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IEVADS

Promocijas darba aktualitate

Vides izglitibai ir izSkiroSa nozime ilgtsp&jiga attistiba un Za/a kursa klimatneitralitates
mérku sasniegSana. Vides izglitiba ienem vadosSo poziciju ilgtspgjigas un resursu zina efektivas
attistibas joma. Zalas inovacijas un esoso tehnologiju parveidi var istenot, izmantojot izglitibu
un parveidojosas zinasanas, lai raditu ilgtsp&jigu sabiedribu. Lai sekmigi ieviestu ilgtspgjigas
tehnologijas, ir vajadzigas jaunas prasmes augstakas izglitibas absolventiem, darba némgjiem,
uznémgejiem un politikas veidotajiem, pamatojoties uz parskatitu intelektualas pilnveidoSanas
modeli un uz zinasanam balstitu tehnologiju inovaciju. Intelektualais kapitals, kas iegiits,
izmantojot uz zinasanam balstttu bioekonomiku, kluvis izskiross Eiropas Savienibas attistibas
programma. Tap&c bioekonomikas istenoSana Eiropa biis ciesa saikné ar izglitibu un p&tniecibu.

Zalaja kursa Eiropas dalibvalstim ir noteikti verienigi meérki: 1idz 2050. gadam panakt
klimatneitralitati, Ipasu uzmanibu pieverSot daudzam nozarém, kuram ir izskiro$a nozime $o
veérienigo mérku sasniegSana: tira energija, ilgtsp&jiga rlipnieciba, biivnieciba un renovacija,
ilgtsp&jiga mobilitate, biologiska daudzveidiba, “no lauka lidz galdam” un piesarnojuma
noveérSana. Zala kursa un bioekonomikas mérku TstenoSana biitu jauztver no sistematiskas
perspektivas, nemot véra dazadas ieintereséto personu grupas. Videi nekaitigaku tehnologiju
radiSana ietver tehnologiskas iesp&jas, izmantojot labi sagatavotus augstas kvalitates
cilvékresursus, aprikojumu un laboratorijas, un tai ir nepiecieSama uz inovacijam orientéta
macisanas un Ipasu prasmju apguve.

Vides izglitibai, tostarp akad@miskajai augstakajai izglitibai, muzizglitibai un
zinatniskajai jaunradei, biitu japielagojas dazadu ripniecibas nozaru mainigajiem apstakliem
un ta bitu japarverte, lai nodroSinatu attiecigus apmacibas un maciSanas apstaklus, metodes,
strat€gijas un iegiitas prasmes un kompetences. Jaizstrada jauna novértéSanas metodologija, kas
balstita uz dazadu metozu kombinaciju izglitibas procesa novertéSanai.

Darba meérkis un uzdevumi

Lai izpilditu Eiropas Savienibas nospraustos mérkus, ir jasaprot ilgtspgjigas izglitibas
attistibas virzieni, novertgjot esoso situaciju un potencialas iesp€jas vides inZenierzinatnes
attistibai.

Lai sasniegtu petijuma mérki, tika noteikti §adi uzdevumi:

1) analiz€t un izvertet akadémiskas augstakas izglitibas esoSo situaciju un potencialas
iespjas vides inzenierijas studiju programmu istenoSanai, izmantojot inovativas
metodes, lidzeklus un rikus;

2) izstradat mizizglitibas studiju ietvaru Zald kursa un klimatneitralitates mérku
sasniegSanai, veicinot kopradi, veiktsp&ju un politikas integrésanu;

3) integrét zinatnisko jaunradi, lai nostiprinatu uz kompetenci un zinasanam balstitu
ilgtsp&jigu augstako izglitibu, nodrosinot inovativu ideju attistibu un komercializaciju.



Pétijuma hipotéze

Daudzpusigu metozu izmantoSana ir vajadziga pastavigai uz zinasanam un kompetencém
balstitai ilgtsp€jigai vides inzenierijas izglitibas novertéSanai un analiz€Sanai trijos Iimenos:
akademiskas augstakas izglitibas, miizizglitibas un zinatniskas jaunrades.

Zinatniska novitate

Ar seSu dazadu matematisko instrumentu (daudzkriteriju l@mumu analizes, studiju
programmu vertesanas, veiktspgjas, bibliometriskas, sisttmdinamikas, kvalitativas petniecibas)
palidzibu ir izstradati, analiz&ti un aprobéti septini moduli, ar kuriem vertét vides inZenierijas
izglitibas ilgtsp&jigas attistibas potencialu un iespgjas:

1) RanZz&sanas modulis;

2) Inovativs studiju procesa modulis;

3) Koprades Tstenosanas modulis;

4) Uzvedibas modulis;

5) Diplomatisko attiecibu modulis;

6) Talmacibas modulis;

7) Zinatniskas inovacijas parneses modulis.

Praktiska novitate

Sai disertacijai ir liela praktiska nozime Latvijas un Eiropas konteksta, jo ta ilustré vides
inZenierijas iesp&jas iesaistit plaSu specialistu loku, kuriem nepiecieSamas §1s zinasanas visas
tautsaimniecibas nozar€s un sabiedribas slanos, sakot no individa Iidz uznémumu, pasvaldibu
un valdibas [imenim. P&tjjums sniedz praktiskus priekslikumus vides inzenierijas izglitibas
pilnveidei visas tris dimensijas:

1) akadeémiska augstaka izglitiba — studiju programmas tiek istenotas Rigas Tehniskaja
universitaté un var tikt izmantotas ilgtsp€jigas zinasanu un kompetencu balstitas
augstakas izglitibas attistibai nakotné dazadas studiju programmas citas
universitates;

2) muzizglitiba — ir svariga uznémeéjiem un darbiniekiem, kas mekle jaunas prasmes un
kompetences;

3) zinatniska jaunrade — ir pamats inovaciju attistibai, lai raditu inovativas tehnologijas,
attistitu jaunuzp€mumus, rosinatu inZenierzinatnu izpéti doktorantiiras studijas un
petnieciba vides inzenierijas joma Latvija un Eiropa.

Pétijuma aprobacija

Promocijas darba rezultati prezenteti devinas konferencés un 11 zinatniskajas publikacijas.
P&tijuma rezultati ir apspriesti un prezentéti vairakas konferences.
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Promocijas darba struktiira

Promocijas darbs ir vienpadsmit tematiski saistitu zinatnisko publikaciju kopa, kas
publicétas dazados zinatniskajos Zurnalos un pieejamas citéSanai vairakas zinatnisko darbu
datubazes. Galvena uzmaniba ir pieveérsta vides inZenierijas izglitibas ilgtsp&jigas attistibas
noveértéSanai. Promocijas darbs (I) apliiko ilgtsp&jigas vides inZenierijas izglitibas tris limenus,
(II) apvieno izstradatus, analiz€tus un aprobé&tus ilgtspgjigas vides inzenierijas izglitibas
septinus attistibas modulus, (III) ietver seSu p&tniecibas metozu izmantoSanu.

Metodes
W v
* ’x Ranzssanas X\ »

Inovativs
studiju
procesa

Studiju programmas vértésanas

Zinatniskas
pétniecibas

Akadémiska ligtspéjigas

augstaka vides — Veiktspéjas
izglttiba x e . *
Inzenierijas
Talmacib Izg_lltlbas Koprades Bibliometriska
aimactbas attistibas Tsteno3anas
Zinatniska moduli
jaunrade ’ ’
Diplomatisko -
attiedibu Uzvedibas

1. att. Promocijas darba struktiira.

Promocijas darba ir ievads un tris nodalas: literatiiras apskats, petjjuma metodes un rezultati
un diskusijas.

Promocijas darba ievada ir noradits mérkis un uzdevumi §1 mérka sasniegSanai. levada
izvirzita ar1 hipot€ze, ka ar1 aprakstita promocijas darba zinatniska un praktiska nozime. P&c
tam sniegta informacija par p&tijumu rezultatu aprobaciju, kas veikta, piedaloties starptautiskas
zinatniskas konferenc€s, un atspogulota zinatniskajas publikacijas.

Promocijas darba sakotngji ir veikts literatiras apskats (1. nodala), kura analizéta vides
inZenierijas ilgtsp€jiga attistiba, apskatitas un piedavatas inovativas maciSanas un maciSanas
pieejas, ka arT noteikta zinatnisko pétijumu loma vides inzenierijas izglitibas konteksta. 2.
nodala aprakstitas pétijluma metodikas, kuras izmantotas visas publikacijas, lai aprobé&tu
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https://doi.org/10.2478/rtuect-2021-0050
https://ieeexplore.ieee.org/document/9316486

ilgtspjigas vides inZenierijas izglitibas attisttbas modulus. 3. nodala analiz&ti pétijuma
rezultati, kas sasniegti, izmantojot iepriek$ minétas metodikas. Nosleéguma sniegti secinajumi
péc iegito rezultatu analizes.
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1. LITERATURAS APSKATS

Klimata parmainas ir liels drauds videi, ekonomikai un politikai. Starptautiska sabiedriba ir
atzinusi, ka izglitiba, kas ir tieSs veids, ka izplatit izpratni dazados Itmenos, ir butisks elements,
lai identific€tu un izceltu problému un apmacitu un mobiliz&tu jaunieSus, lai vini statos preti
galvenajam klimata parmainu problémam [1]. Studiju kursiem, kas versti uz t€émam, kas
saistitas ar klimata parmainam, jasp€j sniegt labu saturu un koncepcijas, lai izprastu to apmerus,
celonus un sekas. Ir biitiski sniegt informaciju par klimata parmainu ietekmi gan vietgja, gan
globala méroga. Studentiem ir jasaprot sekas, kas rodas, nereag€jot un izvairoties no ricibas.
Klimata parmainas ir sarezgits jautajums, kas prasa papildu tehniskus un zinatniskus avotus
studiju procesa, bet sakotn&jai informacijai jabiit skaidrai un vienkarsai [2].

Eiropas Savienibas Za/d kursa [3] ietvara ir noteikti verienigi mérki, uz kuriem Eiropas
dalibvalstim jatiecas, lai lidz 2050. gadam panaktu klimatneitralitati, Ipasu uzmanibu pieverSot
vairakam nozarém, kas ir biitiskas tas verienigo mérku sasniegSanai, ka, pieméram, tirai
energijai, ilgtsp€jigai ripniecibai, btvniecibai un renovacijai, ilgtsp&jigai mobilitatei,
biologiskai daudzveidibai, stratégijas “no lauka lidz galdam” ievieSanai un piesarnojuma
novérSanai. Ta ka bioekonomika pievienotas veértibas produktu razoSana ir atkariga no
atjaunojamas biomasas un Sie produkti tiks razoti saskana ar kaskades principu, bioekonomikas
attistiba var palidzet sasniegt Zala kursa mérkus un uzdevumus.

Golembiewski et al. [4] identific€ja tris galvenas bioekonomikas problémas: zinasanu bazi,
konverggjosas tehnologijas un komercializacijas jautajumus. Augstakas izglitibas lomu visu tris
So problému risinaSana, kas rada inovacijas un intelektuala kapitala attistibu, var palielinat tikai
ar atbilsto$am prasm&m un zinasanam. Saskana ar Val Lancker et al. [5] ir identificéti pieci
faktori, kas ietekm@ inovaciju attistibas 1stenoSanu bioekonomika:

1) radikala inovacija,

2) sarezgita zinasanu baze,

3) intensiva sadarbiba,

4) komercializacija un pienemsana,

5) sarezgitas un sadrumstalotas politikas shémas [5].

Eiropas Savieniba par vienu no saviem butiskajiem mérkiem izvirza uz kompetencém
balstitu maciSanu un uz kompetenceém balstitu izglitibu. Eiropas augstakas izglitibas telpa
koncentrgjas uz kvalifikaciju salidzinamibas un savietojamibas nodroSinaSanu starp
absolventiem no dazadam Eiropas Savienibas valstim. “Pareja no maciSanas uz macisanos” ir
bijusi ietekmigs faktors jaunu studiju programmu izstrade, kas ietver pareju no saturiski
orientétam macibu programmam uz kompetenc€m veérstam macibu programmam [6]-[8],
nosakot, ka nodarbinatiba ir viena no galvenajam prioritateém.

Izglitibas modeli, kas koncentr&jas uz macibu kursa rezultatu un tiek sasniegts, parejot no
uz zinaSanam balstitas pedagogijas uz prasmeés balstitu pedagogiju, sauc par “kompetences
balstitu izglitibu” [9]. Kompetencgs balstita izglitiba galvenokart ir versta uz to, lai noteiktu, ko
studentam vajadz€tu sasniegt programmas beigas. Tad tiek modeléts konkrétais kurss, virzoties
atpakal uz katru darbibu, lai nodrosinatu, ka katrs mérkis tiek sasniegts. ST izglitibas forma
veicina prasmju un kompetencu attistibu, izmantojot uz studentiem veérstas un uz sevi veérstas
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metodes. Saskana ar definiciju kompetence ir “kognitivo un metakognitivo prasmju, zinaSanu
un izpratnes demonstréSanas, starppersonu, intelektualo un praktisko iemanu un &tisko vertibu
apvienojums” [10]. Kompetences piedava zinasanas, kas nepiecieSamas veiksmigai problému
risina$anai dazadas situacijas un veicina ricibu noteikta konteksta. Sis prasmes nevar iemacit
tikai teor€tiskas lekcijas; tam ir jaattistas, ieglistot pieredzi praktisko uzdevumu laika [11].
Pamatkompetences, ko sauc arT par pamatprasm&m vai butiskam prasm&m, ir elastigi elementi,
ko izmanto izglitibas modulos, kas atbalsta maciSanos, veicot praktiskus uzdevumus realas
situacijas, lai saprastu visefektivako risinajumu konkrétas problémas risinasanai.
Koncentrésanas uz dazadu kompetencu sasniegSanu lauj studentiem izmantot savas zinasanas,
prasmes un iepriek$€jo pieredzi, veicot uzdevumu [9]. Integrétas zinasanas ietver dazadus
jédzienus, teorijas un datus, ko papildina prasmes un komponenti, kas rada labaku socialo un
kultiiras ietekmi [12]. Saskana ar Sistermans publikaciju par kompetences balstitas izglitibas
integréSanu tieSsaistes veselibas zinatn€s, uz kompetenc€m balstitas macibu programmas
planosana ir sesi soli. Pirmkart, izglitibas programmas sastaditajiem ir jasaprot un jadefing
spgjas, kas studentiem jaattista studiju beigas. Tad ir iesp&jams noradit precizas kompetences
un to sastavdalas. P&c tam “cel$” So kompetencu sasniegSanai ir jaizstrada ar galvenajiem
pagrieziena punktiem. Kad programmas pamati ir noteikti, jaizvélas atbilstosas izglitojosas
aktivitates, pieredze un izglitibas metodes un piemérotakie novértésanas riki. Pedg&jais solis ir
novertét rezultatus macibu programmas beigas [13].

Eiropas Savieniba Zala kursa merku sasniegSanas konteksta studiju programmas par
bioenergiju, biodegvielam un bioproduktiem [14], tiru energiju [15], bioekonomiku [16], [17]
ir izveidotas un 1stenotas nesen.

Bioekonomika Eiropa ir kluvusi par vienu no vadoSajiem ilgtsp&jigas un resursu zina
efektivas attistibas virzieniem. Bioekonomikas galvenos aspektus (jaunu tehnologiju un
procesu izstrade, ka ar1 tirgu attistiba un bioekonomikas konkurétsp&ju [18]) var istenot ar
augstako izglitibu un parveidojosam zinaSanam, lai veidotu ilgtsp€jigu bioekonomiku.

Intelektualais kapitals, kas iegiits, izmantojot uz zinasanam balstitu bioekonomiku, kluvis
1z8kiroSs Eiropas Savienibas attistibas programma [19]. Tapéc bioekonomikas istenoSana
Eiropa biis ciesa saikné ar izglitibu un pétniecibu [20]-[23]. Veiksmigai bioekonomikas
attistibai ir vajadzigas jaunas prasmes augstakas izglitibas absolventiem, pamatojoties uz
parskatitu intelektualas pilnveides modeli un uz zinasanam balstitu tehnologiju inovaciju [24],
[25].

Latvija Sobrid neisteno biodiplomatiju. Tapéc paliek jautajums, kadas nozar€s to bitu
iesp&jams attistit. Ir jaatrod niSa, kura Latvijas produkts izceltos, salidzinot ar [idzigu valstu
piedavajumiem un pakalpojumiem, izcelot savas unikalas idejas, pieredzi, kompetenci un
aktivitates. Biodiplomatijas izmantoSana dotu atzinibu, prestizu, vadoSo lomu tirgii un valsts
ietekmi. Tap&c nakamais solis tas Tsteno$ana butu likumigu niSas biodiplomatijas stratégiju
ieklauSana likumdoSanas dokumentos. Lai gan valdiba Sobrid plano izstradat ricibas planu, kas
definétu uzdevumus, ka padarit Latviju pievilcigu eksportgjosiem uznémumiem starptautiskaja
vide, izveidojot vienotu zimolu arvalstu intereses piesaistei, $1 biodiplomatijas definicija ir
vairak neka interpretacija, jo valdiba nepiemin publisko diplomatiju nacionalas planoSanas
politikas ietvara [26].
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Veidojot niSas biodiplomatiju, primarie mérki, ko Latvija vartu piedavat citam valstim, ir
jaizvirza ka konkur€tsp€jigi, protams, nemot veéra valsts primaras intereses. Jauzsver, ka niSas
biodiplomatija koncentrétos uz konkrétu nozares jomu, atsijajot citas jomas un precizgjot, kas
varetu izraisit pretestibu no dazadam jomam. Pozitivu biodiplomatiju var istenot tikai tad, ja
ilgtermina ir sagaidama veiksmiga sadarbiba starp iestadém un nozarém un zinatniskajam
institlicijam, jo tikai tad ir vélamie rezultati [27].

Augstaka izglitiba ir viens no galvenajiem globalas konkurétsp€jas raditajiem, un nakotnge,
pateicoties globalizacijai un zinasanu parnesei, musdienu studiju programmam, it Tpasi
magistrantiiras programmam, ir jabiit multidisciplinarai un starpdisciplinarai pieejai un jaspgj
reagét uz vides inZenierijas zinasanu pieprasijumu regionala méroga [28].

Laikmets, kura mes dzivojam, prasa pastavigu virzibu uz lietiSko radoSumu vides problému
risinasana [29], [30]. Daudzas organizacijas un kopienas ir verstas uz zalajam inovacijam, lai
panaktu vides aizsardzibu un ekonomisko izaugsmi [48]-[50]. Nozimiga ir ar1 vides ilgtsp&ja
un finansiala rentabilitate [34]. Zalas inovacijas ievieSanas galvenais izaicinajums ir kvalificéta
darbaspéka pieejamiba un mijiedarbiba starp akad€miskajam aprindam un ripniecibu [52]-
[54]. Abam pusém ir jalidzsvaro savas intereses jauno specialistu izglitosana un vides
tehnologiju komercializ€$ana, jo tas veicina ekonomikas virzibu uz klimatneitralitati [38], [39].
Zinatnei joprojam ir ievérojams potencials sadarbibai ar privato sektoru abos jautajumos, tacu
ir vajadzigi uzlabojumi, lai mijiedarbibu padaritu efektivaku [40], [41].

Sadas sadarbibas nozime ir biezi uzsvérts starptautiskajos dialogos un pazinojumos, kas
ieklauti ilgtsp&jigas attistibas mérkos, un to ir aizstavejusi ievérojami uznémumu vaditaji un
zinatnieki [59]-[62].

Lai veicinatu zalo inovaciju ilgtsp&ju, abam pusém ir kritiski jaizverte to loma jauno vides
inZenieru apmaciba un janem veéra dazadie faktori, kas ietekmée kopigos sasniegumus [39], [63],
[64]. Akadeémiskajam sektoram ir japienem drosmigaki risindjumi misdienigai izglitibai un
jaklust par partneri proaktivam dialogam ar nozari, nemot véra pastavoSo konkurenci starp
augstakas izglitibas iestadém un iesp€jas, ko sniedz alternativas tieSsaistes izglitibas platformas
[65]-[67]. Paradigmas maina sabiedriba ir ietekm€jusi ar1 akadémisko sektoru, kura pieaug
politikas veidotaju un nozares pieprasijums péc atbilstoSam macibu metodém. P&tijumi ari
liecina, ka akadeémiskajam personalam ir jauzlabo savs sniegums [52], [53]. Unikalais
izaicinajums, ar ko pedagogi saskaras vadibas un tehnologiju mijiedarbiba, ir integracijas
nepiecieSamiba un atskiriba uzskatos starp vaditajiem un tehnologiem [54].

Lai kldtu par proaktivu dialoga partneri akadémiskajam sektoram, nozimé parskatit
pasreizgjo argjas komunikacijas stratégiju un stradat ar akadémiska personala motivaciju klat
par pilnvertigu posmu, kas savieno universitates studiju procesu un nozares gaidas [71]-[74].
Parejas organizacijas nodrosina forumu, lai mijiedarbotos ar Siem dazadajiem zinasanu veidiem
un koordin&tu citus uzdevumus, kas lauj sadarboties: pieklut resursiem, apvienot dazadus
dalibniekus, veidot uztic€Sanos, risinat konfliktus un veidot tiklus [59]. Sociala macisanas ir
viens no Siem uzdevumiem, kas ir butisks partneru sadarbibai un sadarbibas rezultatam.
Visefektivak tas notiek, izmantojot kopigu problému risinaSanu un parrunas macibu
veicinasanai [60].
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Savukart nozares ieguldijums kvalificéta darbaspéka nodrosinasana un zalo tehnologiju
attistiba ir tas uzne€méjdarbibas kompetence un izpratne par atbildibu ilgtsp&jigas attistibas
mérku sasniegSana [61]. Privata sektora vertiba ir uznémumu konkurétsp&ja un integracija zalas
vertibas k&de. Uznémumiem ilgtspgja kliist par komandgjosu un biitisku principu [62], [63].

Ilgtsp&jigai korporacijai biitu jarada pelna saviem akcionariem, vienlaikus aizsargajot vidi
un uzlabojot to cilvéku dzivi, ar kuriem ta mijiedarbojas. Tai jadarbojas ta, lai uznémejdarbibas
intereses un vides un sabiedribas intereses krustotos [64].

Ja katras puses pieredze tiek sinhroniz€ta, uznémumu parlieciba par savam lideribas
prasmém, tostarp zalo tehnologiju izstradg€, var novest pie veiksmigu risinajumu izstrades [65].
Tikmér tehnologi biezi uzskata, ka tehnologijai ir nozime un nepiecieSama palidziba attistities,
pieversot uzmanibu klienta v€lmém un citam biznesa (netehniskam) problémam [82]-[84].

Lai izveidotu Iidzsvarotu sadarbibu starp divam pusém, var izmantot kopigas vadibas
pieeju, kuras viens no lietojumiem ir kopiga vadiba problému risinasana. To uzskata par kopigu
problému risinasanu, kas orient€ uz uzdevumu, koncentrgjoties uz funkciju, nevis uz formalo
struktiiru [85]-[88].

Petijumu skaits bioekonomikas izglitiba p&d&jo gadu laika ir pieaudzis, lai uzsveértu
nepiecieSamibu $aja joma izstradat inovativas tehnologijas un produktus [3], [73]-[78], raksta,
ka bioekonomikas mérku isteno$ana un pareja uz ilgtspgjigu bioekonomiku, kas balstita uz
zinasanam, butu jauzskata par transdisciplinaru, maciSanas, starpdisciplinaru un sistémisku
domasanu, prognozg&josu, normativu, stratégisku un starppersonu kompetenci, kur [79] norada
arT politikas un [émumu pienemsanas prasmes. V&l viena petijuma minéts, ka lekcijas, objektu
apmekl&umi, grupu kursa darbi, praktiskie laboratorijas darbi un lomu sp€les atbalsta §is
kompetences. 1.1.att€la ir ilustréta problému risinasana — pamatstruktiira, kas saistita ar
ilgtsp€jas pamatkompetencém, kas aprakstita $aja petijuma [75]

Starppersonu

istemiska kompetence =
Sisteémiskas p Prognozesanas

domasSanas kompetence

kompetence l  —

PASREIZEJAIS /\ -
> STAVOKLIS <+—— DARBIBA > MERKA <
\\/ STAVOKLIS

4

A A

/ Stratégiska kompetence

ﬁ/ Normativa kompetence

1.1. att. Problému risinaSana — pamatstruktiira, kas saistita ar ilgtsp&jibas
pamatkompetencém [80].

[81] ir min&ts, ka prasmes ir risinajums bioekonomikai un Zala kursa mérka sasniegSanai.
Programma teikts, ka “divéjada parkartoSanas”, kas atbalsta zalas parkartosanas un digitalas
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parkartoanas prasmes, paredz, ka Eiropas Komisija atbalstis §Is prasmes. Saja programma ir
izklastiti nosacijumi, saskana ar kuriem Eiropas Komisija atbalstis zalajai parejai vajadzigas
prasmes, pieméram, nosakot prasmju sist€tmu un vienojoties ar ES dalibvalstim par raditaju
kopumiem, lai uzraudzitu un analiz&tu zalo prasmju attistibu.

Latvijai, tapat ka visam pargjam Eiropas Savienibas (ES) valstim, valsts politika ir javeido
ta, lai sasniegtu Zala kursa, energétikas, klimatneitralitates un citos saistoSajos dokumentos
izvirzitos merkus. Politika ir japakarto ta, lai nodrosinatu visas ekonomikas attistibu un virzibu
uz So mérku sasniegSanu. Ta ka §is jautajums ir saistits ar globaliem risinajumiem, ir jaatjaunina
biodiplomatu darbs, lai nodroS§inatu mérku sasniegSanu. Biodiplomati ir starptautiski eksperti,
kas bioekonomika ieviesis inovativas paradigmas, lai nodroSinatu jaunus un inovativus
produktus, izmantojot jaunas tehnologijas un procesus. [82] ir p&tijusi biodiplomatijas jédzienu
un defingjusi galvenas 1pasibas.

Termins “biodiplomatija” sakotn&ji ir bijis saistits ar biologisko izglitibu. Viavianos-
Arvanitis [1993] mudina parstrukturét izglitibas sist€mu, lai “parvarétu draudus bios (grieku
val. dziviba) saglabasanai, ko izraisa vertibu krize”. Starptautiska sadarbiba un tadu problemu
risinajumu mekl&Sanas veicinasana, kas prasa atru un izlémigu ricibu, ir izcils gadijums vides
jautajumos [83]. Turpmakaja gandriz 20 gadu perioda arvien sarezgitakas problémas, kas
saistitas ar resursu parvaldibu sociali ekologiskajas sistémas, lika politikas veidotajiem un
praktikiem arvien vairak izmantot ta sauktas nopietnas spéles (anglu val. serious games), ka
paradits sistematiskaja parskata par attiecigajam Edwards et al. publikacijam [2019] [84].
Attieciba uz visuresoSo klimata parmainu izaicinajumu Ahamer [2013] apgalvo, ka spéles labak
kalpo stratégijas veidoSanai neka cinai tada nozimg, ka pirma attiecas uz “nestabila lidzsvara
parvaldibu, vienlaikus saglabajot sabiedribas ilgtsp&ju”. Turprett p&d&jais atsak saprast tikai
savu viedokli, bet ne pretinieku viedokli [85]. Blanchard un Buchs [2015] ilustré lomas sp&ju
1zskaidrot studentiem ilgtsp€jigu attistibu un bied€joSu koncepciju ar starptautiskam sekam.
Thomas et al. [2018] siki apraksta lomu sp€les izmanto$anu, pienemot ar energiju saistitus
lémumus pilsétu un lauku pasSvaldibas [86], [87]. Dazadas ieinteres€tas personas iesaistijas ka
dalibnieki ar energiju saistitam neskaidribam se$as dazadas vietas ASV, iejiitoties citu vieta,
glistot vertigu ieskatu sarezgitu lémumu pienemsana. Biodiplomatijas un tas darbibas izpratnes
konteksta lomu spéle studiju procesa sniedz neatsveramu ieguldijumu jauno specialistu
sagatavoSana. Tas lauj ieviest transdisciplinaritati klas€, simul&jot un uzlabojot zinasanu
koprazoSanu [88]. Lomu spéle studiju procesa ir viens no veidiem, ka nodroSinat studentiem
iesp€ju lietot iegiitas teorétiskas zinasanas praktiskaja realitates simulacija, jo piedavatais veids
nodroSina dinamisku vidi. Tomér ieprieks tiek izdotas vadlinijas, kas nosaka tému un problému;
studentiem ir japiedava savi risingjumi. Lomu spéle ir viens no svarigakajiem macibu
lidzekliem pieredzes apguvei ar ilgtsp&ju saistitas augstakas izglitibas programmas [89]-[92].
Attiecigajas publikacijas lomu spéles kopa ar macibu apmeklgjumiem vai objektu
apmekl&jumiem tiek vertetas ka visefektivakie instrumenti, jo 1pasi, integréjot socialo ilgtsp&ju
inZenierzinatnpu macibu programma KembridZas Universitaté [89] un Zviedrijas Karaliskaja
Tehnologiju institiita, ka redzams Bjornberg et al. [2015] [90]. Lomu spéle izmantota ar1, “lai
sniegtu risinajumu faktiskam vietgjam probléemam” kapacitates stiprinaSanas kursa, lai izglitotu
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pedagogus par ilgtsp&ju Monterrey Tech [91]. Lomu spéle ir erts riks, kad nepiecieSams atrisinat
problému [92].

Interaktivas macibu vides pieejas, kas izstradatas, lai padaritu izglitibu ertaku, pieejamaku
un par pienemamu cenu ikvienam interesentam, sauc par masveida atvertajiem tieSsaistes
kursiem (anglu val. Masive open online course (MOOC)). Dazadi pétijumi par MOOC
efektivitati ir paradijusi, ka lietotaji veiksmigak apgist kursa saturu, izmantojot pasvaditu
macisanos (anglu val. self-regulated learning), kad viniem paSiem ir jamacas un jalasa kursa
materiali [93]-[95]. MOOC tiessaistes vide ir atrodama visdazadakajos formatos, un dazas
kopigas iezimes apkopo [96]. MOOC, pateicoties to plasajam iesp&jam ieglt saturu, materialus
un prasmes, atspogulo izmainas studiju procesa, kas drizuma var&tu klat par bitisku izglitibas
sisttmas sastavdalu [97]-[99]. Masveida atverto tieSsaistes kursu kategorizacija ir loti
daudzveidiga [93]. MOOC ir balstiti uz tradicionalo pedagogiju un aprobaciju ar lekcijam un
praktiskiem uzdevumiem un biezak izmantotu studiju modeli [100]. Butu jarisina tadas
problémas ka liels priekslaicigas macibu partrauksanas gadijumu skaits un zema sadarbiba starp
lietotajiem [100] Tomér, lai gan MOOC paver plaSas tehnologiskas iesp&jas un dazadu
maciSanas metozu izmantos$anu, prakse€ ta biezi ir saglabajusi standarta izglitibas pieeju, kura
macibu saturu parstav un noverte skolotajs, nevis mijiedarbiba starp lietotajiem [101].

Ka izmérit inovaciju bioeckonomika? Wydra [102] analiz€ja inovacijas raditajus
bioekonomika, tostarp pétniecibas un attistibas aktivitates, bibliometriju un patentus,
cilvekresursus un komercializaciju, ka ari inovaciju ietekmi. Ribeiro un Cherobim [38]
aprakstija inovacijas procesa posmus, un Van Lancker et al. [5] analiz€ja universitasu lomu
inovacija bioekonomika.

Eiropas Komisija ir defin€jusi teorétisko uz zinasanam balstitas bioekonomikas (TZBB)
koncepciju ka dzivibas zinatnu zinasanu parveidosanas procesu ekologiski efektivos, jaunos un
ilgtsp€jigos produktos [103]. Esosas razoSanas sistémas parveidoSanas process TZBB virziena
palielinas pieprasijumu péc loti prasmigiem un augsti kvalificétiem darbiniekiem. Lai analizétu
nepiecieSamo kvalifikaciju, tika analiz€ta konkurence un zinasanas ilgtsp&jigas bioekonomikas
veidoSanai. Nemot veéra globalas parmainas un pareju uz bioekonomiku un aprites ekonomiku,
biitu jaizstrada jauni zinaSanu radiSanas un l[@mumu pienemsSanas veidi universitaSu Itment
[104].

Segalas et al. [105] uzsver, lai gan izglitiba ir svarigs nosacijums, ta negaranté parmainas
ilgtsp&jas joma. InZenierzinatnu studentiem péc absolvésanas jabit sistemiskai domasanai un
transdisciplinarai kompetencei. To paSu nosacljumu var attiecinat uz bioekonomiku.
Inzenierizglitibas transdisciplinarais konteksts tiek uzskatits par ilgtsp€jibas kompetenci [61].
Lambrechts et al. [106] analiz€ja ilgtsp€jigas attistibas kompetencu integraciju augstakaja
izglitiba, izmantojot holistisku, starpdisciplinaru un transdisciplinaru pieeju un uz
kompetenc€m balstitu izglitibu. Pe&tjuma tika analizéts, ka vadibas bakalaura studiju
programmas tika integrétas ilgtsp&jigas attistibas kompetences, pieméram, atbildiba,
emocionala inteligence, orientacija uz sist€mu, orientacija uz nakotni, personiga iesaiste un
ricibas prasmes. Weak et al. [107] ka galvenas ilgtspgjas kompetences defingja
sisttmdomasanas kompetenci, paredzamo kompetenci, normativo kompetenci, stratégisko
kompetenci un starppersonu kompetenci.
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Parejai uz bioekonomiku ir vajadzigi labi sagatavoti bioekonomikas specialisti ar
pamatkompetencém un galvenajam kompetencém, kas tiek iegiitas starpdisciplinara izglitibas
procesa un jauna macibu vide. Ilgtspgja tiek uzskatita par bioekonomikas pamatprincipu; tapéc
ilgtsp&jibas kompetences var izmantot par pamatu bioekonomikas kompetenceém [77].

Nemot véra masveida augstako izglitibu, vides inZenierijas studiju programmu efektivitates
un atbilstibas novértésanai biitu jaklist par svarigu jautajumu. Zinatnieki dazados regionos ir
mekl&jusi veidus, ka novertet vides inzenierijas studiju programmas universitates [73], [108]-
[117]. Energoefektivitates noveért€§jumos galvena uzmaniba tiek pieversta gan atticksmes,
ietekmes vai efektivitates novértéSanai, gan uz izmantoSanu verstai novert€Sanai,
konsolidétajiem novértgjumiem un lidzdaligam novérteésanas pieejam [118], [119].

Universitatém ir galvena loma inovaciju procesa (1.2. attels).

| 1EvADE > | PARVEIDE> | 1zvaDE > | REZULTATS>
Inovacijas
process zinasanas un process virzas rezultati un rezultati un
resursi uz prieksu sniegums sniegums
| PETNIECIBA UN ATTISTIBA | | KOMPERCIALE | DIFUZIIA | | JAUNI PETITUMI UN EKSPERIMENTI
Inovacijas . P .
posnfs Fundamentalie  Lietiskie Izstrade Teguldijums Pienemsana vai Esoso inovaciju
pétjumi petjjumi ar un pirkSanas uzraudziba, kontrole
informacijas testeSana [emums un uzlabosana
apkopo$anu
Augstskolu GALVENA IEINTERESETA PERIFERIJAS IEINTERESETAS = =%
iesaiste PERSONA PERSONAS GALVENA IEINTERESETA PERSONA
Publiskie R&D lidzekli Publikacijas Jauni produkti Jaunu produktu/procesu tirgus dalas
Inovacii Privatie R&D izdevumi Patenti Jauni procesi Bioekonomikas pievienotas vertibas ipatsvars
ovacijas ~ o . . A . o A
raditaji R&D personals Cilvekresursi Jauni pakalp ojumi Izmainas uznémgjdarbibas vide
Cilvekresursi Jaunuzn@mumi Ietekme uz sabiedribu
Cilvekresursi Cilvekresursi

1.2. att. Inovacijas process un raditaji bioekonomika.

Inovaciju attistiba nav iedomajama bez tehnologiskajam, ekonomiskajam, vides un sociali
ekonomiskajam zinaSanam.

Lai vides inZenierijas studenti ieglitu prasmes un kompetenci, studiju process ir jaizveido
atbilstosi §T briZza un nakotnes vajadzibam.

2020. gada Rigas Tehniskas universitates Vides aizsardzibas un siltuma sist€ému institiits
akreditéja magistra studiju programmu “Vides inzenierija” ar virzienu “Bioekonomika”.
“Bioekonomikas” virziena izveidoSana nodroSina padzilinataku izpratni un nozimi
bioekonomikas specialistiem un vinu lomai nakotné un bioekonomikas mérku sasniegSana.
Tapéc izglitibas parmainu konteksta bitiska loma ir studentu iegiitajam kompetencém
(zinaSanam).

Rigas Tehniskaja universitaté ir akreditéta vides inzenierijas bakalaura, magistra un
doktorantiiras programma. Profesori aktivi piedalas skolu un muzizglitibas programmas.

Gandriz 20 gadu akademiskas izglitibas pieredze lauj analizét studiju procesu un to virzit
uz prieksu, ievieSot inovacijas. Ar kompetenc€s balstitu izglitibu var palidzet studentam statties
preti musdienu pasaules izaicinajumiem: analizet datus, biit atbildigam, iemacities macities un
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novertét, pamatojoties uz riipigu analizi. Kompetenc€s balstitas izglitibas (KBI) galvenas
iezimes un principi augstakaja izglitiba [8] ir paraditi 1.3. attéla.

Probléemu

risinasanas
prasmes

—#  Reabstiski uzdevum —

Students

Uz pieprasijumu balstita | f!fl‘l_l‘]lﬂﬂ_
1zglitiba macisanas
vajadzibas
B
g Studentu
s Mentorings un koucings pasregulacija
g un refleksija
5|
g
=)
M
Jaunas uz kompetencém

balstitas metodes

Pastavigi
attistas,
reaggjot uz
praksi

‘——»  Macibu organizacija

1.3. att. Kompetencgs balstitas izglitibas iezimes un principi.

Pamatojoties uz galvenajam iezim&€m un principiem, kompetences balstita maciSana ietver
darbu ar zinasanam, prasmém un attieksmém.

Inovacijas mekleétas apmacibas procesa papildinasana ar inovativam metodém, ka
piem€ram, anonimi atsauksmju noveért€jumi, vienotu e-macibu sist€ému (iekstikls), datu
vaksSanu, grupas kursa darbi, grupu darbi, individualo p&tniecibas projektu, lekcijam, tieSsaistes
uzdevumiem un kursa darbiem, laboratorijas darbiem, seminariem un darbnicam, objektu
apmekl&jumiem, konsultacijam, lomu sp€lém un kopradi.

Dazadi autori ir veikuS$i petijumus, saskana ar kuriem videi ilgtsp&jigu inovaciju un zalo
inovaciju attistibai nepiecieSama uz inovacijam orienteta maciSanas un specifisku prasmju
apguve [120]-[123].

Svarigi ir nepartraukti analizét studiju procesu un attistities, balstoties uz globalajam un
nacionalajam attistibas tendencém.

Saskana ar Oversberg et al. pasreizgjais novertejums ir balstits uz kvalitates pasakumiem,
kas veérsti uz akade@misko personalu, macibu metodém un studentu apmierinatibu, nevis
koncentrgjas uz izglitibas programmu macibu rezultatiem. Attiecigi nav viena vienota
noveértéSanas instrumenta kompetences balstitas izglitibas novertéSanai kopuma un konkréti
vides inZenierijas studiju programmu novértéSana. Trikst skaidra redz&uma par studiju
programmu vertéSanas metodem un MKA integréSanu kompetencu noveértéSana. Tadel, lai
uzlabotu un pilnveidotu studiju procesu, ir jamainas:

e metodem,

e panémieniem.

Nemot veéra ieprieks izklastito, Saja disertacija tiek piedavati daudzpusigi vides inZenierijas
izglitibas ilgtsp&jibas veicinaSanas novertéSanas moduli.
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2. METODOLOGIJA

Promocijas darba tiek izmantotas seSas dazada veida pétijuma metodes, lai noveértétu vides
inZenierijas izglitibas ilgtsp&jigu attistibu. 2.1. att€la redzamas promocijas darba izmantotas
metodes.

Daudzkriteriju
s i

Studiju
programmu
vertesanas

Kvalitativas
pétniecibas

Metodes

*

Sistémdinamikas .' Veiktspéjas

Bibliometriska

2.1. att. Promocijas darba izmantotas metodes.

2.1. Daudzkriteériju léemumu analizes metode

MCDA metodi var izmantot, lai salidzinatu vairakas iespgjas, izmantojot dazadus
kritérijus. ST metode palidz konsekventi apstradat lielu informacijas daudzumu [124]. MCDA
ievades dati var biit kvantitativi un kvalitativi [125]. MCDA metodes var izveleties p&c to
Tpasibam un prasibam.

Visbiezak vides inzenierijas konteksta tiek izmantotas TOPSIS, VIKOR, COPRAS,
MULTIMOORA, PROMETHEE-GAIA un AHP metodes, kuru detaliz€taks izklasts ir dots
turpmak.

AHP

AHP metode svarigs raditajs ir kriteriju skaits, un tas ietekmé rezultatu konsekvenci, jo
vairak neka septini kritériji palielina nekonsekvenci [126].

19



AHP metode atvieglo dazadu mainigo lielumu organizéSanu hierarhijas [imenos un palidz
ekspertiem novertet kriteriju pec kriterija [127].

Sakotn&ji AHP metode 2 tiek defin€ti un noverteti kriteriji skala no 1-9 un aprékinata
normaliz&ta matrica, izmantojot 2.1. vienadojumu [126]:

Cij
Xy = 5o @.1)

kur
Cij— kriteriju vertiba;
2> Cij — kolonnu summa.
Nakamaja solt tiek aprékinats prioritates vektors ar 2.2. vienadojumu
2 Xij

w;; = o (2.2)

kur
> Xij - normaliz&tas matricas kolonnas summa;

n - Kriteriju skaits.

Piemérojot So AHP metodi svara aprékinasanai, ir svarigi izmantot ekspertus, lai novertetu
krit€rijus, jo tas ietekm& alternativas vertibas turpmak, kad citas MCDA metodes izmanto
kriteriju svaru. Ja svarus aprékina, izmantojot AHP metodi, $1s vertibas var izmantot katra
MCDA metode. ArT peéc AHP metodes rezultatiem var izdarit secinajumus par noraditajam
vertibam un to, kurs kritérijs var atrisinat problému.

TOPSIS

TOPSIS metodes pilns nosaukums ir Pastitijuma izvéles panémiens péc lidzibas ar idealiem
risinagjumiem. STmetode noverté alternativu attalumu lidz idealajam un antiidealajam punktam,
un alternativa ar 1sako attalumu lidz idealajam punktam ir vislabaka alternativa. TOPSIS
metoda ir tris distances: Manhetenas distance, Cebiseva distance un Eiklida distance.

Sakotng&ji TOPSIS metode tiek aprékinata normalizeta matrica, izmantojot 2.3. vienadojumu
[128].

X

R=F=

(2.3)

kur

x — kritériju vertiba;

> x — krit€riju vertibas summa.

Turpinajuma tiek aprékinata normaliz€ta svérta matrica, izmantojot 2.4. vienadojumu:

V=RXW, (2.4,
kur
R — normalizeta matricas vertiba;
W — kriteriju svars.
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Péc tam defingjiet kritériju labakas un sliktakas vértibas: labakas veértibas V"= max un
sliktakas vertibas ¥~ = min; labakas veértibas V" = min un sliktakas vértibas V'~ = max,
izmantojot 2.5. un 2.6. vienadojumus, lai atSkirtu vertibu no labakas vai sliktakas:

dg = VIV = v)?, (2.5.)

kur
V" —ideala vai vislabaka vertiba;
v, —normaliz€ta svérta matricas vértiba.

dg = J2(—vg)?, (2.6.)

kur

V — neideala vai sliktaka vértiba;

Ve — normaliz€ta sverta matricas vertiba.

2.7 vienadojums tiek izmantots, lai atrastu relativo tuvumu un sarindotu alternativas.

C,= =22 2.7)

dg-dg’

kur

d . —neideala vai sliktaka vertiba;

d",—ideala vai vislabaka vértiba.

Galvena atskiriba starp So un citam metodém ir ta, ka TOPSIS izmanto katra kriterija labako
un sliktako vertibu un aprékina alternativu vertibu, izmantojot starpibu starp labakajiem un
sliktakajiem kriterijiem. Mazaka atSkiriba starp labakajam un sliktakajam vertibam ir tuvakas
vertibas alternativu rezultatiem.

VIKOR

Metodes pilns nosaukums serbu valoda ir ViseKriterijumskaOptimizacija 1
KompromisnoResenj. Saja metodg svarigs faktors ir alternativs tuvums idealajam risinajumam,
un pec tam tiek sarindotas alternativas [129]. Saja metods tiek izmantots Eiklida attalums [130].

Sakotngji tiek definéta kritériju labaka un sliktaka vertiba un péc tam ar 2.8. vienadojumu
tiek atrastas vertibas labako un sliktako vertibu matricai [131].

s=wlL (2.8

kur
w— kritériju svars;
f— kriteériju vertiba;
f *—kriteriju labaka veértiba (max vai min);
f~ — sliktaka kriteriju vértiba (min vai max).
Ar 2.9. vienadojumu tiek atrasta vértiba S, R un Q katrai alternativai:
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Q=v2L 4 1-v)L=Z (2.9.)
—s R
kur v ir 1émuma pienemsanas faktors (ja liela vienoSanas, tad v > 0, 5 ja vienpratiga
vienoSanas, tad v = 0,5, ja vienosanas ar veto tad v <0,5), $aja gadijjuma, v =
S—wa _fl —minSj,S_=maij;Rj=maX[wf _fl] R*
fr=f

=minR;, R~ = max R]

Saja metodé netick izmantota normaliz&ta un normaliz&ta svérta matrica ka TOPSIS,
COPRAS un MULTIMOORA metodeg.

COPRAS

Metodes pilns nosaukums ir Kompleksais proporcionalais novértgjums. ST metode izmanto
pakapenisku SkiroSanu un lietderibas pakapes aprékinu, kas palidz, ja ir pretrunigi kriteriji
[132]. Lai panaktu alternativu sekvencéSanu péc lietderibas pakapes, alternativas ir jasakarto
dilstosa seciba [133].

Sakuma COPRAS metodge tiek atrasta normalizéta matrica, izmantojot 2.10. vienadojumu
[134].

T = oL (2.10.)

Lxjj
Nakamaja soli tiek atrasta normaliz€ta sverta matrica, izmantojot 2.11. vienadojumu:
X, = X, Xw, (2.11.)

kur
X, — normalizetas matricas vertibas;

w — kritériju svars.

Péc tam tiek maksimizets indekss ar 2.12. vienadojumu un minimiz€ts — ar 2.13. vienadojumu.

Pi= Y%, (2.12.)
= XX, (2.13))

kur
Pj — indeksa maksimiz&sana,
Rj — indeksa minimiz&Sana;
X, - svérta normaliz€ta matrica.

Izmantojot. 2.14. vienadojumu, tiek atrasti relativie svari katrai alternativai:
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. (2.14))

kur
Pj — indeksa maksimizeSana;
Rj — indeksa minimiz&Sana.
Tiek aprekinata lietderibas pakape, izmantojot 2.15. vienadojumu:

N=-2 x100% (2.15.)

max

Saja metodé kritériju veértiba un visas alternativas summas tiek izmantotas, lai atrastu

normaliz€tas matricas veértibas, bet citas metod€s, piemeéram, TOPSIS, alternativu vértibu
aprékinasanai tiek izmantota krit€riju vertiba un kvadratsakne no kvadrata summas.

MULTIMOORA

Metodes pilns nosaukums ir Daudzmérku optimizacija, pamatojoties uz attiecibu analizi.
MULTIMOORA ir sisteéma, kas optimiz€ konflikt&josas alternativas, lai atrastu labako rezultatu,
un ir viegli lietojama dazadu problému risinasanai [133]. Sai metodei ir paplasinata versija,
kura ir iesp&jams stradat ar vertibas intervalu [135].

MULTIMOORA metode iesakas ar normalizetas matricas aprékinasanu, izmantojot 2.16.
vienadojumu [136].

X = == (2.16.)
/2 x}
kur x; ir krit€rija vertiba.
Tiek aprékinata normaliz&ta svérta matrica, izmantojot 2.17. vienadojumu:
Y = x; Xw, (2.17.)
kur:
Xi —normaliz€ta matrices vertiba;
w — kritériju svars.

Starpibu starp maksimalo un minimalo vértibu katrai alternativai tiek aprékinata, izmantojot
2.18. vienadojumu:

yi = Ymaxx;; — yminx , (2.18))

Alternativas vertibas tiek aprékinatas, izmantojot 2.19. vienadojumu.

ZmaxXi*j
Vi = oz
min ij

(2.19.)
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Saja metodg ir iesp&jams izmantot apgriezto vienadojumu (2.19.) un izmantot minimalo
vertibu ka labako alternativu, ja ta ir jasalidzina ar citam metodém, kuras minimalas vértibas ir
labakas alternativas, ka tas ir VIKOR metodes gadijuma.

Saja metode ir diezgan svarigi aprékinat starpibu starp kritériju minimalajam un
maksimalajam veértibam un alternativas veértibu.

PROMETHEE-GAIA

PROMETHEE apzimé PreferenCu ranz€Sanas organiz€Sanas metodi novertgjumu
bagatinasanai, un GAIA apzimé Interaktivo atbalstu grafiska analize [137].

PROMETHEE metodé kritériju svérumam ir lielaka ietekme neka preferencu funkcijas
sliekSna vertibam [137]. Ir iesp&jams izveleties preferencu funkcijas, un programmatiru var
izmantot, lai sakartotu krit€rijus un to svarus [137]. Aprekini tiek veikti programma Visual
PROMETHEE academic.

2.2. Studiju programmu veérteSanas metode

Saskana ar Bergsmann et al. [7] esoSajam noveértéSanas metodém ir dazi galvenie
ierobezojumi:

1) galvena uzmaniba tiek pieversta katra studenta kompetencém;

2) vértéSanas uzmanibas centra ir konkréti macibu procesa aspekti;

3) metodes ir balstitas uz statusa novertejumiem, kuros netiek nemtas véra ieintereséto
personu vajadzibas.

Studiju programmu vértéSanas metode ir paradita 2.2.attela.
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2.2. att. Studiju programmu vertéSanas metode

Metodes pirmaja dala tiek apzinata un analiz€ta esosa situacija, kas balstas uz literatiiras
apskatu par macibu metodém, novért€Sanas metodém, kompetencém un raditajiem, kuri
izmantoti studiju programmu noveértéSana. Tiek veikta noteikumu un tiesiska reguléjuma
analize, ka ar1 veikts studiju programmu apkopojums. Otraja dala ir studiju programmas
probémjautajuma, meérka un apjoma defin€Sana, kam seko nozimigako indikatoru
identific€Sana un atlase un galveno mainigo ietekmejoso faktoru defin€Sana, kas ietekme pareju
uz kompetences balstitu izglitibu. Nemot véra galvenos mainigo ietekméjoSos faktorus, tiek
defin€tas kompetences, macibu metodes, novertéSanas metodes un zinasanas. Nakamaja dala
tieck lietota MCDA metode TOPSIS, lai atrastu un izvert€tu optimalo macibu metozu
kombinaciju.
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2.3. Veiktspéjas metode

Vides inzenierijas studentiem ir jaapgist ne tikai inZeniertehnisku un tehnologisku
risindjumu izstrade, bet ar1 to analize un prezentéSana sabiedribas locekliem. Tapéc svarigu
lomu izglitibas ieguves procesa spélé performances jeb veiktsp€jas metodes izmantoSana:
iemacities pieverst uzmanibu jebkurai darbibai un atskirt svarigakas problémas no nesvarigam.
Veiktspéjas metodi izmanto lomu spélés.

