductions by large emitters, where the mitigation outcomes are
relatively easy to quantify and verify. However, the EU ETS does not currently recognise
negative emissions, such as CO; removal from the atmosphere, as eligible units for
compliance purposes. Consequently, no market-based mechanism was in place to signal or
financially reward investments in land-based or technological carbon removal. In this context,
the CRCF Regulation introduces a complementary framework that expands the EU’s climate
policy instruments beyond emission reduction, by establishing a voluntary, scientifically
grounded and transparent certification system. This enables the development of a voluntary
carbon market and stimulates investments not only in emission reductions but also in CO>
removals and long-term storage in ecosystems and biomass, opening up opportunities for new
business models and long-term climate solutions.

The seventh thematic group demonstrates horizontal coherence with EU policies on
biodiversity conservation, sustainable land management and carbon sequestration in products.
It illustrates the gradual integration of various carbon removal and sequestration solutions,
ranging from land management to the use of wood in durable products, into the EU’s
environmental, climate, and product policies. However, a gap has been identified in the
integration of marine and coastal carbon sequestration, or “blue carbon”, into the broader
policy framework. Policy documents assign an uneven level of importance to it, indicating an
imbalance between sectors. This could be linked to a lack of scientifically based knowledge
regarding the sequestration potential of marine and coastal ecosystems, monitoring methods
and practical implementation options, which could hinder their inclusion in climate policy
action plans.

The second research question focused on the assessment of vertical coherence, aiming to
identify the main challenges and opportunities for implementing the CRCF Regulation at the
national level. This dimension was especially reflected in thematic groups two, four, five and
six, as seen in Table 2. The second and fourth thematic group explores vertical coherence
between the CRCF Regulation’s certification framework and the application of international
and EU-level reporting obligations at MS level. These obligations arise from the Paris
Agreement, the LULUCF Regulation EU 2018/841 and the Regulation (EU) 2018/1999 on
the Governance of the Energy Union and Climate Action. The CRCF Regulation aligns with
these frameworks by applying IPCC guidelines, which underpin GHG accounting
methodologies used both in EU and international climate reporting under the Paris
Agreement. However, the CRCF Regulation also introduces a degree of methodological
uncertainty. It requires the use of a predefined baseline (CRpasciine) for calculating carbon
removal benefit, in accordance with the provisions of Regulation (EU) 2018/841. Although
this regulation establishes overall carbon removal targets for the LULUCF sector at the EU
and MS levels, it does not define specific baselines by land use type or removal activity [49].
Consequently, it remains unclear whether the indicators used to set the LULUCEF targets will
also be used to establish baselines under the CRCF Regulation. At the same time, the CRCF
Regulation stipulates carbon removal and soil emission reduction benefit must be calculated
in line with IPCC guidelines and the LULUCF framework, suggesting that the CRpascline and
LSEvasciine baselines are expected to align with existing data structures. This situation
highlights the uncertainty around how methodological consistency will be achieved between
the certification framework and MS reporting mechanisms.
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Thematic group five illustrates both horizontal and vertical policy coherence between CAP
and the CRCF framework. However, it also identifies information and policy gaps, raising
the question: How will potential overlaps in funding be managed between the CAP and the
CRCF framework? Will land managers be expected to choose between guaranteed, action-
based CAP payments, the more unpredictable, results-based CRCF certification framework,
which requires the demonstration of a net carbon removal benefit over a five-year period and
the ensured permanence of stored carbon? Or is the current CAP (2023-2027) simply a
transitional mechanism designed to facilitate the uptake of carbon farming practices? These
uncertainties are further exacerbated by market-related factors, particularly the question of
whether carbon credit prices will be high enough to offset the risks faced by land managers.
While the study could not provide definitive answers to these questions, the certification
methodologies, which were still under development at the time of the study, are likely to
contain the necessary details to resolve these ambiguities.

Thematic group six presents carbon farming as a green business model, which could provide
land managers with an additional source of income, while signalling a shift away from
traditional carbon offsetting towards carbon insetting [72], where carbon credits are
purchased by companies within the same value chain. This approach encourages the adoption
of climate-smart agriculture and forestry practices and reflects a growing corporate
responsibility for Scope 3 emissions further down the supply chain [72]. This model
exemplifies vertical policy coherence, as it links EU-level regulatory efforts under the CRCF
Regulation with national-level implementation through private sector engagement and value
chain-based emission reduction strategies. Fig. 4 summarises the thematic groups identified
during the coherence assessment, along with the types of policy and regulatory documents
analysed, and search terms used to structure the QCA.

Horizontal policy coherence 1

Sustainability, additionality and General information on EU GHG
emission reduction targets

activities with co-benefits X
Carbon farming ¢~
e,

> Baseli 2,

S aseline

7. ‘\\t‘ 1 Proposal for a %,
Additionality

o q
’ oy Regulation
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Qe CRCF Conditionality
6. 17 Communications q
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Carbon farming as a business Sequestration
model 9 Regulations Certification framework,
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monitoring, support tools
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1 International treaty
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greenhouse gas
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an
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Fig. 4. Overview of analysed documents, search terms and thematic groups (thematic groups indicating horizontal
coherence are marked with a yellow frame; those also showing vertical coherence are framed in green).

The certification framework established by the CRCF Regulation is not applied as a penalty
or a mandatory obligation. Instead, it upholds the voluntary principle, functioning as an
incentive mechanism to encourage farmers and other land managers to engage in carbon
farming activities, while simultaneously delivering co-benefits such as biodiversity
conservation and enhanced ecosystem services. While this approach positions the CRCF
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Regulation as a constructive and flexible policy tool, it also raises a critical question regarding
its sufficiency: would embedding such mechanisms into the mandatory structure of the CAP
be more effective in achieving the EU’s long-term climate objectives? The CRCF Regulation
nevertheless represents a pivotal step toward positioning the EU as a global leader in the
certification of carbon removals, spanning both land-based and industrial domains.

As a new instrument within the EU climate policy architecture, the CRCF Regulation holds
substantial potential. However, its effectiveness will ultimately depend on how it is
implemented across MS. Key challenges include clarifying certifiable carbon farming
activities, defining robust and consistent baselines, ensuring environmental integrity of
certification methodologies, and establishing transparent conditions for the use of carbon
credits. Equally important will be the CRCF Regulations integration with existing mandatory
policy instruments, such as the CAP, LULUCF Regulation EU 2018/841 and the Regulation
(EU) 2018/1999 on the Governance of the Energy Union and Climate Action, to ensure
alignment and avoid duplication. National policymakers will play a decisive role in shaping
how consistently and purposefully carbon farming practices are supported and embedded
within national support systems, advisory services and market mechanisms.
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Krista Laktuka dzimusi 1989. gadda Talsos. Baltijas Starptautiskaja
akadémija ieguvusi socidlo zinatnu bakalaura gradu politologija (2019),
Rigas Tehniskaja universitate (RTU) un Vilnas Gedimina tehniskaja
universitaté - dubulto magistra gradu vides zinatné (2021) un vides
inZenierzinatné (2021). Kops 2015. gada strada RTU, kops 2021. gada
ir RTU Vides aqizsardzibas un siltuma sistému institOta pétniece.
Zinatniskas intereses saistitas ar klimata politikas un normativo
dokumentu analizi, ilgtspéju un aprites bioekonomiku (meZza un
akvakultiras nozares, oglek|saistigas lauksaimniecibas prakses), ka art
siltumnicefekta gazu emisiju uzskaiti.
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