Metode ietver tris posmus:

1) sagatavosanas stadija studenti iegiist priekSzinasanas noteikta joma un probléma;

2) lomu spéles stadija sastav no pasreiz€jas situacijas analizes, priekSlikumu un risinajumu
analizes, sabiedriskas apsprieSanas un lémumu pienemsSanas. Lomu spéles mérkis ir
vairot ieinteres€to personu zinasanas un izpratni par attiecigas nozares ilgtsp&jigu
attistibu, tas mérkiem un to sasniegSanu;

3) pecspéeles stadija sniedz atgriezenisko saiti studentiem un apspriez studenta un studentu
grupas sniegumu atseviskas epizod€s, pamatojot studentu sasniegto Iimeni.

Veiktsp€jas novertéSana tiek izmantota matrica (2.1. tabula), ar kuru tiek noveértétas
biodiplomatijas kompetences vertéSanas kriteriji. Izveletais kriteriju daudzums tiek pielagots
atbilstoSi un konkrétajai kompetencei, jo piedavatais kriteriju klasts ir plass. Vélams izmantot
Cetrus kriterijus, jo atbilstoSakie un mérktiecigakie kriteriji konkrétajai kompetencei jaizvelas
no plasa iesp&jamo kritériju klasta. Kompetences tiek veértétas no 1 lidz 4, kur 1. limenis
atspogulo tikai nelielu darbibu (nepreciza, viduvéja, nepilniga kompetences sasniegSana). 2.
Iimenis jau nosaka virzienu uz visparéju kompetences sasniegSanu. 3. limenis nosaka
kompetences sasniegSanu, kur studentu lidzdaliba ir preciza. 4. limenis norada, ka students ir
kompetents $aja joma un var analiz&t sarezgitas sist€mas.

2.1. tabula
Matrica par veiktsp€jas novertéSanu vispariga forma
Meégina  sasniegt / Tuvojas Panak atbilstibu Parsniedz prasibas
nesasniegt
Vertesanas Kritériji 1 2 3 4
Studentu aktivitates ir Studentu sniegums ir Studentu sniegums ir Skolénu sniegums ir
neprecizas un visparigs, parasti saistits = precizs; tas ir balstitsuz = precizs un parliecinoss;
aptuvenas; sniegumu ar apgiistamo spriedumiem par $o tas parada kompetences
var tikai dalgji attiecinat =~ kompetenci. kritgriju. ierobezojumus un
uz iegiito kompetenci. sarezgitibu.

Veiktspéjas metode kombinacija ar tehnologijas gatavibas Iimeni

Veiktsp&jas metodes izmantoSana kombinacija ar tehnologiju gatavibas limeni tiek versta
uz sadarbibas modula veidoSanu starp akadémisko sektoru un industriju, kuras merkis ir
apmacit kvalificétus vides zinatniekus, lai izstradatu zalas inovacijas, kas atbilst
tautsaimniecibas prasibam [4], [5], [138]. Sis metodes galvena prieksrociba ir piemérosana
dazadam disciplinam, kur kvalific€tu specialistu pieejamiba tieSi ietekmé& tautsaimniecibas
attistibu un veicina globalo problému risinasanu.
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Metodes plasaka pieméroSana lauj universitateém pastiprinat centienus attistit zalas
inovacijas, tadgjadi apliecinot savu ieguldijumu klimata parmainu negativas ietekmes
mazinasana un pasaules iedzivotaju dzives kvalitates uzlabosana [106], [139].

Metodei ir vairaki praktiski lietojumi. Augstskolas veicinas kvalificétu specialistu
sagatavoSanu, lai veicinatu zalo inovaciju izstradi, izmantoSanu un atziSanu. Savukart vides
nozares uznémumi iegls kvalificétu darbaspéku un, iesaistoties metodiskaja procesa ka
stratégiskais partneris, spés efektivak sasniegt korporativas socialas atbildibas mérkus. Tikmér
valstu politikas veidotaji vides aizsardzibas joma varg€s 1stenot labaku zalas ekonomikas kursu
un stiprinat savu lidzdalibu starptautiska Itment ilgtsp€jigas attistibas mérku sasniegs$ana, kas
saistiti ar vidi un klimatu [120]-[122], [140]

Veiktspejas metode tiek izmantota identificéto dalibnieku noverteSanai koprades
stenosanas laika. Nosléguma tiek identificéti piedavato tehnologiju gatavibas limenis.

Tehnologiju gatavibas limenis (TGL) ir metode, ko izmanto, lai novértétu jaunas idejas
brieduma fazi un nepiecieSsamas darbibas tas izstrades procesa. TGL sastav no deviniem
limeniem, kurus var uzskatit par §ada novértéjuma mérfjumu. Sis metodes prieksrocibas ir
strukturgts un visaptveross skattfjums uz prototipa statusu ta p&tniecibas un razosanas procesa
[264]. TGL metodes mérkis ir izstradat un parbaudit prototipus to realaja lietojuma vide, un ta
ir sadalita tris fazes:

1) pétnieciba;

2) prototipa izstrade;

3) produktu ievieSana.

TGL metodes kopsavilkums saskana ar p&tjjumu ir sniegts 2.2. tabula.

2.2. tabula
TGL metodes kopsavilkums

TGL Apraksts Meérkis Produkts/novertejums
1 Ievads projekta esosaja situacija un merkos Pétnieciba Koncepcijas iesp&jamiba
2 Pétniecibas jautajumu definéSana P&tnieciba Koncepcijas iesp&jamiba
3 Analttiskie pétfjumi un literatiiras apskats Attistiba Prototips
4 Pamatkomponenti ir integréti, lai parbauditu projekta  Attistiba Prototips

veiktspgju
5 Pamatkomponenti ir integréti, lai parbauditu projekta Attistiba Prototips

veiktsp&ju
6 Reprezentativa prototipa veido$ana Attistiba Prototips
7 Prototipa testéSana IstenoSana Prototips
8 P&tniecibas projekts projekta pabeigSanai Istenosana Sertificéts produkts
9 Produkta darbibas uzsaksana IstenoSana Izvietotais produkts

2.4. Bibliometriska metode

Zinatnisko datu apjomu analiz€Sanai plasi izmanto bibliometriskas analizes metodi.
Pétnieki izmanto So metodi, lai identific€tu tendences dazadu publikaciju un zurnalu snieguma.
ST metode lauj izpétit konkrétas jomas intelektudlo struktiru esoaja literatira [17].
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Bibliometriska analize ir 1pasi noderiga, ja parskata apjoms ir plass un ja datu kopa ir parak
liela, lai to analizétu manuali.

Datubazes, pieméram, SCOPUS, Web of Science un Google Scholar, var atrast datus
bibliometriskiem pétijjumiem. Datubazes atSkiras p&c publikaciju apjoma, ieblivéto analizes
riku metodém un aptvertajam pétniecibas jomam. Piem&ram, Google Scholar ir visplaSakais
datu parklajums visas jomas, bet SCOPUS un Web of Science tiek 1pasi izmantotas
inzenierzinatnu joma.

VOSviewer izveidoja Nees Jan van Eck un Ludo Waltman [141]. Sis r1iks vizualizé
bibliografiskos avotus, kas sniedz lasitajam visparigu priekSstatu par petijuma t€mas virzieniem
un sakaribam. Ieprieks€jos petijumos par ilgtsp€jigu attistibu, aprites ekonomiku un citiem
vides politikas jautajumiem VOSviewer ir izmantots, lai identific€tu kritiskos atslegvardus,
galvenos pétniekus un zinatniekus, izstradajot pétniecibas virzienus, ka arT pétfjumus
konkrétaja regiona un zurnalos [38], [142].

P&tijuma metode sastav no:

1) rakstu atlases no SCOPUS datubazes;

2) rakstu apstrades, izmantojot bibliografijas vizualizacijas programmu VOSviewer;,

3) rezultatu analizes;

4) secin3jumiem (sk. 2.3. att.).

Atlasito rakstu
apstrade Rezultatu
programma analize
VOSviewer

Rakstu atlase
SCOPUS
datubaze

Secinajumi

2.3. att. Bibliometriska metode.

P&tijumi atlasiti, izmantojot SCOPUS datubazi un ievadot ‘Article title, Abstract, Keywords’
vardu kombinacijas meklésanas laukos. Sis vardu kombinacijas ir:

1) ‘Education’ AND ‘Bioeconomy’;

2) ‘Education’ AND ‘Bioeconomy’AND ‘Competences’;

3) ‘Education’ AND ‘Bioeconomy’ AND ‘Innovation’;

4) ‘Education’ AND ‘Bioeconomy’AND ‘Skill’;

S) ‘Education’ AND ‘Green deal’,

6) ‘Education’ AND ‘Green deal’ AND ‘Innovation’.

Raksti atlasiti laika posma no 2012. gada, ja tika ieklauts vards “bioekonomika”, jo
2012. gada tika izvirziti bioekonomikas meérki. Ja vardu salikums saturja “zalais kurss”, tad
raksti tika izveleti, sakot ar 2019. gadu, jo Za/a kursa mérki stajas speka no 2019. gada.
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2.5. Sistéemdinamikas metode

Sistémdinamikas metode ir noveértésanas metode, kas izstradata 20. gadsimta piecdesmito
gadu beigas un seSdesmito gadu sakuma Masactsetsas Tehnologiju institita. Pamata metode ir
vérsta uz agentiem vai vaditajiem ka informacijas parveidotajiem, kuri interpreté jaunu
informaciju vai atgriezenisko saiti par notiekoSo procesu un parveido to atbilstigas turpmakas
darbibas.

Kursa “Energétikas parkartoSana un klimata parmainas” ietvara studentiem tiek dotas
gadijuma cilpas diagrammas (GCD), kas tika izstradatas Stella Architect 2.1.5 programmatiira.
Sie divi energgtikas nozares piedavajuma un pieprasijuma puses CSD tika izveidoti Rigas
Tehniskas universitates Vides aizsardzibas un siltuma sistému institita veikta pétijuma
“Energétikas parkartoSanas politikas apsprieSanas platforma: ka padarit sarezgitas lietas
vienkarSas” laika, kura tika izveidots interneta baz€ts saskarnes riks nacionalajam
energosimulacijas modelim ka “hibrida foruma’ riks [143]. Nemot véra gadijuma rakstura cilpu,
diagrammas tika parveidotas par visparéjam krajumu un plismu struktiiram un izmantotas ka
pétijuma riki, lai izskaidrotu, ka vairakas energijas piedavajuma un pieprasijuma puses
mijiedarbojas energétikas nozar€, atjauninot un pielagojot to eso$ajai situacijai (sk. 2.4. att.).
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2.4.att. Krajumu un plismu struktiira energoapgades nozaré [96].

Veidojot interaktivus stastus, kas vizualizé, ka krajumu un plusmas struktiru elementi
ietekmé dazadus raditajus, pieméram, energijas tarifus, uzstadito tehnologiju jaudu, izmantojot
dazadus kurinamos, un investiciju iespgjamibu, lietotaji ar sisttmdinamikas palidzibu uzzina,
ka energijas parejas procesa rodas Skersli.
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2.6. Kyvalitativas pétniecibas metodes vides inZenierija

Jebkura zinatniska pé&tnieciba virza uz inovacijam un jaunam tehnologijam. Zinatniskajai
izpétei vides inzenierijas joma ir augsta pievienota veértiba, jo ta palidz izvertét dazadu procesu
ietekmi uz vidi un klimata parmainam. Uz zinaSanam balstita vides inZenierijas attistiba ar
zinatniskas pé€tniecibas palidzibu nodrosina ilgtsp€jigu inovativu inZeniertehnisko risinajumu
attistibu. Tapéc vides inzenierijas studiju programmas tiek ieklauti ekologisko p&tijumu studiju
kursi divas vides inZenierijas apakSnozargs:

¢ vides tehnologijas;
e bioekonomika.

Saja darba lielaks uzsvars likts uz kvalitativajam zinatniskas izpétes metodém, kuras plasi
lieto vides inZenierzinatnu izglitibas programmas. Par kvalitativajam zinatniskas izpéetes
metodém Seit tiek definétas metodes, kuras kvantitativas vertibas nespéle galveno lomu, jo tas
tiek izmantotas galvenokart kvalitativajam salidzinajumam. Kaut ar1 kvantitativas p&tniecibas
metodes ir [idzvertigas, tas ir dargakas un prasa lielakus ieguldijumus zinatniskas aparatiiras
iegadei un uzturéSanai. To apstiprina Cetri gadijuma rakstura zinatniskas izp&tes piemeri.

Bioekonomikas integracija. Blakusprodukti

Ar bioekonomikas integracijas metodi tiek identific€ti un noveértéti produkti, kurus var
izgatavot, izmantojot graudu blakusproduktus. Tiek izmantota daudzkritériju [€mumu
pienemSanas metode. Darbibas algoritms sastav no pieciem soliem, kas visi ir svarigi, un, lai
iegiitu precizus rezultatus, tos nedrikst izlaist.

1. Produktu identifikacija. Solis, kas nepiecieSams, lai noteiktu galveno produktu, ta

nepiecieSamas 1pasibas un kvalitates.

2. Informacijas vak$ana pieejamaja literatiira un tas analize, lai padzilinati izpétitu izvéleto
produktu, ta pieejamibu un daudzveidibu tirgd.

3. Pamatojoties uz literatliras analizi, turpmakai analizei ir jaizvélas krit€riji. Pareiza
kriteriju izvele lauj visaptverosi noveértét produktu, pamatojoties uz nepiecieSamajam
ipasibam. Tehnologijam Sie krit€riji var but tas gatavibas limenis, pieejamiba tirgl un
ilgtsp€ja.

MCDA analizes veikSana, pamatojoties uz izveéletajiem krit€rijiem.
5. Produkta realizacija, balstoties uz MCDA analizes rezultatiem (skat. 2.5. att.).

Datu vakSana un analize

Kritériju izvele

2.5. att. P&tijuma metodologijas posmi.
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Literaturas parskata tika izmantotas zinatniskas datubazes ScienceDirect un Web of Science.
Publikacijas tika mekletas, izmantojot $adus atslégvardus: “graudu produkti”,
“blakusprodukts”, “diglis”, “mikstums”, “mizina”, "pelavas", “klijas”, “salmi” un “sieti”.
Divdesmit devini pétijumi, kas publicéti no 2006. Iidz 2021. gadam, tika atlasiti nakamajam
posmam, kura raksti tika sagrup€ti un analizeti. [zv€l&tie darbi bija anglu valoda un atbilda §1
pétijuma t€mai.

Atlasitie raksti tika sagrup@ti, pamatojoties uz pétijuma izmantoto blakusproduktu un
galaproduktu. Visi galaprodukti tika sadaliti seSas grupas, kas paraditas 2.3. tabula. Izvéletie
raksti ir par kvieSu blakusproduktiem, jo lielakaja dala rakstu par So t€mu pétitas kviesu atliekas.
Kviesi ir arT Latvija un pasaulg izplatitakais graudaugu veids [144].

2.3. tabula
Produktu klasifikacija grupas
Produktu grupa KvieSu blakusprodukti Galaprodukts
Iepakojuma materiali Klijas, salmi, putekli un mizina ~ Biobazéts kompozits ar polipropilénu (PP) [145], [146], partikas pléve ar

antioksidantu ipaSibam [147], biologisks partikas iepakojums [148],
Biokompozits — pléve svaigas partikas iepakojumam [149], termoplastiska

[150].
Biivmateriali Salmi, mizina Betons [151], vieglais betons [152], [153].
Adsorbenti Klijas, salmi un mizina Silicija lignina mikrodalinas ka adsorbents [154], adsorbents Reactofix

zeltaini dzeltenai 3 RFN krasvielai [155], oglekla mikrosferas [156], un
absorbents, lai likvidétu krasvielas un citus toksiskus notektidenus no
tekstilrtipniecibas [157].

Kurinamais Klijas, salmi Kurinama granulas [158], fenola bioella un biokokogles [159], biodegviela
[160], [161].

Siltumizolacijas Klijas, salmi un mizina Siltumizolacijas  biokompozits  [162], mala kiegeli  [163],

materiali kompozitmaterials uz micélija bazes [164], poliuretana putas [165].

Kimikalijas Klijas, salmi un mizina Silicijs [166], Tdenradis [167], organiskas skabes — ferulinskabe,

pienskabe, itakonskabe un fumarskabe [160], [168], fermenti [160],
olbaltumvielas [160], zales un vitamini [160], kosmétika [160], vienstnu
ella [169], antioksidantu un pretmikrobu ekstrakti [170], ksilanaze [171],
lignins [172], mezoporas biogénas silicija dioksida nanodalinas [173].

Lai salidzinatu dazadus produktus un noteiktu optimalo variantu, tika izmantota TOPSIS
metode. legltais rezultats ir alternativu attalums Iidz idealam punktam. Alternativa, kura ir
vistuvak idealajam punktam, ir vislabaka. Pétijuma apréekini tika veikti MS Excel. MCDA ir tris
soli.

1. Tevades dati. Neatkarigi no izvéletas MCDA metodes ievades dati ir butiska analizes
dala, jo visi aprékini ir balstiti uz tiem. Ir janosaka kritériji un alternativas [288].
Alternativas misu pétijuma ir produkti, kurus var iegiit no graudu blakusproduktiem,
un kritériji ir no Cetram kategorijam: vides, ekonomiska, tehniska un sociala. Atlasitie
se$i kriteriji ir paraditi 2.4. tabula.

2. Kriteriju svars. Kritérijiem ir nepiecieSams sverums, kas atspogulo to nozimi
salidzinajuma ar citiem kritérijiem. Saja posma var izmantot analitiskas hierarhijas
procesa metodi. Saja metodg iegiitos svarus var talak izmantot visas MCDA metodgs
[288]. Konkrétaja gadijuma kriteriju svars tika iegiits, izmantojot jutiguma analizi.
Jutiguma analizi var veikt, lai izp€titu krit€riju svaru ietekmi uz alternativam [289].
legiitie svari tiek izmantoti TOPSIS aprékinos, lai iegiitu jutiguma analizes rezultatus.
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Tas tika darits visiem krit€rijiem, un, pamatojoties uz rezultatiem, galigajai TOPSIS
analizei tika atlastti krit€riju svérumi.

3. TOPSIS metodes aprekini. TOPSIS metode tika izmantota péc ievades datu un kriteriju
svaru noteikSanas.
Ta rezultata labako alternativu var noteikt, salidzinot relativo tuvumu idealajam

risinajumam.
2.4. tabula
Daudzkriteériju analizes kritériji
Kritériju kategorija Kriteriji
Vides aspekti Ilgtspeja — atbilstiba 12 ANO ilgtspgjas mérkiem (1-5)*
letekme uz vidi — jauna un esosa produkta razoSanas procesa emisiju salidzinajums (1-5)*
Ekonomiskie aspekti  Preces cenu salidzinajums — cenu starpiba starp $obrid lietoto un jauno preci (%)
Tirgus pieprasijums — pasaules tirgus lieluma novértgjums (1-5)*
Tehniskie aspekti Tehnologiju pieejamiba — jauna produkta razoSanas novértéjums, nemot véra tehnologiskas gatavibas limeni (TGL)
(1-5)*
Socialie aspekti Socialie aspekti — produkta darba vietu radisanas noveértgjums (1-5)*

* Kritérijs tiek vertéts 5 ballu sistéma: 1 — neatbilst prasibam; 5 — atbilst prasibam

Bioekonomikas risinajumi. Tehnologijas

Pieprastjumu puses parvaldibas metodg tiek izmantota daudzkriteriju lémumu pienemsanas
analizes metode AHP un TOPSIS.

Literatiiras
apskats/Datu
ieguve

AHP+TOPSIS

Secinajumi [ Rezultati

2.6. att. Bioekonomikas tehnologisko risinajumu metode.

Tiek analizéta labaka ekstrakcijas metode, lai iegiitu €terisko ellu no auglu atkritumiem,

izmantojot daudzkritériju analizi.
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2.5. tabula

Parskats par izvéleto kriteriju

Ekstrakcijas Tehniskais aspekts Vides aspekts Ekonomiskais aspekts Avots

metodes

Destilacija ar tvaiku ~ NepiecieSams konteiners zem  Mazak degvielas & Augsts aprikojums un  [174]
spiediena NepiecieSama augsta temperatiira ~ ckspluatacijas izmaksas

Auksta preséSana Augstas kvalitates razoSanas Bistamo organisko $kidinataju Zemas izmaksas un mazak [175]
iespgja trikums un videi draudzigs nepiecieSama darbaspéka

Skidinataja Vienkar$s aprikojums, zema Augsta temperatira un bistamo  Zemas izmaksas [175]

ekstrakcija efektivitate atkritumu razo$ana

Hidrodestilacija Vienkarsi instrumenti Liels energijas patérin§, bez Zemasizmaksas [176]

organiska $kidinataja

Tiek salidzinatas ¢etru dazadu zalo ekstrakcijas metozu veiktsp&ja: tvaika destilacija, auksta
preséSana, ekstrakcija ar Skidinataju un hidrodestilaciju. Kritériji, t.i., tehniskie, vides,
ekonomiskie un socialas pienemamibas, tiek izveleti analizgjot literatliru. 2.5. tabula parts
detaliz&ts parskats par atlasitajiem kritérijiem un apakskriterijiem. Ar So metodi tiek novértetas
ekstrakcijas metodes, ar kuram var iegit &terisko ellu no auglu atkritumiem. Destilacija ar
tvaiku ir atdaliSanas metode, ko var izmantot gaistoSo organisko savienojumu atdaliSanai [177].
Iepriek$gjie pétijumi liecina, ka 93 % no &teriskas ellas Ipatsvara var ekstrahét ar tvaiku,
destil&jot ar tvaiku [178]. Aukstas pres€Sanas metode ir standarta metode, ko izmanto, lai iegiitu
gterisko ellu no augu un auglu seéklam. ArT So procesu var veikt temperattira zem 60 °C [179].
Skidinataja ekstrakcijas metode, kas pazistama ari ka §kidruma-8kidruma ekstrakcija, ir metode
savienojumu atdaliSanai, pamatojoties uz to dalu skidibu [180]. Hidrodestilacija ir tradicionala
metode, ko izmanto, lai no augiem iegiitu ellu vai bioaktivus savienojumus [181]. Kopuma
salidzinosi visam Cetram metodém ir atSkiriga funkcionalitate un aparats.

Energoresursu pieprasijumu puses parvaldiba

Gadijuma izpé€tes pamata ir pieprasijuma reakcijas un apkoposanas tiesisko un ekonomisko
aspektu izpete un to piemérosana situacijai Latvija.

Ka atziméjis J. K. Jufermans [ 182], ir griiti paredzet, cik liela dala no tradicionalas razoSanas
spe€s palidz€t nodrosinat elastibu nakotng, jo to var pilniba balstit uz politiskiem [emumiem par
to, vai §Ts tradicionalas razoSanas vienibas turpinas darboties (pieméram, kogeneracijas
stacijas).

Lai nodrosinatu elastibu, pieprasijuma reakcija nevar balstities uz neparedzamam paterétaju
darbibam, jo tas nav organiz€tas darbibas, bet balstitas uz katra individa personigajam
interes€m. Lai neparprotamu pieprasijuma reakciju organizetu, ir ieviests jauns elektroenergijas
tirgus dalibnieks — agregators. Turklat direktivas 2012/27/EU 17. panta ir precizets, ka:

1) visiem tirgiem (nakamas dienas, esoSas dienas) vajadz€tu biit atvertiem

pieprasijumreakcijai, tostarp papildpakalpojumiem (balanséSana, rezerves utt.);
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2) no visiem elektroenergijas uzn€mumiem vai patérétajiem var prasit izmaksat

kompensaciju tiem tirgus dalibniekiem, kurus tiesi ietekm€ pieprasijumreakcija;

3) ja kompensacija tiek ieviesta, ta nav Sk&rslis pieprasijumreakcijai un sedz tikai

izmaksas, kas radusas piegadatajiem vai piegadataja balansatbildigajai pusei [183].

Ir divu veidu agregatori — neatkarigi un kombing&ti. Kombingtais agregators nozimé, ka
elektroenergijas piegadatajs vai balansatbildiga puse, vai sadales sistémas operators ir ari
agregators, tapéc agreg€Sana ir jau esoSa tirgus dalibnieka papildu funkcija. No otras puses,
neatkarigs agregators ir atsevisks uzn@mums, kas strada neatkarigi no iepriek§ min&tajiem
elektroenergijas piegadatajiem, balansatbildigajam pusém vai sist€ému operatoriem. Paslaik ES
izplatitaks ir apvienotais agregators, jo to ir vieglak iesaisttt tirgli. Tas ir mazak sarezgiti ne tikai
no likumdosanas viedokla, bet arT no elektroenergijas patérétaju viedokla gadijumos, kad
agregators ir paterétaja elektroenergijas piegadatajs [19].

Taja pasa laika autore var apgalvot, ka agregatoru var uzskatit ka draudu citiem tirgus
dalibniekiem, piem&ram, elektroenergijas piegadatajiem. Tas nozimé, ka pieprasijuma reakciju
var uzskatit par izmaksam mazumtirgotajiem, jo:

1) elektroenergijas mazumtirgotaji (balansatbildigas puses) pérk So virtualo
elektroenergiju elektroenergijas birzas tirgii, ko nodroSina agregatori. Ta nav ista
elektriba, bet gan elektribas ietaupijums konkréta laika. Mazumtirgotaji
(balansatbildigas puses) pérk So elektroenergiju, lai apmierinatu pieprasijumu, bet
vini nevar par to izrakstit rékinu paterétajiem;

2) pieprasijumreakcija veicina elektroenergijas tirgus fizisku lidzsvarosanu, tacu
mazumtirgotaji to uzskata par finansialu nelidzsvarotibu.

2.7. att. atspogulo visus elastibas mehanismus, ko nodroSina agregators dazados
vairumtirdzniecibas tirgus segmentos, kur agregators var darboties ka veicinatajs, lai vajadzibas
gadijuma nodroSinatu elastibu [184].

Piegadatajs
Elektroap gade
Elastigs
pateretajs
Elastiba
Agregators
4
A% &
o £ %,
&
&
. S Parvades
Sadales sistémas Balansatbildiga .o
sistémas
operators puse
operators
* Sastrégumu vadiba * Spot tirgus * Primara kontrole
* Sprieguma kontrole * Dienas tirgus * Sekundara kontrole
* PagbalanséSana/pasiva  * Terciara kontrole
balans&Sana * Sastrégumu vadiba
* Riska * Valsts jaudas
ierobezosana/portfela tirgus/strat€giskas
atbilstiba rezerves

2.7. att. Agregatora sniegtie elastibas pakalpojumi [184].
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Ir sesas pieprasijuma puses elektroenergijas patérina parvaldibas veidi, kas paraditi 2.8. att.
Sie dazadie pieprasijuma parvaldibas veidi, kurus var apvienot kopa, lauj loti ciesi saistities ar

razoSanu [185].

v YY

7 . .
» »
Pika Stratégiska
izgrieSana taupisana

[ n A ./:.‘

I i Pieprasjuma ¥ v
J \g puses / o
— parvaldiba _ »

Ielejas Strategisks
pildfjums _slodzes
pieaugums

gy / \
r/\L ¢ )
7 . M/
— »
Slodzes Elastiga
maina slodzes
forma

2.8. att. Pieprasijuma puses parvaldibas veidi [185].

Pieaugot elektroenergijas pieprasijumam, tas var aizstat dalu no razoSanas, kas bis
vajadziga, lai apmierinatu $o nakotnes pieprasijumu. Sie pieprasijuma parvaldibas veidi parada
mums visas iespgjas, ko agregators var izmantot — ta ir ne tikai slodzes novirziSana uz citu
periodu, bet ari elektroenergijas patérina samazinajums kopuma, efektivak izmantojot
patérétaja ierices un tadejadi sniedzot ieguvumus ar1 ES klimata politikai un klimata merkiem.

[185].
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3. REZULTATI UN DISKUSIJA

Saja nodala ir apkopoti iepriek$éja nodala aprakstito metozu rezultati pielietotos septinos
vides inzenierijas izglitibas attistibas modulos. Vides inZenierijas ilgtsp€jigas attistibas moduli
ir apskatami 3. attéla.

Ranzesanas

Zinatniskas Ir;?l]] call |tJIJ i
pétniecibas procesa

[lgtspejigas
vides
Inzenierijas
1zglitibas
Talmacibas attTSth as Koprades
moduli

Diplomatisko

attiecibu Uzvedibas

3. att. Promocijas darba aprobétie moduli

3.1. RanzeéSanas modulis

RanzgéSanas modulis atspogulo daudzkritériju l@mumu pienemsSanas analizes metoZu
salidzinaSanu un izvéleéSanos par atbilsto§ako turpmak modulu ievieSana. Tika sagatavots
kopsavilkums par 1pasibam, kuras tika izmantotas, un tas ir aprakstitas salidzino$a veida
3.1. tabula.

Sis salidzinajums tika veikts, lai redzétu lidzibas un at3kiribas starp metodém.
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MCDA metozu kopsavilkums

3.1. tabula

TOPSIS VIKOR COPRAS MULTIMOORA | PROMETHEE- AHP
GAIA
Normalizacijas | Vektoru Lineara Vektoru Vektoru Normalizacija tiek | Vektoru
Veids ?ormalizﬁcija normalizacija (L1 I(lsourrllj”llr?”}sacua normalizacija veikta automatiski normalizacija
summas lizacij summas summa
kvadratsakne (L2 normalizacija) l(< dratsakn ( )
normalizacija) vadratsakne)

Piemeérotiba Izvéles problémas, | IzvEles problemas, | Izvéles Izveles problémas, | Izvéles problémas, | Izvéles problémas,
ranZg$anas ranz&Sanas problémas, ranz&$anas ranzgsanas ranzgsanas
problémas problémas ranzg$anas problémas problémas, problémas,

problémas apraksta kartoSanas
problémas (GAIA) | problémas
i (AHPsort)
levaddati Idedls un anti-ideals | Labakie un | Labakie un | Labakie un | Indifference  un | Para salidzinajums
izveles svars sliktakie variantu | Sliktakie . sliktakie variantu pr'efevrencu . attiecibu skala (1-9)
. variantu svari . slieksnu svari
svari svari

Rezultati Pilnigs rangs ar | Pilniga ranz&$ana Pilniga Pilniga ranz&$ana Dalg&ja un pilniga | Pilniga ranzeSana ar
tuvuma punktu | ar tuvuma punktu | ranzssana ranzéSana  (para | rezultatiem
skaitu idedlam wun | skaitu labakajam parsvara gradi)
attalumu 1idz anti- | variantam
idealam

Preferencu Attaluma metrika | Attaluma metrika | Min Max Min Max Parasta, lineara, U-
Funkcija (Eiklida  attalums, | (Manhetenas veida, V-forma,
Manhetenas attalums) Limenis, Gausa
attalums, CebiSeva
attalums)

Pieeja Kvalitativs ~ un/vai | Kvantitativs Kvantitativs Kvantitativs Kvalitativs un/vai | Kvalitativs
kvantitativs kvantitativs

RanZéSanas 0lidz 1 Pozitivas veértibas |Pozitivas vértibas [Pozitivas vertibas —1lidz 1 0lidz1

skala

Labaka Maksimala vértiba Min vértiba Max vértiba Max vértiba Max vértiba Max vértiba

alternativa

Konsistences | bez ierobezojumiem | bez bez bez 7+2 9

Iimeni ierobezojumiem ierobezojumiem | ierobezojumiem

Programmat | MS Excel, Matlab, | MS Excel MS Excel MS Excel Visual Promethee, | MS ~ Excel,

ira Decerns Decision Lab, MakeltRational,

Siaht Smart ExpertChoice,

D-Sight, Decision Lens,

Picker Pro HIPRE 3+,
RightChoiceDSS,
Criterium,
EasyMind,
Questfox,ChoiceRes
ults, 123AHP,
DECERNS

Metozu salidzinasanai ka ievaddati — kriteriji ar vértibam un alternativam — tika nemti no

“Atjaunojamo energoresursu tehnologiju progress: inovaciju potencials Latvija

=%

[186], un tie

paraditi 3.1. tabula. Sie dati tika izmantoti, lai atrastu labako alternativu atjaunojamas energijas

razoSanai. Katra metode dati ir vissvarigakais elements, lai sarindotu alternativas, jo §1s vertibas

tika izmantotas aprékinos.
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3.1. tabula

Ievaddati
Alternativas
Kriteriji Saules fotoelementi VP HES Bioenergijas kogeneracija

C1 Uzstadita elektriska jauda, MW 1 77 1565 155

Cc2 Ieguldijumu izmaksas, €/kW 1238 3565 1388 11135

C3 Ekspluatacijas un uzturéSanas 12,37 26,7 2,67 0,00446
izmaksas, €/kW

C4 AER iekartu cenas péc razotaja, 430 1380 1290 3787,5
€/kW

C5 1zIlidzinatas elektroenergijas 0,08 0,06 0,09 0,075
izmaksas, €/kW

Cc6 Aprites cikla CO, emisijas, 200 150 150 200
gCO2 ekv/kWh

Cc7 Darbvietu radiSana, tiikstoSos 3095 1155 865 528

Dati par uzstadito elektrisko jaudu (C1) parada elektrostaciju maksimalo neto razosSanas
jaudu Latvija un nemti no /RENA zinojuma par atjaunojamas jaudas statistiku [187]. Dati par
ieguldijumu izmaksam (C2) ir no /RENA zinojuma par atjaunojamas energijas razoSanas
izmaksam [ 188],un tie ir atkarigi no alternativas jaudas un kritérijiem, elektroenergijas izmaksu
Iimena (CS5) datiem, kas ir vidgjas vertibas katrai alternativai Eiropa. Ekspluatacijas un
uzturéSanas izmaksu (C3) un AER iekartu cenu kritériju dati p&c razotaja (C4) ir iegiti no
IRENA zinojuma par atjaunojamas energijas razoSanas izmaksam [188] un no Energy Outlook
[189], un tie attiecas uz Eiropu. Dzives cikla CO2 emisiju (C6) dati ir par Eiropu, un tie ir no
Eiropas Vides agentiiras (EVA) zinojuma par atjaunojamo energiju Eiropa — 2017 [190] un
Pasaules kodolenergijas asociacijas zinojuma datiem [191]. Darbavietu radiSanas (C7) kritériju
dati ir no JRENA parskata par atjaunojamo energiju un nodarbinatibu [192], un tie attiecas uz
alternativam Eiropa.

Ar AHP metodi tiek salidzinati kriteriju pari, noveért€jot krit€rija nozimigumu par otru
krit€riju, un rezultati ir paraditi 3.1. att€la. Paru salidzinajuma 1. vértiba norada, ka abi kritériji
ir vienlidz svarigi, vértiba 5 norada, ka viens kritérijs ir loti svarigs salidzinajuma ar citiem
kriterijiem, un 9. vértiba norada, ka viens kriterijs ir vissvarigakais par citiem kriterijiem.
Pret&jiem kritérijiem salidzinasanas vértibas ir proporcionali pretéjas. So para salidzinajumu
veica tris vides zinatnes jomas eksperti.

P&c aprékina un kriteriju svérSanas loti svarigi ir parbaudit, vai ) 'Wij = 1 un konsekvences
vertibas Sim AHP konsistences indeksam (CI) ir 0,127, un konsekvences attieciba (CR) ir 0,097.
Ja CR > 10 %, tad para salidzinajumi ir nekonsekventi [224].

3.2. attéla ir redzami visi krit€riji un to sv@rumi. Vissvarigakais krit€rijs ir uzstadita
elektriska jauda ar svaru 27 %, un nakamais ir darbavietu radiSanas kritérijs ar 22 % svaru.
Vismazaka ietekme uz alternativam ir kritérijiem par elektroenergijas izlidzinatajam izmaksam
un aprites cikla CO; emisijam.

TOPSIS metode svariga vertiba ir alternativais tuvuma indikators, kas ir alternativas
vertibas galiga veértiba un ir 3.3. a) atteéla. Pamatojoties uz TOPSIS metodes rezultatiem,
vislabaka alternativa ir hidroelektrostacija (HES), kam seko biomasas un biogazes
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kogeneracijas stacija (bioenergijas kogeneracija). Ar VIKOR metodi vislabaka alternativa ir ta,
kurai ir minimala vértiba. Sis metodes rezultati ir paraditi 3.3. b) attéla, un vislabaka alternativa
ir hidroelektrostacija (HES), tad saules fotoelementu energija.

Lai salidzinatu VIKOR un citas metodes, ir svarigi atceréties, ka $aja metode svarigs solis ir
samazinat visus kriterijus, lai veiktu salidzinajumus.

COPRAS metode ir vienkarsa, un vislielaka ietekme uz vislabako alternativu ir kriterijiem,
svara un indeksa verttbam. Pamatojoties uz $o metodi, vislabaka alternativa ir saules
fotoelementi (saules fotoelementu energija) un hidroelektrostacija (HES). Alternativu vértibas
ir paraditas 3.3. c) attéla. Vislabaka alternativa $aja metodg ir saules fotoelementu energija, un
vissliktaka alternativa ir v€ja elektrostacijas (VES). Abam alternativam ir lielas atsSkiribas to
galigajas vertibas, un tas varetu bt saistits ar katra kriterija alternativajam veértibam.

C1 Uzstadita

e C] Uzstadita elektriska jauda
elektriska jauda

6
. 5 C2 leguldijumu izmaksas
C7 Darba vietu 4 C2 Ieguldijumu
radiSana izmaksa B
3 C3 Ekspluatacijas un
2 uzturéSanas izmaksas
c3 C4 AER iekartu cenas péc
C6 Aprites cikla Ekspluatacijas un razotaja
CO2 emisijas uzturéSanas e C5 IzI1dzinatas elektroenergijas
izmaksas izmaksas

C4 AER iekartu

= C6 Aprites cikla CO2 emisijas

C5 Izlidzinatas
elektroenergijas
izmaksas

cenas pec

razotaja e ("7 Darba vietu radiSana

3.1. att. Kritériju paru salidzinajumam.
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C1 Uzstadita elektriska
jauda
03 0,27
0,2

C7 Darba vietu
radiSana 0,22

C2 leguldijumu
izmaksas

0,12

C6 Aprites cikla CO2 0,13 C3 Ekspluatacijas un
emisijas hoa uztur&Sanas izmaksas
' 0,11
©s IZHdsz_i.t .'Z ) C4 AER iekartu cenas
elektroenergijas L
izmaksas pec razotaja

3.2.att. Krit€riju vertibas un svari.

Atbilstibas Atbilstibas
pakape a) TOPSIS pakape b) VIKOR
1 1
0.8 0.8
0.6 0.6
0.4 0.4
, n ,
Al Saules A2 VES A3 HES A4 Al Saules A2 VES A3 HES A4
fotoelementi Bioenergijas fotoelementi Bioenergijas
kogeneracija kogeneracija
Svar_lguma 2 4 3 1 Svar_lgu%na 2 3 1 4
pakape: pakape:
Atbilstibas
pakipe c) COPRAS
2
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
Al Saules A2 VES A3 HES A4
fotoelementi Bioenergijas
kogeneracija
Svariguma
pakape: 1 4 2 3

3.3. att. a) TOPSIS, b) VIKOR un ¢) COPRAS rezultati un rangs.

MULTIMOORA metodes rezultati ir paraditi 3.4. att€la, un vislabaka alternativa ir saules
fotoelementu (saules fotoelementu energija) un hidroelektrostacija (HES). Gala vértibam ir liels
diapazons. Tas ir tap€c, ka galigas vertibas tiek aprékinatas no starpibas starp minimalajam un
maksimalajam vertibam.

40



Atbilstibas

pakape

MULTIMOORA
3,5
3
2,5
2
1,5
1

0,5
[

0 [ |
A1 Saules A2 VES A3 HES A4
fotoelementi Bioenergijas
kogeneracija
Svariguma
pakape: 1 3 2 4

3.4.att. MULTIMOORA rezultati un rangs.

3.2. tabula satur PROMETHEE-GAIA metodes rezultatus. Pilniga ranZz€Sana ir balstita uz
neto preferencu plismu (Phi), kas ir lidzsvars starp pozitivo preferencu plismu (Phi+), kas méra

stiprumu, un negativo preferenéu pliasmu (Phi—), kas apzimé vajumu. Saja gadijuma preferencu

funkcija ir lineara un sliekSni ir absoliiti. Izmantojot So metodi, vislabaka alternativa ir

hidroelektrostacija (HES) un saules fotoelementi.

Pilniga svariguma pakape

Al A2 A3

Saules fotoelementi VES HES
Phi 0,0100 —-0,2567 0,2833
Phi+ 0,4533 0,3200 0,5900
Phi— 0,4433 0,5767 0,3067

3.2. tabula

A4
Bioenergijas
kogeneracija
—0,0367
0,4300
0,4667

PROMETHEEFE Xlasifikacijas rezultatus var paradit ka PROMETHEE Diamond 3.5. attela.
PROMETHEE Diamond katrai alternativai ir punkts uz (Phi+, Phi—) plaknes, un vertikala
dimensija (zala-sarkana ass) atbilst Phi neto pliismai, kas ir [idzsvara punkts [193].
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HPP\
G.0 Solar PV

= Bio-energy CHP
E ay

//
/
.

-1.0

3.5.att. PROMETHEE Diamond rezultati

3.6. attels ilustré PROMETHEE tiklu un parada, kura alternativa ir labaka, un palidz
salidzinat alternativas. Tikla att€lojums ir ka Dimanta skata tuvplans, kura tiek paraditi attalumi
starp alternativam [137].

HES
Phi+: 0,59 Phi~:0.31

Saules fotoelementi
Phi+: 0.45 Phi~0.44

Bioenergijas kogeneracija
Phi+: 0,43 Phi-:0,47

VES
Phi+: 0,32 Phi~0.58

3.6. att. PROMETHEE tikls

PROMETHEFE rezultati ir paradita 3.7.att€la, kur attelots katras alternativas stiprais un
vajais kritérijs. Pozitivas (augSupejosas) bloki ir kriteriji, kas pozitivi ietekmé alternativo, un
negativas (lejupverstas) bloki ir kritériji, kas negativi ietekmé alternativu [193].
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Uzstadita elektriska jauda, MW

+1

Aprites cikla CO, emisijas, Darbavietu radiSana, Ekspluatacijas un Darbavietu radisana,
gCO.ekv./kKWh tikstotis uztur&$anas izmaksas, €/’ kW tikstotis
Ekspluatacijas un uzturésanas AER iekartu cenas péc Teguldijumu izmaksas, Aprites cikla CO, emisijas,
izmaksas, €/ kW razotdja, €'kW €/kW gCO.ekv./kKWh
AER iekartu cenas p&c razotdja, Teguldijumu izmaksas, Uzstadita elektriska jauda, Izlidzinatas elektroenersijas
€KW €KW €KW izmaksas, €/kW
Izlidzinatas elektroenerfijas  Izlidzinatas elektroenergijas Izlidzinatas elektroenersijas
izmaksas, €/ kW izmaksas, €/ kW izmaksas, €/ kW

Saules fotoelementi

Bioenergijas kogeneracija VES
Teguldijumu izmaksas, Ekspluatacijas un uzturgsanas Aprites cikla CO, emisijas, AER iekartu cenas péc
€KW izmaksas, €/kW gCO.ekv./kKWh razotdja, €/ kW
Darbavietu radi$ana, Aprites cikla CO; emisijas, AER iekartu cenas péc Ugzstadita elektriskd jauda,
tokstotis gCOzekv./kKWh razotaja, €/kW €KW
Ugzstadita elektriska jauda, Darbavietu radiSana, tikstotis ~ Ieguldfjumu izmaksas, €kW
o1 €KW Ekspluatacijas un uzturg8anas 1
izmaksas, €/ kW

3.7. att. PROMETHEE rezultati

Hidroelektrostacijas (HES) alternativai vajakie kritériji rodas no investiciju izmaksam un
darbavietu radiSanas, bet péc §1s metodes ta ir labaka alternativa. V&ja elektrostacijam, kas ir
vissliktaka alternativa, ir tikai tr1s labi kriteriji: — darbvietu radiSana, aprites cikla CO; emisijas
un izlidzinatas elektroenergijas izmaksas.

P&c piecam daudzkritériju lemumu analizém — TOPSIS, VIKOR, MULTIMOORA, COPRAS
un PROMETHEE-GAIA — 3.8. attéls sniedz kopsavilkumu par visam katras alternativas
galigajam veértibam. TOPSIS, VIKOR un PROMETHEE-GAIA metodém labaka alternativa ir
hidroelektrostacija (HES) un péc pargjam divam metodem HES ir ierindota otraja vieta.
Savukart COPRAS un MULTIMOORA metodé vislabaka alternativa ir saules fotoelementi
(Solar PV). Vislielaka ietekme uz galarezultatiem ir kriterijiem, svariem un metodém,
vislabakas alternativas definicijas — tuvuma idealajam attalumam, labaka varianta tuvuma
raditaja, para parsvara vai ranzéSanas ar punktiem. Svarigs raditajs ir ar1 kriteriju labaka
vertiba — minimala vai maksimala.
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Atbilstiba
idealajam
variantam

Alternativu vertibas un rangs

35

3

2,5

2

1,5

1

0,5
. Atbilstibas

0
pakape
TOPSIS VIK()R ( ()PRA S WLI Tlll()()R»i PROMETHEE-GAIA

Sv ariguma 2 4 1 3 ) 2 4 1 3
pakape:

B Saules fotoelementi VP HES Bioenergijas kogeneracija

3.8. att. Alternativas vertibas un svariguma pakape.

MCDA metozu rezultati ir atspoguloti 3.8. attela, un tie tiek veértéti no labakas lidz
sliktakajai alternativai. P&c tam, kad S$is rezultats ir paradits diagramma, ir vieglak redzet
tendenci, péc kuras alternativas tiek ierindotas augstak neka citas. Vislabaka alternativa biitu
hidroelektrostacija (HES) un p&c tam saules fotoelementi (saules fotoelementi), jo S§is
alternativas ir pirmaja vai otraja vieta salidzinajuma ar lielako dalu citu alternativu. Zemakais
rangs ir vgja elektrostaciju (VES) alternativai, jo trTs no piecam metodém ta ir pedgja vieta.

3.2. Inovativs studiju procesa modulis

Studiju programmu vérté€Sanas metode tiek izmantota vides inZenierijas un bioekonomikas
studiju programmu analizéSanai.

Vides inZenierijas studiju modulis

Vides inzenierijas studiju modula ietvara sakotngji tika apkopotas magistra studiju
programmas. Ka geografiska atraSanas vieta tika noradita Eiropa. Ta izvéleta, jo dazadam
regiona universitatem ir lidzigas izglitibas sistémas. Tika analizéta laba prakse
energoefektivitates joma, tade] tika pétitas akademiskas iestades ar izcilu sniegumu. Studiju
programmu atlasei tika izmantotas reitingu vietnes [194], [195]. Kopuma tika analizétas 110
studiju programmas, bet veért€Sanai tika izveletas 35 studiju programmas. [zvéletas daudznozaru
magistra studiju programmas ietver magistra programmas tadas jomas ka Vides inZenierija (22
studiju programmas), Udens un atkritumu apsaimnieko$ana (trTs studiju programmas), Vides
tehnologijas (divas studiju programmas), Vides zinatne (divas studiju programmas), Zemes
plano$anas inzenierija, Projektu vadiba, Biologiska inZenierija, Energétika un Bioekonomika
(skatit 3.3. tabulu). Lai varétu izmantot labako praksi, tika parbauditas magistra programmas,
kuram ir augsti rezultati QS (Quacquarelli Symonds) globalaja pasaules ranga. 10 no
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analizétajam studiju programmam ir ierindotas top 100, 12 no 100 Iidz 200, tris no 200 lidz
300, sesas no 300 lidz 400, divas no 400 Iidz 500 un divas no 500 Iidz 600. Studiju ilgums ir
viens (13 no 35 studiju programmam), pusotrs (divas studiju programmas) vai divi (20 studiju
programmas) pilna laika gadi.

3.3. tabula

Multidisciplinaras studiju programmas vides inZenierija

Universitate Magistra programma Rangs Gadi
ETH Zurich Vides inzenierija 3 2
Delftas Tehnologiju universitate Vides inzenierija 16 2
Danijas Tehniska universitate Vides inzenierija 45 2
TUM — Minhenes Tehniska universitate Vides inzenierija 61 2
Notingemas Universitate Vides inzenierija 82 1
Dublinas Trisvienibas koledza Vides inzenierija 104 1
Alto Universitate Vides inzenierija 140 2
Nukaslas Universitate Vides inZenierija 141 2
Barselonas Universitate Vides inZenierija 166 1
Bolonas Universitate Vides inzenierija 180 2
Karalienes Universitate Belfasta Vides inZenierija 180 1
Kranfildas universitate Vides inzenierija 251- 1
300
Stutgartes Universitate Vides inzenierija 260 2
Katalonijas Politehniska universitate Vides inZenierija 275 2
Valensijas Politehniska universitate Vides inzenierija 310 1
Cehijas Tehniska universitate Praga Vides inzenierija 317 2
Porto Universitate Vides inzenierija 328 1
Lisabonas Universitate Vides inzenierija 355 2
Norvégijas Zinatnes un tehnologiju Vides inzenierija 363 2
universitate
Madrides Politehniska universitate Vides inzenierija 470 1
Brémenes Universitate Vides inZenierija 511- 15
520
Santjago de Kompostelas Universitate Vides inzenierija 581 15
590
KTH Karaliskais tehnologiju institiits Vides inzenierija un ilgtsp&jiga 104 2
infrastruktiira
Gentes Universitate Vides tehnologija un inZenierija 138 2
Vines Dabas resursu un lietisko dzivibas Udenssaimnieciba un vides 151- 2
zinatnu universitate inzenierija 200
Milanas Politehniska universitate Vides un zemes planosanas inZenierija 156 2
Barselonas autonoma universitate Biologiska un vides inZzenierija 193 1
Dublinas Universitates koledza Udens, atkritumu un vides inZenierija 193 1
Olborgas Universitate Udens un vides inZenierija 343 2
Hohenheimas Universitate Bioekonomika 495 2

EsoSo studiju programmu novértéSanai tika izmantota informacija par studiju kursiem,
macibu metodém, vértéSanas metodém un kompetencém. Pamatojoties uz So informaciju, tika
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izvelets kompetencu, raditaju, prasmju, vertéSanas metozu, zinasanu un macibu metozu kopums
Vides inzenierijas magistra studiju programmu novertésanai.

Vides inZenierijas programmas raditaju noteikSanai tika analiz&ti zinatniskajos zurnalos
public&to esoso petijumu raditaji vides izglitibas programmu kart€Sanai augstakaja izglitiba.

P&tijuma laika pieci raditaji tika atziti par piemérotiem vides inZenierijas studiju programmu
novertésanai:

1) multidisciplinara pieeja;

2) sadarbiba ar citam institiicijam;

3) ieksgjais process;

4) izglitiba un pétnieciba;

5) simulacijas darbibas [110].

Multidisciplinarai pieejai ir loti liela nozime vides inZenierija, jo studiju programmas
ietvaros studentiem ir jarisina sarezgitas problémas ar dazadu ieinteres&to pusu interesém, un
mijiedarbojoties starp dazadam interes€m. Starpdisciplinarie petijumi tiek augstu noverteti
vadosSajas universitat€s un palidz studentiem attistit kritisko domasanu un radoSumu [196],
[197]. Taja pasa laika ir janem vera lidzsvars starp multidisciplinaritati un starpdisciplinaritati
un dzilam zinaSanam par dazadiem kursiem [198].

Sadarbibu ar citam institlicijam var organizet, izmantojot p&tijumus, projektus un kopigas
(kopigas vai dubultas) studiju programmas. Sadarbiba lauj dalities zinasanas, pieredz€ un spgjas
[40], [199]. Daudzas universitates piedava kopigas studiju programmas vides inzenierija,
pieméram, Ziemelvalstu magistra studijas vides inZenierija sadarbiba ar Alto universitati, KTH
Karalisko tehnologiju instititu, Danijas Tehnisko universitati, Norvégijas Zinatnes un
tehnologijas universitati un Calmersa Tehnologiju universitati, veidojot viena regiona piecu
universitaSu sadarbibu. V@l viens piemeérs ir sadarbiba starp Valensijas Universitati un
Valensijas Politehnisko universitati, kur tiek piedavats kopigs magistra grads vides inZenierija.

Var ieviest iek§€ju procesu, pienemot vides parvaldibas strat€gijas, nodrosinot un izprotot
vides jautajumus un ilgtsp&jigu attistibu universitates [200].

Izglitiba un pétnieciba ir augstakas izglitibas iestazu pamats, tap€c bitu jaanaliz€ petijumu
rezultati.

Simulacijas aktivitates un praktiskas macibas lauj sasniegt labakos rezultatus studiju
programmas, laujot dienaskartiba ieviest kompetences balstitu izglitibu.

Sie pieci raditaji (daudzdisciplinu pieeja, sadarbiba ar citam iestadem, iek3&jais process,
izglitiba, pétnieciba un simulacijas darbibas) var palidzet novertét, vai ir sasniegta zinaSanu
triade: izglitiba, inovacija un pétnieciba, ka art kompetences balstita izglitiba.

Eiropas InZenieru izglitibas akreditacijas tikls (EUR-ACE) ir ietvars un akreditacijas
sisteéma, kas nodroSina standartu kopumu inZenierzinatpu gradu programmam Eiropa un arpus
tas. Vides inzenierijas magistra studiju programmu macisanas rezultatu kopas ir paraditas 3.4.
tabula.
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Macisanas rezultati EUR-ACE robezas [201]

3.4. tabula

Jomas MaciSanas rezultati
Zinasanas un Zinasanas un izpratne par zinatniskajiem un matematiskajiem principiem, kas ir to inzenierzinatnu nozares
izpratne pamata
Sistematiska izpratne par to inZenierzinatnu nozares galvenajiem aspektiem un jédzieniem
Saskanotas zinasanas par vinu inzenierzinatgu nozari, tostarp dazas no tam ir filiales prieksgala
Izpratne par inZenierzinatnu plasaku daudznozaru kontekstu
InZeniertehniska Spéja pielietot savas zinasanas un izpratni, lai identificetu, formul&tu un risinatu inzeniertehniskas
analize problémas, izmantojot izveidotas metodes
Spéja lietot savas zinaSanas un izpratni, lai analizétu inZeniertehniskos produktus, procesus un metodes
Spéja izveleties un lietot atbilstosas analitiskas un modelésanas metodes
InZenierdizains Spéja lietot savas zinasanas un izpratni, lai izstradatu un realizétu dizainus, kas atbilst definétajam un
vai  tehniskais noteiktajam prasibam
risingjums Izpratne par projektéSanas metodiku un prasme tas izmantot
Izpéte Spéja veikt literatiiras mekl&$anu un izmantot datubazes un citus informacijas avotus
Spéja planot un veikt atbilstosus eksperimentus, interpretét datus un Zimét macisanas prasmju darbnicu
un laboratorijas prasmes
Seminars un laboratorijas prasmes
InZeniertehniska Spéja izveleties un izmantot atbilstosu aprikojumu, instrumentus un metodes
prakse Spéja apvienot teoriju un praksi, lai atrisinatu inZeniertehniskas problémas
Izpratne par piem&rojamiem panémieniem un metodeém un to ierobezojumiem
Izpratne par inZeniertehniskas prakses netehniskajam sekam
Talak nododamas Efektivi darboties ka individam un ka komandas loceklim
prasmes

Izmantojiet dazadas metodes, lai efektivi sazinatos ar inzenieru kopienu un sabiedribu kopuma

Demonstrét izpratni par inzeniertehniskas prakses veselibas, drosibas un juridiskajiem jautajumiem un
atbildibu, inzeniertehnisko risinajumu ietekmi sabiedribas un vides konteksta, ka ari ievérot
inzenierprakses profesionalo &tiku, atbildibu un normas

Demonstrét izpratni par projektu vadibu un uznéméjdarbibas praksi, piem&ram, risku un izmainu

parvaldibu, un izprotiet to ierobezojumus

Galvenas kompetences, kas jasasniedz studiju beigas, var iedalit Cetras kategorijas:

1) ar temu saistitas kompetences;

2) zinatniskas un metodologiskas kompetences;

3) socialas kompetences;

4) personigas kompetences [6].

Pakapei, kada studentiem jasasniedz attiecigas zinaSanas studiju programmas beigas,

jaatbilst paplasinasanas limenim (sk. 3.5. tabulu). Studiju programmas nosléguma studentiem
jasasniedz noteikti kognitivie aspekti, pieméram, a) jatest€ specifiski petniecibas jautajumi un

b) jasniedz ieguldijums p&tnieciba un praktiskie aspekti, ka ar1 a) jaizstrada noteiktas metodes

un b) japarbauda noteiktas metodes.

Lai sasniegtu Sos kompetencu un zinasanu Itmenus, var izmantot dazadas macibu metodes.

Lai novertetu, kuras macibu metodes ir piemérotakas vides inzenierijas studijam, tika izmantota

MCDA.
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3.5. tabula

Kompetencu Iimeni

0. limenis 1. 2. limenis 3. limenis 4. limenis 5. limenis 6. limenis
Iimenis
Nav zinasanu Slieksnis Pamats Starpsavienojumu Kontekstualizacija Paplasinasanas Paaudze

Studentu, ieintereséto pusu un sabiedribas interese par multidisciplinarajam magistra
programmam noveda pie lémuma istenot jaunas magistra studiju programmas vides inzenierija
un bioekonomika Rigas Tehniskas universitates Vides aizsardzibas un siltuma sist€mu institiita.
Vides inZenierijas studiju programmu novertéSanai ir izstradata MCDA ietvara izmantoSana
studiju programmu novértéSanai un vides inzenierijas studiju programmu efektivitates un
atbilstibas novértesanai.

Tika analiz€ta iepriekS§ min&to augstskolu pieredze studiju programmu organizéSana. Tika
atzitas trispadsmit macibu metodes, kas ir piemérotas, lai sasniegtu labakos rezultatus studiju
procesa un nodro$inatu kompetencés balstitu vides inzenierijas izglitibu magistra studiju
Iimenim: anonima atgriezeniskas saites vert€Sana, vienota e-macibu sist€ma (tiessaiste),
apsekojuma datu vaksana, grupu kursa darbi, grupu uzdevumi, individuals p&tniecibas projekts,
lekcijas, tieSsaistes uzdevumi un kursa darbi, praktiskas laboratorijas, seminari un darbnicas,
objektu apmekl&jumi, konsultacijas un lomu spéles.

Sis macibu metodes ir izmantotas pamatstudiju un augstakas studiju programmas studiju
procesa Rigas Tehniskaja universitates Vides aizsardzibas un siltuma sistému institiita (RTU
VASSI).

Izglitibas nolukos izveletas macibu metodes butiski ietekmé studiju procesa efektivitati [5],
[48], [120], [138], [202] un iegiitas prasmes.

Anonima atgriezeniskas saites izvert€Sana, ka arl tieSa atgriezeniska saite [309] no
studentiem var but noderiga un efektiva metode studiju procesa pilnveidoSanai, 1pasi
kompetenc€s balstitai izglitibai, kur studenti var formulét savas studiju vajadzibas un giit
labakus rezultatus studiju procesa.

Rigas Tehniskaja universitaté vienota e-macibu sist€éma (iekstikls) ir ORTUS.
Daudzfunkcionala augstakas izglitibas iestades vietne ir biitiska kompetencés balstitai
izglitibai. Ja §adu sistému izmanto visaptverosi, ta var bitiski uzlabot studentu elastibu un
palidzet attistit radoSo domasanu [203], [204].

Grupu darbs tiek organizets kursa darba vai grupu vingrinajumu veida, izprot komandas
darbu, stimulé multidisciplinaru koncepciju u. c. [205].

Objektu apmekl&jumi un datu vakSana, seminari un darbnicas, ka ar1 laboratorijas darbi lauj
macibu procesa iepazistinat ar kompetenc€s balstitas izglitibas iezimém un koncepcijam.
Lekcijas un konsultacijas kopa ar individualiem pétniecibas projektiem ir jebkura augstakas
izglitibas procesa neatnemama sastavdala, bet ne vieniga. Lekcijas un konsultacijas ir tikai dala
no macibu metodém, kuras biitu jaizmanto studiju procesa.

Lomu spélu simulacijas attista pamata konkur€tsp&ju vides inzenierijas studiju programmas
studentiem un kopuma tiek uzskatitas par bagatu un autentisku macibu vidi [205]. So macibu
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metozu kombinacija var palidzét mainit celu no maciSanas uz macisanos un nodro§inat KBI
principus studiju procesa.

MCDA tika izstradati cetri raditaji, lai analiz€tu Sadus konkurences raditajus:
inzeniertehniskds prasmes, nododamas prasmes, vides aizsardzibas prasmes un
socialekonomiskas prasmes. MCDA merkis bija novertét, kuras macibu metodes ir
piemérotakas un kadas proporcijas, lai uzlabotu vides inZenierijas magistra studiju programmas
absolventu konkurétsp&ju. Sie raditaji tika izstradati, izvertgjot literatiiru un apkopojot nozares
akadémiska personala vert§jumu. MCDA izmantotie raditaji macibu metozu novert€Sanai ir
paraditi 3.6. tabula.

3.6.tabula
Macibu metozu vertésana izmantotie raditaji
Indikators Vieniba Vélamais iznakums
InZeniertehniskas prasmes Kompetences Iimenis Max
Talak nododamas prasmes Kompetences Iimenis Max
Vides aizsardzibas prasmes Kompetences [imenis Max
Socialekonomiskas prasmes Kompetences Iimenis Max

Petijuma laika tika izveértétas un salidzinatas trispadsmit macibu metodes, lai atrastu
efektivakas metodes labako rezultatu sasniegSanai studiju procesa (3.7. tabula).

3.7. tabula

Macibu metozu apzimg&jums

Apziméjums Vides inZenierijas macibu metodes
A1l Anonimi atsauksmju novert&jumi
A2 Vienota e-macibu sistéma (iekstikls)
A3 Datu vaksana

A4 Grupas kursa darbs

As Grupu darbi

A6 Individualais p&tniecibas projekts
A7 Lekcijas

A8 TieSsaistes uzdevumi un kursa darbi
A9 Laboratorijas darbi

A10 Seminari un darbnicas

A11 Objektu apmekl&jumi

A12 Konsultacijas

A13 Lomu spéles

Krit€riju svarus (Wipiz, Wabiz, W3biz, Wabin) Verteja RTU VASSI eksperti. Normaliz&tas un
svertas vertibas no lémumu pienemsSanas matricas macibu metoZu noverté€sSanai ir paraditas 3.8.
tabula.
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3.8. tabula

Normaliz€ta un sveérta [emumu pienemsanas matrica

Kritérijs | InZeniertehniskas Talak Vides aizsardzibas Socialekonomisk
prasmes nododamas prasmes as prasmes
prasmes

Macibu metode wibi1 w2bi2 w3bi3 w3bi3

Al 0,0015625 0,005625 0,003125 0,00375
A2 0,0046875 0,00375 0,003125 0,00375
A3 0,0078125 0,001875 0,00625 0,00125
A4 0,00625 0,0075 0,00625 0,005

As 0,0046875 0,0075 0,0046875 0,005

A6 0,00625 0,005625 0,0046875 0,00375
A7 0,0078125 0,0075 0,0078125 0,00625
As 0,003125 0,00375 0,0015625 0,0025
A9 0,0078125 0,005625 0,0078125 0,005
A10 0,003125 0,009375 0,0046875 0,00625
A1l 0,00625 0,009375 0,00625 0,0025
A12 0,0015625 0,009375 0,0078125 0,00625
A13 0,0046875 0,001875 0,0015625 0,00125

legtitie rezultati paradija, ka lekcijas, objektu apmeklgjumi, grupu kursa darbi un
laboratorijas darbi kopa ar lomu spélém lauj iegiit nepiecieSamas zinasanas, prasmes un
sacensties (3.9. att.).

Konsultacijas
Lomu speles

Objektu apmeklgjumi

Seminari un darbnicas

Laboratorijas darbi
Tiessaistes uzdevumi un kursa darbi

Lekcijas

Individualais petniecibas projekts

Grupu darbi
Grupu kursa darbs

Datu vaksana

Vienota e-macibu sistéma (iekstikls)

I

Anonimi atsauksmju novertgjumi

]

0.2 0.4 0.6 0.8 1
C;

3.9. att. Macibu metozu vertgjumu salidzinajums.

Ka vertésanas metodes grupu uzdevumiem var izmantot grupu darbus un grupu kursa
darbus. Atseviskiem pétniecibas projektiem individualie kursa darbu uzdevumi var dot iesp&ju
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novertét darbu. P&tnieciskas disertacijas un rakstiskie eksameni ir efektivs lidzeklis individuala
darba novertésana.
Izstradata vertéSanas sist€ma vides inZenierijas studiju programmas noveértésanai (3.10.att.).
Piedavata vértéSanas sisttma vides inzenierijas studiju programmas novért€Sanai tika
parbaudita un aprobé&ta jaunajas Rigas Tehniskas universitates magistra studiju programmas
Vides inzenierija un Bioekonomika.
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KBI PRINCIPI UN

[EZIMES INDIKATORI KOMPETENCES
Realistiski uzdevumi Daudznozaru pieeja Ar macibu priekimetu saistitas kompetences
Uz pieprasijumu balstita izglitiba Sadarbibaar citam institiicijam Zinatniskas un metodologiskas kompetences
Mentorings un koucings Teksgjais process Socialas kompetences
Jaunas uz kompetencém balstitas metodes Izglitiba un pétnieciba Personigas kompetences
Macibu organizacija Simulacijas darbibas
InZeniertehniskas Talak nododamas Vides aizsardzibas Socialekonomiskas
prasmes prasmes prasmes prasmes
A f A A

TN

ZINASANAS

NOVERTESA
NAS
METODES

MACIBU
METODES

Anonimi atsauksmju noveértgjumi Nav zinasanu Grupu kursa darbu uzdevumi
Vienota e-macibu sistema (iekstikls) Slieksnis Grupu projekti un prezentacijas
Datu vaksana Pamats Individualie kursa darbu uzdevumi
Grupu kursa darbs Sasaiste Laboatorijas praktiskie darbi
Grupu darbi Kontekstualizacija Petnieciska disertacija
Individualais pétniecibas projekts Paplasinasana Rakstiskie eksameni

Lekcijas

Tiessaistes uzdevumi un kursa darbi
Laboratorijas darbi

Seminari un darbnicas

Objektu apmeklgjumi

Konsultacijas

Lomu spéles

3.10. att. Vides inZenierijas studiju programmas vertéSanas sisteéma.
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Bioekonomikas studiju modulis

Kompetencu integraciju ilgtsp&jigai attistibai un bioekonomikas kompetencém var uzskatit
par svarigu soli augstakaja izglitiba, lai veicinatu bioekonomikas mérku stenoSanu.

Trikst informacijas par kompetencu integracijas faktisko statusu esos$ajas magistra studiju
programmas par bioekonomiku. Bioekonomikas magistra studiju programmu analizé tika
izmantotas kompetences, kuras ir paraditas 3.9. tabula.

3.9. tabula
Analize izmantotas bioekonomikas kompetences
Kompetences Kompetencu diskurss
Sistemiskas Spé&ja kolektivi analizgt sarezgitas sistemas dazadas ilgtspgjas un bioekonomikas jomas [107].
domasanas
kompetence
Prognozésanas Spé&ja kolektivi analiz&t un novértet bioekonomikas un ilgtspgjas jautajumus [107].
kompetence
Normativa Spéja kopigi kartét, konkretiz€t, piemérot, saskanot un vienoties par ilgtsp&jas vertibam, principiem,
kompetence mérkiem un mérkraditajiem [107].
Stratégiska Spé&ja kopigi izstradat un stenot intervences, parejas un parveidojoSas parvaldibas strategijas,
kompetence kas verstas uz bioekonomikas ilgtsp&ju [107].
Starppersonu Padzilinatas prasmes komunikacija, apspriedés un sarunds, sadarbiba, vadiba, pluralistiska un
kompetence transkulturala domasana un empatija [107].
Transdisciplinara Uzlabo prasmes transcendences, problému risinaSanas, inovaciju, starpdisciplinaras pé&tniecibas tn
kompetence parkapumu joma [105].
MaciSanas Spéja uz pasvaditu maciSanos, uz sadarbibu vérstu macisanos un uz problémam orientetu
kompetence macisanos [206].
Starpdisciplinara Spé&ja integrét disciplinaras perspektivas un to atzinas, lai veicinatu izpratni par sarezgitam problemam, lai
kompetence piemérotu izpratni redlai problemai [106]

Pedgjos gados vairakas Eiropas universitates ir izveidojuSas programmas par t€mam, kas
saistitas ar bioekonomiku. Analizei tika atlasitas Eiropas bioekonomikas magistrantiiras
programmas. Studiju programmu atlase tika veikta, izmantojot magistra studiju programmas
mekléSanas lapas un meklgjot konkrétas majaslapas par bioekonomiku.

Tika atlasitas tikai pilna laika magistra studiju programmas. Mekl&$anas rezultati liecina, ka
studiju programmas par bioekonomiku Eiropa izplatijusas Ziemeleiropa (Somija un Igaunija),
Rietumeiropa (Vacija, Austrija, Niderlandgé, Francija, Belgija), Austrumeiropa (Rumanija),
Dienvideiropa (Italija, Spanija) un Apvienotaja Karaliste.

Sobrid lielaka dala studiju programmu ir Rietumeiropa. Niderlande ir lidere ar &etram
magistra studiju programmam par bioekonomiku. Vacija, Francija un Apvienotaja Karalistg ir
vairak neka viena bioekonomikas studiju programma. Septinas magistra studiju programmas ir
universitates studiju programmas, divas ir kopigas magistra studiju programmas un viena ir
Erasmus Mundus kopiga magistra studiju programma. Studiju programmu kopgjais fokuss ir uz
bioekonomiku ar specializaciju dazados bioekonomikas aspektos, pieméram, mezsaimnieciba,
biotehnologija, aprites ekonomika, kimijas inzenierija, biobazetos materialos, bioinovacijas u. c.



Izlases rezultata tika izveidotas Sadas 10 studiju programmas, kas paraditas 3.10. tabula.

3.10. tabula

Magistra studiju programmas bioekonomika

Universitate Programmas Studiju Apraksts
nosaukums laiks
Mastrihtas Universitate (Niderlande) Biobazeti materiali 2 gadi pilna Koncentrg$anas uz jaunu materialu atklasanu un
laika ilgtsp&jigam bioresursu razo$anas metodém [207].
Utrehtas Universitate (Niderlande) Biologiski iedvesmota 2 gadi pilna KoncentréSanas Uz aprites uznéméejdarbibas
inovacija laika modelu un bioiedvesmotas pétniecibas un
inovaciju izstradi [208].
Vageningenas  Universitate  un Biobazétas zinatnes un 2 gadi pilna Koncentré$anas uz biobazétu ekonomiku no
pétnieciba (Niderlande) biosistému inZenierija laika starpdisciplinaras perspektivas [209].

(un biotehnologija)

Edinburgas Universitate (Apvienota Bioekonomikas 2 gadi pilna Koncentrésanas uz tadiem bioekonomikas
Karaliste) parvaldiba, laika aspektiem ka ilgtspéjiga inovacija un jaunu
Inovacija un tehnologiju ievieSana eso$ajos un jaunietekmes
parvaldiba tirgos [210].
Stratklaida Universitate (Apvienota Ripnieciska 1 gads pilna Koncentrgjieties uz to, lai izprastu pasreizgjo
Karaliste) biotehnologija laika ripnieciskas biotehnologijas attistibu [211].
Hohenheimas Universitate (Vacija) Bioekonomika 2 gadi pilna Koncentré$anas uz  biobazétu  ekonomiku,
laika izmantojot starpdisciplinaru un transdisciplinaru
pieeju [17].
Helsinku Universitate (Somija) Meza zinatnes 2 gadi pilna Koncentrésanas uz meza  bioekonomikas
laika uznémeéjdarbibu un politiku [212].
Kopiga studiju programma: Eiropas 2 gadi pilna Koncentrgsanas uz ilgtsp&jigu resursu parvaldibu,
Austrumsomijas Universitate meZsaimnieciba laika uzsverot pasreiz€jos bioekonomikas jautajumus
(Somija), AgroParisTech (Francija), [213].

Freiburgas Universitate (Vacija),
Leidas Universitate (Spanija), Dabas
resursu  un  dzivibas  zinatpu
universitate (Austrija), Transilvanijas
Brasovas Universitate (Rumanija)

Kopigais magistra grads: Bolonas Eiropas magistrs 1 gads pilna Koncentré$anas uz  biobazétu pre¢u un
Universitate, Milanas-Bikokas bioekonomika aprites laika pakalpojumu nozari, izmantojot biologiskos
Universitate, Neapoles Universitate - ekonomika resursus un biotehnologiskos procesus [214].
Federiko 1I, Turinas Universitate

(italija)

Erasmus Mundus kopigais magistra Eiropas magistrs 2 gadi pilna Koncentrgjieties uz biotehnologiju, bioprocesu
grads: Parizes Dzivibas, partikas un biologijas un kimijas laika izstradi un paplasinasanu, ka ari biobazétu
vides zinatpu tehnologiju institiits inzenierija ilgtsp&jigai produktu inZenieriju, papildus koncentrgjoties uz
(Francija), Reimsas  Sampanas- bioekonomikai visparigajam prasmém, tostarp projektu vadibu
Ardénu universitate (Francija), Alto [215].

Universitate  (Somija),  Tallinas
Tehnologiju universitate (Igaunija),
Lj&zas Universitate (Belgija)

Tika izstradata analizes sistéma, izmantojot bioekonomikas kompetences, ko defingja Wiek
et al. [107], Repko et al. [206], Barth un Burandt [216] un Tejedor et al. [61], un katras studiju
programmas studiju kursos attaisnotds kompetences. Tika izmantotas bioekonomikas
kompetences. Katra kompetence tika interpretéta kompetences sistéma. Analizes programmai
izmantoti studiju programmu apraksti un studiju kursu apraksti katrai studiju programmai.
Merkis bija izteikt bioekonomikas kompetencu integraciju katra studiju programma: (1) neliela
integracija vai tds neesamiba, (2) minimala integracija, (3) merena integracija, (4) laba
integracija. 3.12. tabula sniedz parskatu par Edinburgas Universitates studiju programmas
“Bioekonomikas, inovaciju un parvaldibas vadiba” analizes rezultatiem.
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3.12. tabula

Studiju programmas individualas kompetences matricu analizes piemérs

Bioekonomikas kompetences
Ie -
1S
o 3 E E 8
% 2 @ |'Q wéw R L5 2@ R 2 o
E238(2 Tl=T B B Lo S o S B 5 &
s | g SlE g 0 S 8o 2 2o g
2EE|® E|EE |EE |SE |5E |8E |E¢
- @ o S = < S < S &
Studiju programmas kompetences A998l e8|z8 Z e &8 i) =) & -
Tendencu, iesp&u un izaicindjumu analize dabas zinatnu
inovaciju cela [217] 4 4 3 3 2 4 3 4
Uznémejdarbibas veicinaSana un radosa domaSana par
bioekonomikas nakotni [217] 3 3 4 4 4 4 4 4
Biznesa planu izveide un jaunu tehnologiju tirgus mar$rutu
karté$ana [217] 3 3 2 4 3 3 3 3
Prognoz&sana un uz scenarijiem balstitas metodes ar jaunajam|
tehnologijam saistita riska un nenoteikftibas parvaldibai [217] 4 3 4 3 3 4 2 4
Sarunu  un komunikacijas prasmes = starpdisciplinaras
komandas [217] 4 4 3 4 4 3 4 4
Apzim&jums: neliela integracija vai tas
1 nav vispar
minimala integracija
2
mérena integracija
3
laba integracija
4

Ta ka analiz€tas studiju programmas ir 1pasi paredzetas bioekonomikas studijam, vispargjas
bioekonomikas un ilgtsp&jigas attistibas kompetences ir labi integrétas studiju programmas.
Esos$ajas studiju programmas par bioekonomiku Eiropa transdisciplinara kompetence, macisanas
kompetence, starpdisciplinara kompetence un sist€miskas domasanas kompetence ir ciesi
integrétas studiju programmas. Citu kompetencu, pieméram, prognozéSanas kompetences,
normativas kompetences, stratégiskas kompetences un starppersonu kompetences, integracija var
biit specigaka. Tas paradija, ka ir japastiprina So kompetencu izmantoSana ilgtsp&jigai attistibai
un bioekonomikai nakotng.

Analizes rezultats par bioekonomikas kompetencu integréSanu studiju programma ir paradits
3.13. tabula.
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3.13. tabula

Bioekonomikas kompetencu integréSana studiju programmas kompetences

Bioekonomikas kompetences
. p: g
s S 8= g
458 |88 Z & % g 2§ 28 S 28
E2E|si |E% [ |BE |2E |2% iz
Magistra studiju programmu ZEE|ZE 5§ £E s g g E 2 E § 5
kompetences matrica i T R R L L e I
Biobazeti materiali
5 4 3 3 3 4 4 4
Bioiedvesmota inovacija
4 3 3 3 4 4 4 4
Biobazétas zinatnes un biosistému inZenierija (un
biotehnologija) 4 3 3 4 3 4 4 4
Bioekonomikas, inovacijas un parvaldibas parvaldiba
4 3 3 4 3 4 3 4
Ripnieciska biotehnologija
3 4 8 4 4 3 4 4
Bioekonomika
4 4 8 4 3 4 4 4
Meza zinatnes
8 4 4 3 3 3 4 3
Eiropas mezsaimnieciba
4 8 8 8 4 4 4 4
Eiropas magistrs bioekonomika aprites ekonomika
4 8 4 8 4 4 4 4
Eiropas magistrs biologijas un kimijas inZenierija|
ilgtsp&jigai bioekonomikai 4 8 8 8 3 4 4 4
Apzim&jums: 3 meérena integracija
4 laba integracija

3.3.Koprades 1stenoSanas modulis

Koprades moduli raksturo divas puses (3.11.att.), kur pirma ir auditorija, ko raksturo tas, cik
specigas un labas ir zinaSanas, kadi sadarbibas moduli pastav un var pastavét, lai partneribas
izjiitas biitu, kadas ir zinaSanas par inovacijam. Otra ir vert€Sanas puse, kur tiek novertéti
dalibnieki un rezultats, uz ko tie tiecas. Koprades istenoSanas moduli tiek izmantota veiktsp&jas
metode kombinacija ar tehnologiju gatavosanas limena metodi.
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Cilvekresursu Koprade
kapacitate

VertesSanas

Inovacijas o
sistema

3.11. att. Koprades modula galvenie elementi.

Cilveékresursu kapacitate

Sakotngji tiek definétas zalas inovacijas vertibas k&des dalibnieki un vinu loma. P&tjjuma
apliikotie vadoSie spéletaji ir akadémiskas aprindas (studenti, akadémiskais personals), nozare
(uznémums, mentori, nozares eksperti un citas ieinteresétas puses). Universitate ka partneris
nodro$ina motivétus studentus, kas ir viens no modula kritiskajiem elementiem. Vinu
iesaistiSanas zalo inovaciju ideju vétra veicina uz zinasanam balstitu uznéméjdarbibu, stiprina
akadémiska sektora sadarbibu ar industriju, ka art nodroSina kvalificéta darbaspéka pieejamibu
ekonomikas attistibai nakotné.

Tika noteiktas prasibas studentiem — komunikacija un sadarbiba, prasmes produktivai
mijiedarbibai komanda, prieks$zinasanas par vides tehnologijam, izpratne par to, kur un ka meklet
vairak informacijas arpus studiju kursa tvéruma, un prasme radit zinatibu.

Stud€joso rezultatu nodroSinasana izSkiroSa loma ir universitates akadémiskajam
personalam, kura izpratne un aktiva Iidzdaliba studiju procesa motivé studentus risinat
problémas. Macibspéeku iesaistes mérkis ir nodro$inat nepartrauktu macibu procesu un parliecinat
nozari uzticéties akadémiska sektora kompetenc€m un studentu sp€jai radit un potenciali
komercializét zinatniskos sasniegumus videi draudzigu izgudrojumu joma.

Otrs lielakais modula sp€létajs ir nozare, ko uzn€mums parstav ar savu problému gadijumu.
Uznémumu var definét ka “akcionaru”, kuram ir ekonomiska ieinteresétiba sadarbibas rezultatos
un kura aktiva lidzdaliba butiski veicina vides zinatnes izglitibas kvalitati un ekonomikas
attistibai biitiska darbaspéka pieejamibu. Nozares ievades formati — informacijas sagatavoSana
un augsta [tmena specialistu kompetencu apmaina — ir viens no dargakajiem resursiem biznesa
un palidz studentiem radit praktiskus risinajumus, kas atbilst “akcionara” vajadzibam. Ja
uznémums ietaupis resursus, biis mazaka iesp€ja iegiit gaidito rezultatu.

Prasibas uzp€mumam — sp&ja precizi defin€t izaicinajumus, ar kuriem saskaras pats
uznémums, zinasanas par vides tehnologiju komercializacijas un attistibas procesu, ambicijas,
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kas verstas uz starptautisko konkur&tsp&ju, gataviba nodrosinat kompetentus parstavjus, t. sk.
sp&ja paskatities uz sadarbibu plasaka konteksta, nemot vera arl nekomercialas intereses, sniegt
biznesa konsultacijas un rast standarta risinajumus problémas, kas var rasties sadarbiba ar
akadémiskajam aprindam.

Abu galveno partneru — akadémisko aprindu un industrijas — kopiga atbildiba ir piesaistit
Sadus kompetencu partnerus, kuru klatbiitne stiprina partneru sp&jas un iesp&jas nodrosinat
pilnvértigu zina$anu apmainas procesu zalo inovaciju izstradé. Siem argjiem mentoriem un
socialajiem partneriem ir sava loma, novertgjot risinajuma poziciongjumu plasaka konteksta.

Inovacijas

Partneru mijiedarbiba ir balstita uz katras ieinterestas puses vajadzibam — to mé&rogs un
dzilums nosaka iesaistiSanas pakapi un ieguldijumu apjomu. Aspekti, kuros pusu vajadzibas
sakrit, visbiitiskak ietekm& petfjumu rezultatus, pieméram, studentam ir nakotnes karjeras
iesp€jas personigai izaugsmei. Taja pasa laika universitate ir biitiska, lai nostiprinatu savu statusu
ka modernu izglitibas iestadi, tacu uzn€muma interese ir mijiedarbiba.

Liela mera akadémiska personala attiecksme un entuziasms ietekme arT studentu motivaciju
stradat, tapec universitates primarais uzdevums ir macibspéku motivacija iesaistities —
akad@miskas izcilibas stiprinasana:

1) studiju programmas macibu metozu aktualiz€$ana atbilstosi laikmeta garam;

2) ciesakas saiknes ar riipniecibu, lai veicinatu lietiskos p&tijumus;

3) izglitibas politikas veidotaju prasibu izpilde (akreditacijas procesa prasibu izpilde).

Taja pasa laika universitate arT motiveé studentus iesaistities, lai apmierinatu vinu vajadzibu
pec personigas izaugsmes:

1) labi apmaksata nakotnes profesija;

2) konkurétsp€jigu zinaSanu apguve;

3) misdienigs studiju process;

4) iespgja pieradit savas zinaSanas un prasmes sev un demonstrét citiem gan tieSa
komunikacija ar uzn€muma parstavjiem, gan prezent€jot komandas sasniegumus.

Lai stiprinatu studentu lidzdalibu, viniem ir jaspgj izveleties sev tuvaku t€ému. Studenti norada
savu izveli prioritara seciba, lai procesa vaditaji varétu nodroSinat, ka studentam pieskirtais
gadijums ir pazinojums par vinu svarigumu. ST pieeja motivé studentus un liek viniem uznemties
atbildibu par savam izvélem. Tas lauj izvairities no studentu parmetumiem par vinu intereSu
neieverosanu.

Savukart uzp@émuma uzdevums ir formulét savu primaro motivaciju iesaistities — stiprinat
konkuré&tsp&ju:

1) jaunu zalo inovaciju komercializacija;

2) uznéméjdarbibas modela optimizacija konkurences prieksrocibu iegiiSanai;

3) kvalificeta darbaspeka piesaiste, lai raditu produktu ar pievienoto vertibu.

Lai stiprinatu uzpémuma Iidzdalibu, universitate var formulét “veseligas ambicijas”
partneribas ieguvumiem, pieméram, zalo inovaciju izstradei un ievieSanai ar tehnologiju
gatavibas Itmeniem (TGL) 5-7, lai uzn@mums varétu sasniegt savu akcionaru izvirzitos mérkus.
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Ka pievienoto vértibu dalibai pasakuma uzp@mums Tsteno korporativas socialas atbildibas
aktivitates — atbalstu akadémiskajai izglitibai studiju procesa kvalitates uzlabosanai un iesaisti
valsts “zalas politikas™ attistiba, stiprinot nakotnes darbaspé€ka kvalifikaciju.

Akad@miskajam sektoram ir javelta vairak piilu, lai motivetu ieinteresétas puses, jo studentu
gataviba rikoties ir atkariga no akadémiku iesaistes un uznémejdarbibas un kompetences partneru
iesaistes. Kad akademiskais un privatais sektors iesaistas sadarbiba, pirmais solis ir atrast
lidzsvaru starp ekonomisko, vides un socialo ietekmi ka izskiroSiem faktoriem lémumu
pienemsana:

a) vides joma akadémiska sektora primarais mérkis ir ilgtsp&jiga un atbildiga resursu

izmantoSana, jo risinajumi ir versti uz sabiedribas dzives kvalitates paaugstinasanu;

b) uzneméjdarbiba galvenais merkis ir maksimali palielinat pelnu - to prasa gan uznpémumu
ipasnieki, gan nepiecieSamiba nodroSinat stabilu finansu plismu, konkurétsp&ju un
izaugsmi. Pelnas samazinasana ir pielaujama sabiedribas interes€s, ja to prasa likums, ka
tas ir atkritumu apsaimniekoSanas gadifjuma, kad uzp@émumiem paraléli savai
saimnieciskajai darbibai ir javeic visparigas informeSanas un izglitoSanas darbibas,
tadgjadi veicinot ilgtspgjigas attistibas merku sasniegsanu.

Pamatojoties uz iepriek§ minéto, universitatei ir izSkiro$a loma notikumu un tehnologiju
attisttba ka tada. Savukart riipniecibas nozare, ko parstav uznémumi, balstoties uz tas
stratégiskajam interes€m, pienem lémumus par optimalu studentu komandu darbu.

Sadarbojoties universitatei un uzn€mumam, var pienakt laiks, kad abam pusém ir javienojas
par mérkiem un metodem to sasniegSanai. Saja gadijuma ir iesp&jama alternativa pieeja, kas lauj
lidzsvarot intereses ta, lai tas apmierinatu abas puses. ST pieeja ietver 3—5 kritisko kritériju
noteikSanu un svara pieskirSanu tiem. Tomér tas var but ilgstoSs process partneru atskirigo
perspektivu del.

Autore ierosina izveidot divas sist€mas pusu intereSu novertéSanai, kas atbilstu abu partneru
(uznémuma un universitates) vajadzibam. Tiek verteti tadi kriteriji ka izdoma, kvalitate, ietekme
uz vidi un idejas komercializacijas potencials (inovacija). Katrs kriterijs tiek vertets skala no 1
1idz 10 (kur viens ir zemakais un desmit ir augstakais). Katram kriterijam atkariba no butiskuma
(kas jasasniedz notikuma un/vai pétijuma ietvaros) attieciba uz rezultatu pieskir ta nozimi (3.12.
attels).
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Akademiskais sektors

Izgudrojuma tehnologiska kvalitate (A) Rupniectba

Komercializacijas iespgjas (B)

Svars
OOOOPOOOO

oRrMvVwhUIoON®WOER

Svars
OOOOPOOOO
OFRPNWAUIONOOOR

Inovacijas veids TGL Klimatneitralitate Iimenis Prieksizpéte Uznéméjdarbibas
Aizstajejpre kti, 4Aar11 elis (ilgtspéja
{' izs 1»|c‘]p|o.d.u‘ i Krltcrl]s  (Vietcjais, modelis (ilgtsp&ja)
jauni tehnologiskie regionalais, visa
procesi, jauni pasaulg) Kritérij S
produkti, jauni

uzvedibas modeli)

3.12. att. Stratégisko partneru sadarbibas vertéSanas kritériju salidzinajums (A — akadémiskais
sektors; B — riipnieciba).

Vertesana

Sacensibu gars un spéles elements var biitiski ietekmét pasakuma galarezultatu. Komandu
izveide tiesi ietekmé konkurenci un sadarbibu vienlaikus. Iesp€ja parbaudit savas zinaSanas un
pieredzi konkurences disciplinds veicina labaku, dzilaku un daudzpusigaku informacijas
asimilaciju un izpratni par savu sp&ju robezam un, kas ir ne mazak svarigi, veicina cieSu
sadarbibu ne tikai komanda, bet ar1 ar akadémiska personala un uzpémumu (konsultantu)
parstavjiem.

Ar vértéSanas metodi tiek novértéta komandas l€@muma kvalitate un gala prezentacijas
kvalitati (3.14. tabula).

3.14. tabula
Galigas prezentacijas vertéSanas kriteriji galigajai prezentacijai
Vertesanas Mégina sasniegt / nesasniedz Tuvojas Panak atbilstibu Parsniedz prasibas
kriteriji 1 2 3 4
Studentu aktivitates ir | Studentu sniegums | Studentu sniegums ir | Studentu sniegums ir precizs un
neprecizas, un  aptuveno | parasti ir saistits ar | precizs; tas ir balstits uz | parliecinoss; tas parada
sniegumu var tikai dal&i | apgistamo spriedumiem par Siem | kompetences ierobezojumus un
attiecinat uz iegito | kompetenci. kriterijiem sarezgitibu.
kompetenci.

Autore piedava vertéSanas krit€riju tabulu, ko var pielagot dazadam izglitibas programmam.
Katrs kriterijs tiek vertéts skala no 1 lidz 4, kur 1 — m&gina sasniegt / nesasniedz un 4 — parsniedz
prasibas. Katram tiek pieskirts svars atkariba no studiju programmas prasibam (3.15. tabula).
Idejas attistibas modulis ir elementu kopums, kura lietojums noved pie veiksmiga rezultata.
Moduli var salidzinat ar sietu, kura péc daudzu dazadu informacijas un inovaciju izsijasanas tiek
atdalitas jeégpilnas zinaSanas un darbibas, lai apmierinatu visu iesaistito pusu intereses. Modulis
sastav no galvenajiem iepriek§ noteiktajiem parametriem: idejas novitates, ekonomiskas
iesp€jamibas un prezentacijas. Pirms pasakuma sakuma studentiem jasanem visa iesp&jama
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informacija par dazadiem inovaciju veidiem bioekonomika (aizstaj&jprodukti, jauni
tehnologiskie procesi, jauni produkti, jauni uzvedibas modeli utt.). STinformacija laus studentiem
labak izprast kursa mérki un labak veikt uzdevumu [218].

3.15. tabula
Kritériju novértésana

Nr. Kriteriji Svars
1. Virziba uz klimatneitralu risindgjumu 0,20
2. Tehniski ekonomiskas prieksizpétes kvalitate 0,20
3. Identific&jams inovacijas veids 0,15

(Aizstajejprodukti, jauni tehnologiskie procesi, jauni produkti, jauni uzvedibas modeli)

4. Biznesa modela kvalitate (risinajuma ilgtsp&jas nodrosinasanai) 0,1
5. Tehnologiju gatavibas limenis 0,1
6. Inovacijas limenis (viet€jais, regionalais, globalais) 0,1
7. Ieguldijums viena vai vairaku Apvienoto Naciju Organizacijas ilgtspgjigas attistibas mérku sasnieg$ana 0,05
8. Komandas sniegums (prezentacijas kvalitate) 0,05
9. Dalibnieki ir formul&jusi savu lomu risinajuma ievieSana 0,05
Kopa 1,0

Nakamaja pétijuma solT tika izprasta projekta tehnologiska gataviba. ST izpratne lauj izvirzit
mérki, ko komanda var sasniegt atvéletaja laika.

Informacijas apjoms, ko komanda sniedz, ir tieSi atkarigs no macibu programmas prasibam
un TGL kritrijiem. Piem&ram, TGL1-4 gadijuma tas biis: a) petnieciba; b) jédziena apraksts; c)
analitiska un eksperimentala darba rezultati, d) dokumenteta testa veiktspgja utt. Informacija
ietver, piem&ram, izmaksu un ieguvumu analizi, uznéméjdarbibas modeli, tirgus izp@ti utt.
Pamatojoties uz uznémuma apgrozijumu (piemé&ram, sarazoto produktu skaitu), komanda veic
projekta ekonomisko analizi. Lai pieraditu §1 projekta panakumus, ir nepiecieSama inovativa
risinajuma projekta finan$u analize. Sis analizes papildu prieksrociba ir zinasanu iegiiSana par
ekonomisko aspektu, kas neapSaubami palielina studenta konkuretsp€ju tirgi. Caurspidigas
projekta logistikas kédes izveide, sakot ar resursu razotaju un beidzot ar pircgju, ir otrs nozimigais
piedavata risindjuma raditajs.

Biznesa modela ievieSana ir otrs studentu komandas risindjuma kvalitates raditajs no nozares
viedokla. Parasti uznémeéjdarbibas modelus apliiko no veértibu kédes perspektivas apvienojuma
ar citam teorijam un uznémumu praksi. Uznémeéjdarbibas modelis formul€ vertibas piedavajumu
klientiem [219] un nem véra, ka organizacija rada, piegada un uztver veértibu [220]. Akadémikiem
un uznémumu vaditajiem ir atSkiriga izpratne par ilgtsp€jigu uznémeéjdarbibas modelu jeédzienu,
un joprojam notiek debates par to, vai ilgtsp€jigi uznémejdarbibas modeli nakotné varetu aizstat
tradicionalos uznémejdarbibas modelus [221].

3.4.Uzvedibas modulis

Performances jeb veiktsp&jas metode tiek izmantota, vides inZenierijas studentu apmaciba
integréjot lomu spéeli, jo ir svarigi veidot uzvedibas tipu vai darbibu, kas pieprasa daudz
uzmanibas, lai detaliz€tu problémas un izceltu detalas, kas dazreiz varétu skist arT nesvarigas.
Lomu spélei ir javeido studentu nostaja.
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Lomu spéle dalibnieki iejiitas izdomata t€la loma. Dalibnieki nosaka savu personazu darbibu
atkariba no tas uzdevumiem un personalizacijas, un veiksmes faktors ir atkarigs no spéles
sistémas un dalibnieku uzvedibas: gatavibas un motivacijas. Svarigi ir spéles uzstadijumi, un
noteikumi, kuru ietvara, spélétaji var improvizet un radosi meklét risinajumus, pie kam vingu
izveles ietekme spéles virzienu un iznakumu.

Lomu spéles integréSana bioekonomikas izpratnes veidoSanas modularaja struktiira ir
paradita 3.13. attela.

Bioekonomikas
izpratnes veidoSana

|
| | 1

P&cspeles
SagatavoSana Lomu spéle veiktspgjas
| limena
— — T I 1 matrica
PaSreizgjas P r{el;sllikurr.u. Publiska Lemumu
situacijas Risinajumi. o P
- ~ apsprie$ana piengémgji
analize Analize .
Sasniegtas
| auksaimni Minist — biodiplomatijas
| 1w | __LaukSsaimniec | “ Inistru kompetences
Datu vaksana ba Pasvaldibas kabinets
. . ) Dalibnieku
— Datu analize —MeZS"EglmeCl —  Investori — izaugsmes
analize
Rezultatu Zwsba;gglem Projektu
analize akvakultiira izstradataji
Vides
aktivisti

3.13. att. Lomu spéles integré$ana bioekonomikas izpratnes veidosanas modularaja strukttira

Lomu spéles laika dalibnieki atbild&ja uz galveno jautajumu - ka ieguldit Covid-19 arkartas
atbalsta Iidzeklus pandémijas seku mazinasanai (ilgtsp€jiga ekonomikas atveseloSana) un
saglabat pareju uz ilgtsp€jigu bioekonomikas attistibu. Katra mérka grupa — meZsaimnieciba,
lauksaimnieciba, zivsaimnieciba un akvakultiira — formul&ja, vinuprat, labakos risinajumus,
pamatojoties uz pétijjumiem. Bioekonomikas stratégija, kas nosaka, ka visnozimigakais atbalsts
ir lauksaimniekiem un partikas raZotajiem, lai garantétu nodro$inatibu ar partiku. Ir janem veéra,
ka atlikust dala biis jasadala starp zivsaimniecibam un mezsaimniecibu.

Pirmaja sagatavoSanas dala tika izstradata lomu spéle Rigas Tehniskas universitates
bakalaura studiju programmas “Vides inZenierija” kursa “Biotehonomika” 2 KP apjoma. Otraja
dala tika istenota lomu spéle, kas sastaveja no pasreizgjas situacijas analizes, priekslikumu un
risin@jumu analizes, sabiedriskas apsprieSanas un I@mumu pienemSanas. Studenti tika
iepazistinati ar problémsituaciju, spéles mérki, iesaistitajam pusém, grupu sadalijumu un vadoSo
piedavajumu veértéSanas kriterijiem pasreizgjas situacijas analizes posma. Grupa bija Cetri
studenti. Tika apkopoti dazadi krit€riji, lai sagatavotu un izvert€tu nozaru iesniegtos
priekSlikumus (sk. 3.16. tabulu). Ar apkopotajiem kriterijiem tika izvertéti un salidzinati
priekslikumi, izveleti optimalakie un efektivak sadaliti finans€jumi.
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3.16.tabula

Galvenie priekslikumu veérté€sanas kriteriji grupam

Grupas nosaukums Kriteriji Vienibas
Mezsaimnieciba Laukos un pilsétas nodarbinato personu skaits Tukstosiem cilveku
Lauksaimnieciba Pievienotas vértibas pieaugums Tukstotis EUR/gada
ZivsaimniecT kvakult . - — -

1?/s'almn1e01.ba un akvakultara Pievienota vértiba uz vienu darbinieku Tikstotis
Ministru kabinets

. 5 9

Investori Ieguldijums IKP %
Vides aktivisti Eksports Tukstotis EUR
Pagvaldibu parstavji No AER sarazotas energijas ipatsvars ripniecibas un | %

energijas patérina

Atjaunojama energija un kopg&jais (gala) riipnieciskais | GWhaer
energijas paterins GWhepgiais

Lomu spéles rezultata lauksaimniecibas grupa sanéma vislielako finansialo atbalstu, tapec §1
grupa tika talak analiz€ta, izmantojot p€cspéles snieguma limena matricu. Lauksaimniecibas
grupa bija sagatavojusi priekSlikumus, kuri ietvéra nepiecieSamibu sanemt atbalstu pandémijas
seku noveérSanai, bioeckonomikas attistibai un bioekonomikas stratégija noteikto merku
sasniegSanai; iepazistindjusi ar galvenajam griittbam, ar kuram lauksaimniecibas nozare saskaras
pandémijas del, kadi aspekti kavé bioekonomikas attistibu, kadi ir politikas instrumenti, kas
varétu palidzet sasniegt mérkus; iesniegusi priekSlikumus par arkartas atbalsta finans€juma
ieguldiSanu un ta nepiecieSamibu, ieguvusi rezultatus, ja finans€jums tiks pieskirts, un
identific€jusi sekas, ja ne.

Nosledzosaja dala tika Tstenota pecspéles veiktspejas [imena matrica, ar kuru tika novertetas
biodiplomatijas kompetences bioekonomika. Studenti §1s matricas izmantoja ka celvezus studiju
procesa, gatavojoties lomu spélei. Spéle ieteicams verot vairakiem noveérotajiem, kuri pirms
speles kalibré savu izpratni par snieguma ltmeni. Spéles laika vertétaji identific€ja tabula
uzskaititos biokompetences krit€rijus un noteica studentu snieguma Iimeni.

P&cspéles snieguma Itmena matrica lauksaimniecibas grupai biodiplomatisko kompetencu
novertéSanai ir paradita 3.17. tabula.
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3.17. tabula. P&cspéles snieguma limena matrica lauksaimniecibas grupai.

1. kategorija
Produkta / pakalpojuma / procesa atbilstiba
parejai no pasreizgjas paradigmas par
ekonomiskas razoSanas palielinasanu uz
ilgtsp&jigu bioekonomiku, veicinot zala
kursa un klimatneitralitates politikas

2. kategorija
Sapratigs un delikats dialogs un sadarbiba ar
mérka grupam.

3. kategorija
Sabiedribas mérku un uzdevumu
kopgja definicija, apzina, ka més visi
esam viens, sinergiska pieeja globalu
problému risinasana.

2. Nav minéts

[

3. Grupas prezentacija defing
lauksaimniecibas mérkus bioekonomikas
joma, kas atbilst paradigmas mainai.
Tiek noradita sagaidama pievienota
attistibai, sasniegti politikas instrumenti,
sniegti precizi pasakumu priekslikumi,
skaidri priekslikumi energoefektivitates
uzlaboSanai un emisiju samazinaSanai,
kvantitativie argumenti
(lauksaimniecibas IKP, eksports u. c.) un
to analize, ricibas plans mérka grupu
iesaistiSanai izglitiba. pasakumi un

diskusijas. Investoriem tiek piedavatas
inovativas iespéjas.

2. Solfjumi un draudi ka dialoga veicinataji
(kas draud, ja lauksaimnieciba netiek
atbalstita?). Virkne jautajumu un atbilzu
parada divvirzienu komunikaciju. Neskaidri
argumenti diskusija ar investoriem.

3. Uzsakts dialogs ar pasvaldibam, lai rastu
risinajumu kopéjam socialam un
lauksaimniecibas problémam (jaunieSu un
citu profesiju parstavju iesaistiSana sezonas
darba, darbaspéka dinamisma
palielinasana).

2. Sadarbiba ar mezsaimniecibas
nozari, izstradajot kopigus
priekslikumus zemes izmantoSanas
mainai (zemes apmezo$ana, izmainas 1
ha ietvara).

3. Kopigi mérki, kas izvirziti ar vides

aktivistiem, lai apturéetu
urbanizacijas  procesu;  kopiga
programmas  izstride jaunieSu

piesaistiSanai lauku apvidiem.

Biitisku lomu ienem pé&c spéles snieguma iztirzajums no vertétaju puses kopa ar studentiem,

lai noskaidrotu un pamatotu sasniegtos Itmenus. Studentiem ir iesp&ja identific€t savas izpratnes

trukumus.

3.5.Diplomatisko attiecibu modulis

Vides inZenierijas studentu apmacibas uzvedibas modulis pamazam tiek papildinats ar sarunu

makslas un zinatnes komponentém. Faktiski tas liela méra ir saistits ar diplomatiju, kas ir

attiecinama ne tikai uz arpolitiku. Diplomatija ir attiecinama uz dazadu grupu parstavjiem, kuri

diskuté (dazreiz ar1 konflikte) par sabiedriba aktualiem jautdjumiem. Viens no S$adiem

jautajumiem, kas nenoziid no dienas kartibas ir vides aizsardzibas un klimata parmainu



jautajums. Tapéc vides inZenierijas, ieskaitot bioekonomikas, studentiem ir nepiecieSams apgit
un veidot diplomatisko attiecibu moduli, izprotot dazadas problémas.

Lai izprastu un izvertetu, kadas varétu biit svarigaka tematika, tika atlasitas desmit t€mas un
tas izveidotas, ka desmit AHP kritériji:

CI1 kritérijs — ekonomiskie,

C2 kritérijs — socialais,

C3 kritérijs —klimata un vides,

C4 kritérijs — zinatnes un pétniecibas,

CS5 kritérijs — inZenierzinatnes,

C6 kriterijs — iekSpolitika,

C7 kritérijs — arpolitika,

C8 kriterijs — piekluve finans€jumam,

C9 kritérijs — citu valstu pieméri,

C10 kriterijs — regionala politika.

So atbilzu kvantificéana, sarindo$ana un analize ir nakamais solis, lai novértétu domingjoso
kriteriju mezsaimniecibas diplomatijas potencialam, pamatojoties uz vienkarsu svéruma shému.
Turklat pirms parejas uz TOPSIS analizi tiek veiktas arT noturibas parbaudes (t. i., konsekvences
parbaude) attieciba uz rezultatu stabilitati.

3.18.tabula
Kritériju para salidzinasanas matrica
c1 c2 c3 ca cs Cé c7 cs Co C10
C1 1 3 2 2 2 2 2 2 3 2
c2 033 1 2 2 2 2 2 2 2 2
c3 0,50 0,50 1 3 3 3 3 3 3 3
ca 0,50 0,50 033 1 2 3 2 2 3 3
C5 0,50 0,50 033 0,50 1 3 2 3 2 2
Cé 0,50 0,50 033 017 033 1 2 3 2 3
c7 0,50 0,50 033 0,50 0,50 0,50 1 2 2 2
cs 0,50 0,50 033 0,50 033 0,33 0,50 1 2 2
C9 033 0,50 033 0,33 0,50 0,50 0,50 0,50 1 2
C10 05 0,50 0,50 0,33 0,50 0,33 0,50 0,50 0,50 1

3.18. tabula redzami Rigas Tehniskas universitates Vides aizsardzibas un siltuma sistému
institita aptaujas rezultati. Eksperti tabula izce] katra kritérija relativas atSkiribas pret
meZsaimniecibas nozares potencialu kliit par dalu no Latvijas biodiplomatijas. Katrs para
salidzinaSanas matricas elements atspogulo to, ka 1émumu pienéméjs dod priekSroku vienam
kriterijam attieciba pret citiem krit€rijiem attieciba uz potencialo nozimi Latvijas biodiplomatija.
Pieméram, ekonomiskie krit€riji ir tris reizes svarigaki par socialajiem krit€rijiem, lai meza
resursi biitu dala no potencialas Latvijas biodiplomatijas. Tapéc socialie kritériji ir viena treSdala
tikpat svarigi ka ekonomiskie kritériji. To atvasinat svarigumu, vektora-matricas normalizacija
javeic ar kriteriju paru salidzinaSanas matricu. Rezultati ir paraditi 3.19. tabula.
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3.19.tabula

Normalizeta para kritériju salidzinaSanas matrica

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10
C1 0,194 0,375 0,273 0,194 0,164 0,128 0,129 0,105 0,146 0,091
C2 0,065 0,125 0,273 0,194 0,164 0,128 0,129 0,105 0,098 0,091
C3 0,097 0,063 0,136 0,290 0,247 0,191 0,194 0,158 0,146 0,136
C4 0,097 0,063 0,045 0,097 0,164 0,191 0,129 0,105 0,146 0,136
C5 0,097 0,063 0,045 0,048 0,082 0,191 0,129 0,158 0,098 0,091
C6 0,097 0,063 0,045 0,016 0,027 0,064 0,129 0,158 0,098 0,136
Cc7 0,097 0,063 0,045 0,048 0,041 0,032 0,065 0,105 0,098 0,091
C8 0,097 0,063 0,045 0,048 0,027 0,021 0,032 0,053 0,098 0,091
C9 0,065 0,063 0,045 0,032 0,041 0,032 0,032 0,026 0,049 0,091
C10 0,097 0,063 0,045 0,032 0,041 0,021 0,032 0,026 0,024 0,045

Sekojot iepriek§ minétajam, lai pabeigtu AHP analizi, normalizétas kritériju paru
salidzinasanas matricas Tpasvektors att€lo svarigako krit€riju hierarhisko strukttiru pret meza
nozares potencialu Latvijas biodiplomatijas iegiiSanai, matricas normaliz€Sanu, un rezultati ir
paraditi 3.14. attela.

C1 Ekongoaniskie
02"
C10 Regionala politika

0.15 4CZ Socialie
0,1

C9 Citu valstu piemeéri 6)6)5/.1

0,05

0,CB Klimata un vides

C8 Piekluve 0,06 0,12 | C4 Zinatnes un
finans€jumam 0.07 pétniecibas
008 01
C7 Arpolitika C5 Inzenierzinatnes

C6 Iekspolitika

B Svariguma vektors

3.14.att. Svariguma vektors parada absoliitas nozimes svaru klasifikaciju.

No visiem desmit iesp€jamiem kriterijiem, kas varétu ietekm&t mezsaimniecibas nozares
potencialu Latvijas biodiplomatija, svarigakais ir ekonomiskais faktors, kam seko socialie,
klimata un vides jautajumi.

Veicot atbilstibas parbaudi 3.20. tabula, ir iespgjams pamatoti secinat, ka $is ranzgjums ir
noturigs pret straujam izmainam svariguma skalas definicija, ka ar1 ar milzigam atSkiritbam
ekspertu viedoklos, par ko liecina konsekvences koeficients (0,07), kas ir mazaks par plasi atzito
slieksni (0,1).
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3.20.tabula

AHP algoritma rezultatu konsekvences parbaude ar N=10 krit€rijiem

Termins Vértiba

Konsistences indekss 0,11

Nejausas konsistences indekss (N=10) 1,49

Konsistences koeficients (0,12/12,49) = 0,07 < 0,1

Nakamajam solim, lai labak saprastu, kuras alternativas (apjoms (Al), iegade (A2),
pieejamiba (A3), atjaunoSana (A4), apglabasanas iesp&jas (AS), pieprasijuma (A6)
parvaldiba/ipaSumtiesibas (A7), darbaspeka pieejamiba (A8) un specialistu pieejamiba (A9)) ir
visnozimigakas katra krit€rija virziSana kopuma lémumu pienemsanas procesa, tiek izmantota
TOPSIS analize. Ta ir sapratiga pieeja, lai palidz&tu mums izprast meZzsaimniecibas resursu
potencialu, ja nem veéra vairak faktoru, kas nav saistiti ar divpus&ju salidzinasanu. 3.21. tabula
parada lémuma pienems$anas matricu, kura alternativas ir izsvertas attieciba uz kriterijiem.

3.21.tabula
Svérta lemumu matrica

Al A2 A3 Ad A5 A6 A7 A8 A9
C1 2,7 3,6 3,3 3,1 3,2 3,7 2,9 3,1 3,1
Cc2 3,1 2,6 2,6 2,8 2,4 2,7 3,2 3,4 2,8
C3 3,7 3,2 3,0 3,4 3,1 3,1 2,7 2,2 2,4
C4 3,0 2,7 2,9 3,1 3,6 3,7 2,3 2,0 3,2
C5 3,2 3,2 2,8 3,5 29 3,2 2,6 2,6 3,3
C6 35 31 3,5 3,1 3,6 3,2 3,0 2,9 2,6
Cc7 3,4 2,4 3,5 2,6 2,6 3,2 2,8 2,6 2,0
Cc8 3,0 3,1 2,9 2,9 3,1 3,3 2,8 2,3 2,7
C9 2,5 2,7 2,3 2,6 2,9 2,7 2,4 2,1 2,6
C10 3,0 3,0 2,8 3,2 3,1 2,9 29 3,1 2,7

P&c tam matrica ir normaliz€jama (3.22. tabula). Matricas normaliz€Sana lauj mums
sistematiski salidzinat alternativas dazados krit€rijos neatkarigi no pamata eso$a generéSanas
procesa.

Tad nakamais solis ir noteikt labakas un sliktakas alternativas $aja alternativu diapazona A1—
A9, sakot ar to, ka tiek noteikts, kura alternativa ir vispiemé&rotaka un vismazak piemérota katram
kritérijam, 11dz minimumam samazinot atSkiribu starp katru alternativu no sliktakas un labakas
alternativas attieciba uz katru kriteriju. Tadgjadi, aprékinot atdaliSanas pasakumus, var
kvantificet, cik talu katra alternativa atrodas no idealas un sliktakas alternativas. AtdaliSanas
mérijums ir paradits 3.5.6. tabula kopa ar tuvuma attiecibu (C) pret labako alternativu.
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3.22. tabula

Normalizeta svérta [emumu pienemsanas matrica

Al A2 A3 A4 A5 A6 A7 A8 A9
C1 0,05 0,07 0,06 0,06 0,06 0,07 0,05 0,06 0,06
c2 0,05 0,04 0,04 0,04 0,04 0,04 0,05 0,05 0,04
c3 0,07 0,06 0,05 0,06 0,06 0,06 0,05 0,04 0,04
Ca 0,04 0,04 0,04 0,04 0,05 0,05 0,03 0,03 0,04
C5 0,04 0,04 0,03 0,04 0,03 0,04 0,03 0,03 0,04
C6 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,02
c7 0,03 0,02 0,03 0,02 0,02 0,03 0,02 0,02 0,02
c8 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02
Co 0,02 0,02 0,01 0,02 0,02 0,02 0,01 0,01 0,02
C10 0,01 0,01 0,01 0,02 0,01 0,01 0,01 0,01 0,01
3.23. tabula
Tuvuma attieciba pret labako alternativu
Al A2 A3 A4 A5 A6 A7 A8 A9
da+ 0,02 0,02 0,02 0,02 0,02 0,02 0,03 0,04 0,03
da- 0,04 0,03 0,03 0,03 0,03 0,04 0,02 0,02 0,02
da+ + da— 0,06 0,05 0,05 0,05 0,05 0,05 0,05 0,06 0,05
C=da-/da+ +da— 0,62 0,55 0,53 0,61 057 0,69 036 031 0,39

Tuvuma attiecibas rangs ir apkopots, lai izceltu labako alternativu diapazona no Al lidz A9
3.15. attela.

kg‘e’gﬁl’is Tuvuma attiecibas katrai alternativai un labakajai iesp€&jamajai alternativai

0,80
0,70
0,60
0,50
0,40
0,30
0,20
0,10
0

Pieprasijums Tilpums Atjaunosan: Apglabasanas Tegade Pieejaniba Specialistu Parvaldiba Darbaspéka

iespgjas pieejaniiba  (ipaSumtiesibas’ pieejaniba

3.15. att. Alternativu prioritates noteikSana.

No 3.15. attéla secinams, ka attieciba uz meza resursiem svarigakie faktori, kas var palidzet
noteikt meZa resursu potencialu Latvijas biodiplomatijai, ir to pieprasijums, apjoms, ka ar1
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atjaunoS$anas, jo tie intuitivi ir vistuvak adekvatajai alternativai, kad lémuma pienémé;js atbilstosi
apsver visas alternativas. Darbaspé€ka pieejamiba ir pedg€jais svarigais virzitajspeks $aja analize.

Pieprasijums, apjoms un atjauno$anas péc analizes iet roku roka, jo, lai izveidotu
biodiplomatiju, ir jasaprot, vai ir pieprasijums, kas tiek uzskatits par vadoSo raditaju, un vai
apjoms apmierinas pieprasijumu un vairdak — procesos tas ir jauzskata par atjaunoSanu. Sie
rezultati nozZime, ka nakamais solis biodiplomatijas veicinaSana ir izpratne par to, kada veida
meZsaimniecibas produkts ir jaattista, lai palielinatu pieprasijumu. Saja produkta janem véra
ekodizaina principi, jo apjoms ir nakamais svarigais virzitajspeks. AtjaunoSana ir treSais svarigais
faktors. Protams, nedrikst aizmirst ar1 citus virzitajspekus, kas ir otra prioritates dala ka
specialistu pieejamiba, vadiba (Tpasumtiesibas) un darbaspéka pieejamiba, pat tos, kas netiek
uzskatiti par galvenajiem jautajumiem biodiplomatijas attistiba.

3.6. Talmacibas modulis

Talmacibas moduli tiek izmantota sisttmdinamikas metode, kura tiek lietota ka apmacibas
riks masivu tieSsaistes atvértu kursa (MOOC) “Energijas pareja un klimata parmainas” ietvara.

MOOC tika ievietots Moodle platforma, ko atbalstia Rigas Tehniskas universitates studentu
kursu portals ORTUS [222]. Tika izveidota jauna kursa lapa, kas darbojas ka izstradata MOOC
un ietver visus resursus, kas nepiecieSami abam dalam — teorétiskajam un praktiskajam. Moodle
platforma lauj veidot kursa struktiiru, pievienojot galvenas teémas sadalas un apakSnodalas, kas
ietver teorijas lapas un interaktivu saturu, pieméram, interaktivus video, jautajumu kopas, ‘drag
and drop” jautajumus, jautajumus ar atbildém, prezentacijas u. c. Studiju kursa “Energijas pareja
un klimata parmainas” izmantotie praktiskie uzdevumi atskiras — dazi tiek veikti, lai virzitu
studenta zinasanas par aprakstito teoriju daudzizvelu jeb “patiess/nepatiess” anketu veida, bet dazi
ietver praktisku darbu ar saskarni, péc kuras lietotajam jaatbild uz viktorinas jautajumiem par
rezultatiem, kas sasniegti, manipul&jot ar dazadiem mainigajiem.

MOOC tika nodots testéSanai pieciem studentiem ar padzilinatam zinaSanam par
sisttmdinamiku un energosistémam, péc tam rezultati tika iegtti strukturétas intervijas. Studenti
tika izveleti no Rigas Tehniskas universitates, un kriterijs bija, lai testa lietotaji biitu bakalaura
studiju laika pabeigusi sistemdinamikas kursu.

MOOC “Energéetikas parkartoSana un klimata parmainas” ir izstradats anglu valoda un
paredzets 100 % apmeklesanai tieSsaiste. Tas lauj studentiem macities sava atruma un apliiko tris
svarigus un savstarp&ji saistitus musdienu energétikas politikas aspektus: energoefektivitati,
atjaunojamo energiju un klimata parmainas. Taja aprakstita pasreiz€jas energosisteémas sociali
tehniska parkarto$anas, tostarp inovativi risinajumi energétikas un klimata tehnologiju joma,
apliikotas maciSanas liknes un ekonomika, cilvéku uzvediba ka viens no galvenajiem parmainu
virzitajspekiem, ka ari dazadu tehnologiju izplatiSana, lai sasniegtu klimata un energétikas
politikas mérkus. Sis zinasanas lietotajam tiek sniegtas caur sistémdinamikas prizmu,
izskaidrojot, ka darbojas energétikas nozares piedavajuma un pieprasijuma puse. Kurss sastav no
piecam sadalam, no kuram tris tika ieklautas pilotversijas izstrade. Katra nodala ir ieklauti
praktiski uzdevumi, lai parbauditu lietotaju zinaSanas pirms studijam, to laika un péc tam.
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Apmacibas uzdevums notiek katras kursa dalas sakuma, un ta noveértéjums nav ieklauts galigaja
vertejuma. Praktiskie uzdevumi tiek novertéti un ieklauti studenta nosléguma piezimé.

Kursa ievaddala ir paskaidrots, kas ir klimata parmainas un ka ar tam ir saistita energetikas
nozare. Sis dalas rezultati ietver zinaSanas par galvenajiem klimata parmainu céloniem un
ietekmi, oglekla cikla dinamiku atmosféra un globalo klimata parmainu politikas pasakumu
pamatiem. Otraja nodala ir dzilak aplikota energétikas nozares piedavajuma un pieprasijuma
puse. Ir ieklauts 1ss ievads ar piemériem par dazadiem kurinamajiem, ko izmanto energijas
razosana, kam seko energoefektivitates nozime un pieaugoSais razojosSo patérétaju skaits
energétikas nozares pieprasijuma pusé. ST kursa dala ietver ievadu piedavajuma un pieprasijuma
puses attiecibas caur sisttmdinamikas prizmu. Nakamaja nodala ir aprakstitas energijas lietotaju
galveno nozaru (dzivojamo, ripniecisko, sabiedrisko u. c¢.) galvenas iezimes attieciba uz
elektroenergijas un apkures/dzes€Sanas sist€tmu izmantoSanu. Visbeidzot, kursa ievada dalas
pedgja nodala ir izskaidrota energijas parejas procesa nozime, iespgjas un sarezgijumi [223],
[224]. Tas ietver parejas teoriju, arhetipu “Sloga novirzisana”, iesp&jamos $kérslus energétikas
parkartoSanas procesa uz ilgtsp&jigakam tehnologijam un to, ka notiek fosilo energoresursu
sisttmu savienoSana ar atjaunojamas energijas sisttmam. Tiek apspriesta ari decentralizéta
energijas parvaldiba, kas ir biitisks dalisanas ekonomikas, ka arT agregatoru aspekts.

Sadalas “Piedavajuma puse” un “Pieprasijuma puse” ir veidotas, izmantojot Iidzigu pieeju —
vispirms tiek sniegta informacija no publikacijam, kas aptver galvenos interes€josos tematus,
kam seko pieméri no energijas piedavajuma un pieprasijuma nozaru krajumu un plismu
struktiram. Lietotdji var noteikt, aprakstit un novertét galvenos energijas parejas virzitajspekus
abas pus€s no sistemdinamikas viedokla. Piedavajuma puse ietver dazadus pasreiz€jos un
nakotnes energijas avotus, savukart pieprasijuma puses apakSmodeli ietver energijas patérina
nozares, piem&ram, majsaimniecibas, terciaro nozari, ripniecibu, sabiedrisko un transporta
nozari. Ir ieklauti praktiski uzdevumi, izmantojot saskarnes, kur lietotaji var planot dazadus
scenarijus, ka attstit energetikas parkartosanu uz CO; neitralam energosistémam, galvenos sviras
punktus energosisteémas, istermina un ilgtermina ietekmi, ka ar1 kavéjumu, nelinearitates un
atgriezeniskas saites ietekmi energétikas parkartoSanas procesa.

Kursa piedavajuma puses sadala apliikotas témas ietver galveno energijas razo$ana izmantoto
tehnologiju definicijas un to cenu diapazona datus, kam seko saskarne, kura izskaidrots, ka tiek
veidota energoapgades nozares krajumu un plismu strukttra (sk. 3.16. att.). P&c tam lietotajiem
ir jaizstrada dazadi scenariji, lai izpétitu, kuriem struktiiras mainigajiem lielumiem ir vislielaka
ietekme uz energijas tarifu, energijas daudzumu, kas sarazots, izmantojot fosila kurinama un uz
atjaunojamiem energoresursiem balstitas tehnologijas, ka ari uzstadito jaudu elektrostacijas
dazadam tehnologijam. Ir paskaidrots, ka tiek veidota jauda starp konkurgjosam tehnologijam,
kuras izmanto fosilo kurinamo un atjaunojamos energoresursus (AER), ka ar1 ieklauti teorétiskie
pieméri no divam elektrostacijam, kas darbojas ar dabasgazi un v&ja energiju. Tadi faktori ka
jaudas uzstadiSanas aizkaveSanas, sabiedribas atbalsts un resursu pieejamiba izskaidro, cik
svariga ir zemes platiba un cik lielu zemes pedas nospiedumu rada elektrostacijas, kas izmanto
dazada veida kurinamo.

Pieprasijuma puses sadala ir aprakstiti iek$€jie un argjie Skersli energoefektivitates pasakumu
istenoSanai, kas biezi vien izpauzas ka nekvalitativi biivdarbi renovacijas projektu laika [225].
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Tiek apspriesta art iedzivotaju uzvediba laika, kad tiek lemts par to, vai atbalstit vai neatbalstit
€kas renovaciju tas energoefektivitates paaugstinasanai, un §1 l€émuma ietekme ir ieklauta
energijas pieprasijuma sektora krajumu un plismu struktiira. Parvietojoties pa saskarni, lietotaji
tiek iepazistinati ar katru struktiiras elementu ar teoriju un piemériem. Lidzigi, ka tas bija
piedavajuma puses sadala, saskarne ietver simulacijas moduli, kura studenti veido vairakus
scenarijus un nakamaja nodala atbild uz viktorinas anketu par savu pieredzi. Tiek apspriesta ar
energoefektivitate dazadas galapatérina nozar€s (sabiedriskaja, dzivojamaja, ripniecibas,
terciaraja).

Katra kursa sadala ir ieklauti praktiski uzdevumi, lai parbauditu lietotaju zinaSanas pirms
studijam, to laika un p&c tam. Apmacibas uzdevums notiek katras kursa dalas sakuma, un ta
noveért§jums nav ieklauts galigaja vert€juma. Praktiskie uzdevumi tiek noverteti un ieklauti
studenta nosléguma vertgjuma.

& Ordered capacity depends on the
ordering rate and installed capacity. The
more new technology is needed the P . i
more ordered capacity stock will il unti y S = 1o
that ordered technology will be installed. O %

Example:

Leop B1 shows that INSTALLED
CAPACITY grows when ORDERED
CAPACITY grows. The more wind
turbines are ordered, the more of them
ane baing installed.

Loop B2 displays the path of ENERGY
PRODUCTION from the beginning of
ENERGY SHORTAGE until INSTALLED
CAPACITY. When there is an enengy
shortage in the natwork, the decision is
made 1o invest in new wind turbines,
which afterwords are being ordered and
installed to produce more energy and
minimize ENERGY SHORTAGE.

Loop R1 adds up CAPACITY
DEPRECIATION to the previoushy
mentioned loop B2. When more wind

o
100 825 1SS0 TS 3000
year
— Energy production A

0

e} i

Energy shortage

0
100 828 1880 275 3000
year

— Installed capacity A

The given example shows balance in the
system, because ORDERED CAPACITY and
CAPACITY DEPRECIATION is in the required
‘quantity to minimize ENERGY SHORTAGE.

turbines are being installed, the amount
of capacity depreciation grows, which
leads 1o new energy shortage afler the
Efetime of those wind turbines is over.

Previous Next
Pa Page

3.16. att. Saskarne, kura paskaidrots, ka tiek veidota energoapgades nozares krajumu un plismu
struktira.

Likerta veérteésanas skala no 1 (Pilniba nepiekritu) lidz 5 (Pilniba piekritu) tika piemérota, lai
novértétu kursu astonas jautajumu grupas. Vidgjais vert€jums satura bija 3,65, maciSanas un
atbalsts — 3,45, vizualais noform&jums — 3,15, navigacija— 3,36, pieejamiba — 3,27, interaktivitate
— 3,80, paSvertéjums un macisanas sp&ja — 3,35, motivacija macities — 3,71. Zemakais raditajs
(3,15) kursu vertésana ir pieskirts MOOC vizualajam noform&jumam. MOOC prototips vel nav
izstradats lidz stadijai, kad tiek veidots kursa vizualais noform&jums. Lietotaji sniedza vertigus
komentarus un ieskatus, kas tiks talak izmantoti, lai uzlabotu MOOC.

3.7.Zinatniskas pétniecibas modulis

Vides inzenierijas studentiem studiju kursu darbu un nosléguma darbu izstrade tiek piedavata
iespeja izveleties gan kvalitativo, gan kvantitativo zinatniskas izpetes metodi. [lggadigie studiju
procesa apkopotie dati liecina, ka 80—-85 % stud€joso izvelas kvalitativo metodi, tadeél promocijas
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darba pétniecibas jomu pieméri izveleti, lai ilustrétu kvalitativo zinatnisko metozu izmantoSanas
iespgjas.

Autore zinatniskas izp&tes demonstraciju isteno ar cetru gadijuma rakstura zinatniskas izp&tes

piem&riem.

1. modulis. Bibliometriskas analizes modulis. Mekl&ta un analiz&ta bioekonomikas nozares
zinatniskas izpétes jomas svarigums, ka ar1 Eiropas Savienibas klimata politikas Zala
kursa ietvaros saite ar bioekonomikas izglitibu.

2. modulis. Bezatlikumu produktu ranzéSanas modulis. Mekl&ti un analizeti bioproduktu
(kliju parkrausanas atkritumu) razotnes blakusproduktu izmantoSanas iespgjas produktu
razo$anai ar augstu pievienotu vertibu.

3. modulis. Bezatlikumu tehnologiju ranzé$anas modulis. Mekl&tas un analiz&tas razotnes
blakusproduktu parstrades tehnologisko procesu izmantoSanas iespgjas.

4. modulis. Energoresursu lietotaja parvaldibas modulis. Mekl@tas un analiz&tas agregatoru
iesp€jas un potencials.

Bibliometriskas analizes modulis

Bibliometriskas analizes moduli galvena uzmaniba tika pieversta p&tijumiem zinatniskaja
literatura, kas saistita ar bioekonomikas nozares izp&tes jomas svarigumu, ka ari sasaité ar
Eiropas Savienibas klimata politikas ZaJo kursu un bioekonomikas izglitibu. Saja moduli tika
izmantota bibliometriska metode (programmattra VOSViewer).

3.17.un 3.18. att. ir redzama saikne starp zinatniskajiem rakstiem, kuros tiek izmantoti vardi
“izglitiba” un “bioeckonomika” (atlastti raksti, sakot ar 2012. gadu). Scopus datubaze tika
indekséti seSdesmit pieci raksti. Sie skaitli parada biitiskas atskiribas vardu atkarto$anas
minimalaja biezuma. 3.17. att€la, §is minimalais vardu atkartoSanas biezums ir divas reizes, bet
3.18. attela — tris reizes. Minimalais vardu atkartoSanas biezums tika mainits, jo autore uzskatija,
ka vardu savienojumi ir javizualiz€ ar atbilstosak saistitiem vardiem. Ka paradits attelos (3.17.
att. un 3.18.att.), So vardu attiecibas veido kopas. 3.20. attéla tika uzgeneréts 101 atslégvards, kas
veido astonas kopas. Kopas sastav no atbilstoSiem atslégvardiem un to saitem.
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3.17. att. Bibliografijas vizualizacija ar vardu salikumu "izglitiba" UN "bioekonomika" kop$
2012. gada (minimalais vardu atkartosanas biezums — divas reizes).

3.18. attela paraditi 37 atslegvardi, kas tiek iedaliti Cetras kopas. Talak tiek analizeti
bibliografiskie dati ar vardu salikumu ‘izglitiba” un “bioekonomika” kop§ 2012. gada
(minimalais vardu atkartoSanas biezums — tris reizes), atslégvardus identificgjot Cetras kopas.
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3.18. att. Bibliografijas vizualizacija ar vardu salikumu ‘izglitiba” un ‘bioekonomika” kops
2012.gada (minimalais vardu atkartoSanas biezums — trTs reizes).

3.17. attela tiek paradits korelacijas saisu tikls starp Siem 37 atslégvardiem, kas sastav no 319
saitém un kop€ja saiSu stipruma 564. 3.18. attéla redzams, ka publikacijas visbiezak sastopamais
atslégvards ir ‘bioekonomika’. Protams, to varétu uzskatit par visatbilstosako vardu, jo raksti tika
atlasiti, izmantojot atslégvardu "bioekonomika", kas paradas 36 zinatniskas publikacijas un
attiecas uz 36 citiem atslégvardiem, kas aprakstiti ka saites. Otrs atbilstoSakais atslegvards ir
“izglitiba” (32 saites) 16 zinatniskos rakstos. TreSais izplatitakais vards 13 zinatniskajos rakstos
ir “ilgtsp€jiga attistiba” (23 saites), “ilgtsp&ja” (14 saites) 11 zinatniskos rakstos un “cilvéks” (28
saites), “inovacija” (22 saites), “Eiropa” (30 saites) devinos zinatniskos rakstos. Visvairak tiek
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izmantoti jédzieni “bioekonomika” un “izglitiba”, un tie paradas lielakaja dala publikaciju. Vardi
“cilveks”, “inovacija” un “Eiropa” paradas mazak petijjumos neka vardi “ilgtsp&jiga attistiba” un
“ilgtsp&ja”, tacu tiem ir lielaka saikne ar citiem tikla atslégvardiem, kas nozime, ka autori rakstos
izmanto biezak lietotu valodu un vardus, lai atspogulotu turpmako zinatnisko t€mu attistibu un
to nozimi zinatng.

3.19. tabula ir atainotas Cetras kopas ar dalitiem atslégvardiem bibliografiskaja tikla, kur tika
izmantoti vardu salikumi “izglitiba” un “bioekonomika”, atlasot zinatniskos rakstus Scopus
datubaze no 2012. gada. Atslégvards tiek paradits vienu reizi viena no kopam.

3.19. tabula

Kops 2012. gada atainotas kopas bibliografiskaja tikla ar vardu salikumu “izglitiba” un
“bioekonomika” (minimalais vardu atkartoSanas biezums — tr1s reizes)

biotehnologija
klimata parmainas
[eémumu pienemsana

macibu programmas
izglitiba
ripniecibas ekonomika

Eiropas Savieniba
zala ekonomika,
augstaka izglitiba

1. kopa 2. kopa 3. kopa 4. kopa
lauksaimnieciba raksts bioekonomika Eiropa
biomasa aprites ekonomika vides ekonomika meza apsaimnieko$ana

mezsaimnieciba
ieinteres€tas personas
students

ekonomiskais aspekts ellas un tauki inovacijas studenti
ekonomika politika intelektualais kapitals augstskolu sektors
cilveks pétnieciba ilgtsp&ja

cilveki tehnologiju attistiba ilgtspgjiga attistiba

starptautiska sadarbiba
piezime
prioritarais Zurnals

P&c ieglitajiem rezultatiem tika identificéta studiju joma katra kopa, kura izglitiba ir saistita
ar bioekonomiku.

1. kopa ir atslégvardi, kas saistiti ar cilvéku iesaistiSanos lauksaimnieciba un bioekonomikas
attistibu, izmantojot biotehnologijas, kur zinasanas ir butiskas. Izglitibas nepieciesamiba
industrialaja ekonomika ir paradita 2. kopa, kur biitu jaapsver tehnologiju attistiba un p&tnieciba.
3. kopas atslégvardi ir saistiti ar inovaciju nepiecieSamibu bioekonomika, kas biitu jadara,
iesaistot augstako izglitibu ilgtsp&jigai attistibai. 4. kopa parstav mezsaimniecibas nozares un
studentu izglitibas nepiecieSamibu bioekonomikas attistibai.
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3.19.att. Bibliografijas (hronologiska) vizualizacija ar vardu salikumu “izglitiba" un
“bioekonomika” kops 2012. gada (minimalais vardu atkarto$anas biezums — trs reizes).

3.19. att€la ir paradits atslégvardu hronologiskais att€lojums pétijumos, kur atslégvardi
dzeltena krasa, piem&ram, “meza apsaimniekosana”, “mezsaimnieciba”, “ieintereséta persona”,
“students” u. c., vairak paradas aktualajas publikacijas, pieméram, 2019. gada. IepriekSmingtais
ir izskaidrojams, ka nozimigaki pétjjumi tiek izmantoti ogleklneitralakiem lietojumiem,
pieméram, meza resursiem. Atslégvardi tumsi zila krasa, pieméram, “tehnologiju attistiba”,
“politika”, “industriala ekonomika”, tika lietoti jau 2016. gada. Atslegvardi dzeltena krasa parada

jaunakos sasniegumus pé&tnieciba, kuri tiek aplikoti mezsaimniecibas nozaré. Tiek veicinati
inovativaki pielietojumi mezsaimniecibas nozaré bioekonomikas attistibai ar izglitibas palidzibu.

sustainablefgevelopment
poland [ce@iira! europe]
europeafjgreen deal

artigle

inngietion
higher ggucation
gher ggu eife
edugation

mining§pdustry

3.20. att.. Bibliografijas vizualizacija ar vardu salikumu “izglitiba” un “zalais kurss” kops 2019.
gada (minimalais vardu atkartoSanas biezums — divas reizes).

3.20.attela ir paradita zinatnisko rakstu saistiba ar vardiem “izglitiba” un “zalais kurss”.
Petijumi tika atlasiti no 2019. gada, jo Zala kursa dokuments tika publicéts attiecigaja gada.
Kopuma ir devini raksti. Jaatzime, ka rakstu skaits ir daudz mazaks, salidzinot ar ieprieks

min&tajam vardu kombinacijam.
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Bezatlikumu produktu ranZé§anas modulis

Bezatlikumu produktu ranz€Sanas moduli ir mekléti un analizéti bioproduktu (kliju
parkrausanas atkritumu) razotnes blakusproduktu izmantoSanas iesp&jas produktu razoSanai ar
augstu pievienotu vertibu, izmantojot kvalitativas p&tniecibas metodi.

Tika identific@ti 30 produkti, kuri tika iegiiti no Cetriem kvieSu blakusproduktiem — klijam,
salmiem, mizinam un putekliem. Visplasak tiek izmantotas klijas, savukart puteklus izmanto, lai
razotu tikai vienu produktu — biobazétu iepakojumu [226]. Saja moduli tika sadaliti produkti
sesas grupas: iepakojuma materiali, buvmateriali, adsorbenti, kurinamais, siltumizolacijas
materiali un ktmiskas vielas.

No parskatitajiem produktiem MCDA vajadzibam tika atlasiti septini produkti. Analizes
mérkis ir atrast produktu ar visnozimigako komercializacijas potencialu, nemot véra vides,
socialos, ekonomiskos un tehniskos aspektus. No visam produktu grupam kurinamais un
buvmateriali netika talak apsverti, jo Siem produktiem nav salidzinoS$i augstas pievienotas
vertibas. Tika konstatets, ka kviesu klijas ir visplasak izmantota izejviela, tapec to produkti tika
parbauditi MCDA. Attieciba uz klijam tika parskatitas devinas publikacijas, apkopojot
informaciju par trispadsmit produktiem. Novertgjot par Siem produktiem pieejamos datus, 3.20.
tabula noraditie produkti tika atlasiti MCDA.

3.20. tabula parada MCDA ievaddatus. Iznemot produktu cenu salidzinajumu, visi kriteriji
tika noverteti piecu punktu skala, pamatojoties uz apkopotiem datiem un ekspertu
noverte§jumiem. Ta ka produkti ir jauni, tie v€l nav plasi pétiti, un daudzos gadijumos dati tika
nemti no lidzigiem produktiem.

Produkta TGL tika novértéta tehnologijas picejamiba. TGL tika novértéts, pamatojoties uz
ekspertu atzinumu. Ja TGL bija Cetri vai mazak, tam tika pieskirts rezultats no 1 11dz 2; ja TGL
bija 5 vai 6, tam bija 3 punkti; un, ja TGL bija 7 vai 8, produkts san€ma 4 punktus [227].

3.20.tabula
MCDA ievades dati

Kriterijs Alternativa

7 [=7]

2 [

3 £ =

9 2 9 = o el
= < z e 8 —

£ 5 g g g £ E E

= & IS a8, IS ) R

8 £ 2 g E 8 £ g 5

S S < B2 2 & & >
Tehnologiju 3 4 3 3 4 4 3
pieejamiba
Ilgtspgja 5 4 4 4 5 5 5
Produktu cenu | 92,5 92,6 14,2 0,01 50 32,6 37,9
salidzinajums, %
Tirgus pieprasijums 4 2 4 2 2 3 5
letekme uz vidi 4 5 3 2 3 4 5
Socialie aspekti 5 4 5 5 3 3 4

Tika novértéta produkta ilgtsp€jas atbilstiba ANO ilgtsp&jigas attistibas mérkiem [228].
Lauksaimniecibas atlikumu izmantoSana produktos ar augstaku pievienoto vértibu atbilst vismaz
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trim no septinpadsmit meérkiem. Ja produkts sasniedza visus tris merkus, tika pieskirti 5 punkti;
ja butu mazak merku, tad attiecigi mazak punktu.

Produktu iesp&jamas cenas salidzindja ar tradicionali izmantotajiem produktiem un izteica
procentos no cenu starpibas. Izmantojot lauksaimniecibas un riipniecibas blakusproduktus,
micéliju saturosa biokompozita izejvielu izmaksas ir 0,06-0,15 EUR/kg [229]. Nav datu par
kop&jam razo$anas izmaksam, bet uzskatams, ka izejvielas veido lielako dalu. Sads materials tika
salidzinats ar polistirolu, kas maksa no 1,85-2,02 EUR/kg [229]. Komercialas aktivas ogles
izmaksas ir 5,85 EUR/kg, kas tiek izmantots ka adsorbents, savukart bioadsorbenta izmaksas ir
0,05-0,43 EUR/kg, kas ir ievérojami Ietak [157]. Biokompozitu ar PP salidzinaja ar p&tijumu,
kura kvieSu kliju vieta tika izmantotas koriandra Skiedras. PP granulam, pievienojot 40 %
koriandra Skiedru, cena samazinajas no 1,27 EUR/kg Iidz 1,09 EUR/kg [230]. Partikas pléve ar
antioksidantu Tpasibam, salidzinot ar PLA, dabisku materialu, kas izgatavots no raudzetas augu
cietes. 2016. gada PLA pléve maksaja 2 EUR/kg, savukart zema bltvuma polieténs (LDPE),
fosila plastmasa, maksaja 1,25-1,45 EUR/kg [231]. Konkrétaja gadijuma produkta cena,
iesp&jams, biitu zemaka, jo to iegiitu, izmantojot zemu izmaksu atlikumus. Aptuvens fermentu
razo$anas cenu saltdzinajums paradija, ka kviesu kliju izmantoSana par izejvielu samazinatu cenu
par Iidz pat 50 % [160]. No alus darTtavas izlietotajiem graudiem iegiitas pienskabes cena ir 0,76—
1,11 EUR/kg, bet pienskabe parasti ir 1,64 EUR/kg [232]. Ta varétu bt Iidziga miisu pienskabes
cenai, jo petijuma ka izejvielas izmantoti arT blakusprodukti. Ja viensiinas ella tiktu razota,
izmantojot glikozi bez maksas, pienemot atkritumu vai blakusproduktu plismas, ta izmaksatu
2,99 EUR/kg ar 10 000 tonnam gada. Ja pienem, ka glikozes cena ir 351,68 EUR/t, vienstinu
ellas razoSanas izmaksas bitu 4,82 EUR/kg [233]. Saja gadijuma dati ir balstiti ari uz
pien@mumiem, jo patiesiba kvieSu klijam ir ekonomiska vertiba.

Tirgus pieprasijums tika merits péc pasaules produktu tirgus lieluma. Globalais biokompozitu
tirgus 2020. gada bija 18,44 miljardi EUR [234]. 2020. gada globalais adsorbentu tirgus bija 3,43
miljardi EUR [235]. Tika I&sts, ka globalais bioplastmasas tirgus 2020. gada bija 5,1 miljards
EUR [236]. Pasaules fermentu tirgus vértiba 2019. gada bija 7,6 miljardi EUR [237]. Organisko
skabju tirgus 2021. gada bija 9,69 miljardi EUR [238]. Saja pétijuma [169], autori uzskata, ka
vienSiinas ellu var€tu pievienot tirgos, kas nav biodegvielas tirgi, pieméram, raZzojot augstakas
kvalitates taukskabju bazes oleokimiskas vielas. 2020. gada pasaules tauku parstrades produktu
tirgus bija 27,62 miljardi EUR [239]. Ta ka datubazes gadi atSkiras, tika nemti véra art ekspertu
viedokli. Pieprasjjums tirgi tika izteikts piecu punktu sist€ma, salidzinot produktu tirgus
apjomus.

Ietekme uz vidi tika noveértéta piecu punktu Iimeni, nemot véra raZojuma emisijas raZzoSanas
laika salidzinajuma ar paslaik izmantotajiem raZzojumiem. Jo lielaks ir emisiju ietaupijums, jo
augstaks ir produkta vértéjums. Savaktie dati bija nepilnigi, tapec Saja kriterija tika iesaistiti ar1
eksperti. Micélija bazes kompozits tika salidzinats ar MycoBamboo, materialu ar bambusa
dalinam un micéliju. Sada parauga razosana izdala 86 g COsekv. uz plati, bet 27 g CO»/ekv. uz
plati, ja dabasgazes vieta izmanto atjaunojamo energiju. Katrs MycoBamboo paraugs svéra
aptuveni 33 g [240]. Materialu var€tu salidzinat ar ekstrudétu putupolistirolu, kura globalais
sasilSanas potencials ir no 13,22 kgCOzekv. Iidz 1,75 kg putam [241]. Izmantojot kvieSu kliju
Skiedru, lai iegiitu biokompozitu ar PP, var samazinat emisijas par 1470 kgCOzekv./t un radit
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energijas ietaupfjumu 2130 MJ/t salidzinajuma ar tiru PP materialu [145]. Partikas pléve tika
salidzinata ar PLA plévi, kuras izmesi ir 0,27 kgCOzekv./m?. Pléves svars ir 0,6 kg uz 10 m?
[242]. PLA tika salidzinata ar LDPE plévi ar emisijam 0,11 kgCOxekv./m? un svaru 0,5 kg uz 10
m? [242]. Parskatitajos p&tijumos ir apliikotas arl emisijas no izejvielu ieguves, kas varétu biit
zemakas miusu pétijuma ieklautajiem produktiem, jo izejvielas ir lauksaimniecibas
blakusprodukti.

No sociala viedokla eksperti novert§ja produkta razoSanas procesa iesaistita darbaspéka
daudzumu. Ja produkta razoSana ir automatizeéta un neprasa daudz darba, tad tai tika pieSkirti 1—
3 punkti, jo tada gadijuma riipnica neradis salidzinosi lielu darba vietu skaitu. Bet, ja razoSanas
process nav diezgan automatizets, tad tika pieskirti 4—5 punkti, jo ripnica raditu jaunas darba
vietas, kas uzlabotu socialo situaciju valsti.

Kriteriju svari tika noteikti, izmantojot jutiguma analizi. Jutiguma analize paradija, ka
ilgtsp&jas aspektam ir viszemaka jutiba pret svara izmainam, ko var noteikt arT, apliikojot ievades
datus, jo visas alternativas ieguva 4 1idz 5 punktus. Tap&c $im krit€rijam tika pieskirts zemakais
svars (0,05). Ar1 tehniskajiem un socialajiem aspektiem bija nelielas svara izmainas
salidzinajuma ar citiem krit€rijiem, tap&c tiem tika pieskirts svars 0,15. Ietekme uz vidi un tirgus
pieprastjums kluva jutigaki pret svara izmainam, kad vienotais mainigais koeficients svarstijas
no 0,5 Iidz 1,5, tapec Siem kriterijiem pieskirta nozime ir 0,2. Produkta cenu salidzinajums
visvairak reag€ja uz svara izmainam, visticamak, tapéc, ka ievades dati atskiras vairak. Galu gala,
tie netika izteikti piecu punktu skala. ST kritérija jutiguma analizes rezultati grafiski paraditi 3.21.

attéla.
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3.21. att. Jutiguma analizes rezultati produktu cenu salidzinasanai.

Visu kritériju svari ir paraditi 3.22.attela.
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3.22.. att. Kriteriju svars (TOPSIS).

TOPSIS aprékini tika veikti, izmantojot ievades datus un iegiitos krit€riju svarus. legitie
rezultati grafiski atainoti 3.23. att€la. Rezultati paradija, ka vislielakais relativais tuvums
analizéto produktu idealajam gadijumam ir biokompozita materialam uz micglija bazes. Tas
galvenokart ir saistits ar salidzinosi augsto produktu cenu atskiribu. Ja Sis kritérijs nebiitu nemts
vera, vienstnas ella bitu ieguvusi visaugstako rezultatu, ko var novértét ari, aplikojot ievades
datus. Adsorbentam ir arT salidzinosi labi rezultati, jo ta cena un ietekme uz vidi ir daudz zemaka
neka paslaik izmantotajiem adsorbentiem. Sliktako rezultatu ieguva partikas pléve ar
antioksidantu Tpasibam. Tas ir tapec, ka dati par So produktu tika izmantoti no PLA parametriem,
un PLA tika salidzinats ar LDPE, kam paslaik ir zemakas razoSanas emisijas un cenas neka
bioplastmasai. A1 bioplastmasai ir mazaks tirgus pieprasijums, kas ir jauzlabo. Ari bioplastmasai
ir mazaks tirgus pieprasijums, kas ir jauzlabo. Tomer dati netika nemti tiesi par izvéleto produktu.
Produkta parametri ir labaki, jo tos iegiist no klijam, nevis kukuriizas, ar atSkirigam ekstrakcijas
1pasibam, pieméram, idens patérinu un razu [242].
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3.23. att. TOPSIS rezultati.

Bezatlikumu tehnologiju ranzéSanas modulis

Bezatlikumu tehnologiju ranzéSanas moduli ir mekl&tas un analizétas raZotnes
blakusproduktu parstrades tehnologisko procesu izmanto$anas iesp&jas, izmantojot kvalitativas
pétniecibas metodes. Ka gadijumizpétes pieméra tika salidzinatas ekstrakcijas metodes, ar kuram
iegiit eteriskas ellas.
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Pieaugot iedzivotaju skaitam visa pasaulé, pieaug ari auglu un darzenu razoSana un
audz€Sana. Turklat partikas atkritumiem ir ilgstoSa ietekme uz atkritumu poligoniem un
socialekonomisko ietekmi, jo tiem ir lielaks mitrums un biologiska noardiSanas sp&ja [243].
Tapéc partikas atkritumu apsaimniekoSana kliist par galveno problému visa pasaulg, bet,
izmantojot progresivas tehnologijas, partikas atkritumi var but daudzpusigs vides bioresurss, ko
var parverst biodegviela, produktos ar pievienoto vertibu un biomateriala [244]

Sis pétijums Ipasi koncentr&jas uz auglu atkritumu valorizacijas celiem, jo ir veikti milzigi
pétijumi par auglu atkritumu nonakSanu poligonos, anaerobo parstradi, kompost€Sanu utt. [245].
Pfaltzgraff et al. apgalvo, ka auglu atkritumi ir ne tikai plass energijas avots, bet tiem ir ari
neticama spgja razot rupnieciskus produktus, pieméram, &terisko ellu, zales, kosmétiku,
organiskos produktus utt. [246]. Katrai augla dalai, piem&ram, mizai, mikstumam un s€klam, ir
unikals atlikusais un kimiskais sastavs, ko var izmantot dazadu biologisko produktu razo$anai.

Tradicionali auglu mizas ir visizplatitakie atkritumi, kurus var viegli atrast vide. Auglu mizam
piemit vislabakas arstnieciskas Ipasibas, piem&ram, pretmikrobu, antioksidants, pretiekaisuma,
pretinfekcijas, antimutagéns un hepatoprotektivs. Eteriska ella ir viena no butiskakajam auglu
mizam, petnieki pec vairakiem eksperimentiem ir atklajusi, ka €teriskajai ellai ir aktivitate pret
bakterijam, peléjuma seénitém, raugiem un patog€niem un fitopatogéniem mikroorganismiem. Ta
rezultata ir pieradits, ka &terisko ellu var izmantot, lai mikroorganismus ar antibiotikam nonavétu
[247]. Dazi piemé&ri ir min&ti 3.21. tabula.

3.21. tabula
Auglu atkritumi mediciniskai lietoSanai
Auglu atkritumi Produkts ar pievienoto | Mediciniska pielieto$ana Metodes Atsauce
vertibu
Bananu miza Eteriska ella Antioksidanta Tpasiba Ekstrakcija [247]
Citrusauglu miza Eteriska ella Mazina sapes Ekstrakcija [248]
Mazina iekaisumu
Izskidina Zultsakmenus
Apelsina miza Eteriska ella Antimikrobiala iedarbiba Destilacija ar tvaiku [247], [249]
Zalu aromatizetajs Auksta preséSana
Skidinataja ekstrakcija
Tvaiku absorb&sana
Mango miza Pektins leguvumi veselibai Ekstrakcija [250]
Greipfriitu miza Eteriska ella Antibakterialas un | Papira disku difuzija [251]
antioksidantu Tpasibas
Biopesticids pret moskitu
kapuriem

Viena no biitiskakajam sastavdalam, ko var ieglit no auglu mizas (abolu izspaidas, citrusaugli,
cukurbieSu mikstums), ir pektins. Agrakie pétijumi liecina, ka pektins ir efektivs komponents
ripnieciska Itment un noderigs ar1 v€za, Siinu apoptozes arstéSana un holesterina noverSanai
[252]. Vairakos pétijumos atklats, ka auglu mizas atkritumi var lietot medikamentos.

Eteriska ella ir koncentréts hidrofobs $kidrums, kas dabiski iegiits no augiem [253]. Nesena
sistematiska parskata tika pétita €terisko ellu plasa izmantoSana kosmétikas riipnieciba un
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ikdienas dzivé smarzu [254], un farmacijas industrijas d€l [255], kas liecina par pieaugoso

pieprasijumu péc &teriskas ellas tirgi. Ekstrakcijai var dro$i izmantot dazadas metodes. 3.24.

att€ls parada skaidru viziju par &teriskas ellas ieguves celu no auglu atkritumiem. Autore

iepazistina ar &teriskas ellas ekstrakciju no auglu mizas atkritumiem.

Auglu lauksaimnieciskd
audz&iana

Novérsana
Atkartota izmantoSana
Materialu parstradasana
Uzturvielu atgisana

Energijas
regeneracija

Zalas ekstrakcijas
metodes

Tvaika destilacija
Auksta presésana
Skidinataja ekstrakeija
Hidrodistilacija

Auglu mizas atkritumi
Dzivnicku bariba

3.24. att. Eterisko ellu ieguves cels.

| Atkritumi (fermentacija) ‘

| Eteriskaella |

Sakotngji tika salidzinati tehnologiskie, ekonomiskie, vides un socialie kriteriji. AHP kritériju

para salidzinajuma rezultati ir paraditi 3.22. tabula.

3.22. tabula
AHP kriteriju paru salidzinasanas matrica
Kriteriji Tehnologiskie Ekonomiskie Vides Socialie
Tehnologiskie 1 3 2 4
Ekonomiskie 0,33 1 2 3
Vides 0,5 05 1 4
Socialie 0,25 0,33 0,25 1

Tika aprékinati krit€riju svari péc matricas normalizacijas. Rezultati rada, ka tehnologiska

kritérija svars ir vissvarigakais — 0,45, tad ka otrs biitiskakais svars ir ekonomiskais — 0,25, tad

treSais un ceturtais kriterijs ir vides un socialais, kas ir — attiecigi — 0,22 un 0,08.

Salidzinajumi ir konsekventi un tiek izmantoti $ados aprékinos, nemot véra, ka konsekvences

koeficienta vértiba ir CR=0,079. Ja CR ir mazaks vai vienads ar 0,1, tad neatbilstiba ir

pienemama, bet subjektivais novertejums ir japarskata, ja tas ir lielaks par 0,1.
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3.23. tabula

TOPSIS Lemumu pienemsanas matrica

Alternativas tehnologijas Kriterijs

Tehnologiskais Ekonomiskais Vides Socialais
Destilacija ar tvaiku 4 4 3 4
Auksta preseSana 4 5 4 3
Skidinataja ekstrakcija 3 3 3 4
Hidrodestilacija 3 3 4 4

Cetru tehnologiju izmanto$anas potencials tika novértsts skala no 1, kas atbilst zemakajam
vertejumam, I1idz 5, kas atbilst augstakajam verte§jumam. 3.23. tabula tiek paraditas novertésanas
vertibas lémumu pienemsanas matrica.
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3.25. att. TOPSIS sarindoSanas tehnologiju rezultati.

TOPSIS analizes rezultati ir paraditi 3.25. attéla. Auksta preséSana (0,9) ir tuvaka alternativa
vislabakajam risinajumam, ne tikai tehnologiskajam kritérijam, kuram ir vislielakais svars no
visiem kritérijiem (0,45) un laba veiktsp&ja ekonomiskaja kriterija ar otro lielako ietekmi uz
rezultatiem. Tvaika destilacija ierindojas ka otra tehnologija, novértgjot 0,6, un tresais
iesp&jamais tehnologiskais risinajums ir hidrodestilacija ar 0,3 un $kidinataja ekstrakcija — 0,1.

Energoresursu lietotaja parvaldibas modulis

Energoresursu lietotaja parvaldibas moduli, izmantojot kvalitativas pétniecibas metodes, tika
mekl&tas un analizetas agregatoru iesp€jas un potencials.

Tiek iz8kirtas divas dazadas pieejas agregatoru apkoposanai — majsaimniecibu agregacijai un
agregacijai apstrades ripnieciba. Majsaimniecibu sektors nozimé, ka kopgjais elektroenergijas
apjoms ir daudz mazaks. Agregatoram, kas strada ar majsaimniecibam, biitu nepiecieSams liels
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majsaimniecibu portfelis, lai raditu ietekmi un veiktu rentablu uznémeéjdarbibu. Ka autorei
neformala intervija skaidroja uznéméjs no Francijas, kurs strada agregacijas joma un kuram ir
pilotprojekts Igaunija, majsaimniecibu agregatori koncentrgjas uz tadam sadzives iericem ka
elektriskie silditaji, katli, siltumsiikni, gaisa kondicionieri un termostati. Tos var viegli kontrol&t
attalinati, netraucgjot patérétaju ikdienas dzivi, kuri nejustu diskomfortu elektroenergijas patérina
ierobezojumu d&l. Tomer, ka paskaidroja iepriek§ minétais uznéme;js, agregatoram ir jabiit vismaz
10 000 paterétajiem, kuri ietaupa 5 kWh diena, lai padaritu to par rentablu biznesu. Piem&ram,
visparigs parskats par elektroieriu tiessaistes piedavajumiem paredz, ka vid€ji centralais gaisa
kondicionieris vai siltumstiknis patéré ap 5-15 kW stunda, tapéc elektroenergijas patérina
samazinajums par 5 kWh diena nav tik liels, nemot véra, ka dala no elektroenergijas daudzuma
vel tiktu patéréta, bet cita diennakts laika, kad elektribas cenas ir zemakas. Piemé&ram, 3.26. att€ls
rada elektroenergijas pieprasijumu Latvija 2020. gada 3. augusta. Sarkana linija ir faktiskais
pieprasijums, bet autore ir novilkusi zilo Itniju, lai paraditu, ka agregators varétu izlidzinat
pieprasijumu pika stundas, novirzot to uz citu diennakts laiku.
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3.26. att. Elektroenergijas patérin§ MWh/stunda Latvija 2020. gada 3. augusta [256].

Pieméram, valstij piederosajam elektroenergijas piegadatajam AS “Latvenergo” ka
elektroenergijas klienti ir ap 700 000 majsaimniecibu [257], lidz ar to 10 000 patérétaju portfela
izveide, kas blitu gatava iesaistities pieprasijuma reag€Sanas aktivitates, nebiitu neiesp&jama.
Turklat kombin€tam agregatoram pat nav vajadzigs tik daudz patérétaju, jo starp agregatoru un
elektroenergijas piegadataju pastavétu cilpa, kura agregatora raditie ienakumi péc butibas paliktu
tam paSam uzpémumam (piegadatajam) un tadejadi piegadatajam nerastos faktiskas izmaksas.
Otrajam lielakajam elektroenergijas piegadatajam Latvija AS “Enefit” ka elektroenergijas klienti
ir gandriz 6000 majsaimniecibu elektroenergijas klientu [258], tad&jadi nodrosinot ari jau esoSu
lielo klientu bazi, kur dala no tiem varétu nodarboties ar pieprasijuma reakciju.

Ja agregatoram ir agregacijas ligumi ar 10 000 patérétaju, kas diena pat€rinu samazina par
vismaz 1 kWh (nevis 5 kWh, jo lielaka dala no kop€ja apjoma tiek parvietota uz citu atskaites
periodu un netiek samazinata), tie ir 10 MWh diena jeb 3650 MWh gada péc aptuveniem
aprekiniem. Latvijas elektroenergijas patérins gada ir ap 7 TWh. Tas nozimé, ka agregators varétu
samazinat gada elektroenergijas patérinu Latvija vismaz par 0,05 %. Tas var neskist daudz, bet
vienam agregatoram tas nav slikts rezultats un kalpotu ari ka Iidzeklis nacionalo energétikas un
klimata mérku sasniegSanai [259].
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Tomeér, nemot veéra nepiecieSamo klientu skaitu, kas vajadzigs, lai agregatoru uznémejdarbiba
biitu rentabla, pagaidam neSkiet reali, ka tirgli ienak neatkarigs agregators, ja vien tas nav
starptautisks iegulditajs, kas nak ar savu uznémejdarbibu no citas ES valsts, kurai jau ir liels tirgus
portfelis. PaSreiz valstt spéka esosie tiesibu akti nelauj neatkarigam agregatoram ienakt tirgi, jo
pastav prasiba, ka agregatoram jabiit saistitam ar to pasu balans€Sanas pakalpojumu sniedz€ju, ar
kuru ir saistits patérétaja objekts, ko paredzéts izmantot pieprasijumreakcijas pakalpojuma. Sim
balansésanas pakalpojumu sniedz&jam bitu jadod atlauja agregé€Sanai [260]. Tas nozimég, ka
agregatoram ir jasaskano savas darbibas ar patérétaja elektroenergijas piegadataju, kas ir ari
balansatbildiga puse. Tadgjadi, ja paterétaja piegadatajs nepiekrit, agregators nevar piedalities
agregeSana. Tomer tas neattiecas uz Direktivu 2019/944, kura paredzets, ka ne patérétajam, ne
neatkarigajam agregatoram nav jakoordin€ savstarp€ja vieno$anas un pieprasijumreakcijas
izmantoSana ar elektroenergijas piegadataju un/vai ta balanséSanas pakalpojumu sniedzgju.
Direktivas 2019/944 noteikumi ir jaievie$ lidz 2020. gada 31. decembrim, tap&c tuvakaja laika
tie ir jamaina.

Grozitais valsts reguléjums dotu iesp&ju agregatoriem piedalities ne tikai balans€Sanas tirgi,
bet arT esosas dienas un nakamas dienas tirgos, un ES tiesiskais regul&jums lauj dalibvalstim
ieviest kompensacijas mehanismu piegadatajiem. Jautdjums ir par to, ka noteikt taisnigu
atlidzibu, lai agregatori nenostumtu piegadataju neizdeviga stavokli.

3.24. tabula
Apkoposanas ekonomiskie aspekti
A. Nav pieprasijuma reakcijas B. Pieprasijuma reakcija bez
kompensacijas
1. Piegadatajs prognozg patérinu 20 MWh 1. Piegadatajs prognozg patérinu 20 MWh

2. Piegadatajs ieperk NordPool 20 MWh | 2. Piegadatajs iepérk NordPool 20 MWh
elektroenergiju x 50 EUR/MWh = 1000 EUR elektroenergiju x 50 EUR/MWh = 1000 EUR

3. Piegadatajs pardod patérétajiem 20 MWh | 3. Agregators aktivizé pieprasijjumreakciju un
elektroenergiju par 50 EUR/MWh = 1000 EUR samazina paterétaju paterinu par 2 MWh

4. Piegadatajs pardod paterétajiem 18 MWh
elektroenergiju par 50 EUR/MWh = 900 EUR

5. Piegadatajs pieprasijuma reakcijas dé| zaude
100 EUR (2 MWh x 50 EUR/MWh)

3.24. tabula paradits hipotétisks piemérs par apkopoSanas ekonomiskajiem aspektiem.
Scenarijs A ir parastie apstakli — piegadatajs ieperk prognozgeto elektroenergijas daudzumu no
NordPool elektroenergijas birzas un piegada to patérétajiem. Tomér B scenarijs ievie$
pieprasijuma reakciju. Piegadatajs prognozé tadu paSu patérina apjomu un NordPool
elektroenergijas birza pérk elektroenergijas daudzumu, kas parasti bitu nepiecieSams
pateérétajiem. Tomer, pateicoties ligumam ar agregatoru, paterétaji galu gala patéré mazak, neka
tika prognozets. Tatad piegadatajs ir nopircis 20 MWh, bet tas var pardot tikai 18 MWh, ka
rezultata piegadatajs ir zaudgjis 100 EUR. Ta ir aptuveni tada pati summa, kadu iegiis agregators
(pienemot, ka agregators ir pardevis ar1 savus apkopoSanas pakalpojumus par 50 EUR/MWh x 2
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MWh = 100 EUR). Izprotot piegadataja situaciju, ja lugtu agregatoru kompensét zaudejumus,
agregatoram nebuitu ekonomiska pamatojuma.

Tomer Seit ir vél viena iespgja, ko var uzskatit par godigu. Dazos pétijumos ir novérots, ka
tad, kad agregators sniedz savus pakalpojumus elektroenergijas tirgum, kop€ja elektroenergijas
cena Nordpool elektroenergijas birza samazinas, jo dargakas razoSanas vienibas tiek izslégtas no
soliSanas [184]. Ta rezultata piegadatajs giist labumu, jo vin$ par 20 MWh ir samaksajis mazak,
neka vin$ biitu samaksajis, ja nebiitu pieprasijuma reakcijas.

Piem&ram, NordPool cena bez pieprasijuma reakcijas varétu biit 55 EUR/MWh. Tadgjadi
piegadatajs biitu nopircis tas pasas 20 MWh par 1100 EUR (par 100 EUR vairak). Saja gadijuma
piegadatajs neko nezaude — vins samaksajis NordPool par 100 EUR mazak, kas ir ta pati summa,
ko vin$ zaudgjis pieprasijuma reakcijas dél, nepardodot 2 MWh (B scenarijs). Ta rezultata
piegadatadjam nav neto zaud&jumu, un agregatoram nebiitu jamaksa nekada kompensacija
piegadatajam.

Vel viens piemérs varétu biit, kur NordPool cena bez pieprasijuma reakcijas ir 52 EUR/MWh.
Saja gadijuma piegadatajs biitu samaksajis 1040 EUR par 20 MWh (par 40 EUR vairak). Seit
piegadatajs ir ieguvis 40 EUR NordPool, bet zaudgjis 100 EUR, nepardodot 2 MWh. Tatad
piegadataja neto zaud&umi ir 60 EUR. Ta ir summa, kas agregatoram bitu jakompense
piegadatajam.

Nemot veéra ieprieks minéto, butu taisnigi, ja gan piegadatajs, gan agregators ieviestu $adu
kompensacijas mehanismu. Tomér $aja gadijuma izaicinajums ir noteikt, kada bitu bijusi
NordPool cena bez apkoposanas. Iesp&jamais risinajums biitu, ja NoordPool sniegtu §adus datus
un parvades sistémas operators aprékinatu norékinu summu. Tas novestu pie centrala norékinu
modela, kura kompensacijas mehanismu parvalda parvades sist€émas operators [261].

Tikmér janem véra vél viena detala, ka ne visi elektroenergijas patérétaji Sobrid varétu
vienoties ar agregatoru, jo ne visi elektroenergijas patérétaji ir aprikoti ar viedajiem
elektroenergijas skaititajiem, kas ievaddala tika minéti ka priekSnoteikums pieprasijuma
reakcijas pakalpojumu sanemsanai. Sobrid Latvija aptuveni 60 % no visiem elektroenergijas
skaititajiem ir viedie skaititaji, tau planots, ka 1idz 2022. gadam visi elektroenergijas skaititaji
tiks atjauninati uz viedajiem skaititajiem [262].
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SECINAJUMI

Ar daudzpusigu metozu izmantoSanu var novert€t pastavigu uz zinasanam un
kompetencém balstitu ilgtsp&jigu vides inZenierijas izglitibu un analiz&t trijos Iimenos:
akadémiskas augstakas izglitibas, miizizglitibas un zinatniskas jaunrades.
Klimatneitralitates un Zala@ kursa mérkus var iesp&jams sasniegt, ja tiek Tstenota uz
zinaSanam un kompetenc€m balstita vides inzenierijas izglitiba akadémiskas augstakas,
miuzizglitibas un zinatniskas jaunrades [tmenos.

Ar biblimetrisko metodi bibliometriskas analizes moduli var meklét un analizét
bioekonomikas nozares zinatniskas izp€tes jomas svarigums, ka ari Eiropas Savienibas
klimata politikas Zala kursa ietvaros saiknis ar bioekonomikas izglitibu.

Ilgtsp&jigas inovacijas un bioekonomikas raditaji un ilgtspéjigas attistibas kompetences
bioekonomikas izglitiba ietver starpdisciplinaro kompetenci, maciSanas kompetenci,
transdisciplinaro kompetenci un sistémiskas domasanas kompetenci, prognozesanas
kompetenci, normativo kompetenci, stratégisko kompetenci un starppersonu kompetenci.
Visas §1s kompetences ir izradijusas vissvarigakas bioekonomikas merku stenosanai un
parejai uz zinaSanam balstitu ilgtsp&jigu bioekonomiku.

Daudzfaktorialas analizes rezultati nosaka, ka lekcijas, objektu apmekl&jumus, grupu
kursa darbus un laboratorijas darbus kopa ar lomu sp€lu simulacijam ir jaiesaista lielakaja
dala studiju procesa. Ar izstradato vert€Sanas sist€tmu var novertét vides inZenierijas
studiju programmu. Piedavata sisttma vides inzenierijas studiju programmas
novertésanai tika parbaudita un aprobéta jaunajas Rigas Tehniskas universitates magistra
studiju programmas vides inZenierija un bioekonomika.

Koprades TstenoSanas moduli, analiz€jot uznémuma parstavju atsauksmes, pétijuma
autore var secinat, ka uznémums noteiktas vajadzibas sak apzinaties tikai pasakuma
beigas. CieSa sadarbiba ar akadémisko personalu lauj identificet sléptos mérkus. Aptaujas
rezultati liecina, ka kopuma dalibnieki ir apmierinati ar pasSu notikumu un ta sekam.
Komandas locekli augstu novérté savu ieguldijjumu komandas kopg€ja rezultata un
pienem, ka giita pieredze palidzes viniem veiksmigak sasniegt rezultatus nakotné.

Ka liecina daudzfaktorialas analizes rezultati, augstakas akademiskas izglitibas attistiba
realiz€jama, izmantojot inovativas metodes, Iidzeklus un rikus.

MeZa resursiem ir potencials klut par butisku Latvijas biodiplomatijas sastavdalu.
Rezultatu nozime ir tada, ka politikas veidotajiem butu javeido biodiplomatija, janem
vera galvenie virzitajspeki ka pieprasijums, apjoms un atjaunosana, kur jabiit uzsvariem.
Uzvedibas simulacija tika sasniegts (1) lomu spéles mérkis — sadalit Covid-19 arkartas
atveseloSanas atbalsta finans€jumu, nemot véra ES bioekonomikas strat€gijas mérkus un
Covid-19 ietekmi uz primaro resursu razoSanu un izmanto$anu starp trim galvenajam
bioresursu grupam: meZsaimnieciba, lauksaimnieciba; zivsaimnieciba un akvakultuiras;
(2) nemot vera giitas atzinas, idejas jaiesniedz Ministru kabinetam, pasvaldibam,
dazadam atbildigajam institicijam u. c.; (3) lauksaimniecibas grupas dalibnieki ir
apguvusi biodiplomatijas kompetences bioekonomikas konteksta, kas raksturo
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biodiplomatus. Jo augstaks ir kategorijas krit€riju novertejums attiecigajai kompetencei,
jo lielaka iesp€ja, ka tiks sasniegti Za/a kursa izvirzitie merki.

Izveidotais muzizglitibas studiju ietvars rada pieeju Za/d kursa un klimatneitralitates
mérku sasniegSanai, izmantojot kopradi, veiktsp&ju un politisko instrumentu integréSanu.
Petijuma laika var ar izstradato meérkauditorijai pieméroto bezmaksas masiva atvérta
tieSsaistes kursa izmé&ginajuma versiju iegit atbilstoSas kompetences, lai risinatu
pasreiz&jas un nakotnes energijas un klimata problémas, izmantojot sisttmas domasanas
teoriju un prizmu.

Ka liecina kvalitativie un daudzfaktorialas analizes rezultati, zinatn€ balstita izglitiba un
zinatniska jaunrade lauj attistit komercializaciju un jaunu ideju attistibu.

Ar kvalitativas pétniecibas metodi bezatlikumu tehnologiju ranzé$anas moduli var mekl&t
un analiz8t razotnes blakusproduktu parstrades tehnologisko procesu izmanto$anas
iespgjas.
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Abstract — Multi-criteria decision analysis (MCDA) is widely used to solve various decision
problems through alternative evaluation. MCDA methods can be used in every field that can
define a problem, alternatives and criteria. However, finding the appropriate method can
influence the results, in this research five MCDA methods have been tested on the renewable
energy sector in Latvia to find the best alternative. The main results showed that TOPSIS,
VIKOR and PROMETHEE-GAIA have similar priority selection and the highest ranking
was selected for hydropower plant, but MULTIMOORA and COPRAS results were
beneficial to Solar PV.

Keywords — COPRAS; MCDA; MULTIMOORA; PROMETHEE-GAIA; renewable energy;
TOPSIS; VIKOR.

1. INTRODUCTION

Multi-criteria decision analysis (MCDA) is a multi-step process consisting of a set of methods
to structure and formalise decision-making processes in a transparent and consistent manner [1].
Over the years, MCDA has developed many methods and software to resolve the defined
problems. To use the methods, it is important to define the problem, alternatives, and criteria that
may be different types of costs, environmental impact indicators, social indicators, energy
efficiency, quality and other specific criteria that are relevant to the problem. When there are many
alternatives for one problem, it is important to find the most suitable alternative with the best cost
criteria, lowest impact on environment, and good energy efficiency. This can be achieved by using
the MCDA method as a tool for comparing alternatives.

There are many methods that can be used for solving problems and they can be arranged
according to different parameters. Each MCDA method has its own calculation method by which
alternatives are queued and it is not possible to claim that using specific methods with the same
input data will lead to the same final result. Methods can be selected by the type of result [2]. If
the result is required as a comparison of values, AHP, MULTIMOORA, MAUT, Weighted Sum
Method, Weighted Product Method and other methods can be used. Using AHP, TOPSIS, and
VIKOR, COPRAS, STEP and other methods can be used to reach the defined goal and to find the
best alternative from the provided options. PROMETHEE and ELECTRE methods are based on
pairwise comparison and conformity assessment for the desired purpose.
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There is a possibility to get the same results using different methods: TOPSIS and VIKOR [3],
VIKOR and PROMETHEE [4] methods lead to quite similar results, TOPSIS and COPRAS
results are practically the same except for two alternatives [5], MULTIMOORA, TOPSIS and
VIKOR [6], VIKOR, COPRAS and PROMETHEE [7], COPRAS and VIKOR [8] method lead to
the same results. But there might be results that do not match, for example, VIKOR, COPRAS
and TOPSIS results [9] and MULTIMOORA and PROMETHEE [10] ranking results.

There are many MCDA methods and each method has its own definition of best alternative and
it is not determined if using same input data in different MCDA methods will give the same results.
To see how similar or different results might evolve from five MCDA methods — a comparison of
TOPSIS, VIKOR, COPRAS, MULTIMOORA, and PROMETHEE-GAIA methods are made,
using data about renewable energy technologies alternatives in Latvia. The alternatives applied
are solar photovoltaic (Solar PV), wind power plants (WPP), hydropower plants (HPP) and
biomass, and biogas combined heat and power (CHP) (Bio-energy CHP). To compare the
methods, seven criteria are used about cost, CO, emissions and electrical capacity. After this
comparison, it will be possible to see what results the MCDA methods provide, similar or
different, and which renewable energy technologies are best for Latvia.

2. METHODS

MCDA methods can be selected by their properties and requirements. A summary of
properties applies through the TOPSIS, VIKOR, COPRAS, MULTIMOORA, PROMETHEE-
GAIA and AHP methods to select the most appropriate method by data and ranking type,
software, input and output data are provided in Table 1. This comparison was done to see
similarities and differences between methods.

In the Analytical Hierarchy Process (AHP) method, alternatives are listed and then
compared pairwise according to their contribution to reaching each objective or criterion [1].
This method was developed by Thomas L. Saaty and is one of the popular methods to find
weight of criteria.

For all selected methods subjective data are criteria weights. The TOPSIS method requires
minimal input data and results are easy to understand and it is with shortest geometrical
distance to ideal result [2]. The VIKOR method focuses on alternative ranking by closeness
to best solution and the maximum and minimum values of the criteria give impact to result
[3]. COPRAS method takes into account performance of the alternatives with best and worst
values which affect the result [4]. With MULTIMOORA method it is possible to determine
the objectives of conflicting criteria and it has a ratio system and reference point calculation
method [5]. PROMETHEE-GAIA method is based on the computation of preference degrees
and it shows which alternative would be more appropriate to solve the problem and how
criteria weight impact alternative position [2].
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TABLE 1. SUMMARY OF MCDA METHODS

TOPSIS VIKOR COPRAS MULTIMOORA PROMETHEE-GAIA AHP
Type of Vector normalisation Linear normalization Vector Vector normalization ~ Normalizationis Vector normalisation
normalization (square root of sum (L2 (L1 normalization) normalization (square root of sum) performed automatically (sum)
normalization) (sum)
Suitability Choice problems, ranking Choice problems, Choice problems, Choice problems, Choice problems, ranking Choice problems, ranking
problems ranking problems ranking problems ranking problems problems, problems,
description problems sorting problems
(GAIA) (AHPsort)
Inputs Ideal and anti-ideal option Best and worst option Best and worst Best and worst option  Indifference and Pairwise comparison on
weights weights option weights preference thresholds ratio scale (1-9)
weights weights
Outputs Complete ranking with Complete ranking with ~ Complete ranking ~ Complete ranking Partial and complete Complete ranking with
closeness score to ideal and closeness score to best ranking (pairwise scores
distance to anti-ideal option outranking degrees)
Preference Distance metric (Euclidean Distance metric Min Max Min Max Usual, Linear, U-shape,
function distance, Manhattan distance, (Manhattan distance) V-shape, Level, Gaussian
Tchebycheff distance)
Approach Qualitative and/or quantitative ~ Quantitative Quantitative Quantitative Qualitative and/or Qualitative
quantitative
Ranking scale 0to 1 Positive values Positive values Positive values —1to1l Oto1
Best Max value Min value Max value Max value Max value Max value
alternative
Consistency no restrictions no restrictions no restrictions no restrictions 72 9
levels
Software MS Excel, Matlab, MS Excel MS Excel MS Excel Visual Promethee, MS Excel,
Decerns MakeltRational,

Decision Lab,
D-Sight, Smart Picker Pro

ExpertChoice, Decision
Lens, HIPRE 3+,
RightChoiceDSS,
Criterium, EasyMind,
Questfox, ChoiceResults,
123AHP, DECERNS
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2.1. INPUT DATA

Input data — criteria with values and alternatives — have been taken from ‘Progress in
renewable energy technologies: innovation potential in Latvia’ [6] and are presented in
Table 2. These data are used to find the best alternative for renewable energy production. In
each method, data are the most important element to rank alternatives because these values
are used in the calculation process.

TABLE 2. INPUT DATA

Alternatives
Criteria
Solar PV WPP HPP Bio-energy CHP
Cl Installed electrical capacity, MW 1 77 1565 155
C2  Investment cost, €/kW 1238 3565 1388 1113.5
C3  Operation and maintenance cost, €/kW 12.37 26.7 2.67 0.00446
C4  RES equipment prices by manufacturer, €kW 430 1380 1290 3787.5
C5  Levelled cost of electricity, €/kW 0.08 0.06 0.09 0.075
C6 Life-cycle CO, emissions, gCO,eq/kWh 200 150 150 200
C7  Job creation, thousands 3095 1155 865 528

Data about installed electrical capacity (C1) shows maximum net production capacity of power
plants in Latvia and are taken from the IRENA report on Renewable Capacity Statistics [7]. From
Data for investment cost (C2) are from IRENA report on Renewable Power Generation Costs [8]
and depend on alternative capacity and criteria levelled cost of electricity (C5) data which are
average values for each alternative in Europe. The criteria operation and maintenance cost (C3)
and RES equipment prices by manufacturer (C4) data are from the IRENA report on Renewable
Power Generation Costs [8] and from Energy Outlook [9] and concern Europe. Life-cycle CO,
emissions (C6) data are on Europe and are from the European Environment Agency (EEA) report
on Renewable energy in Europe-2017 [10] and World Nuclear Association report data [11]. Job
creation (C7) criteria data are from the IRENA review on Renewable Energy and Jobs [12] and
pertain to alternatives in Europe.

For some MCDA methods it is important to know if it is better for the value of the criteria to be
maximizing or minimizing. In this study, most criteria values are better to be minimizing and only
electrical capacity and job possibilities are better to be maximising.

2.2. AHP

In the AHP method an important indicator is the number of criteria and it affects result
consistency because more than seven criteria lead to an increase in inconsistency [22].
The AHP model facilitates the organization of the various variables in levels of hierarchy
and it helps experts to evaluate criterion against criterion [23].
The AHP method equations (1) and (2) are [22]:
— Define and value criteria (scale 1-9).
— Calculate normalized matrix using Eq. (1):
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C.
X, =—2L, (1
e )
where
C;  criteria value;
> Cjj column sum.
Calculate priority vector from Eq. (2):
X,
Wy =", )
n
where
>X; normalized matrix column sum;
n number of criteria.

In application of this AHP method to calculate weight it is important to use experts to evaluate
criteria because this affects the alternative’s values in the future when MCDA methods are using
criteria weight.

When weights are calculated using the AHP method, these values can be used in every MCDA
method. Also, after the AHP method, results can make conclusions about the indicated values and
which indicator can solve the problem.

2.3. TOPSIS

The full name of the method is Technique for Order Preference by Similarity to Ideal
Solutions. This method evaluates the distance of alternatives to ideal and anti-ideal point and
alternative with shortest distance to ideal point is the best alternative. There are three
distances in the TOPSIS method — Manhattan distance, Tchebycheff distance and Euclidean
distance, which were all used in this study Eq. (1).

TOPSIS method Eq. (3), (4), (5), (6) and (7) are from [3]. Method described:

— Calculate normalized matrix using Eq. (3):

R=—2 | 3)
VI X?
where
X criteria value;

>X  sum of criteria value.

— Calculate normalized weight matrix from Eq. (4):
V=RxW, (4)

where
R normalized matrix value;
W criteria weight.

— Define the best and worst values of criteria: best values V= max and worst values V= min;
best values V= min and worst values V= max.
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— Use of formulas as shown in Eq. (5) and (6) to difference value from best or worst value:

df =\ =v,? (5)

where
V" ideal or best value;
v,  normalized weighted matrix value,

d; =X~ -, (6)

where
V- non-ideal or worst value;
Va normalized weighted matrix value.

— Find the relative closeness and rank the alternatives using Eq. (7):
dy

= 5 7
d; -d, @

a

where
d, non-ideal or worst value;
d",  ideal or best value.

The main difference between this and other methods is that TOPSIS uses best and worst
value for each criterion and calculates the value of alternatives using gap between best and
worst criteria. The smallest difference between best and worst values are the closer values for
results of alternatives will be.

2.4. VIKOR

The full name of the method in Serbian is VlseKriterijumskaOptimizacija 1
KompromisnoResenj. In this method, an important factor is alternative closeness to the ideal
solution and after that alternatives are ranked [13]. The Euclidean distance[14] is used in this
method.

Eq. (8) and Eq. (9) are from [26]. Method described:

— Define best and worst value of criteria.
— Find values for best and worst values matrix using Eq. (8):

s=wt =L, ®)
;=5
where
w criteria weight;
f criteria value;
1* best value of criteria (max or min);
f worst value of criteria (min or max).

— Find values S, R and Q for each alternative:

459

114



Environmental and Climate Technologies

2020/ 24

s, -8 R.-R
=y *+(1—v} / -,
R —R

9
S -8 @

where v is decision making factor (if major agreement than v > 0.5, if consensual agreement
than v = 0.5, if agreement with veto than v < 0.5), in this case v=0.5;

Si=Y wf*—_f’; ,S*=min §;, $"=max Sj; Rj= ma){wg} , R* =min R;, R"=max R,.
f=r f
In this method, there is not a normalized and normalized weights matrix as in the TOPSIS,
COPRAS and MULTIMOORA methods.

2.5. COPRAS

The full name of the method is Complex Proportional Assessment. This method applies
stepwise sorting and utility degree calculation which helps when there are conflicting criteria
[4]. In order to achieve alternative sequencing after utility degree, the alternatives needs to
be sorted in descending order [5].

The COPRAS method equations (10), (11), (12), (13), (14) and (15) are from [15].

Method described:

— Find normalized matrix from Eq. (10):

Xy =t (10)

where
Xij criteria values;
>x; sum of criteria values.

— Find normalized weighted matrix from Eq. (11):

Xy =X xw, (11)

i ]

where

X, normalized matrix values;

w criteria weight.

— Determination of the maximizing index Eq. (12) and minimizing index Eq. (13):

P=Yx;, (12)
Ry =2x;, (13)
where
P; maximizing index;
R; minimizing index;
X, weighted normalized matrix.
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— Using Eq. (14) find relative weights for every alternative:
2R,
0, =P +———, (14)
R Y—
J Z R.
j
where
P, maximizing index;
R, minimizing index.
— Calculate utility degree using Eq. (15):
N=-2100%. (15)

max

In this method criteria value and all alternative sums are used to find values of normalized
matrix, but in other methods, like TOPSIS, the criteria value and square root from sum of
square is used to calculate values of alternatives.

2.6. MULTIMOORA

Full name of method is Multi-Objective Optimization on the basis of Ratio Analysis.
MULTIMOORA is a system that optimizes conflicting alternatives to find the best result and is
easy to apply to solve various problems [5].This method has an extended version where it is
possible to work with a value interval [16].

Equations (16), (17), (18) and (19) for MULTIMOORA method are from [17]. Method
described:

— Normalized matrix in Eq. (16):

X =—ti_ (16)

where x; is criteria value.

— Calculate normalized weight matrix using Eq. (17):

Y=xxw, 17)
where:
X; normalized matric value;
w criteria weight.

— Difference between max and min values for each alternative using Eq. (18):
y; =Y maxx; — X minux; . (18)
— Find alternatives values from Eq. (19):

> max X;.

=7 19
! ZminXij (19)
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In this method, it is possible to use inverse formula of Eq. (19) and use the minimum value as
the best alternative, if it is needed to compare with other methods where minimum values are the
best alternatives as in case of the VIKOR method.

In this method it is quite important to calculate the difference between minimum and
maximum values of criteria and the value of alternative

2.7. PROMETHEE-GAIA

PROMETHEE stands for Preference Ranking Organization Method for the Enrichment of
Evaluations and GAIA stands for Graphical Analysis for Interactive Aid [30].

In the PROMETHEE method, criteria weight gives more impact than the values of the
preference function threshold [30]. It is possible to choose preference functions and software
can be used to arrange the criteria and their weights [30]. Calculations are made in the
program Visual PROMETHEE academic.

3. RESULTS AND DISCUSSION

The AHP method pairwise comparison is made by assessing the importance of the criterion
over the other criterion and the results are illustrated in Table 3. In pair comparison value 1
represents that both criteria are equally important, value 5 represents that one criterion is very
important compared to other criteria and value 9 represents that one criterion is absolutely
most important than other criteria. And for opposed criteria comparison values are
proportionally opposed. This pairwise comparison was made by three experts from the field
of environmental science.

After calculation criteria weight very important is to verify if > W;; =1 and consistency
values, for this AHP consistency index (CI) is 0.127 and consistency ratio (CR) is 0.097. If
CR > 10% then pairwise comparisons are inconsistent [2].

Table 4 contains all criteria and their weights. The most important criteria are installed
electrical capacity with a weight 27 % and the next is job creation criteria with 22 % weight.
The lowest impact on alternatives is from the criteria about levelled cost of electricity and on
life-cycle CO, emissions.

Important value in the TOPSIS method is alternative closeness indicator which are final value
for alternative and are in Table 5. Based on the results of the TOPSIS method, the best alternative
is the hydroelectric power plant (HPP) followed by biomass and biogas CHP (Bio-energy CHP).

In accordance with the VIKOR method, the best alternative is that with the minimal value. Results
of this method are in Table 6 and the best alternative is hydroelectric power plant (HPP) then solar PV.
To compare VIKOR and other methods it is important to remember that in this method an important
step is to minimize all criteria to make comparisons.

The COPRAS method is simple and most impact for best alternative is from criteria weight
and index values. Based on this method, the best alternative is solar photovoltaic (Solar PV)
and hydroelectric power plant (HPP). The values of alternatives are presented in Table 7. Best
alternative in this method is Solar PV and worst alternative is wind power plants (WPP) and
both alternatives have large difference in their final values and this might be because of these
alternative values for each criterion.
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TABLE 4. CRITERIA VALUES AND WEIGHTS

Installed electrical capacity, MW 27 %
Investment cost, €/kW 12 %
Operation and maintenance cost, €/ kW 13 %

RES equipment prices by manufacturer, €¢kW 11 %

Levelled cost of electricity, €/kW 8%
Life-cycle CO, emissions, gCO,eq/kWh 7%
Job creation, thousands 22 %

TABLE 5. TOPSIS RESULT AND RANK

Al A2 A3 A4

Solar PV~ WPP HPP  Bio-energy CHP
0.33 0.16 077 0.28

2 4 1 3

TABLE 6. VIKOR RESULTS AND RANK

Al A2 A3 A4

Solar PV~ WPP HPP  Bio-energy CHP
0.67 092 0 0.81

2 3 1 4

TABLE 7. COPRAS RESULTS AND RANK

Al A2 A3 A4

Solar PV~ WPP HPP  Bio-energy CHP
1.94 086 147 093

1 4 2 3

Results from the MULTIMOORA method is in Table 8 and the best alternative is solar photovoltaic
(Solar PV) and hydroelectric power plant (HPP). Final values have large range and it’s because final
values are calculated from difference between the minimum and maximum values

TABLE 8. MULTIMOORA RESULTS AND RANK

Al A2 A3 A4

Solar PV~ WPP HPP  Bio-energy CHP
3.25 047 193 028

1 3 2 4

Table 9 contains results from the PROMETHEE-GAIA method and the complete ranking is based
on net preference flow (Phi) which is a balance between positive preference flow (Phi+) which
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measures strength and negative preference flow (Phi—) that represents weakness. In this case, the
preference function is linear and thresholds are absolute. In accordance with this method, the best
alternative is the hydroelectric power plant (HPP) and solar photovoltaic (Solar PV).

TABLE 9. COMPLETE RANKING

Al A2 A3 A4

Solar PV WPP HPP Bio-energy CHP
Phi 0.0100 —0.2567 0.2833  —0.0367
Phi+ 0.4533 0.3200 0.5900 0.4300
Phi— 0.4433 0.5767 0.3067  0.4667

PROMETHEE rankings results can be displayed as PROMETHEE Diamond in Fig. 1. In the
PROMETHEE Diamond, each alternative has point on the (Phi+, Phi—) plane and the vertical
dimension (green-red axis) corresponds to the Phi net flow which is a balance point [18].

+1.0

HPP

Bl::—energn-I CHP

-1.0

Fig. 1. PROMETHEE Diamond.
Fig. 2 illustrates the PROMETHEE Network and shows which alternative is better and

helps to compare alternatives. The network representation is like a close-up of the Diamond
view where the distances between the alternatives are displayed [30].
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HPP
Phi+: 0,59 Phi-: 0,31

Solar PV
Phi+: 0,45 Phi-: 0,44

Bio-energy CHP
Phi+: 0,43 Phi-: 0,47

WPP
Phi+: 0,32 Phi-: 0,58

Fig. 2. PROMETHEE Network.

The PROMETHEE Rainbow is shown in Fig. 3 where every alternative’s strong and weak
criterion is depicted. Positive (upward) slices represents criteria that positively affects the
alternative and negative (downward) slices represent criteria that give a negative effect to the
alternative [18].

+1 +1

Installed electrical capacity, MW Job CI‘Ea.thH_. thou.sands Operation and maintenance cost, Job tion. th a
Life-cycle CO,emissions, gCOeqkWh ~ RES equipment prices by e Job creation, thousands
Operation and maintenance cost, EKW manufacturer, €kW Investment cost. €KW Life-cycle CO;emissions,

Investment cost, €/kW } gC0eqkWh

RES equipment prices by manufacturer,
S €,kwby Levelled cost of electricity, €/

Levelled cost of electricity, €W kw

Installed electrical caplat?ity, MW [ evelled cost of electricity, €kW
Levelled cost of electricity, €/kW

Solar PV Bio-energy CHP WPP

RES equipment prices by

Life-cycle CO,emissions, manufacturer, €W

Investment cost, kW Qperajion andmal:ntf:nance cost, EAW gCQ ’eq/kwh Installed electrical capacity, MW
i Life-cycle CO,emissions, gCOeqkWh  RES equipment prices by Investment cost. € /k\?\;
Job creation, thousands Installed electrical capacity, MW manufacturer, €/kW ’

. Operation and maintenance cost,
1 Job creation, thousands AW 1

Fig. 3. PROMETHEE Rainbow.
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For the hydroelectric power plant (HPP) alternative, weakness stems from investment cost and
job creation and after this method it is the best alternative. For wind power plants (WPP) which
are the worst alternative, there are only three good criteria — job creation, life-cycle CO, emissions
and levelled cost of electricity.

After five Multi-criteria decision analyses — TOPSIS, VIKOR, MULTIMOORA, COPRAS and
PROMETHEE-GAIA, Table 10 provides a summary of all final values for each alternative. For
TOPSIS, VIKOR and PROMETHEE-GAIA methods the best alternative is hydroelectric power
plant (HPP) and in accordance with the other 2 methods, HPP is ranked second. But in COPRAS
and MULTIMOORA methods, the best alternative is solar photovoltaic (Solar PV). The most
impact for the final results is from criteria weights and methods definition of best alternative -
closeness indicator to ideal distance, closeness score to best option, pairwise outranking or ranking
with scores. The best value of the criteria — minimum or maximum — is also an important indicator.

TABLE 10. ALTERNATIVE VALUES AND RANKING

Solar PV WPP HPP Bio-energy CHP

TOPSIS 0.33 0.16 0.77  0.28
2 4 1 3
VIKOR 0.67 0.92 0 0.81
2 3 1 4
COPRAS 1.94 0.86 1.47 093
1 4 2 3
MULTIMOORA 3.25 0.47 193  0.28
1 3 2 4
PROMETHEE-GAIA  0.01 —0.26 0.28 -0.04
2 4 1 3

The results from MCDA methods are reflected in Fig. 4 and they are ranked from best to worst
alternative. After this result is displayed in the diagram, it is easier to see the trend in terms of
which alternatives are ranked higher than others. The best alternative would be hydroelectric
power plant (HPP) and then solar photovoltaic (Solar PV) because these alternatives are in first or
second position in comparison with most of the other alternatives.

1 S —

2 I I

31 e — — Solar PV
4 -+ — I — I — I b— — = WPP
5 - I L HPP
& § > $ io-
y &O Q@ OQX' & Bio-energy CHP

Fig. 4. Result rank of MCDA methods.
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The lowest rank is for the wind power plants (WPP) alternative because in 3 out of 5
methods it is in the last place. For this alternative minimal and maximal criterion values are
lowest rates which impact final ranking.

4. CONCLUSION

The aim of this paper was to use same input data for five MCDA methods and to see if
alternatives ranking would be the same or different for each method and of course to see which is
the best renewable energy technology for Latvia. Five MCDA methods — TOPSIS, VIKOR,
COPRAS, MULTIMOORA and PROMETHEE GAIA have been chosen because they have
different approaches on how to calculate alternatives values and there it was possible to use criteria
which can be definite minimum or maximum as best value.

The same results were not obtained for all methods but in all methods two alternatives were in
the first two places as best alternatives - hydroelectric power plant (HPP) and solar photovoltaic
(Solar PV). On the basis of seven criteria, the best renewable energy technology for Latvia is
hydroelectric power plant (HPP) and it is because in the most valuable criteria installed electrical
capacity (27 %) in this alternative had best results from all energy alternatives.

The results of five MCDA methods have produced different results, but with a similar trend to
best alternative. It’s not really objective to compare the results obtained by different methods
because results are similar but not the same. To get more reliable results and for comparison use
one methodology for problem and sub-problem. MCDA methods are developing with new
modules and software’s which are more specific and helpful to solve problems. Methods can be
chosen after goal of result, method approach, input and output type, used software and suitability
for the problem.
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Abstract — The European Union has placed competence-based teaching and competence-based
education as one of its highly relevant goals. Due to mass higher education, the assessment of
effectiveness and relevance evaluation of environmental engineering study programmes
should become an important issue. Presently the focus of the evaluation on multi-disciplinary
study programmes varies from the evaluation of attitudes, impacts or effectiveness of
utilisation-focused evaluation, summative evaluation and participatory evaluation
approaches. The objective of this study was to propose an effective framework to evaluate the
Environmental Engineering Master study programmes. During the research, the evaluation
of existing study programmes on environmental engineering in Europe was conducted,
information about the study courses, teaching methods, assessment methods and competences
was used for the analysis. The results obtained showed that lectures, site visits, group
coursework, practical laboratories and role-plays allows to reach the necessary knowledge,
skills and competences and to provide an effective and relevant education to the
Environmental Engineering Master programme students. The proposed evaluation
framework was tested and approbated on new Riga Technical University Master study
programmes on Environmental Engineering and Bioeconomy.

Keywords — Assessment; bioeconomy; competence-based higher education;
environmental engineering; indicators; internal quality management; MCA

Nomenclature

MCA Multi-Criteria Analysis

TOPSIS  Technique for Order of Preference by Similarity to Ideal Solution
EE Environmental Education

CBE Competence-based education

1. INTRODUCTION

Environmental studies are becoming more and more popular in the last years; the evidence
of this is, for example, a big number of articles in high-impact journals, a lot of project calls
and projects, etc. [1]. New study programmes on bio-based circular economy, bioenergy,
biofuels and bioproducts [2], clean energy [3], bioeconomy [4], [5] have been established and
implemented recently.

Due to mass higher education, the assessment of effectiveness and relevance evaluation of
EE study programmes should become an important issue. Scientists in different regions have
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been looking for ways to evaluate EE study programs in universities [1], [6]-[15]. The focus
of evaluations on EE vary from the evaluation of attitudes, impacts or effectiveness to
utilisation-focused evaluation, summative evaluations and participatory evaluation
approaches [16], [17].

Higher education is one of the main indicators of global competitiveness and in the future
due to globalization and knowledge transfer, modern masters programmes should have a
multidisciplinary and interdisciplinary approach and be able to answer the demand of
environmental engineering knowledge on a regional scale [18].

The European Union places competence-based teaching and competence-based education
as one of its highly relevant goals. European Higher Education Area focused on the
assuredness of comparability and compatibility of qualifications between graduates from
different countries in the European Union. The “shift from teaching to learning” has been an
influential factor in the development of new study programmes which include a shift from
content-centred curricula to competence-centred curricula [19]-[21], putting employability
as one of the main priorities. According to Oversberg et al. the current evaluation is based on
quality measures focused on academic personnel, teaching methods and student satisfaction,
instead of concentrating on the learning outcomes of the educational programmes.

In general, a competence-based education can help a student to deal with the challenges of
the modern world: analyse data, be responsible, learn to learn and to make an appraisal based
on a careful analytical evaluation. The main features and principles of a competence-based
education (CBE) in higher education [21] are shown in Fig. 1. Based on the main features and
principles, competence-based teaching involves working with knowledge, skills and attitudes.
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Fig. 1. Features and principles of CBE.

At the same time, there is no one single evaluation instrument for the evaluation of CBE in
general and specifically in the evaluation of Environmental Engineering study programmes.
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In accordance with Bergsmann et al. [20], there are some main limitations of existing
evaluation methods:
1. Main focus is laid on the competencies of the individual student;
2. Evaluation focus is on specific aspects of the teaching process;
3. Methods are based on status assessments, where the needs of stakeholders are not
considered.

MCA is a well-known tool which has been used for the identification of different
alternatives for solving complex questions, since this method allows selecting the best of
different options. Mustafa [22] was the first scientist who described applying the
multiple criteria decision-making method in higher education administration. Decades
later, Ho et al. [23], used MCA to solve higher education decision problems, such as resource
allocation, performance measurement, budgeting, and scheduling. Skordoulis et al. [24], used
MCA for the analysis of student satisfaction. Basaran [25], analysed selecting and evaluating
digital learning materials through multi criteria decision analysis approaches. Salomon et al.
[26], described analysis of classrooms standardisation in higher education using MCA.

The proposed literature review highlights the lack of clear vision on evaluation methods for
the assessment of the study programmes and the integration of MCA into the evaluation of
competences.

Considering the results of the literature review, the main goal of this study is to propose a
framework to evaluate the EE study programmes based on the use of MCA. This article
consists of six parts. Part 2 observes the utility of MCA for the evaluation of EE study
programmes and shows the pathway of the research step-by-step. Part 3 looks at EE
programmes analysis in Europe. The results of the integration of MCA into evaluation and
implementation of two new master study programmes on environmental engineering and
bioeconomy are interpreted in Section 4. The results of MCA are analysed in Section 5 and
overall conclusions are displayed and argued in Section 6.

2. METHODS AND METHODOLOGY

The interest from students, stakeholders and society on the multidisciplinary master’s
programmes led to the decision to implement new master study programmes on
Environmental Engineering and Bioeconomy in the Riga Technical University, Institute of
Energy Systems and the Environment. To reach the objective of this study and to propose an
effective framework to evaluate EE study programmes, the use of the MCA framework for
the evaluation of study programme and assessment of effectiveness and relevance evaluation
of environmental engineering study programmes has been developed.

The first part of the methodological algorithm is focused on identification and analysis of
the existing situation and is based on literature review on teaching methods, assessment
methods, competences and indicators used in evaluation and assessment of environmental
engineering study programmes. In this stage the analysis of regulations and legislative
framework, as well as analysis of results of survey on EE education in Europe have been
conducted. The second step is definition of the issue, objective and scope of the study
programme, which follows by identification and selection of the most significant indicators
and definition of key factors influencing the shift to CBE. Taken into account key factors, the
definition of teaching methods, skills, knowledge, assessment methods and competences are
defined.
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To find and evaluate the optimal teaching methods combination, TOPSIS (the Technique
for Order of Preference by Similarity to Ideal Solution) was applied. The MCA method dwells
mostly on a weighted set of criteria.

During the MCA process, the multi-objective matrix has been optimized. The criteria
identified within are reduced into a single-score measure using a weighting procedure that
determines relative importance by multiplying each criterion with a weighing factor.

Qualitative and quantitative analysis of Environmental Engineering study programmes:
core competences, indicators, skills, knowledge, desirable outcomes, teaching methods and
assessment methods using CBE concepts and features have been conducted.

The basic approach is established within the scheme presented as Fig. 2.
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Fig. 2. Overall methodological scheme.

3. EE PROGRAMME ANALYSIS IN EUROPE

The work started with the survey on EE Master study programmes conducted by European
Universities. Geographical location — Europe was chosen because of similar education
systems between different universities in the region. The focus of this study was to analyse
good practice in EE, therefore academic institutions with excellent performance were
investigated. Ranking websites [27], [28] were used for the selection of study programmes
for the study. In total 110 study programmes were analysed. As the objective of the research
was the evaluation of existing masters programmes in environmental engineering, 35 study
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programmes were selected for the evaluation. The selected multi-disciplinary masters study
programmes comprise of masters programmes from the fields of Environmental Engineering
(22 study programmes), Water and Waste Management (3 study programmes), Environmental
Technologies (2 study programmes), Environmental Science (2 study programmes), Land
Planning Engineering, Project Management, Biological Engineering, Energy Engineering and
Bioeconomy (see Table 1). To be able to use the best practices, masters programmes
performing highly in the QS Global World Ranking by QS Quacquarelli Symonds were
examined. Ten of the analyzed study programmes are ranked in the top-100, twelve between
100 and 200, three between 200 and 300, six between 300 and 400, two between 400 and 500
and two between 500 and 600. The study length degree is one (13 of 35 study programmes),

one and a half (2 study programmes) or two (20 study programmes) full time years.

TABLE 1. MULTI-DISCIPLINARY STUDY PROGRAMMES ON ENVIRONMENTAL ENGINEERING

University Master programme Ranking  Years
ETH Zurich Environmental Engineering 3 2
Delft University of Technology Environmental Engineering 16 2
Technical University of Denmark Environmental Engineering 45 2
TUM — Technical University of Munich Environmental Engineering 61 2
University of Nottingham Environmental Engineering 82 1
Trinity College Dublin Environmental Engineering 104 1
Aalto University Environmental Engineering 140 2
Newcastle University Environmental Engineering 141 2
Universitat de Barcelona Environmental Engineering 166 1
University of Bologna Environmental Engineering 180 2
Queen’s University Belfast Environmental Engineering 180 1
Cranfield University Environmental Engineering 251-300 1
Universitét Stuttgart Environmental Engineering 260 2
Universitat Politécnica de Catalunya Environmental Engineering 275 2
Universitat Politécnica de Valéncia Environmental Engineering 310 1
Czech Technical University in Prague Environmental Engineering 317 2
University of Porto Environmental Engineering 328 1
University of Lisbon Environmental Engineering 355 2
Norwegian University of Science And Environmental Engineering 363 2
Technology
Universidad Politécnica de Madrid Environmental Engineering 470 1
Universitit Bremen Environmental Engineering 511-520 15
Universidade de Santiago de Compostela Environmental Engineering 581-590 15
KTH Royal Institute of Technology Environmental Engineering and Sustainable 104 2
Infrastructure
Ghent University Environmental Technology and Engineering 138 2
University of Natural Resources and Water Management and Environmental 151-200 2
Applied Life Sciences Vienna Engineering
Politecnico di Milano Environmental and Land Planning Engineering 156 2
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University Master programme Ranking  Years
Universitat Autonoma de Barcelona Biological and Environmental Engineering 193 1
University College Dublin Water, Waste & Environmental Engineering 193 1
Aalborg University Water and Environmental Engineering 343 2
University of Hohenheim Bioeconomy 495 2

For the evaluation of existing study programmes, information about study courses, teaching
methods, assessment methods and competences were used. Based on this information, the set
of competences, indicators, skills, assessment methods, knowledge, teaching methods for the
evaluation of Environmental engineering masters study programmes was elected.

4, Use oF MCA FOR IMPLEMENTATION AND EVALUATION OF STUDY
PROGRAMMES

4.1. Environmental Engineering Study Programmes’ Evaluation Indicators

For the definition of Environmental Engineering Programme indicators, the indicators from
existing research published in scientific journals for the mapping of environmental education
programmes in higher education were analysed.

During the research, five indicators were found to be suitable for the evaluation of
environmental engineering study programmes:

1. Multidisciplinary approach;

2. Cooperation with other institutions;

3. Internal process;

4. Education and research;

5. Simulation activities [7].

Multidisciplinary approach has a very important role in environmental engineering, since
students need to solve complex problems within study programme with different
stakeholders’ interests and by interacting among various interests. An interdisciplinary
research is highly valuated in leading universities, helps students to develop critical thinking
and creativity [29], [30]. At the same time, the balance between multi- and interdisciplinarity
and in deep knowledge of different courses must be taken into consideration [31].

Cooperation with other institutions can be organized through research projects, common
(joint or double) study programmes. Cooperation allows the sharing of knowledge,
experiences and capacities [32], [33]. A lot of universities offer common study programmes
for EE, for example, Nordic masters in environmental engineering, in cooperation with Aalto
University, KTH Royal Institute of Technology, Technical University of Denmark,
Norwegian University of Science and Technology and Chalmers University of Technology,
whereby 5 universities from one region are cooperating with each other. Another example is
cooperation between University of Valencia and Universitat Politécnica de Valéncia, where
a joint masters in environmental engineering is offered.

An internal process through adoption of environmental management strategies, providing
and understanding of environmental issues and sustainable development in universities can
be introduced [34].

Education and research are the basic of higher educational institutions, therefore the
research outcomes should be analysed.
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Simulation activities and practical learning allows to reach the best outcomes in study
programmes, allowing for the introduction of competence-based education into the agenda.

These five indicators (multidisciplinary approach, cooperation with other institutions,
internal process, education and research and simulation activities) can help to evaluate if the
knowledge triangle: education-innovation-research, as well as competence-based education
have been achieved.

European Network for Accreditation of Engineering Education (EUR-ACE) is a framework
and accreditation system that provides a set of standards for engineering degree programmes
in Europe and beyond. The sets of learning outcomes for environmental engineering masters
programmes are shown in Table 2.

TABLE 2. LEARNING OUTCOMES WITHIN EUR-ACE [35]

Areas Learning outcomes
Knowledge and Knowledge and understanding of the scientific and mathematical principles underlying their
understanding branch of engineering

Systematic understanding of the key aspects and concepts of their branch of engineering

Coherent knowledge of their branch of engineering including some at the forefront of the
branch

Awareness of the wider multidisciplinary context of engineering

Engineering Ability to apply their knowledge and understanding to identify, formulate and solve
analysis engineering problems using established methods

Ability to apply their knowledge and understanding to analyse engineering products, processes
and methods

Ability to select and apply relevant analytic and modelling methods

Engineering Ability to apply their knowledge and understanding to develop and realise designs to meet
design defined and specified requirements

Understanding of design methodologies, and ability to use them

Investigations Ability to conduct searches of literature, and to use data bases and other sources of information

Ability to design and conduct appropriate experiments, interpret the data and draw learning
skills workshop and laboratory skills

Workshop and laboratory skills

Engineering Ability to select and use appropriate equipment, tools and methods
ractice - . . . .

P Ability to combine theory and practice to solve engineering problems

Understanding of applicable techniques and methods, and of their limitations

Awareness of the non-technical implications of engineering practice

Transferable skills  Function effectively as an individual and as a member of a team

Use diverse methods to communicate effectively with the engineering community and with
society at large

Demonstrate awareness of the health, safety and legal issues and responsibilities of
engineering practice, the impact of engineering solutions in a societal and environmental
context, and commit to professional ethics, responsibilities and norms of engineering practice

Demonstrate an awareness of project management and business practices, such as risk and
change management, and understand their limitations
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4.2. Competences

The main competences which should be reached at the end of the studies can be divided
into 4 categories. These are:
1. Subject-related competences;
2. Scientific and methodological competences;
3. Social competences;
4. Personal competences [19].

The degree to which students need to reach the respective knowledge at the end of the study
programme should correspond to expansion level, see Table 3. At the end of the study
programme students should reach certain cognitive aspects, as a) test specific research
questions and b) make contribution to research, and practical aspects, as well as a) develop
certain techniques and b) test certain techniques.

TABLE 3. COMPETENCE LEVELS [19]

Level 0 Level 1 Level 2 Level 3 Level 4 Level 5 Level 6

No knowledge  Threshold  Foundation Interconnection ~ Contextualization ~ Expansion Generation

To reach these competences and knowledge degree different teaching methods can be used.
To evaluate which teaching methods are more suitable for environmental engineering studies,
MCA was applied.

5. RESULTS

During the research, the experience in the organization of study programmes of the previously
mentioned universities were analysed. As a result of the research, thirteen teaching methods
were found to be suitable to reach the best results in the study process and to provide a
competence-based environmental engineering education for the masters study level: anonymous
feedback evaluations, united e-learning system (intranet), field data collection, group
coursework, group exercises, individual research project, lectures, online assignments and
coursework, practical laboratories, seminars and workshops, site visits, tutorials and role-plays.

These teaching methods have been used in undergraduate and postgraduate study
programmes during the study process at the Riga Technical University, Institute of Energy
Systems and Environment (RTU IESE).

The teaching methods selected for the educational purposes have a significant impact on
effectiveness of the study process [36]-[41] and obtained skills.

Anonymous feedback evaluation, as well as direct feedback [42] from students can be a
useful and effective method for the improvement of the study process, especially in CBE,
where students can formulate their study needs and lead to better results in the study process.

United e-learning system (intranet), in the case of the Riga Technical University it is
ORTUS multifunctional higher education establishment website, is essential in CBE, since if
used comprehensively, can lead to strongest improvements in student’s flexibility and can
help to develop creative thinking [43], [44].

Group work organized in the form of coursework or group exercises, develop personal and
social competences, understanding of team work, stimulate a multidisciplinary concept, etc. [45].

Use of site visits and field data collection, seminars and workshops and practical
laboratories allows to introduce CBE features [45] and concepts in the teaching process.
Lectures and tutorials together with individual research projects are an indispensable part of
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any higher education process, but not the only one. Lectures and tutorials form just a part of
the teaching methods which should be used in the study process.

Role-play simulations develop core competences for environmental engineering study
programme students and in general have been considered to be rich and authentic learning
environments [45]. The combination of these teaching methods can help to change the
pathway from teaching to learning and provide CBE principles in study process.

5.1. Indicators

In MCA four indicators were developed to analyse the following competences: engineering
skills, transferable skills, environmental protection skills and socio-economic skills. The aim
of MCA was to evaluate which teaching methods are more suitable and in which proportions
to enhance core competences for the environmental engineering masters programme
graduates. The indicated indicators were elaborated by evaluating the literature and
assembling the assessment of academic staff in the sector. The indicators used in MCA for
the assessment of teaching methods appraisal are shown in Table 4.

TABLE 4. INDICATORS USED FOR THE ASSESSMENT
OF TEACHING METHODS APPRAISAL

Indicator Unit Preferable outcome
Engineering skills Competence level Max

Transferable skills Competence level Max
Environmental protection Competence level Max

skills

Socioeconomical skills Competence level Max

During the research, thirteen teaching methods were appraised and compared for the sake
of finding the most effective methods for the achievement of the best results in the study
process (Table 5).

TABLE 5. DESIGNATION OF TEACHING METHODS

Designation Environmental engineering teaching methods
Ay Anonymous feedback evaluations
A, United e-learning system (intranet)
As Field data collection

Ay Group coursework

As Group exercises

As Individual research project

A; Lectures

Asg Online assignments and coursework
Ay Practical laboratories

Aso Seminars and Workshops

An Site Visits

A Tutorials

Ass Role-plays
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Criteria weights (w1bi1, wobiz, wabis, wsbis) were evaluated by RTU IESE experts. Normalized
and weighted values from the decision-making matrix for the evaluation of teaching methods
are displayed in Table 6.

TABLE 6. NORMALIZED AND WEIGHTED DECISION-MAKING MATRIX

Criterion  Engineering Transferable Environmental Socio-economic
skills skills protection skills  skills
;&;&tlli:\l’(;ldng Wibig Wbz Wsbiz wsbi
As 0.0015625 0.005625 0.003125 0.00375
A, 0.0046875 0.00375 0.003125 0.00375
As 0.0078125 0.001875 0.00625 0.00125
A 0.00625 0.0075 0.00625 0.005
As 0.0046875 0.0075 0.0046875 0.005
As 0.00625 0.005625 0.0046875 0.00375
As 0.0078125 0.0075 0.0078125 0.00625
As 0.003125 0.00375 0.0015625 0.0025
Ag 0.0078125 0.005625 0.0078125 0.005
Ao 0.003125 0.009375 0.0046875 0.00625
Au 0.00625 0.009375 0.00625 0.0025
Ar 0.0015625 0.009375 0.0078125 0.00625
Az 0.0046875 0.001875 0.0015625 0.00125

The teaching methods evaluation using TOPSIS were completed for masters study
programme on Environmental Engineering.
The results obtained showed that lectures (A7), site visits (A1), group coursework (As) and
practical laboratories (Ag) together with role-plays (Ais) allows to reach necessary
knowledge, skills and competences (Fig. 3).
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Fig. 3. Comparison of teaching methods ratings.
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As assessment methods for group exercises, group course assignments can be used, for
group coursework group projects and presentations, individual coursework assignments for
the individual research projects should be used. For the individual research projects,
individual coursework assignment can allow to evaluate the work. Research dissertations and
written examinations are an effective tool in the assessment of individual work.

The assessment framework for the evaluation of environmental engineering study

programme was developed (Fig. 4).

The proposed assessment framework for the evaluation of environmental engineering study
programme was tested and approbated on new Riga Technical University masters study

programmes on Environmental Engineering and Bioeconomy.

137

320



Environmental and Climate Technologies

2019/ 23
PRINCIPLES AND
FEATURES OF CBE INDICATORS COMPETENCES
Realistic tasks ) Multidisciplinary approach Subject related competences
Demand-driven education Cooperation with other institutions Scientific and methodological competences
Mentoring and coaching Internal process Social competences
The new competence-based methods) Education and research Personal competences
Learning organisation Simulation activities
Y
Environmental
Engineering skills »- Transferable skills protection skills »! Socioeconomical
skills
1 I
ASSESSMENT
TEACHING METHODS » KNOWLEDGSE METHODS
Anonymous feedback evaluations No knowledge Group coursework assignments
United e-learning system (intranet) Threshold Group projects and presentations
Field data collection Foundation Individual coursework assignments
Group coursework Interconnection Laboratory practicals
Group exercises . Contextualization Research dissertation
Individual research project Expansion Written examinations
Lectures
Online assignments and coursework
Practical laboratories
Seminars and Workshops
Site Visits
Tutorials
Role plays
Fig. 4. Assessment framework for the evaluation of environmental engineering study programme.
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6. CONCLUSIONS

The overall objective of this study was to propose a compelling scheme of the evaluation
of the environmental engineering masters study programme.

During the research, the evaluation of existing study programmes on environmental
engineering in Europe were analysed, information about study courses, teaching methods,
assessment methods and competences were used for the analysis. The results obtained showed
that lectures, site visits, group coursework, practical laboratory work and role play allows to
reach necessary knowledge, skills and competences and provide effective and relevant
education to Environmental Engineering Masters programme students.

The core competences (subject-related competences, scientific and methodological
competences, social competences and personal competences) were determined to assure
quality measures of study process. This process is related with the use of five evaluation
indicators (multidisciplinary approach, cooperation with other institutions, internal process,
education and research and simulation activities), which allows to evaluate programme
learning outcomes.

Thirteen learning methods (anonymous feedback evaluations, united e-learning system
(intranet), field data collection, group coursework, group exercises, individual research
projects, lectures, online assignments and coursework, practical laboratory work, seminars
and workshops, site visits, tutorials and role-plays) suitable for the environmental engineering
studies were selected, evaluated and compared in order to find the most effective methods for
the achievement of the best results in the study process. The results of MCA defined that that
lectures, site visits, group coursework and practical laboratories together with role-plays
simulations should engage the major part of study process.

Developed assessment framework can be used during the development process of new
environmental engineering study programmes and for the evaluation of the existing study
programmes with a similar profile. Future research based on the results of this study should
include sensitivity analysis and deeper investigation on CBE outcomes, as well as
determination of bottlenecks for the effective transfer of given information to competence-
based knowledge.
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Abstract — Bioeconomy in Europe has become one of the leading courses for sustainable and
resource-efficient development. Main aspects of bioeconomy: development of new
technologies and processes, development of markets and competitiveness for bioeconomy can
be implemented through higher education and transformative knowledge for building a
sustainable bioeconomy. Over the past year, new bioeconomy-related Master study
programmes have been created and have integrated bioeconomy goals into their research,
programme aims and learning outcomes. During the research the set of competences based
on sustainable development competences and bioeconomy competences have been created.
The integration of competences for bioeconomy development in higher education can be seen
as an important step in transformation towards knowledge-based bioeconomy. On this basis,
10 Master study programmes across Europe were analysed in order to find out the actual
integration of competences in different study programmes for bioeconomy. Results of the
analysis show that transdisciplinary competence, learning competence, interdisciplinary
competence and system-thinking competence are strongly integrated into the study
programmes. The analysis also shows that the integration of other competences, like
anticipatory competence, normative competence, strategic competence and interpersonal
competence can be improved in the future.

Keywords — Sustainable higher education; competences; green innovation; bioeconomy
integration assessment

1. INTRODUCTION

Bioeconomy in Europe has become one of the leading courses for sustainable and resource-
efficient development. Main aspects of bioeconomy: development of new technologies and
processes and development of markets and competitiveness for bioeconomy [1] can be
implemented through higher education and transformative knowledge for building a sustainable
bioeconomy. Intellectual capital gained through the knowledge-based bioeconomy became crucial
for the development agenda of the European Union [2]. Therefore, the implementation of
bioeconomy in Europe will be in a short loop with education and research [3]-[6]. The successful
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development of bioeconomy requires new skills from graduates of higher education based on
revised model of intellectual improvement and knowledge-based technology innovation [7], [8].

The Green deal [9] set ambitious targets for European Member states to strive for with the goal
to reach the climate neutrality by 2050, with a special attention to a number of sectors crucial to
fulfil its ambitious aims: clean energy, sustainable industry, building and renovating, sustainable
mobility, biodiversity, farm to fork and eliminating pollution. As bioeconomy instead of fossil
fuels rely on renewable biomass for the production of value-added products and these products
will be produced in accordance with a cascade principle, the development of bioeconomy can help
to reach The Green deal goals and targets.

Golembiewski et al. [10] identified three main bioeconomy challenges: knowledge base,
converging technologies and commercialization issues. The role of higher education in crucial for
all three of these challenges, cause innovation and intellectual capital development can be
achieved only with adequate skills and knowledges. In accordance with Val Lancker ef al. [11]
five factors impacting implementation of innovation development in bioeconomy:

1. Radical innovation.

2. Complex knowledge base.

3. Intense cooperation.

4. Commercialization and adoption.

5. Complex and fragmented policy schemes [11].

The implementation of bioeconomy goals should be absorbed from the systematic perspective,
considering different stakeholder’s groups. Working on overcoming of bioeconomy challenges
special attention should be paid to environmentally sustainable economy development, because
ecologically correct business practices [12], [13] can reduce the impact on environment and speed
up the achievement of Green Deal goals. Montalvo et al. [14], [15] pointed out that the creation
of greener technologies includes technological capabilities through well prepared high-quality
human resources, equipment and laboratories. Different authors have carried out studies,
according to which development of environmentally sustainable innovation and green innovation
requires innovation-oriented learning and acquisition of specific skills [16]-[19]. Considering the
above mentioned, the best practices for teaching bioeconomy, environmental responsibility and
green innovations in Europe should be discussed and analysed.

2. METHODOLOGY

A research was conducted to propose an effective framework to evaluate the effectiveness of
Master study on Bioeconomy with a focus on competence-based education and development of
sustainable innovations.

During the first and second step of the research the research definition, objectives and research
questions were defined. Conduction of the research started with data collection and analysis.
During this step the systematic review of scientific literature on teaching bioeconomy in higher
education, competences for sustainable development and bioeconomy, innovation indicators was
conducted.

During the next step of the research most significant innovation indicators for bioeconomy were
identified and selected.

The integration of competences for bioeconomy development in higher education can be
seen as an important step in transformation towards knowledge-based bioeconomy. During
the next step key competences for bioeconomy have been defined. During the research the set
of competences based on sustainable development competences and bioeconomy
competences have been created.
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Over the past year, new bioeconomy-related Master study programmes have been created
and have integrated bioeconomy goals into their research, programme aims and learning
outcomes.

A systematic review [20]-[22] of existed Master study programmes on Bioeconomy was
required. For identification and selection of the most significant indicators in teaching of
bioeconomy in higher education, study programmes in Europe, including joint programmes and
Erasmus Mundus joint programmes were investigated.

Based on this examination, ten Master study programmes across Europe were analysed in
order to find out the actual integration of competences in different study programmes for
bioeconomy.

The methodological algorithm of the research is shown in Fig. 1.

o= === == hl Fe—m - === === bl
1 1 I I
1 1 I 1
[ S— R | .
1 1 ) I i I
. Database of X 1. Data collection X Initial data X
1 competences | | |
| SEm— | I
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\ indicators | 2. Data analysis | |
1 1 ! !
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1 f—— —— * 1 1

I . . 1
: Database of study : — _ , [Literature review/
. programmes X 3. Identification and selection of . ,
L J the most significant innovation I I
L m e m == = 4 indicators for bioeconomy L - = = 4

!

4. Definition of the key
competences for bioeconomy
students

!

5. Selection of Master study
programmes

!

6. Analysis of Master study
programmes

Fig. 1. Methodological algorithm.

3. RESULTS AND DISCUSSION

3.1. The Role of Higher Education in Innovation Development in the Bioeconomy

The development of the bioeconomy is related with the promotion of innovation. The interaction
of innovation with the bioeconomy context should be defined. Through innovation and use of
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knowledge-based technologies bioeconomy provide entirely new products, at the same time
adapting the existing technologies and products to reach the demands of sustainable economy [23].

How to measure innovation in the bioeconomy? Wydra [24] had analysed innovation indicators
in bioeconomy, including research and development activities, bibliometrics and patents, human
resources and commercialization and the impact of innovation. Ribeiro and Cherobim [25]
described stages of the innovation process and Van Lancker et al. [11] analysed the role of
universities in innovation in the bioeconomy. Fig. 2 shows the innovation process in bioeconomy,
including innovation process, stages, involvement of university and innovation indicators.
Universities play the core role in the innovation process.

| INPUT | THROUGHPUT | QUTPUT | OQUTCOME
Innovation
process )
knowledge and process results and benefit and
resources advances performance impact
| RESEARCH AND DEVELOPMENT | |COMMERCIALIZATJON| | DIFFUSION | | NEW RESEARCH AND EXPERIMENTS
Innovalion stage Pure research ~ Applied research Development  Investment Adoption or Monitoring, control
with aggregation and testing purchasing and improvement of
of information decision existing innovation
University CORE STAKEHOLDER | | PERIPHERY STAKEHOLDER | | CORE STAKEHOLDER
involvement
Public R&D fundings Publications New products Market shares of new productss/processes
X Private R&D expenditures Patents New processess Share of value added of bioeconomy
|_""9Vﬂ”°” R&D personal Human resoruces New services Changes in business landscapes
indicators Human resources Start-ups Societal impact
Human resources Human resources

Fig. 2. Innovation process and indicators in bioeconomy.

3.2. The Integration of Competences for Bioeconomy Development in Higher Education

European Commission has defined the theoretical concept of Knowledge-Based-Bioeconomy
(KBBE) as life science knowledge transformation process into eco-efficient, new and sustainable
products [26]. The transformation process of the existing production system towards KBBE will
increase demand for the high-skilled and highly qualified workers. To analyse the qualification
needed, the competences and knowledge for building a sustainable bioeconomy were analysed.
Due to the global changes and transition to bioeconomy and circular economy, new ways of
knowledge production and decision-making at university level should be developed [27].

In accordance with Segalas et al. [28], education, although an important condition, does not
guarantee a change to sustainability. Engineering students upon graduating should have systems
thinking and transdisciplinary competence. The same statement can be addressed to bioeconomy.
Transdisciplinary in contest of engineering education is considered a competence for
sustainability [29]. Lambrechts et al. [30] analysed the integration of competences for sustainable
development in higher education via a holistic, interdisciplinary and transdisciplinary approach
and competence-based education. Authors analysed how competences for sustainable
development, such as responsibility, emotional intelligence, system orientation, future orientation,
personal involvement and action skills were integrated into bachelor study programmes in
management. Weak et al. [31] defined system-thinking competence, anticipatory competence,
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normative competence, strategic competence and interpersonal competence as main competences
for sustainability.

The transition towards a bioeconomy requires well prepared bioeconomy professionals with
basic and key competences acquitted through interdisciplinary educational process and new
learning environments. Sustainability is considered to be a basic principle of bioeconomy;
therefore, the competences for sustainability can be used as the basis for the competences for
bioeconomy [32].

The programmes on bioeconomy are trying to integrate innovative learning and facilitate the
development of interdisciplinary competence acquiring the ability to integrate and
collaborate [33]. Learning competence include self-directed learning, collaborative learning and
problem-oriented learning [34].

The integration of competences for sustainable development and bioeconomy competences can
be seen as an important step in higher education for advancing the implementation of the
bioeconomy goals.

There is a lack of information on the actual status of the integration of competences in existing
Master study programmes on bioeconomy. The competences used for the analysis of Master study
programmes on bioeconomy are shown in Table 1.

TABLE 1. COMPETENCES FOR BIOECONOMY USED FOR THE ANALYSIS

Competence

Discourse of Competence

System-thinking

The ability to collectively analyse complex systems across different domains of

competence sustainability and bioeconomy [31].

Anticipatory The ability to collectively analyse and evaluation in bioeconomy and sustainability
competence issues [31].

Normative The ability to collectively map, specity, apply, reconcile, and negotiate sustainability values,
competence principles, goals, and targets [31].

Strategic The ability to collectively design and implement interventions, transitions, and

competence transformative governance strategies towards bioeconomy sustainability [31].
Interpersonal Advanced skills in communicating, deliberating and negotiating, collaborating, leadership,
competence pluralistic and trans-cultural thinking, and empathy [31].

Transdisciplinary Advances skills in transcendence, problem solving, innovation, interdisciplinary research,
competence transgression [28].

Learning The ability to self-directed learning, collaborative learning and problem-oriented
competence learning [33].

Interdisciplinary The ability to integrate disciplinary perspectives and their insights to advance understanding
competence of complex problems with the goal of applying the understanding to a real-world problem

[30].

3.3. Analysis of Master study programmes on bioeconomy

In the last years several universities in Europe have established programmes on topics
related with bioeconomy. For the analysis from European master programmes on bioeconomy
were selected. The study programme selection was done through the master study
programmes search pages and through the search on specific home pages about bioeconomy.

Only full time Master Study programmes were selected. Search results have shown that
study programmes on bioeconomy spread around Europe from North Europe (Finland and
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Estonia), Western Europe (Germany, Austria, Netherlands, France Belgium), Eastern Europe
(Rumania), Southern Europe (Italy, Spain) and the United Kingdom.

For the moment the most of the study programmes are in Western Europe. Netherlands are
the leaders with four Master study programmes on bioeconomy. Germany, France, and the
United Kingdom have more than one study programme on bioeconomy. Seven Master study
programmes are University study programmes, two are joint Master study programmes and
one is Erasmus Mundus Joint Master study programme. The overall focus of study
programmes is on bioeconomy with specialization in different aspects of bioeconomy, such
as forestry, biotechnology, circular economy, chemical engineering, biobased materials, bio

innovations, etc.

The sampling resulted in the following 10 study programmes presented in Table 2.

TABLE 2. MASTER STUDY PROGRAMMES ON BIOECONOMY

University The name of Study Description
the programme  time
Maastricht University (Netherlands)  Biobased 2 years Focus on discovery of new materials and
Materials full time sustainable production methods of
bioresources [35].
Utrecht University (Netherlands) Bio Inspired 2 years Focus on development of circular
innovation full time business-models and bio inspired research
& innovations [36].
Wageningen University and Biobased 2 years Focus on biobased economy from an
Research (Netherlands) Sciences and full time interdisciplinary perspective [37].
Biosystems
Engineering
(and
Biotechnology)
University of Edinburgh (UK) Management of 2 years Focus on such aspects of bioeconomy as
Bioeconomy, full time sustainable innovation and bringing new
Innovation and technologies to existing and emerging
Governance markets [38].
University of Strathclyde (UK) Industrial 1 year Focus on understanding of the current
Biotechnology full time developments in industrial biotechnology
[39].
The University of Hohenheim Bioeconomy 2 years Focus on biobased economy through
(Germany) full time inter- and transdisciplinary approach [40].
University of Helsinki (Finland) Forest Sciences 2 years Focus on forest bioeconomy business and
full time policy [41].
Joint Study Programme: University =~ European 2 years Focus on sustainable resource
of Eastern Finland, Forestry full time management with an emphasis on current
AgroParisTech (France), University bioeconomy issues [42].
of Freiburg (Germany), University
of Lleida (Spain), University of
Natural Resources and Life
Sciences (Austria), Transilvania
University of Brasov (Romania)
Joint Master: University of European Master 1 year Focus on bio-based goods and services
Bologna, University of Milano- in Bioeconomy full time industry using biological resources and

Bicocca, University of Naples
Federico 1II,
University of Turin (Italy)

in the Circular
economy

bio-technological processes [43].
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Erasmus Mundus Joint Master:
Paris Institute of Technology for
Life, Food and Environmental
Sciences (France),

University of Reims-Champagne-
Ardenne (France),

Aalto University (Finland), Tallinn
University of Technology (Estonia),
University of Liége (Belgium)

European Master
in Biological
and Chemical
Engineering for
a Sustainable
Bioeconomy

2 years
full time

Focus on biotechnology, bioprocess
design and upscaling, and biobased

products engineering, with
complementary focus on soft skills

including project management [44].

A framework of analysis was developed using competences for bioeconomy defined by
Wiek et al. [31], Repko et al. [33], Barth and Burandt [34] and Tejedor et al. [29], and
competences acquitted in the study courses of each study programme. The research used
competences for bioeconomy as the basis for the analysis of study programmes. Each
competence was interpreted in the competence scheme. For the analysis syllabus, study
programmes descriptions and study course descriptions for each study programme have been
used. The goal was to express the integration of the competences for bioeconomy in each
study programme: (1) little or no integration, (2) minimal integration, (3) moderate
integration, (4) good integration. Table 3 provides an overview of results of analysis of
University of Edinburgh study programme “Management of Bioeconomy, Innovation and

Governance”.

TABLE 3. EXAMPLE OF ANALYSIS OF STUDY PROGRAMME INDIVIDUAL COMPETENCE MATRICES

148

Competences for Bioeconomy
2 g 2
Z - g g
E3| E8] o8 5| 8| &8 8| 28
S| 8| 2 ¢ s 38| 8¢ 2| &g
L8| B2l 2| ga|l el o o] g8
Study programme competences 5 2 5 2. E 2. ?BD 2. qé* 2] 28 Ed| B a
I IR IR IR IR I
»n o < o Z o ©n o £ 3 = o — O £ 3
Analysis of trends, opportunities and
challenges along the life science innovation 4 4 3 3 2 4 3 4
pathway [45]
Facilitating entrepreneurship and thinking
creatively about the future of the bioeconomy 3 3 4 4 4 4 4 4
[45]
Creating business plans and mapping routes
to market for new technologies [45] 3 3 2 4 3 3 3 3
Foresight and scenario-based techniques for
managing risk and uncertainty associated 4 3 4 3 3 4 2 4
with emerging technologies [45]
Negotiation and communication skills in
interdisciplinary teams [45] 4 4 3 4 4 3 4 4
Legend: little or no integration
1
minimal integration
2
moderate integration
3
good integration
4
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Considering the fact that analysed study programmes are designed especially for the
bioeconomy studies, overall bioeconomy and sustainable development competences are well
integrated into the study programmes. In existing study programmes on Bioeconomy in Europe
transdisciplinary competence, learning competence, interdisciplinary competence and system-
thinking competence are strongly integrated into study programmes. The integration of other
competences, like anticipatory competence, normative competence, strategic competence and
interpersonal competence can be stronger. This illustrated that translation towards these

competences for sustainable development and bioeconomy in a future must be intensified.

The result of the analysis on the integration of bioeconomy competences in study programme

competences are shown in Table 4.

TABLE 4. THE INTEGRATION OF BIOECONOMY COMPETENCES IN THE STUDY PROGRAMME
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COMPETENCES
Competences for Bioeconomy
o g 2
e = £ g
= 2o 5} 5} So| a9 o | = o
B2 52| 28| JE| 52| 58| L8| 58
TS| Es|Eg| 82| 52| 22| 22| 22
Competence matrix of 38 é 8 é g é g é gé 2 é E é T é
Master study programmes 58 ft’ S 2 S e/b) S| 3 E S 2s| E3
Biobased Materials
3 4 3 3 3 4 4 4
Bio Inspired innovation
4 3 3 3 4 4 4 4
Biobased  Sciences and  Biosystems
Engineering (and Biotechnology) 4 3 3 4 3 4 4 4
Management of Bioeconomy, Innovation and
Governance 4 3 3 4 3 4 3 4
Industrial Biotechnology
3 4 3 4 4 3 4 4
Bioeconomy
4 4 3 4 3 4 4 4
Forest Sciences
3 4 4 3 3 3 4 3
European Forestry
4 3 3 3 4 4 4 4
European Master in Bioeconomy in the
Circular economy 4 3 4 3 4 4 4 4
European Master in Biological and Chemical
Engineering for a Sustainable Bioeconomy 4 3 3 3 3 4 4 4
Legend: moderate integration
3
good integration
4
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4. CONCLUSIONS

For the achievement of Green deal, new thinking, learning, teaching and acting strategies should
be used. The transition towards bioeconomy is a challenging process and requires cooperation of
different stakeholders. Universities, one of the main stakeholders in creation of innovation and
sustainable invention, play an important role in implementation of bioeconomy goal through
preparation of bioeconomy professionals. Bioeconomy programmes graduates will be the
protagonists of a transformation to sustainable bioeconomy and will need to apply acquitted
competences and knowledge in creation of new technologies and green innovations in general.
This article has reviewed the indicators of sustainable innovation and bioeconomy and sustainable
development competences for the education for bioeconomy. Defined competences include
transdisciplinary competence, learning competence, interdisciplinary competence and system-
thinking competence, anticipatory competence, normative competence, strategic competence and
interpersonal competence. All of these competences have showed to be the most important for the
implementation of bioeconomy goals and transformation to knowledge-based sustainable
bioeconomy.

The analysis of 10 Master study programmes on bioeconomy revealed that the overall
bioeconomy and sustainable development competences are strongly integrated into study
programmes.

Authors state that more research is needed on the link between the integration of the
competences and green innovations. Definition of competences is only one of the steps in the
integration of sustainable bioeconomy and is only a part of a broader process, combined with
knowledge, skills, intellectual capital and inventions for sustainable bioeconomy.
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This study explores a co-management approach to prepare future environmental engineers for green innovation
and commercialisation by improving cooperation between academia and industry. Collaboration between
academia, government, agencies, and industry is a top priority due to the significant impact of the availability of
qualified environmental professionals on the economy. The potential for collaboration among parties with
different interests and principles remains largely unexplored. Compared to tango dance, the paper discusses the
co-management approach, combining two disciplines with other goals and expectations. The methodology adapts
brainstorming for studying environmental engineering to improve students' competencies and diversify study
methods. Studying classical idea co-creation approaches in higher education, evaluating their results, and ana-
lysing stakeholders’ opinions - involving 65 students, six industry and government representatives, and 14 lec-
turers. This study identified crucial factors that form a model for successful collaboration between academia and
industry to train environmental science specialists and develop green innovations. These factors include party
participation activity, the definition of primary evaluation criterion, and student motivation. The study concludes
that the co-management approach could enhance competence education quality by promoting skill diversification
and teamwork and providing greater motivation to work.

1. Introduction and literature review

Green innovation is crucial in raising the quality of future generation
life and solving environmental challenges (Bataineh et al., 2023; Prie-
to-Sandoval et al., 2022). Organisations and communities in recent years
have been directed towards green innovation to achieve environmental
protection and maintain sustainability and economic growth (Ho et al.,
2023; KarimiTakalo et al., 2021; Wang et al., 2022). Green innovations
are crucial for the environment, financial profitability, and social sus-
tainability (Fliaster & Kolloch, 2017) of all society; nevertheless, a sig-
nificant challenge in implementing green innovation is the availability of
a skilled workforce and the interaction between academia, government,
and industry (Avelar et al., 2019; Ferndndez-Manzanal et al., 2015; Leal
Filho et al., 2018). Academia and industry, with the support and guid-
ance of the government, must balance their interests in educating young
professionals and commercialising environmental technologies, as this
contributes to the economy's move towards climate neutrality (Leyva-de
la Hiz, 2019; Ribeiro & Cherobim, 2017).

In the scientific literature, the role of higher education and research
activities in advancing Sustainable Development and the role of
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collaboration with the private sector and the need for improvements to
make interactions more efficacious has been discussed (Adomflent et al.,
2014; Annan-Diab & Molinari, 2017; Gomez et al., 2015; Sidiropoulos,
2014; Sinakou et al., 2018; Osterblom et al., 2020). According to the
literature, to promote the sustainability of green innovation, all sides need
to critically assess their proper role in training students and respect the
various factors that influence joint achievement (Bag et al., 2022; Marcon
et al., 2017; Stal & Babri, 2020). Stall and Babri (Stal & Babri, 2020)
discussed the influence of translating knowledge and educational inter-
vention; Marcon et al. (2017) analysed best innovation practices and the
role of sustainability—oriented education. The academic sector needs to
take bolder solutions to modern education and become a partner for
proactive dialogue with the industry, respecting the existing competition
between higher education institutions (Ellis & Childs, 2019; Gutierrez--
Martin & Hiittenhain, 2003; Kopnina, 2019) and the opportunities pro-
vided by alternative online education platforms. The paradigm shift in
society has also affected the academic sector, which has a growing de-
mand from policymakers and industry for appropriate teaching methods -
research also shows that academic personnel need to improve their per-
formance (Kennedy, 2016; Sharif, 2019), including cooperation, use of
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co-creation and co-management approach. Accordance to Sharif (Bag
et al., 2022), the advancement of higher education is impossible without
innovation and creativity. The industry insists on the way academia
teaches innovations. The unique challenge educators face at the interface
of management, and technology is the need for integration and the dif-
ference in worldview between managers and technologists (Linton,
2015). Therefore, becoming a proactive dialogue partner for the academic
sector means reviewing the current external communication strategy and
working with the academic staff's motivation to become a full-fledged
stage bridging the university study process and the industry expecta-
tions (Augusto & Coelho, 2009; Huang & Tsai, 2014; Roh et al., 2022;
Souto & Rodriguez, 2015). Bridging organisations provide a forum for
interacting with these different kinds of knowledge and coordinating
other tasks that enable cooperation: accessing resources, bringing
together different actors, building trust, resolving conflicts, and
networking (Gatti et al., 2019). Already Berkes in 2009 (Berkes, 2009)
concluded that social learning is one of these tasks, essential for the
cooperation of partners and the outcome of the cooperation. It occurs most
efficiently through joint problem-solving and reflection within learning
networks (Berkes, 2009).

On the other hand, the industry lately has done a lot to implement
green innovations into production lines. The considerable role it plays in
government and legislative obligations. For businesses, sustainability is
becoming a commanding and essential principle (Genc & di Benedetto,
2015; Srivastava et al., 2019; Tejedor et al., 2018a). The value for the
private sector is the competitiveness of business and integration into the
green value chain. The sustainable corporation should create profit for its
shareholders while protecting the environment and improving the lives
of those with whom it interacts; it should operate so that its business
interests and the interests of the environment and society intersect
(Orecchini et al., 2012).

Each of the parties engages with their confidence based on previous
experience of the specialization. If this experience is synchronised,
companies' confidence in their leadership skills, including in developing
green technologies, can lead to the development of successful solutions
(Walsh & Linton, 2011). Meanwhile, technologists often feel that tech-
nology matters and need help paying attention to the end customer's
preferences and other business (non-technical) concerns (Caetano &
Amaral, 2011; Malhotra, 2005; Taylor et al., 2005). Considering the
above, it can be concluded that a new form of partnership between
different actors participating in the development and intensification of
green innovation is needed.

Cooperation and collaboration lead to effective green innovations.
Conducting events like simulation games, role games, and hackathons
can improve teaching and learning outcomes by integrating practical
aspects and strengthening acquired competencies like problem-solving. A
co-management approach can be used to build balanced cooperation
between two parties, one of the applications of which is co-management
in solving problems - seen as collaborative problem solving and is task-
oriented, concentrating on the function rather than the formal struc-
ture of the arrangement. The role of government in the co-management
approach was described by Carlsson & Berkes (2005), who convinced
that co-management is a “power-sharing arrangement” and entails
shared decision-making. Collaborative hackathons have been used for
resolving environmental problems (Kvamsds et al., 2021), as open
innovation methods (Temiz, 2021) and for the advancement of in-
novations (Temiz, 2021), Kamariotou and Kitsios, 2022. The existing
scientific literature lacks procedures for improving cooperation between
the academic sector, government through higher education institutions,
and industry in preparing future environmental engineering specialists
by the requirements of green innovation commercialisation.

The authors of this study compare the collaboration between
academia and industry in Argentine tango dance, which reflects the
challenges and opportunities in the interaction of two dissimilar partners.
The two dancers symbolise two different worlds, united by a common
goal: to take a series of activities during a limited period to prepare young
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environmental engineers for developing and commercialising green
innovations.

Impulsive dance movements reflect unexpected developments -
different interests and strategies of the academic sector and industry,
which must be able to synchronise in a short period while respecting
the choice of the partner. This tango dance (partner interaction) creates
both tangible and intangible value - measurable indicators (skilled
workforce, number of new technologies and applications, as well as
import substitutes) and a social effect on the organisational culture of
both parties.

Collaboration can be as fiery as dancing when seemingly insur-
mountable obstacles arise from strategic or technical challenges. How-
ever, “it takes two to tango” to achieve a goal. According to research, tango
dancing has more than a rehabilitative effect on the health of dance
partners (in their organisations and the development of green in-
novations). Still, its application proves the connection between the
dancer's temperament and artistic performance (the enthusiasm of the
partners involved affects the collaboration quality) (Lolich et al., 2015;
Peter et al., 2020).

The present study is expected to contribute to our understanding of a
methodology for a set of integrated activities that ensure a successful
interaction between academia and industry to develop future environ-
mental engineers with the skills to find innovative, sustainable, and well-
managed solutions in the field of green innovation, thus contributing to
the economic development, the competitiveness of the national economy
and society's efforts to implement climate change.

The study's authors anticipate that the goal will be achieved by
identifying critical factors and developing a model that allows stake-
holders (academics, students, industry, mentors, etc.) to become key
actors in the green innovation value chain.

2. Methodology

The approach is based on forming a model of cooperation between
the academic sector and industry, which is aimed at training qualified
environmental scientists to develop green innovations that meet the re-
quirements of the national economy (Morgan & Anokhin, 2020; Pham
et al., 2019; Sinha et al., 2020). A hackathon is used to simulate collab-
oration, as it is determined as a valued tool (Yousaf, 2021). The main
sections in the methodology (see Fig. 1) are:

e Characterisation of human resources (see Section 2.1.).

e Partnership — co-creation model development (see Section 2.2.):
o Final presentation evaluation (see Section 2.2.1.).
o TRL assessment (see Section 2.2.2.).

e Green innovation commercialisation.

The innovation of this method lies in its ability to be applied to
various other disciplines, where the presence of competent specialists
directly impacts the growth of the national economy and contributes
towards addressing global challenges, making it a valuable approach.
The broader application of the methodology will allow universities to
strengthen their efforts to develop green innovations, thus demonstrating
their contribution to decreasing the adverse effects of climate change and
improving the quality of life of the world's population (Lambrechts et al.,
2013; Shamzzuzoha et al., 2022).

The method has several practical applications. The higher education
institutions will promote the training of qualified specialists to promote
the development, application, and recognition of green innovations. In
turn, companies in the environmental sector will acquire a skilled
workforce and, by engaging in the methodological process as a strategic
partner, will be able to achieve the goals of corporate social responsibility
more effectively. Meanwhile, national policymakers in the field of
environmental protection will be able to implement a better course of the
green economy and strengthen their participation at the international
level in achieving Sustainable Development goals related to the
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Fig. 1. Methodology for enhancing academia-industry collaboration in training green innovation-focused environmental engineering specialists.

environment and climate (Cheng, 2019; Faludi & Gilbert, 2019; Stough
et al., 2018; Tejedor et al., 2018b).

This research methodology envisages the adaptation of brainstorming
as a format for studying environmental engineering to promote the
improvement of students’ competencies and diversify the study process
methods.

The methodology is considered by studying classical idea co-creation
approaches in higher education, evaluating their results, and analysing
stakeholders’ opinions - with a total of 65 students, six industry repre-
sentatives, and 14 lecturers.

2.1. Characteristics of human resources

The first task is to define the actors in the green innovation value
chain and their roles. The leading players considered in the study are
academia - students, academic staff, the industry - a company, mentors,
industry experts, and other stakeholders. The university, as a partner,
provides motivated students, which is one of the critical elements of the
model. Their involvement in the brainstorming of green innovations
promotes knowledge-based entrepreneurship, strengthens the coopera-
tion of the academic sector with industry, as well as ensures the avail-
ability of a qualified labour force for economic development in the
future.

2.1.1. Requirements for students

1. Communication and cooperation, skills for productive interaction
within the team, prior knowledge of environmental technologies,
understanding where and how to look for more information beyond
the scope of the study course, and the ability to create know-how.

2.1.2. Requirements for academic staff

The university's academic staff has a critical role in ensuring student
results, whose awareness and active participation in the study process
motivate students to solve challenges. The involvement of the teaching
staff aims to provide a continuous learning process and to persuade the
industry to trust the competencies of the academic sector and the ability
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of students to create and potentially commercialise scientific achieve-
ments in the field of green inventions.

The other major player in the model is the industry represented by the
company with its problem case. A company can be defined as a “share-
holder” who has an economic interest in the results of cooperation and
whose active participation significantly contributes to the quality of
environmental science education and the availability of labour forces
essential for economic development. Industry input formats - preparation
of information and sharing of competencies of high profile specialists-one
of the most expensive resources in business and helps students to create
practical solutions that meet the needs of the “shareholder”. If the
company saves resources on this - it will be less likely to get the expected
result.

2.1.3. Requirements for the company

Ability to precisely define the challenges faced by the company itself,
knowledge of the process of commercialisation and development of
environmental technologies, ambitions aimed at international competi-
tiveness, readiness to provide competent representatives, incl. The ability
to look at collaboration in a broader context, also taking into account
noncommercial interests, to provide business advice and to find standard
solutions to the challenges that may arise in cooperation with academia.

It is the joint responsibility of both key partners - academia and in-
dustry - to attract the following competence partners, whose presence
strengthens the partners' capacity and opportunities to ensure a full-
fledged knowledge exchange process in developing green innovations.
Those external mentors and social partners have a role to play in
assessing the solution's positioning in the broader context.

2.2. Designing a successful partnership model

The interaction between the partners is based on the needs of each
stakeholder - their scale and depth determine the degree of involvement
and the amount of investment. Aspects, where the parties' needs coincide
have the most significant impact on the research results; for example, the
student has future career opportunities for personal growth. At the same
time, the university is essential to strengthening its status as a modern
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educational institution, but the company's interest is through this
interaction.

To a large extent, the academic staff's attitude and enthusiasm also
influence students' motivation to work. Therefore the primary task of the
university is the motivation of the teaching staff to get involved -
strengthening academic excellence:

. Updating of study program teaching methods by the spirit of the era.

. Closer links with industry to promote applied research.

. Meeting the demands of education policymakers (fulfilment of the
requirements of the accreditation process).

At the same time, the university also motivates students to get
involved - to meet their need for personal growth:

. A well-paid profession of the future.

. Acquisition of competitive knowledge.

. Modern study process.

. Opportunity to prove their knowledge and skills to themselves and
demonstrate to others both in direct communication with the com-
pany's representatives and by presenting the team's achievements.

HWN =

To strengthen student participation, they must be able to choose a
topic closer to themselves. Students indicate their choice in the order of
priority - so that process supervisors can ensure that the case assigned to
the student is a statement of their importance. This approach motivates
students and makes them take responsibility for their choices. This avoids
the accusations of students for not respecting their interests.

In turn, the company's task is to formulate its primary motivation to
get involved - to strengthen competitiveness:

. The commercialisation of new green innovations.

. Optimisation of the business model for gaining competitive
advantages.

. Attracting a skilled workforce to create a value-added product.

To strengthen the company's participation, the university can
formulate “healthy ambitions” for the benefits of the partnership, such as
the development and implementation of green innovations by Technol-
ogy readiness levels (TRL) 5-7, so that the company can achieve the goals
set by its shareholders. As an added value of participation in the event,
the company has the implementation of corporate social responsibility
activities - support for academic education to improve the quality of the
study process and involvement in the development of the state “green
policy”, strengthening the qualification of the future workforce (see
Fig. 2).

Academics

Symbols:

Direct motivation

Indirect motivation == = = == - = )
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The academic sector needs to devote more effort to motivating
stakeholders since students' readiness to act depends on academics'
involvement and entrepreneurship and competence partners’ involve-
ment. When the academic and private sectors engage in collaboration,
the first step is to find a balance between economic, environmental, and
social impacts as crucial factors in decision-making:

(a) In the field of the environment, the primary goal of the academic
sector is the sustainable and responsible use of resources because
the solutions are aimed at increasing the public quality of life;
In business, the primary goal is to maximise profits - this is required
by both business owners and the need to ensure stable financial
flow, competitiveness and growth. Profit reduction is accepted in
the public interest if it is required by law, as in the case of waste
management, where companies must carry out general informa-
tion and education activities in parallel with their economic ac-
tivities, thus contributing to sustainable development goals.

(b)

Based on the above, the university has a decisive role in the devel-
opment of events and technologies as such. In turn, the industrial sector,
represented by companies, guided by its strategic interests, makes de-
cisions on the optimal work of student teams.

In cooperation between the university and the company, there may
come a time when both parties must agree on the goals and methods for
achieving them. In this case, an alternative approach is possible, which
allows balancing interests in such a way that they satisfy both parties.
This approach involves designating 3-5 critical criteria and assigning
weight to them. However, this can be a lengthy process due to the
different perspectives of the partners.

The authors of this study propose to create two systems for evaluating
the interests of the parties that would meet the needs of both partners
(the company and the university). Criteria such as inventiveness, quality,
environmental impact and the commercialisation potential of the idea
(innovation) are evaluated. Each criterion is scored on a scale from 1 to
10 (where one is the lowest and ten is the highest). Each criterion,
depending on the significance (which must be achieved within the
framework of the event and/or research) concerning the result, is
assigned its weight (Table 1).

2.2.1. Evaluation criteria for a final presentation

The spirit of competition and the game element can significantly
affect the event's final result. The creation of teams directly affects
competition and cooperation at the same time. The opportunity to
test your knowledge and experience in competitive disciplines con-
tributes to a better, deeper and more versatile assimilation of infor-
mation, and understanding of the limits of your capabilities and, not

Mentors
Experts
Social partners

Company

Fig. 2. The contribution of strategic partners to the motivation of all sides.
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Table 1
Evaluation criteria for the cooperation of strategic partners.

Nr.  Academic sector Industry

Technological quality of the invention Commercialisation opportunities

Criteria Weight  Criteria Weight
1. Type of innovation 0.4 Level of innovation 0.2
(Substitute products, new (Local, regional,
technological processes, new worldwide)
products, new patterns of
behaviour)
2. TRL 0.2 Feasibility study 0.5
3. Climate neutrality 0.4 Business model 0.3
(sustainability)
Table 2
Evaluation criteria for the final presentation.
Evaluation Trying to Approaching Achieves Exceeds
criteria reach/not compliance requirements
reached
1 2 3 4
Students' Student Students' Students'
activities are performance performance performance
inaccurate, is generally is accurate; it is accurate
and the related to the is based on and
approximate competence judgments convincing; it
performance to be about these shows the
can only be acquired. criteria limitations
partially and

attributed to
the acquired
competence.

complexity of
competence.

least, promotes close cooperation not only within the team but also
with representatives of the academic staff and companies
(consultants).

A variety of methods in the learning process allows cooperation be-
tween the teaching staff and students to a new level, allowing students to
expand their knowledge of the environment and test their knowledge in
practice. Since the focus is often on the results of team competitions, the
authors offer a structured approach that will allow objective evaluation
of the quality of the team decision and the quality of the final presen-
tation (Table 2).

Additionally, the study's authors offer a table of evaluation criteria
that can be adapted to various educational programs. Each criterion is
scored on a scale from 1 to 4, where 1 - tries to achieve/not achieved and
4 - exceeds the requirements. Each is given a weight depending on the
requirements of the study program (Table 3), which experts determined.
The idea development model is a set of elements, the application of
which leads to a successful result. The model can be compared to a sieve,
in which, after sifting through a large number of different types of in-
formation and innovation, meaningful knowledge and activities are
separated to satisfy the interests of all parties involved. The model

Table 3
Evaluation of criteria.
Nr.  Criteria Weight
1. Towards a climate-neutral solution 0.20
2. Quality of the feasibility study 0.20
3. Identifiable type of innovation (Substitute products, new technological ~ 0.15
processes, new products, new patterns of behaviour)
4 Business model quality (to ensure the sustainability of the solution) 0.1
5 Technology readiness level 0.1
6. Level of innovation (local, regional, global) 0.1
7 Contribution to one or more of the United Nations Sustainable 0.05
Development Goals
8. Team's performance (presentation quality) 0.05
9. Participants have formulated their role in implementing the solution ~ 0.05
Total 1.0
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consists of the main predetermined parameters - the novelty of the idea,
economic feasibility and presentation. Before the start of the event, stu-
dents should receive all possible information about the different types of
innovations in the bioeconomy (substitute products, new technological
processes, new products, new behaviours, etc.). This information will
allow students to understand the course's objective better and perform
the task better (Broring et al., 2020).

2.2.2. Evaluation of TRL

The next step in the study is to understand the technological readiness
of the project. This understanding would allow for setting a goal that the
team can achieve in the allotted time.

The amount of information the team provides directly depends on the
curriculum requirements and the TRL criteria. For example, in the case of
TRL1-4, it will be: a) research; b) concept description; c) results of
analytical and experimental work; d) documented test performance, etc.
Information includes, for example, cost-benefit analysis, business model,
market research, etc. Based on the company's turnover (for example, the
number of products produced), the team makes an economic analysis of
the project. A financial analysis of an innovative solution project is
necessary to prove this project's success. An additional advantage of this
analysis is acquiring knowledge regarding the economic aspect, which
undoubtedly increases the student's competitiveness in the market.
Creating a transparent project logistics chain, starting with the resource
producer and ending with the buyer, is the second significant indicator of
the proposed solution.

The implementation of a business model is the second indicator of the
quality of a student team solution from an industry perspective. It is
common for business models to be examined from the value chain
perspective in combination with other theories and enterprise practices.
A business model articulates a value proposition for customers (Teece,
2010) and considers how an organisation creates, delivers, and captures
value (Osterwalder & Pigneur, 2010). Academics and business managers
have different understandings of the concept of sustainable business
models, and there is still a debate about whether sustainable business
models might supersede traditional business models in the future (He &
Ortiz, 2021).

3. Results

As part of this study, a pilot hackathon event was held, organised by
the Institute of Energy Systems and Environment of Riga Technical
University (Latvia). The main actors were established - both the academic
staff of the university and students took part, as well as the waste man-
agement company.

The purpose of the hackathon was to promote the ideas of recycling
complex types of waste and to develop innovative recycling solutions.
During the hackathon, one criterion was established: to find and justify
the possibility of using a specific type of waste in producing a new high-
value-added product. The event is based on the cyclical nature of the
production cycle, which positively affects the enterprise's economy.

The task of the working groups (students) was to develop a business
plan to process a problematic type of waste. The development consisted
of situation analysis, search and evaluation of alternatives and techno-
logical solutions, economic justification, and identification of potential
intellectual property rights. The criteria chosen in the study helped create
value for an idea and understand its evaluation from various perspec-
tives. The criteria use of the TRL was valuable as it allowed both
academia and industry partners to come to a common understanding of
the criteria for evaluating team performance.

The team's diversity made it possible to simulate situations from real
life when people with different life experiences and views need to find
the optimal solution to the problem. According to participants' feedback,
the need to cooperate in a highly competitive environment between
teams allowed them to take the initiative in difficult situations, feel
responsible and take on obligations. Such an experience positively affects



A. Kalnbalkite et al.

a person's character, allowing him to open up and understand their
abilities and capabilities.

As part of the hackathon training course, teams worked with the
following types of difficult-to-recycle waste:

(a) Refuse Derived Fuel - municipal solid waste, the treatment of
which has created a uniform fuel mass. It can be used as an
additional fuel for energy production in thermal power plants or
incinerated for energy production in special equipment;

(b) Used tires - possibilities of economically advantageous recycling
technologies;

(c) Fibreglass - this type of waste is regularly delivered to the landfill
of the hackathon participant. Given this, the company can predict
the demand for the processing service.

The hackathon allowed students to more effectively and visually
master the curriculum of the course, which is also aimed at developing
“green” innovations. The course includes elements of developing com-
petencies necessary for the competitiveness of young professionals in the
field of environmental sciences.

The event consisted of three stages dedicated to one of the three types
of waste. Three teams took part in each step. According to the final re-
sults, the expert jury determined the finalist, who was allowed to
participate in a large hackathon by the company.

Even though the competition in each stage was insignificant, each
team participated passionately. The participants were driven by team
competition and the desire not to “fail” with poor-quality
performance.

A valuable experience and result was the teams' in-depth study of
intellectual property rights. The teams could evaluate their solutions’
novelty and compare them with existing technologies. Some teams were
also interested in getting involved in business and becoming cooperation
partners of the company.

Based on the results of this experience, it was concluded that as a
result of multilateral cooperation, students were able to strengthen the
following skills:

work with scientific literature and various sources of information;
using digital tools to analyse options and scenarios;

development of innovative technological solutions;

business thinking for environmental technology commercialisation;
the creation of a project that meets the goals of sustainable
development;

confident presentation of results;

teamwork, cooperation and finding a common language in stressful
conditions.

The method developed and used in the case study allows for signifi-
cantly improved cooperation between the academic sector and industry
in preparing future environmental engineering specialists by the re-
quirements of green innovation commercialisation. The study focuses on
building partnerships between academia and industry as a precondition
for developing green innovation.

4. Discussion

The study results and the positive feedback from the participants
indicate that this methodology can be successfully used to train qualified
specialists in various disciplines. The ability to create elaborate solutions
is a necessary condition for the student's competitiveness. The format of
generating ideas borrowed from business is one of the methods to
improve the quality of education and university rankings.

Several factors related to adapting the method to the educational
process could influence the hackathon results. The main factors can be
called the difference in the opinions of the parties of the hackathon and
their Motivation. The need to conduct the event remotely could also
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affect. However, all sides of the event were ready to cooperate and look
for compromises to solve these factors.
The study identified the following factors:

(a) Party participation activity— although the division of roles was
initially organised, the performance of specific tasks did not al-
ways meet the requirements. For example, the company wanted to
receive theoretical confirmation of the proposed idea's effective-
ness and the experiment results. However, the active participation
of the students themselves should be noted. By asking the right
questions to experts from the company and employees in a
particular field, students could simulate real situations
theoretically.

Definition of the primary evaluation criterion— this work
showed the need to find a balance between the priorities of the
university and the company. In this hackathon, priority was given
to the technological novelty of the idea. In the first stages, the
university was the leading evaluator, while the company evalu-
ated the final.

Motivation of students to participate- the results of the study
and the feedback from the participants themselves showed that
the monetary prize fund is not the primary motivating factor.
Factors cited include the desire to test oneself, gain new experi-
ence, gain professional connections that may be useful in the
future, and the potential opportunity to get a job in the company.
An important role is played by the clarity of the task, the even
distribution of the teaching load, the successful integration of
study subjects (in the case of a multidisciplinary study process),
and the interest and activity of the other parties involved. Hack-
athon organisers should consider the emotional factor of the
event. The team itself, relationships and distribution of re-
sponsibilities and activity within this team play an essential role.
Therefore, it is important to form groups based on the qualities of
each participant.

(b

=

(c

—

However, successful cooperation requires the participants' Motivation
and the academic staff's interest. The enthusiasm and welfare of the
teacher may be higher than that of the one who formally manages. Ac-
cording to students, the active participation of teachers gave additional
inspiration to the work. The teacher's motive may be to improve the
quality of education and gain new experience and knowledge for them-
selves. If the teacher has yet to previously participate in such events
(hackathons), it is recommended first to participate in regularly held
events as a participant. With such experience, the teacher can better
understand and explain to the student his tasks and the course of work.

It is recommended to divide the entire preparatory period (from the
Creation of a team to the final performance, not including) into stages to
obtain a good result:

(a) Creation of team uniqueness. Discussing the team's name,
image, logo and motto, its members communicate and get to know
each other better. Such a creative task helps to strengthen the
team spirit and gives the initial mood and impetus for further
work.

Defining Team Roles. Such a task allows one to determine who
can better cope with what tasks. Critical when time is limited.
Intermediate Results Hearings. Teams present what they have
achieved and receive expert and consultant assessments. The team
can use the received comments and advice to improve their
project so that by the final presentation, the project is as close to
reality as possible and considers the maximum possible number of
specific nuances.

(b

=

(c

—

Given that this event requires knowledge not only in the field of
ecology and environmental engineering but also in economics and
business management, it is recommended to strengthen the subjects of
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this area in the university's teaching program (Osterwalder & Pigneur,
2010). This can be achieved, for example, by involving in the educational
process a lecturer who is familiar with this topic and can demonstrate and
analyse real examples.

Valuable input can come from social partners - professional industry
associations and representatives of policymakers (ministries, state
agencies), who can help teams define the social impact and the role of
solutions in economic development.

Linking the principles of the hackathon event with the Sustainable
Development Goals not only strengthens the individual responsibility of
the parties involved but also allows connecting the parties interested in
the result. Such cooperation is especially relevant for complex processes
in which many parties participate with even more interests, goals and
ways to achieve them. The already mentioned Sustainable Development
Goals and Simon Sinek's Golden Circle approach can help achieve an
optimal result (Sprijt et al., 2013).

This study included a survey of the opinions of all parties involved. It
was essential to get an idea both about the method itself and its value, as
well as about the expectations of the parties and assessing the contri-
bution of the parties and individuals, in particular to the final result of the
hackathon. All this made it possible to evaluate the results achieved
objectively.

Students mentioned that they could better understand the educa-
tional process's goals thanks to the acquired skills. Some respondents
described their first emotions caused by participation in the hackathon -
stress and nervousness due to lack of experience in such events. However,
as more and more information was obtained, these students became more
and more confident in their knowledge and abilities. Understanding how
to achieve the result allowed them to get to work with passion. Students
reacted positively to such an experience and described it as “attractive”
and “dynamic”, pointing out that “a hackathon brings more than just
knowledge and skills.” The event allowed learning more about their
opportunities to work with unfamiliar people, create technologically
sophisticated solutions and endow them with commercial value. Sur-
prisingly, students do not consider this event a chance to show them-
selves to company representatives or social partners.

In turn, the teaching staff highly appreciated the development of
presentation and argumentation skills among the teams. Particular
progress was observed in each of the subsequent intermediate stages
when the teams, based on the results of the previous steps and comments
on them, took into account experience and attention not only to the
content of the presentation but also to the same method and manner of
presentation. The teaching staff highly appreciated the contribution of
each party to the result and indicated that the participation of companies
in hackathons plays a significant role. Companies can provide a profes-
sional perspective on business modelling and economic sustainability
issues.

Conducting this research using a hackathon fostered collaboration
between academia and industry and has contributed significantly to
strengthening the skills of young environmental engineers. Skill
strengthening creates more confidence and motivation in students to
transfer their knowledge. Therefore, using the hackathon more often in
the study process can be recommended. Promoting hackathons in the
academic environment and industry strengthens this cooperation, and it
is possible to more precisely determine the intersection of the main goals
of the activities of both parties and their harmonisation. Future research
findings and their practical applications can boost the number of patent
applications, generate industry interest in the university as a competent
partner, elevate the average salary of environmental engineering stu-
dents relative to other fields, and accelerate the development of green
innovations.

5. Conclusion

Analysing company representatives' feedback, the study's authors can
conclude that the company begins to recognise certain needs only at the
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end of the event. Close cooperation with academic staff allows identi-
fying of hidden goals.

The survey results show that, in general, the participants are satisfied
with the event itself and its effects. Team members highly appreciate
their contribution to the team's overall result and assume that the
experience gained will help them achieve results more successfully in the
future.

The authors of the study conclude that for the further use of the
hackathon method in the educational process, it is necessary to conduct
additional research. Further consideration must be given to developing
strategic partnerships, documenting results and improving team perfor-
mance. All this means the following:

. Development of guidelines for the protection of Intellectual
Property Rights to define the rights and obligations of the parties
involved,

. Modelling the profile of “shareholders” (companies, public
administration institutions, public-private partnerships, European
Union level institutions, etc.) and matching the interests with the
academic sector

. Widening the opportunities for students and empowering team
performance, for example, by strengthening team capacity through
self-assessment tests, creating a platform for more ambitious
demonstration of student knowledge, team interaction in the case of
distance learning, digitalisation of results and accessibility to a
broader range of stakeholders.

Despite the challenges to be balanced the acquisition of theoretical
and practical knowledge during the study, such activities as part of the
study process can make a significant contribution to improving the
quality of competent education (Rayna & Striukova, 2021), as they create
conditions for students to develop new skills and provide greater Moti-
vation to work if a future promise is received that their solutions have
opportunities for further development.
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Abstract — Biodiplomacy involves searching for a delicate balance and establishing a dialogue
on the necessity to achieve international goals to develop the bioeconomy. The substantive
basis of biodiplomacy is understanding bioresources, technological solutions for their
extraction and use, indicators, and evaluation possibilities. The article is devoted to the
establishment of a biodiplomatic institution. Such institutions will help young specialists in
various economic sectors to develop competence approaches, acquire knowledge and build
awareness that will make them competent to solve problems related to bioeconomy
development and future, looking for efficient use of bio-resources and high value-added
production. The aims and objectives of biodiplomatics are ambitious, which means that forms
of study training must be attractive and multi-layered. Thus, the authors have analysed
formative work assessment in the form of group work. With the help of a role game, the
participation of different sections of society in developing the bioeconomy in agriculture,
forestry and aquaculture was simulated. The article is devoted to the situation analysis,
creating a model for building competencies, awareness, and knowledge of biodiplomats, and
approbating it in the formative assessment work of the Riga Technical University bachelor’s
study program in environmental engineering, organised as a role game.

Keywords — Agriculture; biodiplomats; competencies; post-game performance level
rubric; role game

1. INTRODUCTION

Latvia, like all other European Union (EU) countries, must shape public policy in such a
way as to achieve the goals set by the Green Deal, energy, climate neutrality and other binding
documents. To a large extent, policies need to be subordinated in such a way as to
comprehensively ensure the development of the whole economy and progress towards these
goals. As this issue involves global solutions, the work of biodiplomats needs to be updated
to ensure that the goals are met. Biodiplomats are international experts who will implement
innovative paradigms in the bioeconomy to provide new and innovative products using new
technologies and processes. [1] have studied the concept of biodiplomacy and defined the
main characteristics. The main emphasis in this study is on the development of new
mechanisms to promote a circular and sustainable, socially inclusive bioeconomy.

Latvia does not currently implement biodiplomacy. Therefore the question remains in
which sectors it would be possible to develop it. It is necessary to find a niche against which
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Latvia’s product would stand out against the offerings and services of similar countries,
highlighting its unique ideas, experience, competence, and activities. It would give
recognition, prestige, leadership, and state influence. Therefore, the next step in its
implementation would be to incorporate legitimate strategies for niche biodiplomacy in
legislative documents. Although the government currently intends to develop an action plan
that would define the tasks of making Latvia attractive to exporting companies in the
international environment by creating a single brand to attract foreign interest, this definition
is more than an interpretation, as the government does not mention public diplomacy in
national planning policy framework [2].

When creating a niche biodiplomacy, the primary goals that Latvia could offer to other
countries must be set to be identified as competitive, of course, considering the country’s
primary interests. It should be emphasised that niche biodiplomacy would focus on a specific
sector field, sifting out other areas and specifying what could lead to opposition from different
fields. The implementation of positive biodiplomacy can be implemented only when
successful cooperation between institutions and sectors and scientific institutions is expected
in the long run because only then are the results desired [3].

In 2008, the Latvian Institute conducted a study on the image of Latvia [4]. As a result,
Latvia is not ready to create an image. The main arguments are as follows: (1) geographical
location outside the capital’s periphery is not attractive to investors, (2) ecological and other
environmental issues outweigh the promotion of industrialisation, (3) national identity
challenges — it is necessary to be able to find a unifying motive for Latvia’s identity, (4)
Latvia’s future aspirations are not in line with current assumptions, (5) Latvians generally do
not support the sale of land to someone who does not have deep roots or ties with Latvia.
Recognition with the capital Riga should be promoted, and the slogan used should be
‘Plugged into nature’. The audience has not been enthusiastic in the international
environment, and assumptions are primarily based on the past. The main cornerstones of niche
biodiplomacy would be based on credibility, rationale, reputation, and value.

Considering the above, Latvia’s image in the international environment would become
competitive by moving in biodiplomacy and developing biodiplomats. The term bio-
diplomacy is linked initially to bio-education. Vlavianos-Arvanitis (1993) urges for the need
of restructuring the educational framework to ‘overcome the threats to the preservation of
bios (life in Greek) caused by a crisis in values. International cooperation and facilitating the
search for solutions to problems that require prompt and decisive action is by excellence the
case in environmental issues [5]. In the following almost 20-year period, the increasingly
complex challenges of governing resources in socio-ecological systems made policymakers
and practitioners use more and more the so-called serious games (SG), as shown in the
systematic review of relevant publications by Edwards et al. (2019) [6]. Concerning the
ubiquitous climate change challenge, Ahamer (2013) argues that gaming serves better to
shape a strategy than fighting, in the sense that the former relates to ‘managing unstable
equilibria while maintaining societal sustainability’. In contrast, the latter resumes to
‘understanding only own standpoint, but not the standpoint of adversaries’ [7]. Blanchard and
Buchs (2015) illustrate the capacity of role to clarify Sustainable Development for students,
a wicked concept with international ramifications, and Thomas et al. (2018) detail the use of
role game in the case of energy-related decisions in urban and rural municipalities [8], [9].
Various stakeholders engaged as participants with energy conundrums in 6 different locations
in the US, wearing the hat of others eliciting valuable insights into complex decision making.
In the context of biodiplomacy and the understanding of its operation, role game in the study
process provides an invaluable contribution to the training of young specialists. It can support
the introduction of transdisciplinarity in the classroom, simulating and enhancing the co-
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production of knowledge [10]. Role game in the study process is one of the ways to provide
students with the opportunity to apply the acquired theoretical knowledge in the practical
simulation of reality because the offered way provides a dynamic environment. However, a
framework of preparation guidelines is issued in advance, which defines the topic and the
problem; students still have to offer their solutions. Role game features among the crucial
teaching tools for experiential learning in higher education programmes relating to
sustainability [11], [12], [13], [14]. Relevant publications evaluate role games along with
study visits or field courses as the most effective tools, especially when integrating social
sustainability into the engineering curriculum in Cambridge University [15] and the Swedish
Royal Institute of Technology, as seen in Bjornberg ef al. (2015) [16]. Role game was also
used ‘to provide a solution to actual local problems’ in a capacity-building course to educate
educators on sustainability in Monterrey Tech [17]. Role game is a handy tool when there
need to solve a problem [18].

In the same track, the role game ‘Response bioeconomy strategy to COVID-19’ was
organised in the bachelor study program ‘Environmental Engineering’ created by the Institute
of Energy Systems and Environment of Riga Technical University, the implementation of
which effective and result-based distribution of COVID-19 emergency aid (EUR 35.5
million) between the main sectors of forestry, agriculture, fisheries and aquaculture, as well
as tourism.

From a pedagogical point of view, the development of competencies is directly related to
in-depth learning, which various authors also call deep learning or visible learning [19], [20].
As a result of such a study process, students can develop any of the competencies to be
acquired in the course ‘Biotechonomy’, which are indicated as the results in the study course.
The main goal of in-depth learning is to strive for the student to gain an in-depth and
conceptual understanding of complex/complicated topics [21].

The article is devoted to the establishment of a biodiplomatic institution. Such institutions
will help young specialists in various economic sectors to develop competence approaches,
acquire knowledge and build awareness that will make them competent to solve problems
related to bioeconomy development and future, looking for efficient use of bio-resources and
high value-added production. The aims and objectives of biodiplomatics are ambitious, which
means that forms of study training must be attractive and multi-layered.

It is essential to organise a role game to understand biodiplomacy and analyse the results —
competencies acquired by the participants. In this case study, the role of the participants in
the role game, representing the agricultural group, in the field of biodiplomacy acquired in
the context of bioeconomy.

2. METHODOLOGY

The methodology consists of three parts: (1) preparation, (2) role game, (3) post-game
performance level rubric (see Fig. 1). In the (1) preparation part, a role game was developed
in the course ‘Biotechonomy’ of the Riga Technical University bachelor study program
‘Environmental Engineering’ in the amount of 3 ECTS. More detailed information on this
section will not be considered. The main emphasis in this methodology is on the role game
and the section on participants’ post-game performance level rubric. (2) part is a role game
that consists of current situation analysis, proposals and solutions analysis, public discussion,
and decision making. The role game aims to raise stakeholders’ knowledge and understanding
of sustainable development of bioeconomy, its objectives, and their achievement, as well as
achieve result-based distribution of COVID-19 emergency aid (EUR 35.5 million) among
three main sectors. Students are introduced to the problem situation, the game’s goal, the
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parties involved, the division of groups, and the evaluation criteria of the leading offers at the
current situation analysis stage. Group consists of 4 students; a doctoral student advises each
group. The doctoral student is the group’s consultant/mentor and motivates the group to
participate in discussions, defend its position and argue its opinion. Various criteria have been
compiled to prepare and evaluate proposals submitted by the sectors (see Table 1). These
criteria allow one to evaluate and compare proposals, choose the most optimal and distribute

the funding more efficiently.

Bioeconomy

awareness building

Preperation Role game
|

C I t P I 1 I )
-urren Toposa’s. Public Decision
situation Solutions. . . :

. . discussion making
analysis Analysis.

Data . L L Cabinet of

collection Agriculture Municipalities Ministers

— Data analysis |— Forestry |— Investors
Results | Fisheriesand | Project
analysis aquaculture developers

—  Green

1
Post-game
performance
level rubric

Biodiplomacy
—  competences
achieved

Analysis of
— participants'
growth

Fig. 1. Integration of role game in the modular structure of bioeconomy awareness building.

TABLE 1. MAIN PROPOSAL EVALUATION CRITERIA FOR GROUPS

Group title Criteria Units
Number of persons employed in rural and Thousand of people
urban
Forestry Increase of value-added Thousand EUR/year
A.grlct.llture Added value per employee Thousand
Flsh.erles and .a(.luacultures Contribution to GDP %
Cabinet of Ministers
Investors Export Thousand EUR
Environmental activists Share of renewable energy in industrial %
Municipality representatives and energy consumption
Renewable energy and total (final) GWhREN
industrial energy consumption GWhfinal
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Each group has its framework and task to complete during the role game:

1.

Forestry — to prepare a proposal that would include the necessity to receive the support
to prevent the consequences of the pandemic, to develop bioeconomy and to achieve
goals set in bioeconomy strategy; to present main difficulties that the forestry sector is
facing because of the pandemic, what aspects hinder the development of the
bioeconomy, what are the policy instruments could help to achieve the goals; deliver
a proposal for the investment of the Emergency support funding and its necessity, what
will be the results if the funding will be granted, and what are the consequences if not!

. Agriculture — to prepare a proposal that would include the necessity to receive the

support to prevent the consequences of the pandemic, to develop bioeconomy and to
achieve goals set in bioeconomy strategy; to present main difficulties that the
agriculture sector is facing because of the pandemic, what aspects hinder the
development of the bioeconomy, what are the policy instruments could help to achieve
the goals; deliver a proposal for the investment of the Emergency support funding and
its necessity, what will be the results if the funding will be granted, and what are the
consequences if not!

. Fisheries and aquaculture — to prepare a proposal that would include the necessity to

receive the support to prevent the consequences of the pandemic, to develop
bioeconomy and to achieve goals set in bioeconomy strategy; to present main
difficulties, that fishery and aquaculture sector is facing because of the pandemic, what
aspects hinder the development of the bioeconomy, what are the policy instruments
could help to achieve the goals; deliver a proposal for the investment of the Emergency
support funding and its necessity, what will be the results if the funding will be granted,
and what are the consequences if not.

Cabinet of Ministers — to prepare criteria for evaluation. Each group must be allocated
funds as the result of fund distribution. Ask groups questions, engage in discussions,
announce results: (1) actively participate in the meeting, where three primary sectors
will present and argue their strategy plans; (2) main task — distribute the COVID-19
emergency support funds to 3 sectors (forestry, agriculture, fisheries and
aquacultures).

Investors — (1) main task — ensure that the idea provided by presenters is innovative,
viable, realistic and economically correct; (2) necessary support tool for investors to
mitigate risks; (3) “Green channel” for investors to work in Latvia.

Environmental activists/NGO — (1) actively participate in the meeting, where different
alternatives of bioeconomy strategy will be presented; (2) ensure that funding will be
granted to the most environmentally friendly and sustainable proposals.

. Municipality Representatives — (1) actively participate in the meeting; (2) main task —

ensure that best solution for a municipality is chosen — receives the highest amount of
taxes, local people are employed, and environmentally and climate-friendly solutions
are used.

The methodology’s last part (3) is the post-game performance level rubric used for
biodiplomacy competence evaluation for the bioeconomy. Table 2 shows the general form of
the rubric, which provides four levels of performance.

Fig. 2 introduces evaluation criteria for biodiplomacy competence (the authors recommend
up to four criteria, as the most relevant and focused criteria for a given competence must be
selected from a wide range of possible criteria).
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TABLE 2. GENERAL FORM OF THE RUBRIC FOR PERFORMANCE EVALUATION
Trying to reach / not . . . Exceeds
reached Approaching Achieves compliance requirements
Evaluation criteria 1 2 3 4
Student activity is Student performance  Student performance  Student performance

is accurate and
convincing; it shows
the limitations and
complexity of
competence.

inaccurate and
approximate;
performance can only
be partially attributed to
the acquired
competence.

is general, generally
related to the
competence to be
acquired.

is accurate; it is based
on judgments about
this criterion.

4 N N N

Category 1

Relevance of the product / service /
process to the transition from the
current paradigm of increasing
economic production to a
sustainable bioeconomy,
promoting the implementation of
the Green Deal and Climate
Neutrality Policy

Category 3
In the common definition of
society's goals and tasks, the
awareness that we are all one, a
synergistic approach to solving
global problems.

Category 2

Reasonable and delicate dialogue
and cooperation with target groups.

1

The description of the product / 1 1

service / process is partly in line with
the paradigm shift, policy documents
are mentioned, but the offer has no
direct link to the paradigm shift.

2

The description of the product /
service / process is fully in line with
the paradigm shift, the rationale is
incomplete, the importance of
innovation is emphasized.

2

The description of the product /
service / process is based on science
and evidence, based on qualitative and
quantitative arguments, development
scenarios and  trend  analysis.
Emphasis is placed on the limitation
of innovation resources as opposed to
the limitation of natural resources.

4

The description of the product

service / process convincingly
demonstrates the contribution to the|
efficient and sustainable management]
of the planet's resources. It transcends|
the situation of a small community or
a small area, making it possible to use
it to implement a Green Deal and a
climate neutrality policy on a globall

One-way communication in which a
product / service / process is explained
and presented, but no feedback is
obtained and no dialogue is formed.

2

Two-way communication, in which
point of view develops in the direction
of change, the target groups find some
points of contact that can serve as a
basis for dialogue in the future.

3

Dialogue and discussions in all target;
groups increase social awareness otjl
the need for change, an agreement has
been reached on joint cooperation on
certain issues in solving precisely
agreed problems or ensuring the
process.

4

There is a clear shift in the mindset of
political leaders and decision-makers
towards long-term strategies with a
global vision. Strong commitment t
continue the dialogue with target
groups that do not accept the need for
change.

Narrow definition and presentation of
bioeconomy goals for the interests of
one target group, which endangers the
economic and political goals of other
target groups.

2

General definition of bioeconomy
goals without involving but also
endangering other target groups.

3

Global and accurate understanding of
the added value of the bioeconomy;
when defining goals and objectives,
the interests of all target groups are;
considered, they are balanced in the
name of common goals.

4

Target groups do not feel threatened
by their economic and political goals
but accept the new paradigm and show
a willingness to engage in the process
of change. Fully synergistic state
process.

scale.
2N N\l J

Fig. 2. The progressive performance rubric for developing biodiplomacy competencies role game in bioeconomy studies
(1 — Trying to reach/not reached; 2 — Approaching; 3 — Achieves compliance; 4 — Exceeds requirements (explained in
Table 3)).
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Each level of performance is associated with a level of biodiplomacy competence.
Competencies are assessed from 1 to 4, where a Level of 1 reflects only a small activity
(inaccurate, mediocre, incomplete achievement of the competence). Level 2 already defines
the direction towards the general achievement of competence. Level 3 establishes the
achievement of competence, where student participation is accurate. Level 4 indicates that
the student is competent in the field and can analyse complex systems. Students are given
performance level sections for each competence to be developed in the study course
‘Biotechnology’ in preparation for the role game; the biodiplomacy performance rubric is one
of the many competence development rubrics. Students use these rubrics as guides in the
study process as they prepare for the role game. The role game takes place in the middle of
the study course and is a formative assessment tool. The role game observer and the student,
performance level assessor, are issued performance rubrics and the corresponding assessment
table. It is recommended that the game be watched by several observers who calibrate their
understanding of the performance level signature before the game. During the game, the
assessors identify the biocompetence criteria listed in the table and determine the level of
student performance. After the game, the assessors provide feedback to the students and
discuss the student’s performance in individual episodes, justifying the level achieved by the
students with that described in the performance level rubric.

The progressive performance rubric for developing the biodiplomacy competencies role
game in bioeconomy studies (adapted by [22]) is shown in Fig. 2.

The target groups mentioned in the Table 2 are representatives of other economic sectors,
environmental activists, local governments, investors, politicians.

3. RESULTS AND DISCUSSION

During the role game, participants answered the key question - how to invest the COVID-19
emergency support funds to mitigate the effects of pandemic (sustainable recovery of the
economy) and maintain the transition sustainable bioeconomy development. Each target
group - forestry, agriculture, fisheries and aquaculture - formulated what they thought were
the best solutions based on research. The Bioeconomy strategy, which defines that the most
significant support is to farmers and food producers to ensure food security, must consider
that the remainder will have to be shared between fisheries and forestry.

As a result of the role game, the agricultural group received the most financial support, so
this group was further analysed using the post-game performance level rubric. The post-game
performance level rubric for the agricultural group for the assessment of biodiplomatic
competencies is shown in Fig. 3.

The post-game performance level rubric makes it possible to assess students’ skills in the
relevant assessment categories. Thus, for example, the competencies of students represented
in the agricultural sector were evaluated in 3 categories — (Category 1) Relevance of the
product/service/process to the transition from the current paradigm of increasing economic
production to a sustainable bioeconomy, promoting the implementation of the Green Deal
and Climate Neutrality Policy, (Category 2) Reasonable and delicate dialogue and
cooperation with target groups and (Category 3) The figure shows that students have acquired
competencies in the areas indicated in the specific categories, as they reach close to the
highest grade in each category. In Category 1 are reached Level 3, where students present
their advanced knowledge in bioeconomy and innovative tools for achieving bioeconomy
goals. In Category 2, students knowledge dynamic is expressed in all four levels, which shows
students dialogue development dynamic. In Category 3, students participate in role game,
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leading the development of their attitude and proposed proposals for reaching common goals,
wherein they finally reach Level 3 in their skills.

-

Relevance of the product / service /
process to the transition from the
current paradigm of increasing
economic production to a
sustainable bioeconomy, promoting
the implementation of the Green
Deal and Climate Neutrality Policy

Category 1

1
Not mentioned
2

Not mentioned
1CNLIONKC

3

The group's presentation defines the
goals of agriculture in the field of
bioeconomy, which corresponds to
the paradigm shift. The expected
added value is indicated, obstacles
to the development of the
bioeconomy are analysed, policy
instruments are achieved, precise
proposals for es are made,
clear proposals for improving
energy efficiency and reducing
emissions, quantitative arguments
(agricultural GDP, exports, etc.)
and their analysis, action plan to
involve target groups in education.
events and discussions. Innovative
opportunities are presented to
investors.

4
Not mentioned

- J

4 N

Category 2
Reasonable and delicate dialogue

and cooperation with target groups.

1

There are no scenarios for answering catchy
questions, many questions are not used to
start a dialogue.

2
Promises and threats as facilitators of

dialogue (what threatens if agriculture is not
supported?). A series of questions and

4 N

Category 3
In the common definition of
society's goals and tasks, the
awareness that we are all one, a
synergistic approach to solving
global problems.

1

The proposal on urban agriculture is bluntly
rejected.

2

Cooperation with the forestry sector,
developing joint proposals for land use
change (land afforestation, change 1 ha to 1
ha).

answers show two-way cc ion
Unclear arguments in the discussion with
investors

K}

A dialogue has been launched with
local governments to find a solution
to common social and agricultural
problems (involvement of youth and
other professions in seasonal work,
increasing the dynamism of the
workforce).

4

In the discussion from the group, a
convincing determination flows, the
decision of politicians to allocate the
largest share of funding (victory in
the game of allocating funding)
indicates a change of thinking in the

direction of long-term strategies.

3

Joint goals set with environmental
activists to stop the urbanization
process; joint development of a
program for attracting young
people to rural areas.

4
Not mentioned

- /

Fig. 3. Post-game performance level rubric for agricultural group.

Formative assessment achieves its objective; students know the areas that still need to be
explored to acquire better competence in biodiplomacy. It was assessed that it is desirable to
supplement the performance level rubric with didactic and methodological tasks that train
students to delve into aspects of biodiplomacy competence, develop self-directed studies and

increase competence.

4. CONCLUSIONS

The main conclusions of this case study are: (1) the goal of the role game was achieved —
to distribute the funding for COVID-19 emergency recovery support, taking into account the
objectives of the EU bioeconomy strategy and the impact of COVID-19 on the production
and use of primary resources among the three main groups of bioresources: forestry,
agriculture; fisheries and aquacultures; (2) taking into account the lessons learned, the ideas
should be presented to the Cabinet of Ministers, local governments, various responsible
institutions, etc.; (3) members of the agricultural group have acquired biodiplomacy
competencies in the context of the bioeconomy, which characterise biodiplomats. The higher
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the evaluation of the criteria in the category for the relevant competence, the more likely it is
that the goals set by the Green Deal will be achieved.

Next steps: (1) together with the students, discuss the passages that show the performance
of their biodiplomacy competence, compare what is shown in the passage with what is
described in the performance section, draw conclusions, and make suggestions about what
and how to speak, present, answer differently; (2) analyse various situations given by the
lecturer with conflicts, problems, the solutions of which as action or dialogue scenarios
students must invent and justify.
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To Be, or Not to Be — the Question of Forestry
Resources in Bio-Diplomacy

Signe GERINOVICA!", Dagnija BLUMBERGA?, Antra KALNBALKITE?, Anita VECINA*

4Riga Technical University, Faculty of Electrical and Environmental Engineering, Institute of Energy
Systems and Environment, Azenes street 12/1, LV-1048, Riga, Latvia

Abstract — This analysis aims to identify the potential of bio-diplomacy focused on forestry
resources in Latvia. As the resources are scarce, small states must calibrate their foreign
policy to gain a global vision by offering strategic products or services. In order to identify
this potential, there are employed the Analytic Hierarchy Process (AHP) and the Technique
for Order of Preference by Similarity to Ideal Solution (TOPSIS) analytical methods.
The results indicate that economy, climate and environmental and social factors are the most
important elements to be considered. The most important driving forces for using forestry
resources for bio-diplomacy are demand, volume and renewal.

Keywords — Bio-diplomacy; forestry; foreign; policy

1. INTRODUCTION

The etymology of diplomacy is found in the Greek word ‘diploma’. Since the 18" century,
the term ‘diplomate’ has become more popular, which is a derivative of the ancient Greek
terms ‘diplo’, folded into two, and ‘ma’, an object related to travel [1]. As such, diplomacy
means forming national relations through negotiations, emphasising shaping foreign
policy [2]. During this process, countries often employ official representatives to push
forward national interests consistent with their objectives through visits, correspondences,
and lobbying activities [3]. However, it is important to highlight that diplomacy is not a
foreign policy duly on its terms but, instead, it acts as a supplementary method concerning
policy implementation instruments. These instruments are reflected in foreign policy
formulation and efforts to achieve objectives according to national interests, making
diplomacy an important part of foreign policy implementation [4]. It employs specific skills,
procedures, methods, norms, and rules to coordinate bilateral dialogue between nations to
optimise international relations at the global level. These activities are entrusted to the
Ministry of Foreign Affairs. Their diplomatic representation act as the primary link for
promoting their own diplomatic activities and communicating with officials located in
embassies and consulates of the host state [5].

As time progresses, so does diplomacy to reflect ever-evolving current and future
challenges. One such challenge is related to the externalities of the current globalisation trend,
which has boosted the ability of countries to become more integrated into global value chains
and enhance their relevance globally [6]. At the same time, in parallel, the potential for
diplomacy activities to reach new target audiences has broadened [7]. In particular, it has
brought forward a relatively new type of diplomacy into perspective, ‘bio-diplomacy’ [8].
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Dr Agni Vlavianos Arvanitis from Biopolitics International Organization, who originally
coined this term, defines it as centred around pressing environmental issues whereby
diplomatic means to international relations with a specific focus on climate policy can aid to
preserve the environment and establish strategic autonomy of resource industries [9].

The guiding theme and focus of bio-diplomacy are suited adequately to the current
environmental situation globally in light of the Paris agreement [10] and the European Union
Green Deal agreement [11].

1.1. Is There a Demand for a New Wooden Bicycle?

By examining diplomatic activities already undertaken by other similarly positioned
countries with a long-term focus, small states can gain perspective [12] on means to adjust
their diplomatic policies:

— As developed by Denmark, the Green Diplomacy adapts to the global environmental
challenges and demands. A separate department within the Department of Affairs is
solely positioned to promote a strategy that considers environmental matters for its
diplomacy activities, offering the world its solutions for climate change [13];

— Denmark is also active in diplomacy’s technology front, creating technology
diplomacy TechPlomacy in 2017. Denmark appointed the first Minister of Technology
(Casper Klynge) to pursue these activities in the world. It became the first country to
focus policy priorities directly on technology and digitisation for cross-border foreign
policy activities. A few of Mr Klinge’s primary responsibilities are finding the next
success story of major technology firms and working together with them, helping start-
ups with financial and enterprise support, and assessing the impact of artificial
intelligence and automation on Danish jobs and industry in the future [14];

— InIceland, 63 % of its territory consists of stones, sand, lava, and tundra; glaciers and
lakes occupy 12 % and 3 %, and only 23 % is a fertile land. As a result, the
environmental challenges are important for Iceland. Iceland must develop long-term
sustainable solutions with an emphasis on renewable energy to limit the effects of
climate change. In practice, it places itself as an expert in acquiring renewable
resources from the earth [15];

— Being the most technologically advanced Baltic country, Estonia has engaged in small
state diplomacy activities based on cyber diplomacy. In 2019 Estonia established a
designated department in the Ministry of Foreign Affairs for cyber diplomacy.
Cyber diplomacy is primarily linked to national cyberspace action and compliance
with cyber norms, confidence-building measures and existing international law.
The country is a representative example of how overcoming vulnerabilities (cyber) can
become a success story for niche diplomacy. In 2007 Estonia held a debate regarding
the resettlement of the monument of a bronze soldier left by the Soviet Union [16].
It was then when Estonia first faced widespread cyber-attack, which was later
recognised as the first cyberwar in the world. As such, it warranted Estonia to its
turning point in foreign policy [17]. The country learned from the experience, and
fourteen years later, it has become a global force in areas related to cyber security,
advising many countries on similar issues. In the long-term, based on this, Estonia has
positioned itself as amongst the leaders in all cases related to the cyber environment —
99 % of the services provided by the country can be carried out remotely (excluding
marital and purchase of property) [18];

The abovementioned examples of similarly positioned countries indicate that smaller
countries can use resources at their disposal and promote national awareness and influence

1338
173



Environmental and Climate Technologies

2021/25

by offering their services to address pressing issues. This study challenges the current
political direction of Latvian foreign policy and analyses the possibilities pro-actively by
offering bio-diplomacy activities that will focus on exploiting forestry resource capabilities
— a prudent resource in the implementation of foreign policy actions that can provide
credibility in the international environment.

It is often more difficult for small countries such as Latvia to compete globally and establish
strong links globally unless full advantage of local knowledge is utilised. There are binding
constraints globally on various resources that create opportunities for endowment rich
countries to explore [19].

For Latvia to become more competitive, it must emphasise exploiting diplomatically the
relatively large endowment of wood resources from strong local industries (forestry and
timber) through bio-diplomacy. Latvia is one of the most forest-rich European countries.
It has 3.4 million hectares of forests (52 % of the total territory) that is steadily expanding
[20]. The economic contribution of the forestry sector is significant and increasing each year.
EUR 1.32 billion in 2018 or 5.1 % of the country’s GDP, EUR 1.08 billion in 2017 or 4.6 %
of the country’s GDP, EUR 1.03 billion in 2016 or 4.7 % of the country’s GDP,
EUR 1.02 billion in 2015, or 4.8 % of the country’s GDP [21]. In addition, data from 2018
showed strong exports of wood related particles, which amounted to EUR 2.64 billion, or
one-fifth of total exports. As a result, the forestry sector is an important niche of the Latvian
economy and, conditional on the future global trends forecast in environmental degradation.
It also can become a strategic sector to be used as an instrument in Latvian bio-diplomacy
activities. However, Latvia’s potential has not drafted a comprehensive strategy to push itself
forward on this front. Using forestry resources as part of potential bio-diplomacy activities
can thus be equitable to improve its position and relevance globally.

2. METHODOLOGY

Two multi-criteria techniques were used where the results of one method (Analytic
Hierarchy Process (AHP)) lead us into the Technique for Order of Preference by Similarity
to Ideal Solution (TOPSIS). They are used to determine the importance of different criteria
and alternatives for the potential of forestry resources for Latvian bio-diplomacy. The survey
was filled by researchers from the Institute of Energy Systems and Environment at the Riga
Technical University to identify the bio-diplomacy potential of wooden and forestry
resources. This approach was designed to clarify the views of environmental science
researchers and scientists focusing on wooden and forestry resource demand and supply
capabilities. In light of the answers provided, it is possible to interpret the assumptions and
predict potential future direction for the importance of wooden and forestry resources for the
Latvian bio-diplomacy.

The scheme of the research methodology is shown in Fig. 1.

The AHP method is a decision-making framework that provides a structured technique to
organise and analyse complex decisions based on mathematics and psychology [22].
By following the AHP algorithm for this case study, there were identified the relative
importance of ten qualitative criteria (economic, social, climate and environment, science and
research, engineering, internal policy, external policy, access to finance, examples from other
countries and regional policy) that are difficult to measure in absolute values towards the
formation of Latvian bio-diplomacy, with a focus on the forestry sector. It is reasonable to
quantify each criterion’s importance, as indicated by weights, towards understanding the most
important factors for our purposes [23], [24]. In order to calculate these weights for the
decision-maker, first, need to normalise the pairwise criterion comparison matrix by
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manipulating the ten by ten matrix [25]. Following these manipulations, the importance
vector, the eigenvector of the normalised pairwise criterion matrix, indicates the ranking for
the importance of criteria [26].

MCDA AHP MCDA TOPSIS

Results

Conclusions

Fig. 1. Research methodology.

Following AHP results, transition into TOPSIS analysis (Hwang and Yoon developed it in
1981 [27]) should be done. It is used to make decisions and analyse the significance of
objectives from various information and data — qualitative and quantitative data. For example,
information from the physical and social sciences, politics, and ethics to evaluate problem
solutions [28]. The TOPSIS uses the distance from best alternative and worst alternative to
defining the suitable alternative ranking, starting from the most suitable [29].

In general, the process for the TOPSIS algorithm starts with forming the decision matrix
representing the satisfaction value of each criterion with each alternative [30]. The following
steps involve matrix normalisation with a desired normalising scheme and matrix
multiplication by the criteria weights from AHP analysis. In the end, the positive-ideal and
negative-ideal solutions are calculated, and the distance of each alternative to these solutions
is calculated with a distance measure. Only the alternative from the positive-ideal solution
should be reported, and the alternatives based on their relative closeness ranked.

3. RESULTS

Ten AHP criteria are economic (C1), social (C2), climate and environment (C3), science
and research (C4), engineering (C5), internal policy (C6), external policy (C7), access to
finance (C8), examples from other countries (C9) and regional policy (C10) were formulated.
Based on their opinions, the researchers filled the survey to identify their relative bilateral
importance on the following fundamental comparison scale shown in Table 1.

TABLE 1. THE SCALE OF RELATIVE IMPORTANCE

Intensity of

Definition Explanation
Importance
1 Equal relative importance Two factors are equally contributing to an objective
2 Average relative importance One factor is marginally superior over other
3 Above-average relative One factor is strongly superior to other
importance
4 Strong relative importance The highest level of superiority of one factor over

other
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Quantifying, ranking and analysing these answers is the next step to evaluate the most
dominant criterion for the potential of forestry diplomacy based on a simple weighting
scheme. Furthermore, robustness checks (i.e., the consistency check) on the stability of the
results are also performed before transitioning into the TOPSIS analysis.

TABLE 2. PAIRWISE CRITERION COMPARISON MATRIX

Cl1 C2 C3 C4 (6] C6 Cc7 C8 9 C10

Cl1 1 3 2 2 2 2 2 2 3 2
Cc2 0.33 1 2 2 2 2 2 2 2 2
C3 0.50  0.50 1 3 3 3 3 3 3 3
C4 050 050 033 1 2 3 2 2 3 3
Cs 050 050 0.33 0.50 1 3 2 3 2 2
C6 050 050 033 0.17 033 1 2 3 2 3
C7 050 050 0.33 050 050  0.50 1 2 2 2
C8 050 050 033 050 033 0.33 0.50 1 2 2
C9 0.33 050 033 0.33 050 050 050 050 1 2
Cl10 0.5 050 050 033 050 033 050 050  0.50 1

Table 2 shows the survey results from the Institute of Energy Systems and Environment at
the Riga Technical University. The experts highlight relative differences of each criterion
towards the forestry sector’s potential to become part of the Latvian bio-diplomacy in the
table. Each element of the pairwise comparison matrix represents the decision makers’
preference for one criterion concerning the other criteria regarding the potential importance
towards the Latvian bio-diplomacy. For example, the economic criteria are three times more
important than the social criteria for forestry resources being part of the potential Latvian bio-
diplomacy. Therefore, social criteria are one-third as important as the economic criteria. In
order to derive the importance, vector-matrix normalisation manipulation should be
performed on the pairwise criterion comparison matrix. The results are shown in Table 3.

TABLE 3. NORMALISED PAIRWISE CRITERION COMPARISON MATRIX
Cl1 C2 C3 C4 Cs Co6 C7 C8 C9 C10
Cl1 0.194 0375 0273 0.194 0.164 0.128 0.129 0.105 0.146 0.091
C2 0.065 0.125 0273 0.194 0.164 0.128 0.129 0.105 0.098 0.091
C3 0.097 0.063 0.136  0.290 0.247 0.191 0.194 0.158 0.146 0.136
C4 0.097 0.063 0.045 0.097 0.164 0.191 0.129 0.105 0.146 0.136
Cs5 0.097 0.063 0.045 0.048 0.082 0.191 0.129 0.158 0.098 0.091
Coé 0.097 0.063 0.045 0.016 0.027 0.064 0.129 0.158 0.098 0.136
C7 0.097 0.063 0.045 0.048 0.041 0.032 0.065 0.105 0.098 0.091
C8 0.097 0.063 0.045 0.048 0.027 0.021 0.032 0.053 0.098 0.091
C9 0.065 0.063 0.045 0.032 0.041 0.032 0.032 0.026 0.049 0.091
C10 0.097 0.063 0.045 0.032 0.041 0.021 0.032 0.026 0.024 0.045

Following the above, to complete the AHP analysis, the eigenvector of the normalised
pairwise criterion comparison matrix represents the hierarchical structure of the most
important criteria towards the forestry sector’s potential for Latvian bio-diplomacy derived,
matrix normalisation performed, and the results are shown in Fig. 2.
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C1 E¢onomic
0.2

C10 Regional policy 0 1'5 C2 Social

C3 Climate and
environment

C9 Examples from other 0.1
countries 0.05

C8 Access to finance C4 Science and research

C7 External policy C5 Engineering
C6 Internal policy

® Importance vector

Fig. 2. The importance vector that shows the ranking of absolute importance weights.

Out of all ten possible criteria that could impact forestry sectors’ potential for Latvian bio-
diplomacy, the economic factor ranks as the most important, followed by social, climate, and
environmental matters.

By performing the appropriate consistency check in Table 4, it is possible to reasonably
conclude that this ranking is robust to swift changes in the definition of the importance scale
as well as for huge variations in the opinions of the experts as indicated by the consistency
ratio (0.07) being less than the widely agreed threshold (0.1).

TABLE 4. CONSISTENCY CHECK OF THE OUTCOMES FROM AHP ALGORITHM WITH N= 10
CRITERIONS

Term Value

Consistency index 0.11
Random consistency index (forn =10) 1.49

Consistency ratio (0.11/1.49)=0.07<0.1

For the next step, to better understand which alternatives (volume (A1), acquisition (A2),
availability (A3), renewal (A4), disposal options (AS5), demand (A6) management/ownership
(A7), labour availability (A8) and availability of specialists (A9)) are the most significant in
driving each criterion overall in the decision making process, TOPSIS analysis are used. It is
a reasonable approach to help us understand the potential of forestry resources when one
accounts for more factors beyond bilateral comparison. Table 5 shows the decision matrix
where the alternatives have been weighted concerning the criteria.

Following this, the matrix should be normalised (Table 6). Matrix normalisation enables us
to systematically compare the alternatives across different criteria, irrespective of the
underlying generating process.
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TABLE 5. WEIGHTED DECISION MATRIX

Al A2 A3 A4 A5 Ab A7 A8 A9
Cl 2.7 3.6 33 3.1 32 3.7 29 3.1 3.1
Cc2 3.1 2.6 2.6 2.8 2.4 2.7 32 34 2.8
Cc3 3.7 3.2 3.0 34 3.1 3.1 2.7 22 24
C4 3.0 2.7 29 3.1 3.6 3.7 23 2.0 32
C5 32 3.2 2.8 3.5 29 32 2.6 2.6 33
Cé 35 3.1 35 3.1 3.6 32 3.0 29 2.6
C7 34 2.4 35 2.6 2.6 32 2.8 2.6 2.0
C8 3.0 3.1 2.9 29 3.1 33 2.8 2.3 2.7
9 2.5 2.7 2.3 2.6 2.9 2.7 24 2.1 2.6
C10 3.0 3.0 2.8 32 3.1 29 29 3.1 2.7

Then the next step is to determine the best and worst alternatives in this range of alternatives
A1-A9. That is, starting by determining which alternative is the most adequate and least
adequate for each criterion. To do so, minimising the difference of each alternative from the
worst and best alternative regarding each criterion. As such, calculating the separation
measures in order to quantify how far away each alternative is from the ideal and worst
alternative. The separation measure is shown in Table 7, along with the closeness ratio (C) to
the best alternative.

TABLE 6. NORMALISED WEIGHTED DECISION MATRIX

Al A2 A3 A4 A5 A6 A7 A8 A9

Cl1 0.05 0.07 0.06 0.06 0.06 0.07 0.05 0.06 0.06
C2 0.05 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.04
C3 0.07 0.06 0.05 0.06 0.06 0.06 0.05 0.04 0.04
C4 0.04 0.04 0.04 0.04 0.05 0.05 0.03 0.03 0.04
Cs 0.04 0.04 0.03 0.04 0.03 0.04 0.03 0.03 0.04
C6 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.02
C7 0.03 0.02 0.03 0.02 0.02 0.03 0.02 0.02 0.02
C8 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
C9 0.02 0.02 0.01 0.02 0.02 0.02 0.01 0.01 0.02
C10 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01

1343
178



Environmental and Climate Technologies

2021/25
TABLE 7. CLOSENESS RATIO TO THE BEST ALTERNATIVE

Al A2 A3 A4 A5 A6 A7 A8 A9
da+ 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.04 0.03
da- 0.04 0.03 0.03 0.03 0.03 0.04 0.02 0.02 0.02
d(;;:r 0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.05
C=da-
Jda+ 0.62 0.55 0.53 0.61 0.57 0.69 0.36 0.31 0.39
+da—

The closeness ratio’s rank is summarised to highlight the best alternative in the range of
A1-A9 in Fig. 3.

Closeness Ratios of Each Alternative to the Best Possible Alternative

0.50
0.40
0.30
0.20
0.10

0

Demand Volume Renewal Disposal ~ Acquisition  Availability ~ Availability Management Labor
options of specialists (ownership)  availability

Fig. 3. Prioritisation of alternatives.

From Fig. 3 it is inferred that for the forestry resources, the most important factors that can
help to determine the potential of forestry resources for Latvian bio-diplomacy are driven by
its demand, volume, as well as renewal because they are intuitively closest to the adequate
alternative when decision-maker considers all the alternatives appropriately. Labour
availability is the last important driving force in this analysis.

Demand, volume and renewal after analysis go together because to build a biodiplomacy,
it should be understood whether there is demand, which is considered as the leading indicator,
and whether volume will satisfy demand and over above — in processes should be considered
a renewal. These results mean that the next step in promoting biodiplomacy is understanding
what kind of forestry product needs to be developed to increase demand. This product should
consider eco-design principles, as volume is the next important driving force. Renewal is a
third important factor. Ofcourse, other driving forces, which are in the other part of the
priority as availability of specialists, management (ownership) and labour availability, should
not be forgotten even those are not considered as key issues by developing the biodiplomacy.
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4. CONCLUSIONS

The forestry resources have the potential of being a vital part of the Latvian bio-diplomacy.
Suppose it is discussed according to the criterion importance, starting from economical,
climate, environmental, and social aspects. In that case, the decision-maker can make
informed conclusions in light of its most significant drivers, which are demand, volume and
renewal. The significance of the results is that policy-makers should build biodiplomacy,
considerate the main driving forces as demand, volume and renewal, where the emphasises
should be.
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Abstract — This study focuses on designing a massive open online course (MOOC) to enhance
students learning about the energy transition process and its connection to climate change in
theory and complex dynamic systems. The course ‘Energy transition and climate change’
covers one of the United Nations’ ‘Sustainable development goals’ and is one of twelve
MOOC:s that will enable a comprehensive education in system thinking and its applications.
It shows how system thinking methods and tools can be applied to tackle current and future
energy and climate problems. The goal of the MOOC is to introduce users to the internal
dynamics of modern energy systems and energy transition toward CO:-neutral energy
systems. The target audience of the course is students who study Environmental Engineering,
Energy, Systems, or similar program and anyone else interested in insights into the topic.
The course builds on previous energy supply and demand models by updating and adapting
them to the existing situation. MOOC is designed by the Competency-Based Education (CBE)
approach, and a literature review is used in the study to cover theoretical parts of the course.
Technology Readiness Level (TRL) methodology describes the main steps of the course model
development progress, and testing of MOQOC:s pilot version on five students is included in the
final stage of the study.

Keywords — Competency-based education; energy efficiency; renewable energy sources;
system dynamics

Nomenclature

MOOC Massive Online Open Course -
TRL Technology Readiness Level -
CBE Competency Based Education -

1. INTRODUCTION

The educational model that focuses on the learning course outcome and is reached by
changing from knowledge-based pedagogy to a skill-based pedagogy is called ‘Competency-
Based Education’ [1]. Competency-based education is primarily focused on defining what the
student should be able to achieve at the end of the program. Then the specific course is being
modelled, moving backward to each activity to ensure that each objective is achieved. This
form of education contributes to skill and competency development with student—centered
and self-directed methods. According to the definition, competence is ‘a combination of
cognitive and metacognitive skills, demonstration of knowledge and understanding,
interpersonal, intellectual and practical skills and ethical values’ [2]. Competencies offer the
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knowledge necessary for successful problem-solving in different situations and encourage
acting in the given context. These skills can’t be taught only by theoretical lectures; those
must evolve with gaining learners’ experience during practical tasks [3]. Key competencies,
also called core skills or essential skills, are flexible items used in education models that
support learning by practical tasks in real-world situations to understand the most effective
solution for solving the given problem. Focusing on achieving different competencies allows
students to use their knowledge, skills, and past experiences while performing a task [1].
Integrated knowledge includes different concepts, theories and data complemented with skills
and components which leads to better social and cultural influence [4]. According to the
Sistermans’ publication on integrating competency-based education in online health sciences,
there are six steps in planning a competency-based curriculum. First, the compilers of the
educational program need to understand and define abilities that students must develop at the
end of their studies. Then it is possible to point out exact competencies and their components.
After that, ‘the route’ for achieving those competencies needs to be designed with key turning
points. When the bases of the program are defined, appropriate educational activities,
experiences, and educational methods need to be chosen and the most suitable assessment
tools. The last step is to evaluate results at the end of the curriculum [5].

Climate change is a major environmental, economic, and political threat. The international
community has recognized that education, which is a direct way of spreading awareness at
different levels, is an essential element in identifying and highlighting the problem and
training and mobilizing young people to face the main challenges of climate change [6]. Study
courses focused on topics related to climate change should be able to provide good content
and concepts to understand its magnitude, causes, and consequences. It is essential to provide
information on the impact of climate change, both domestically and globally. Students need
to understand the consequences of not responding and avoiding action. Climate change is a
complex issue requiring additional technical and scientific sources in the study process, but
the preliminary information should be clear and simple [7]. Implementing new learning tools
contributes to student productivity and overall academic performance achieved during the
course. The time spent creating an online course is compensated by the possibility of using
such a course on several occasions [8]. Interactive learning environment approaches
developed to create education more convenient, accessible, and affordable to anyone
interested are called massive open online courses (MOOC). Various studies on the
effectiveness of MOOCs have shown that users are more successful in learning the course
content through self-regulated learning (SRL) when they need to study and read the course
materials on their own [9]-[11]. The MOOC's online environment is found in a wide variety
of formats, with some common characteristics collected by [12]. MOOCs, thanks to their
extensive capabilities in acquiring content, materials, and skills, represent changes in
studying process that soon might be a fundamental part of education system [13]-[15]. There
is a wide diversity of the categorization of massive open online courses [9]. xMOOCs: based
on traditional pedagogy and certification, with lectures, practical tasks, and more commonly
used study model [16]. Problems such as high number of dropout cases and low co-operation
among users would need to be addressed [16]. However, although MOOCs open up extensive
technological opportunities and use of different teaching methods, in practice it has often
maintained a standard educational approach where teaching content is represented and
evaluated on the part of the teacher and not by the interaction between users [17].

The study addresses two research questions regarding the production context of an online
course designed to be taken without the direct involvement of a teacher:

— How to design an adaptive online interactive learning environment for users that
effectively encourages studying in and about themes regarding energetics and its
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binding topics?

— How interface tools can be used in education to describe complex dynamic systems of
the energy sector and the energy transition process towards CO, neutral energy
systems?

This study has three main objectives:

1. Design a pilot version of a free massive open online course suitable for the target
audience with a means of obtaining adequate competencies to tackle current and future
energy and climate problems through theory and prism of system thinking;

2. Analyse and integrate CLD models and stock and flow structures of supply and demand
sides of the energy sector in the content of the course and supplementing those with
appropriate interactive tasks;

3. Test the developed version of the course for five students with advanced knowledge of
system dynamics and energy systems.

2. METHODS AND METHODOLOGY

Technology Readiness Level (TRL) is a method used to assess the maturity phase of a new
idea and the necessary actions in its development process. TRL consists of 9 levels which can
be seen as a measurement of such an assessment. The benefits of this method are a structured
and comprehensive view of the status of the prototype in its research and production
process [18]. The TRL method aims to develop and test prototypes in their real application
environment and is divided into three phases:

— Research;
— Prototype development;
— Product implementation.

A summary of TRL methodology according to the study is provided in Table 1. Levels 1—-
7, which include research, prototype development, and testing, are discussed in the study. At
the beginning of the study, the research is made, which is compared to TRL 1-2. It starts with
an introduction to the project — the expected content of the course and its main outcomes, as
well as definition of the research questions. Similar courses from the partner universities were
found and studied to understand the structure of the massive open online courses. One of them
was ‘Natural Resources Management’ which is developed by the System Dynamics groups at
the Department of Geography at the Faculty of Social Sciences at University of Bergen. This
MOOC provides learning to manage various natural resources like fisheries, animal herds,
water reservoirs and climate while focusing on complex dynamic systems. An important step
in the study was the understanding of the MOOC's digital building tools, which is why
different sources of information on the technical side of development of such courses were
included in the research process.

TABLE 1. SUMMARY OF TRL ACCORDING TO THE STUDY

TRL Description Goal Product/Evaluation  Outputs

| Introduction in the current Research Feasibility of concept Set of similar MOOCs from
situation and goals of the project Pt the partner universities

Publications regarding to the

2 Definition of research questions  Research Feasibility of concept development of MOOC
. . . Scientific research and
3 Analytical studies and literature Development Prototype publications relevant to the

review

topics included in the MOOC
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TRL Description Goal Product/Evaluation  Outputs
CLD models designed in
The basic components are Stella Architect
4 integrated to test the operational ~ Development Prototype Tools of the practical tasks
capability of the MOOC available in the Moodle
platform

CLD models designed in
Stella Architect integrated in

. the content of the MOOC
The basic components are .
Tools of the practical tasks

5 integrated to test the performance Development Prototype . .
of the MOOC available in the Moodle
platform used for theoretical
and practical task
development
Collection of theoretical
Shaping of representative information and tasks
6 prototype Development Prototype included in the content of the
MOOC
. . Results of the tests carried out
7 Testing of the prototype Implementation  Prototype in the relevant environment
Research project to finalize the . . Defined main enhancements
8 project Implementation  Certified product of the MOOC
9 Launch of the MOOC Implementation ~ Deployed product Functional final product

developed

The next phase includes a literature review to establish a theoretical justification for the
course model, which would be implemented as readable material for users in the study
process. It’s defined as level 3 of the described TRL method used in the study. More than 60
scientific research, publications, and books relevant to the MOOC’s topics were used in the
literature review, which was the most time-consuming part of the course development. The
available tools for supplementing the theoretical part with practical tasks were examined in
the following course development phase (TRL 4), as well as given casual loop diagrams
(CLD) which were designed in Stella Architect 2.1.5 software. These two CLDs of the supply
and demand sides of the energy sector were created during ‘Deliberation platform for energy
transition policies: how to make complex things simple’ research made by the Institute of
Energy Systems and Environment at Riga Technical University in which an internet-based
interface tool for the national energy simulation model as a tool for ‘hybrid forum’ was
made [19]. Given casual loop, diagrams were converted into the generic stock-and-flow
structures and used as study tools to explain how multiple parties of energy supply and
demand sides interact in the energy sector by updating and adapting it to the existing situation
(see Fig. 1). By creating interactive stories which visualize how elements of stock-and-flow
structures affect different indicators like energy tariff, installed capacity of technologies using
different fuels, and probability of investments users learn through the system dynamics how
barriers to energy transition process are caused.
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Fig. 1. Stock and flow structure for energy supply sector [12].

Reference [9] discusses that levels TRL 5 and TRL 6 include prototype validation in an
environment like the actual environment, which in the case of this study was Moodle platform
supported in the student course portal of the Riga Technical University called ORTUS [20].
A new course page was created which functions as the base of the developed prototype and
includes all resources needed for both parts — theoretical and practical. Moodle platform
allows building course structure by adding main sections of the topic and subsections, which
include theory sheets and interactive content, such as interactive videos, question sets, ‘drag
and drop’ questions, questions with answers, presentations, etc. Practical tasks used in the
study course ‘Energy transition and climate change’ differ — some are made to aim student’s
knowledge of the described theory in the form of multiple-choice or ‘true/false’
questionnaires, but some involve practical work with interface after which user must answer
quiz questions regarding the results reached by manipulating with different variables.

The final stage of the study was testing the pilot version on five students with advanced
knowledge of system dynamics and energy systems after which the results were obtained
through structured interviews (TRL 7). Students were chosen from Riga Technical University
and the criteria was to have test users who had completed the System Dynamics course during
their bachelor’s studies. The following sections will set out the main points for the
development of the MOOC ‘Energy transition and climate change’ with the Technology
Readiness Level approach.
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2.1. Research

In the first phases of course development research had to be made to evaluate the current
stage of the MOOC, the goals of the content, and protentional outcomes of the user’s
knowledge and skills after studying. Useful research was made by completing one of the
MOOOC:s that was published recently — ‘Natural Resources Management’ by the University of
Bergen. It allowed an understanding of the basic structure and the most effective tools used
to create an online course with a focus on the system dynamics approach.

The given MOOC ‘Energy transition and climate change’ which was one of the objectives
of the study had almost no theoretical background and an important stage was to gather valid
information for the content. That was done by selecting more than 60 resources relevant to
the topics discussed in the course. Information had to be transformed in an educational manner
to reach the target audience.

2.2. Prototype Development

Main structure of the created pilot course sections includes several steps, which contain
practical tasks to determine the knowledge of users before, during, and after the studies. It
contains the sections divided into chapters and subchapters (see Fig. 2). First, the student's
knowledge of the following subject is tested through the training task. The results of these
tasks are not included in the course final grade and are designed to give the student an idea
of the content of the following topic. After completing students can look at the correct
solution to the task. The ‘Retry’ function is provided for these tasks which allow the user to
perform them multiple times. This structure is created to target the progress of the student
and learning in practice. The basic section provides a theoretical insight into the subject. It is
developed by literature review from publications and books that covers the main topics of
interest. Some chapters also include additional training tasks, video materials, diagrams,
interfaces, etc. for learning purposes. At the end of each chapter, the student must perform
the practical assessment and the score of it forms part of the final rate of the course. Types of
the tasks differ — there are multiple-choice, single choice, true/false questionnaires, as well
as other interactive forms of tasks included. These tasks are designed to evaluate the user’s
understanding of the theory and behaviour of the system dynamics model (see Fig. 3).
Practical assessments in the course can only be performed once. After completing the task,
the student can look at the correct solution immediately and view a video that presents correct
answers. For a positive rate, students must reach a minimum of 50 %.

|1.1. Climate change and energy.

1.1.1.TRAINING TASK

==

| 1.1.2. Global climate.
—] 1.1.3.Carbon dioxide in the atmosphere.
1.1.4.PRACTICAL TASK: QUIZ

1.1.5.Global forecasts for climate change.
1.1.6. Climate modelling.

1.1.7. Environmental politics.

1.1.8.PRACTICAL TASK: SUMMARY

Fig. 2. Structure of the course chapter ‘Climate change and energy’ (icons represent various types of activities used in the
MOOC).
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CO:; in the atmosphere: a simplified model
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— — to develop sectors capable of absorbing CO: (flows).
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13
17 ' *®
21
2 §
§ o 8
29 S 8 =
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0
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45 Years 1,00 1325 25,50 37,75 50,00
—— CO2 accumulation Years
Final - -~ CO2 emissions —— CO2 in the atmosphere

Look at the photo of ‘CO; in the atmosphere: a simplified model” interface, which was practically used in the introduction
chapter. The flow of CO, emissions in the atmosphere develops during time period of 50 years. The settings show that
each year CO> emissions increases by 10 GtCO> accumulation increases by 20 GtCO>

How will the stock ‘COz in the atmosphere’ develop during time period of 50 years?

You can click on the photo to increase its size.

O CO02 in the atmosphere will increase linearly
O CO2 in the atmosphere will stay constant

O CO2 in the atmosphere will decrease linearly
Fig. 3. Single choice question regarding simplified model of CO, concentration on the atmosphere.

2.3. Product Implementation

After finalizing the pilot version of the course testing had to be made to get results from the
target audience about the focus areas of the course development in the future. For this reason,
five students at Riga Technical University were selected. All the students had advanced
knowledge of system dynamics. Selected users had three days to complete the course and
structured interviews regarding their experience took place afterward.

3. RESULTS

MOOC ‘Energy transition and climate change’ is developed in English and designed to be
attended 100 % online. It allows students to learn at their own speed and deals with three
important and interrelated aspects of modern energy policy: energy efficiency, renewable
energy, and climate change. It describes the socio-technical transition of the current energy
system, including innovative solutions in energy and climate technologies, discusses learning
curves and economics, human behaviour as one of the main drivers of changes, as well as
diffusion of different technologies to reach climate and energy policy goals. This knowledge
is given to the user through the prism of system dynamics by explaining how the supply and
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demand side of the energy sector works. The course consists of five sections of which three
were included in the pilot version development. You can see the full course table of contents
in Annex . Each chapter includes practical tasks to test the knowledge of users before, during,
and after the studies. The training task takes place at the beginning of each part of the course
and the rate of it is not included in the final grade. Practical assignments are rated and included
in the final note of the student.

The introduction part of the course explains what climate change is and how the energy
sector relates to it. The outcomes of this part include knowledge about the main causes and
impacts of climate change, dynamics of the carbon cycle in the atmosphere, and the basics of
global policy measures for climate change. After finishing the first part of the course, students
can distinguish the supply and demand sides and how they are interlinked, as well as name
energy supply sources and differences in energy consumption tendencies in multiple sectors
of the demand side. After the introduction course student can also describe the energy
transition process, lock-in barriers, understands the dynamics of energy transition from fossil-
based energy to renewables, and improved energy efficiency.

First, an introduction to Earth’s climate and its natural and human-caused influencing
factors is explained, focusing on greenhouse gas (GHG) emissions. The chapter includes
material about the carbon cycle, which illustrates how the concentration of CO; in the
atmosphere is constantly changing because of emissions and the accumulation process. Also,
the influence of increasing concentration of GHG emissions on global warming is discussed,
as well as policy tools for limiting it.

The second chapter dives deeper into the supply and demand sides of the energy sector. A
short introduction in examples of different fuels used to produce energy is included, followed
by the importance of energy efficiency and growing numbers of prosumers in the demand
side of the energy sector. This part of the course includes an introduction to the supply and
demand side relationship through the prism of system dynamics.

In the following chapter key features of the main sectors of energy users (residential,
industrial, public, etc.) regarding the usage of electricity and heating/cooling systems are
described. Finally, the last chapter of the introduction part of the course explains the
importance, opportunities, and complications of the energy transition process [21]-[23]. It
includes the transition theory, ‘Shifting the burden’ archetype, possible lock-ins in the energy
transition process to more sustainable technologies, and how bridging fossil energy systems
with renewable energy systems occurs. Decentralized energy management, which is the
essential aspect of sharing economy as well as aggregators is also discussed.

Sections ‘Supply-side’ and ‘Demand-side’ are designed using a similar approach —
information from publications that cover the main topics of interest are given first, following
with the examples from the stock-and-flow structures of energy supply and demand sectors.
Users can assess, describe, and evaluate the main driving forces of the energy transition on
both sides from the system dynamics perspective. The Supply-side includes different current
and future energy sources while the demand side sub-models include energy consumption
sectors, such as households, tertiary, industry, public, and transport. Practical tasks using
interfaces are included where users can plan different scenarios for the development of energy
transition towards CO» neutral energy systems, major leverage points in energy systems,
short- and long-term effects, as well as the impact of delays, non-linearities, and feedbacks
in the process of the energy transition.

Topics discussed in the supply side section of the course include definitions of the main
technologies used in energy production and their price range data followed by an interface
explaining how the stock-and-flow structure of the energy supply sector is built (see Fig. 4).
Users then have to design different scenarios to investigate which are the variables in the
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structure that have the highest impact on energy tariff, the quantity of energy produced by
fossil-fuel-based and renewable energy-based technologies, as well as installed capacity in
power plants for different technologies. The chapter explaining how capacity is built between
competing technologies using fossil-fuel and renewable energy sources (RES) with the
theoretical examples from two power plants running on natural gas and wind energy is
included. Factors like delays in capacity installation, public acceptance, and resource
availability, explain how important land space is and how much land footprints are made by
power plants using different types of fuels.

The demand-side section describes internal and external barriers to the implementation of
energy efficiency measures, which often occur in terms of low-quality construction works
during renovation projects [24], [25]. The behaviour of residents during the period of deciding
whether to support or not to support the renovation of the building to increase its energy
efficiency is also discussed and the effect of this decision is included in the stock-and-flow
structure of the energy demand sector. While navigating through the interface, users are
introduced to each element of the structure with theory and examples. Similarly, as it was in
the supply side section, the interface includes a simulation model in which students build
multiple scenarios and in the following chapter answer a quiz questionnaire about their
experience. Energy efficiency in different end-use sectors (public, residential, industry,
tertiary) is also discussed.

Each section of the course includes practical tasks to test the knowledge of users before,
during, and after the studies. The training task takes place at the beginning of each part of the
course and the rate of it is not included in the final grade. Practical assignments are rated and
included in the final note of the student.

8. Ordered capacity depends on the _— —~—
ordering rate and installed capacity. The_ /
more new technology is needed the

more ordered capacity stock will fill until

\
/
5
g
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Fig. 4. Interface explaining how the stock-and-flow structure of the energy supply sector is built.

The Likert rating scale from 1 (Strongly Disagree) to 5 (Strongly Agree) was applied to
evaluate the course in eight question groups. The average score for content was 3.65, learning
and support 3.45, visual design 3.15, navigation 3.36, accessibility 3.27, interactivity 3.80,
self-assessment and learnability 3.35, motivation to learn 3.71. The lowest rate (3.15) in
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course evaluation has been given to the visual design of the MOOC. The MOOC prototype
has not yet been developed to the stage where visual design for the course is being created.
Users provided valuable comments and insights, which will be further used to improve the
MOOC.

4. CONCLUSION

Study shows that Technology Readiness Level (TRL) method can be used to effectively
measure the progress in the product development process, also it works as a useful guideline
for understanding the following main steps in the building of the course. During the study,
TRL approach proved to be a helpful tool to design an adaptive online interactive learning
environment for users that effectively encourages studying in and about topics regarding
energetics and its binding topics.

During the study a pilot version of a free massive open online course suitable for the target
audience with a means of obtaining adequate competencies to tackle current and future energy
and climate problems through theory and prism of system thinking was developed, which
contains three from five sections intended in the project.
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ANNEX

Massive open online course ‘Energy transition and climate change’ table of contents:
1. Introduction;
1.1. Climate change and energy;
1.1.1.  Training task;
1.1.2.  Global climate;
3. Carbon dioxide in the atmosphere;
4. Practical task: quiz;
5. Global forecasts for climate change;
6. Climate modelling;
1.1.7.  Environmental politics;
1.1.8.  Practical task: summary;
1.2. Supply and demand;
1.2.1.  Training task;
1.2.2.  Supply side;
1.2.3. Demand side;
1.2.4.  How supply side and demand side interlink;
1.2.5. Prosumers;
1.2.6.  Practical task: supply side, demand side or prosumer?;
1.3. Sector specifics;
1.3.1.  Training task;
1.3.2. Introduction;
1.3.3. Residential sector;
1.3.4. Industry sector;
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1.
1.
1.

3.5. Tertiary sector;
3.6. Public sector;
3.7. Transport sector;

1.3.8.  Practical task: quiz;

1.4.

Energy transition;

1.4.1.  Training task;

1.4.2.  Energy transition;

1.4.3. Transition theory;

1.4.4.  Shifting the burden;

1.4.5. Aggregators;

1.4.6.  Energy accumulation;

1.4.7.  Smart technologies;

1.4.8. Internet of things;

1.4.9. Practical task: summary of introduction chapter;

2.
2.1.
2.2
2.3.
24.
2.5.
2.6.
2.7.
2.8.
2.9.

Supply side;

Training task;

Casual loop diagram: energy sector;

Technologies;

Stock and flow structure: single energy supply technology;
Practical task: quiz;

Capacity building;

Stock and flow structure: two competing technologies;
Practical task: quiz;

Delays;

2.10. Public acceptance;
2.11. Resource availability;
2.12. Practical task: summary of supply side chapter;

3.
3.1.
3.2.
3.3.
3.4.
3.5.
3.6.
3.7.

Demand side;

Training task;

Stock and flow structure: energy demand,
Practical task: quiz;

Barriers to energy efficiency;

Decision making and behavior;

Energy efficiency in different end use sectors;
Practical task: summary of demand side chapter.
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Abstract — Evolving complex concepts, such as bioeconomy, in the most effective way, can be
applied through the education of students and professionals. In recent years changes in the
education system can be observed with the development of knowledge-based learning.
Competence-based learning will also be used more and more in higher education. Higher
education plays a crucial role in achieving the goals of the Green Deal and the bioeconomy.
The main emphasis is on creating new and innovative technologies and methods to achieve
these goals. A new master’s study program, ‘Environmental Engineering’, has been
established at the Institute of Energy Systems and Environment of Riga Technical University.
One of the study directions is ‘Bioeconomy’. Considering the developed direction
‘Bioeconomy’, the importance of this sector is visible. Attention should also be paid to the
goals of the Green Deal. This study summarised research on education, bioeconomy and
Green Deal topics and analysed the interrelationships between these studies using the
VOSviewer tool. During the analysis, it is possible to conclude the main keywords that
characterise these studies. The obtained keywords should indicate the development trends of
future research, which is in line with education, the ‘Green Deal’, and bioeconomy.

Keywords — Competency-based education; higher education; sustainable education;
VOSviewer

1. INTRODUCTION

In global developments, it is crucial to consider development trends and the necessary
solutions to achieve the goals. In 2012, the European Commission set five critical goals under
the Bioeconomy Strategy:

Ensuring access to food and nutrition;

Sustainable management of natural resources;

Reducing dependence on non-renewable, unsustainable resources;

Limiting and adapting to climate change;

Strengthen European competitiveness and create jobs to foster the development of the
bioeconomy [1].

Also, in the Latvian context, the ‘Bioeconomy Strategy’ was introduced in 2016, which
defines several pillars based on knowledge and innovation, one of which is the provision of
excellent educational services for the needs of the bioeconomy sector [2].

In 2020, the Institute of Energy Systems and Environment of Riga Technical University
accredited the master’s study program ‘Environmental Engineering’ with the direction
‘Bioeconomy’. The establishment of this direction justifies the even greater need and
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importance for bioeconomy specialists and their role in the future and in achieving the goals
of the bioeconomy. Therefore, in the context of changes in education, the competencies
(knowledge) acquired by students play an essential role [3].

At the end of 2019, the European Commission issued an action plan, ‘Green Deal’, which
defines the action directions to accelerate the intensity of innovation and activate
education [4].

The number of research in bioeconomy education has been growing over the past years to
stress the necessity for new specialists in the field to devlope innovative technologies and
products [5]-[11]. [12] writes that implementing bioeconomy goals and transforming to a
knowledge-based sustainable bioeconomy should be considered transdisciplinary, learning,
interdisciplinary and system-thinking, anticipatory, normative, strategic and interpersonal
competence, where [13] ads policy and decision-making skills. Another paper [12] mentions
that lectures, site visits, group coursework, practical laboratory work, and role-play support
those competencies. Fig. 1 illustrates solving problems — a basic structure linked to key
competencies for sustainability, which is described in [7].

Interpersonal
Competence
System Thinking Anticipatory
/ Competence Competence
—> <« OPERATION  |—(  TARGATED = 1o |

STATE

7

A

/ Startegic Competence /

Fig. 1. Solving problems—basic structure linked to key competencies for sustainability [14].

/ Normative

In the [15], it is mentioned that skills are the solution to the bioeconomy and Green Deal
goal-reaching victory. The agenda says a ‘twin transition’ supporting the green transition and
digital transition skills in how the European Commission will support those skills. This
agenda sets out the conditions under which the European Commission will support skills for
the green transition, such as defining a system of skills and agreeing with the EU Member
States on sets of indicators to monitor and analyse the development of green skills.

This study gathers information on research related to the bioeconomy, Green Deal, and
education. The study’s primary goal is to identify the most used keywords deciphered in the
studies so far, using the bibliographic software VOSviewer to identify research trends.
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2. METHODOLOGY

The research methodology consists of
— Selection of articles from the Scopus database;
— Processing of articles using the bibliography visualisation program VOSviewer;
— Analysis of results;
— Conclusions (see Fig. 2).

Selection of Processing
articles in the selected Analysis of .
S ; . Conclusions
copus articles in results

database VOSviewer

Fig. 2. Research methodology.

Articles were selected using the Scopus database and entering ‘Article title, Abstract,
Keywords’ word combinations in the search fields. These word combinations are:
— ‘Education” AND ‘Bioeconomy’;
— ‘Education” AND ‘Bioeconomy’ AND ‘Competences’;
— ‘Education” AND ‘Bioeconomy’ AND ‘Innovation’;
— ‘Education’ AND ‘Bioeconomy’ AND “Skill’;
— ‘Education’ AND ‘Green deal’;
— ‘Education” AND ‘Green deal” AND ‘Innovation’.

Articles were selected in the period starting from 2012 if the word ‘bioeconomy’ was
included because in 2012 bioeconomy goals were set. If the word combination contained
‘green deal’, then the articles were selected starting from 2019 because the goals of the Green
Deal came into force starting from 2019.

3. RESULTS

This study focuses on the research in the scientific literature related to education and
bioeconomy, the link between education and the Green Deal, and the addition of additional
keywords that are specific to the field of study. VOSViewer software is a good visualisation
tool for bibliographic sources created by Nees Jan van Eck and Ludo Waltman [16], which
gives the reader a general idea of the directions and connections of the research topic. In
previous studies on sustainable development, circular economics and other environmental
policy issues, VOSviewer has been used to identify critical keywords, key researchers and
scientists in developing research directions, and research in the specific region and journals
[17], [18].
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Fig. 3 and Fig. 4 show the link between scientific articles using the words ‘education’ and
‘bioeconomy’ (articles were selected from 2012 onwards). Sixty-five articles were
established in the Scopus database. These figures show significant differences in the
minimum frequency of word repetition. In Fig. 3, this minimum frequency of word repetition
is twice, but in Fig. 4 — three times. The minimum frequency of word repetition was changed
because the authors considered that the connection of words should be visualised, and more
relevant related words should be visualised. As shown in the figures (Fig. 3 and Fig. 4), the
relationship of these words forms clusters. Fig. 3 shows 101 keywords that form eight
clusters. Clusters consist of corresponding keywords and their links.
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Fig. 3. Visualisation of the bibliography with the word combination ‘education’ AND ‘bioeconomy’ since 2012 (minimum
frequency of word repetition — 2 times).

Fig. 4 represents 37 keywords, which are classified into 4 clusters. Further, bibliographic
data with the word combination ‘education’ and ‘bioeconomy’ since 2012 (minimum
frequency of word repetition — 3 times) is analysed, keywords identified by 4 clusters.
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Fig. 4. Visualisation of the bibliography with the word combination ‘education’ and ‘bioeconomy’ since 2012 (minimum
frequency of word repetition — 3 times).

Fig. 4 shows a network of correlative links between these 37 keywords, consisting of 319
links and a total link strength of 564. The figure shows that the most frequently occurring
keyword in publications is ‘bioeconomy’. Of course, it could be considered the most relevant
word because papers were selected using the keyword ‘bioeconomy’, which appears in 36
scientific publications and relates to 36 other keywords described as links. The second most
relevant keyword is ‘education’ (32 links), in 16 scientific papers. The third most common
word in 13 scientific papers is ‘sustainable development’ (23 links), ‘sustainability’ (14 links)
in 11 scientific papers and ‘human’ (28 links), ‘innovation’ (22 links), ‘Europe’ (30 links) in
9 scientific papers. ‘Bioeconomy’ and ‘education’ are used the most and show up in most
publications. Words "human’, ‘innovation’, and ‘Europe’ show up in fewer papers than words
‘sustainable development’ and ‘sustainability’, but they have more connections with other
keywords in the network, which means that authors are using more common language and
words in the papers to represent further scientific topic development and their importance in
science.

Table 1 represents four clusters with distributed keywords in the bibliographic network,
where word combinations ‘education’ AND ‘bioeconomy’ were used, selecting scientific
papers in the Scopus database from 2012. The keyword appears once in one of the clusters.
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TABLE 1. REPRESENTED CLUSTERS IN BIBLIOGRAPHIC NETWORK WITH THE WORD
COMBINATION ‘EDUCATION’ AND ‘BIOECONOMY’ SINCE 2012 (MINIMUM FREQUENCY OF WORD
REPETITION — 3 TIMES)

Cluster 1 Cluster 2 Cluster 3 Cluster 4
agriculture article bioeconomy Europe

biomass circular economy environmental economics forest management
biotechnology curricula European union forestry

climate change education green economy stakeholder
decision making industrial economics higher education student

economic aspect oils and fats innovation students
economics policy intellectual capital university sector
human research sustainability

humans technological development sustainable development

International cooperation
note
priority journal

It should be mentioned that VYOSviewer is a quantitative analysis software, and qualitative
analysis software should be used for further research. Notwithstanding the above, it is
possible to understand the field of study in each cluster in which education with bioeconomy
is related.

Cluster | represents keywords related to human involvement in agriculture and the
development of bioeconomy using biotechnologies, where knowledge is essential. Education
necessity for industrial economics is shown in Cluster 2, where technological development
and research should be considered. Cluster 3 keywords are related to innovation necessity in
bioeconomy, which should be done by higher education involvement for sustainable
development. Cluster 4 represents the forestry sector and student education necessity for
bioeconomy development.

Fig. 5 shows keywords’ chronological appearance in the papers, where keywords in yellow,
such as ‘forest management’, ‘forestry’, ‘stakeholder’, ‘student’, etc., appear more in up-to-
date publications, for example, in 2019. It could be explained that more significant research
is applied to more carbon-neutral applications, for example, forest resources. Keywords in
dark blue, such as ‘technological development’, ‘policy’, ‘industrial economics’, were
performed already in 2016. Keywords in yellow show the latest development in research,
which is considered in the forestry sector. More innovative applications in the forestry sector
for bioeconomy development through education will be considered.
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Fig. 5. Overlay (chronological) visualisation of the bibliography with the word combination ‘education’ and ‘bioeconomy’
since 2012 (minimum frequency of word repetition — 3 times).
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Fig. 6. Visualisation of the bibliography with the word combination ‘education’ and ‘green deal’ since 2019 (minimum
frequency of word repetition — 2 times).

Fig. 6 shows the connection of scientific articles with the word’s ‘education’ and ‘green
deal’. Papers were selected from 2019, as the Green Deal document was published this year.
In total, there are nine articles. It should be noted that the number of articles is much smaller
compared to the above word combinations.
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4. CONCLUSION

Recently, the question of how the goals of the bioeconomy will be achieved is becoming
more and more important, considering the framework of the Green Deal. One cornerstone is
higher education in achieving these goals by implementing competence-based study
programs, resulting in highly qualified bioeconomy specialists.

The study’s primary goal was to identify the most used keywords deciphered in the studies
so far, using the bibliographic software VOSviewer to identify research trends by selecting
research papers in Scopus database, and choosing papers using words ‘education’, ‘Green
Deal’, ‘bioeconomy’, in different combinations. Word combinations such as ‘education AND
bioeconomy AND skill’, ‘education AND bioeconomy and competence’, ‘education AND
bioeconomy AND innovation’, and ‘education AND Green Deal AND innovation’ were also
compiled. Scientific publications with these word combinations alone were not selected and
were therefore not used for further analysis. Instead, ‘education AND bioeconomy’, where
minimum keyword occurrence is 3, and ‘education AND Green Deal’, where minimum
keyword occurrence is 2, were used for further analysis. Scientific papers where the words
‘bioeconomy’ and ‘Green Deal” were included were selected starting from 2012 and 2019,
respectively. Thirty-seven corresponding keywords were obtained for visualisation,
contained in four clusters: linking the bioeconomy and education in the agricultural sector
(Cluster 1), connecting the bioeconomy and education in the industry (Cluster 2), linking the
bioeconomy and education to innovation (Cluster 3) and linking the bioeconomy and
education to forestry (Cluster 4). Also, ‘forest management’, ‘forestry’, ‘stakeholder’,
‘student’ are the most commonly used words in research in recent years. The research results
have been obtained and help identify how research in higher education is currently underway
through the bioeconomy and for developing new trends.

Further research should focus on how education explores these identified areas in clusters
considering topics as bioeconomy, Green Deal, skills, education, competencies, and
innovation as a whole.
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Abstract — As food consumption increases, so does the number of agricultural by-products.
That is why it is necessary to find the best possible uses for them, operating by the principles
of the bioeconomy. This work aims to gather information on the possibilities of using grain
byproducts to develop new products and evaluate which bran products are the most suitable
for commercialisation based on economic, environmental, social, and technical factors.
Two methods were used in this work: literature review and multi-criteria decision analysis.
As a result, 30 products were identified that could be made by using wheat bran, straw, husk,
and dust. The products were divided into six groups — packaging materials, building
materials, adsorbents, fuel, thermal insulation materials, and chemicals. In multi-criteria
decision analysis, it was looked at seven bran products of which the best alternative for
further commercialisation is mycelium-based biocomposite.

Keywords — Grain byproducts; multi-criteria decision analysis (MCDA); sustainable
development; TOPSIS; value-added products; wheat

1. INTRODUCTION

The bioeconomy is one of the main directions of economic development that will allow
achieving the goals of the European Green Deal [1]. An essential aspect of the bioeconomy
is gathering the existing knowledge and highlighting and evaluating new strategies and
technological processes to choose the best directions for development, considering global,
regional, and local specificities [2]. Global food consumption is projected to increase by
59 %—98 % by 2050 compared to 2005 [3]. All of this indicates that agricultural production
and the number of byproducts generated will increase. Approximately 1.3 billion tons of food
waste, including food byproducts, and yearly losses are generated worldwide. At the level of
food production, 39 % of food waste and loss occurs [4]. The circular economy model
promotes byproducts as a raw material for new products, thus creating new business models
with more resource-efficient industrial management [5]. The circular economy aims to move
away from a linear economy model and introduce an economy based on the 3Rs principle of
reducing, reusing, and recycling [6]. Traditionally, grain byproducts are disposed of as waste
or added to livestock feed [7]—-[10]. It harms the environment, such as wheat bran disposal
releases 259 kgCO»eq into the air [11]. Also, the possibility of producing value-added
products such as single-cell oil is lost [12]. The use of agricultural residues in higher value-
added products is in line with at least three of the seventeen UN Sustainable Development
Goals (Goal 2;9;12) [13]. The concept of a cascade implies using biomass in a resource-
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efficient and closed-loop manner [14]. The idea has appeared in European Union (EU) policy
planning since 2012 in documents such as the EU Forest Strategy, the EU Bioeconomy
Strategy, and the EU Circular Economy Action Plan [15].

In Europe, the cultivated area under cereals in 2020 was 52.5 million hectares, and the yield
was 286.5 million tons [16]. Globally, wheat is the most common type of cereal and one of
the primary raw materials in the food industry. In 2017, the world produced 770 million tons
of wheat, of which 150 million tons were grown in Europe [9]. In 2020, the wheat harvest in
Europe was 126.7 million tons [16].

In 2020, the agricultural land in Latvia accounted for 36 % or 2.3 million hectares, of which
753.7 thousand hectares of the area was under cereals. Cereal production is one of the most
important agricultural sectors in Latvia, as it does not only provides food for people and feeds
the livestock sector. The grain yield in 2020 was 3.5 million tons, and the yield per hectare
was 46.4 quintals. In 2020, 20 314 farms were engaged in growing cereals in Latvia. In recent
years, summer and winter the growth of wheat was the highest, up to 66.2 % [17]

The cereal sector can be divided into three stages — 1) grain cultivation and harvesting, 2)
grain primary and secondary processing, and 3) grain food retail and consumption [5].

Byproducts such as grain screenings, husk, bran, germ, dust, and straw are generated during
cultivation, harvesting, and processing stages [10], [18], [19]. In grain cultivation, straws are
produced, which can be used as a raw material in various industries, such as medicine and
animal farming [20]. In the case of wheat, approximately 1.3 to 1.4 kg of wheat straw is
produced per kilogram of grain obtained [21]. In primary processing, the grains are cleaned
and dried. Grain screenings and dust are generated in this stage [19]. They account for about
0.9 % of the total weight [22], [23]. Dust, husk, bran, and germ are generated in secondary
processing. Husk and bran are byproducts of flour milling, representing approximately 14.5—
25 % by weight of the grain [8], [11], [24].

There have been several studies on what can be obtained from grain byproducts.
Berthet ef al. studied wheat straw as a source to obtain lignocellulosic fibres, which can be
used as a filler in Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV). The material is
further used as a film for fresh food packaging [25]. Wheat straw can be used as a source to
get bio-polyol. It is a partial substitute for castor oil in biodegradable polyurethane foams,
which can be used as a thermal insulation material in the agricultural sector [26].
Hernandez-Martinez et al. described how to extract silicon from wheat husk ash, which can
be used to produce solar cells [27]. Katileviciute et al. compiled several studies on using
wheat bran to produce enzymes, proteins, organic acids, and other products [28]. The studied
products can be classified into six groups: packaging materials, building materials,
adsorbents, fuel, thermal insulation materials, and chemicals. The most studied grain
byproducts are bran, straws, and husk. There are studies on their use as raw materials [29],
[30], filler [9], [11], [31], binder [32], nutrients [5], [28], [33], and the source of various
chemicals [34]-[36]. Most of the research looks at only one of the grain byproducts.

Looking at several articles on bioeconomy [37]-[40], we observed that the literature review
is regularly used to gather information. It is used to collect data and data, which is further
analysed using other methods, depending on the purpose of the work. In a review of the
extraction and use of phenolic compounds from coffee byproducts, a literature review was
conducted to identify and evaluate research on the studied topic [37]. Fiallos-Cardenas et al.
use the literature review method in their paper to compile quantitative studies on the use of
banana lignocellulosic residues [38]. An overview of current scientific, technological, and
commercial trends in using bio-waste in various industries conducted a literature review on
the circular bioeconomy of agri-food and forest processing waste [39]. Corrado and Sala
provided an overview of studies on food waste generation worldwide and in Europe. Ten

659
204



Environmental and Climate Technologies

2022/26

scientific articles were selected using a literature review, and the underlying quantification
methodologies of these studies were further systematically analysed [40]. For the current
research it is necessary to do a literature review to compile scientific articles that review
products obtained from grain byproducts.

A multi-criteria decision analysis (MCDA) method can compare options and set
priorities [41]. Lokesh et al. used a two-tier MCDA to identify promising biological value
chains essential for EU bioeconomy planning. Twelve EU-based value chains, such as ‘Starch
to Bioplastic Food Packaging,” were selected for the study and evaluated against six criteria.
As a result, the authors recommend using the research methodology in practice to make
informed decisions about bio-based products that have the potential to replace fossil-based
products [15]. Pieratti et al. conducted a study using MCDA to evaluate different forest
management strategies at the local level. Six criteria based on the 4R principle of the circular
bioeconomy were set, and five scenarios were analysed. The authors conclude that the main
advantages of this method are that the results are easy to understand and compare. But before
the results are used in practice, they should be analysed and checked [42].

Stephen ef al. in his work he used a combination of MCDA and visualization technique to
analyse the long-term and sustainable use of forest resources. The results obtained during the
survey for obtaining criteria for MCDA were presented in the program for 3D visualization
of various scenarios for the development of the task. This combination allowed the author to
determine a number of optimal tools and measures to solve the problem and put forward ways
to solve it.

Barney et al., using MCDA, explored scenarios for decarbonizing the energy sector by
converting it to renewable energy sources. The author included in the analysis the factors of
three directions — economic, social and environmental, which made it possible to carry out
the analysis as versatile as possible for the chosen task. The use of additional programs such
as EnergyPlan, LCOE and TOPSIS deepened the result, making it closer to reality. Combining
MCDA with various programs and methods allows you getting a result that can be applied in
practice, regardless of the location of the object or territory under consideration.

The analysis of the literature on the optimal research methodology indicates that MCDA
will show the required result for this work as well. Based on the conclusions about the method,
this study will use MCDA to compare different products that can be made using wheat bran.

Several studies have been conducted on this topic, but primarily byproducts are considered
separately. Review articles already summarise information on a specific byproduct and its
use [28]. However, as far as we know, no summary of several grain residues has been made
in one study. Therefore, this study aims to gather information from the scientific literature on
the possibilities of using grain byproducts in developing new products and to assess which
bran product is the most suitable for commercialisation based on economic, environmental,
social, and technical factors.

2. METHODOLOGY

The methodology was selected based on the reviewed scientific articles in the bioeconomy
field and their suitability for this research. Two methods have been chosen to identify and
evaluate the products that can be made using grain byproducts — literature review and MCDA.
The operation algorithm can be described by the following 5 steps, all of which are important
and in order to get precise result, cannot be skipped:

1. Product identification. The step required to determine the main product, its needed
properties and qualities;
2. Collection of information in the available literature and its analysis for a deeper study
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of the selected product, its availability and diversity on the market;

3. Based on the analysis of the literature, the choice of criteria required for subsequent
analysis. The right choice of criteria will allow you to comprehensively evaluate the
product based on the required qualities. In case of technology, these criteria may be its
readiness level, availability on the market and sustainability;

4. Conducting MCDA analysis based on selected criteria;

5. Product realization based on the results of the MCDA analysis (see Fig. 1).

Product identification

Fig 1. The stages of the research methodology.

The scientific databases ScienceDirect and the Web of Science were used in the literature
review. Publications were searched using keywords. They were based on ‘products from
grain...” and in ellipsis place, different words were used: ‘byproduct’, ‘germ’, ‘pulp’, ‘husk’,
‘chaff’, ‘bran’, ‘straw’ and ‘screenings’. Twenty-nine studies published between 2006 and
2021 were selected for the next phase, in which articles were grouped and analysed. The
selected papers were in English and corresponded to the topic of this study.

The selected articles were grouped based on the byproduct used in the study and the final
product. All final products were divided into the six groups shown in Table 1. The selected
articles are about wheat byproducts because most articles on this topic research wheat
residues. Wheat is also the most common type of cereal in Latvia and the world [2], [17].

TABLE 1. PRODUCT CLASSIFICATION INTO GROUPS

Product group ‘Wheat byproducts  The final product

Packaging materials  Bran, straw, dust, Bio-based composite with polypropylene (PP) [11], [43], food film
and husk with antioxidant properties [24], bio-based food packaging [5],
biocomposite — film for fresh food packaging [25], thermoplastic [8].

Building materials Straw, husk Concrete [10], lightweight concrete [9], [31].
Adsorbents Bran, straw, and Siliceous lignin microparticles as an adsorbent [35], adsorbent for
husk Reactofix golden yellow 3 RFN dye [44], carbon microspheres [45],
and absorbent for eliminating dyes and other toxic effluents from the
textile industry [29].
Fuel Bran, straw Fuel pellets [30], phenolic bio-oil and biochar [46], biofuel [28],
[47].
Thermal insulation Bran, straw, and Thermal insulation biocomposite [32], clay bricks [48], mycelium-
materials husk based composite [33], polyurethane foam [26].
Chemicals Bran, straw, and Silicon [27], hydrogen [7], organic acids — ferulic acid, lactic acid,
husk itaconic acid and fumaric acid [28], [49], enzymes [28], protein [28],

medicines and vitamins [28], cosmetics [28], single cell oil [12],
antioxidant and antimicrobial extracts [50], xylanase [51], lignin
[34], mesoporous biogenic silica nanoparticles [36].
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MCDA method can be used to compare several options using different criteria. This method
helps to process large amounts of information consistently [41]. In MCDA, the input data can
be quantitative and qualitative [42]. The Technique of Order Preference Similarity to the Ideal
Solution (TOPSIS) was used to compare different products and determine the optimal option.
Obtained result of the TOPSIS method is the distance of alternatives to an ideal point.
Alternative with the shortest distance to the ideal point is the best. Calculations this study
performed analyses using formulas and calculation steps. Study calculations were made in
MS Excel. MCDA three steps:

1. Input data Regardless of the chosen MCDA method, input data is an essential part of the
analysis, as all calculations are based on them. It is necessary to set criteria and alternatives
[52]. Alternatives in our study are products that can be obtained from grain byproducts,
and the criteria are from four categories: environmental, economic, technical, and social.
The selected six criteria are shown in Table 2.

2. Weight of criteria. Criteria need a weight that reflects their importance compared to other
criteria. The Analytical Hierarchy Process method can be used at this stage. The weights
obtained in this method can be further used in all MCDA methods [52]. In our case, the
weight of the criteria was obtained using Sensitivity Analysis. Sensitivity analysis can be
performed to investigate the effect of criterion weights on alternatives [53]. The resulting
weights are used in the TOPSIS calculations to obtain the results of the Sensitivity
Analysis. This was done for all criteria, and based on the results, the criterion weights were
selected for the final TOPSIS analysis.

3. Calculations of the TOPSIS method. The TOPSIS method was used after defining input
data and the criteria weights.

TABLE 2. CRITERIA FOR MULTI-CRITERIA ANALYSIS

Criteria category Criteria

Environmental aspects Sustainability — compliance with the 12 UN Sustainability Goals (1-5)*

Environmental impact — comparison of emissions from the production process for
the new and existing product (1-5)*

Economic aspects Product price comparison — the price difference between the product currently
used and the new product (%)

Market demand — global market size assessment (1-5)*

Technical aspects Auvailability of technologies — assessment of the production of the new product,
taking into account the level of technological readiness (TRL) (1-5)*

Social aspects Social aspects — product job creation assessment (1-5)*

* The criterion is evaluated in a 5-point system: 1 — does not meet the requirements; 5 — meets the requirements.

As a result, the best alternative can be determined by comparing the relative proximity to
the ideal solution.

3. RESULTS

The literature review summarised 30 products shown in Table 1. The studied products were
obtained from four wheat byproducts — bran, straw, husk, and dust. Of these byproducts, bran
is the most widely used, while dust is used to produce only one product, bio-based packaging
[54]. This study divided the products into six groups: packaging materials, building materials,
adsorbents, fuels, thermal insulation materials and chemicals.
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From the reviewed products, seven products were selected for MCDA. The analysis aims
to find the product with the most significant potential for commercialisation, considering
environmental, social, economic, and technical aspects. Of all product groups, fuels and
building materials weren’t considered further, as these products don’t have a relatively high
added value. This study found that wheat bran is the most widely used raw material, so their
products were examined in MCDA. For bran, nine publications were reviewed, summarising
information for thirteen products. When evaluating the data available for these products, the
products shown in Table 4 were selected for MCDA.

Table 3 shows the input data for MCDA. Except for the product price comparison, all
criteria were assessed on a five-point scale based on aggregated data and expert judgment. As
the products are novel, they have not yet been studied extensively, and in many cases, data
were taken from similar products.

The TRL of the product was evaluated for the availability of technology. TRL was assessed
based on expert opinion. If the TRL was four or less, it was given a score of 1 to 2; if the TRL
was 5 or 6, it was 3 points; and if the TRL was 7 or 8, the product received 4 points [55].

TABLE 3. INPUT DATA OF MCDA

Alternatives
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Criteria = A

Availability of technologies 3 4 3 3 4 4 3
Sustainability 5 4 4 4 5 5 5
Product price comparison, % 92.5 92,6 142 0.01 50 326 379

Market demand 4 2 4 2 2 3 5
Environmental impact 4 5 3 2 3 4 5
Social aspects 5 4 5 5 3 3 4

The product’s sustainability was assessed for compliance with the UN Sustainable
Development Goals [13]. Using agricultural residues in higher value-added products aligns
with at least three of the seventeen goals. If the product met all three goals, 5 points were
given; if there were fewer goals, then correspondingly fewer points.

The possible prices of the products were compared with the products traditionally used and
expressed as a percentage of the price difference. Using agricultural and industrial
byproducts, the raw material cost of a mycelium-based biocomposite is 0.06-0.15 EUR kg™
[56]. There are no data on total production costs, but the authors believe that raw materials
make up the majority. Such material was compared to polystyrene, which costs between 1.85—
2.02 EUR kg ! [56]. The cost of commercial activated carbon is 5.85 EUR kg!, which is used
as an adsorbent, while bioadsorbents cost is 0.05-0.43 EUR kg™! which is significantly
cheaper [29]. Biocomposite with PP was compared to a study where coriander fibres were
used instead of wheat bran. For PP granules, adding 40 % coriander fibres reduced the price
from 1.27 EUR kg ' to 1.09 EUR kg! [57]. Food film with antioxidant properties as compared
to PLA, a natural material made from fermented vegetable starch. In 2016, PLA film cost 2
EUR kg!, while low-density polyethylene (LDPE), a fossil-based plastic, cost 1.25-1.45
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EUR kg™' [58]. In our case, the product price would probably be lower because it would be
obtained using low-cost residue. A rough price comparison for the production of enzymes
showed that using wheat bran as a raw material would reduce the price by up to 50 % [28].
The price of lactic acid obtained from the brewery’s spent grain is 0.76-1.11 EUR kg, but
lactic acid usually is 1.64 EUR kg™!' [59]. This could be like our lactic acid price because the
study also used byproducts as raw materials. If single cell oil was produced using glucose at
zero cost, assuming waste or byproduct streams, it would cost 2.99 EUR kg' at 10 000 tonnes
per year. If the price of glucose is assumed to be 351.68 EUR t., the cost of producing single-
cell oil would be 4.82 EUR kg! [60]. In this case, the data is also based on assumptions
because, in reality, wheat bran has an economic value.

Market demand was measured by the size of the global product market. The global
biocomposite market was 18.44 billion EUR in 2020 [61]. In 2020, the global adsorbent
market was 3.43 billion EUR [62]. The global bioplastics market was estimated at 5.1 billion
EUR in 2020 [63]. The value of the global enzyme market in 2019 was 7.6 billion EUR [64].
The market for organic acids in 2021 was 9.69 billion EUR [65]. In this study [12], the authors
believe that single-cell oil could be added to non-biofuel markets such as producing higher-
quality fatty acid-based oleochemicals. In 2020, the global market for oleochemicals was
27.62 billion EUR [66]. As the base years of the data differ, experts’ opinions were also taken
into account. Demand in the market was expressed in a five-point system comparing product
market volumes.

Environmental impact was assessed on a five-point basis, considering emissions from the
product during production compared to products currently in use. The higher the emission
savings, the higher the rating of the product. Collected data were incomplete, so experts were
also involved in this criterion. The mycelium-based composite was compared to
MycoBamboo, a material with bamboo particles and mycelium. Production of such a sample
emits 86 gCO»eq per plate but 27 gCOzeq per plate if renewable energy is used instead of
natural gas. Each sample of MycoBamboo weighed approximately 33 g [67]. The material
could be compared to extruded polystyrene foam with a global warming potential of 13.22
kgCOseq to 1.75 kg foam [68]. Using wheat bran fibre to produce biocomposite with PP can
reduce emissions by 1470 kgCO,eq t™! and create energy savings of 2130 MJ t*! compared to
pure PP material [11]. The food film was compared to a PLA film with emissions of 0.27
kgCOzeq (m?)"!. The weight of the film is 0.6 kg per 10 m? [69]. PLA was compared with
LDPE film with emissions of 0.11 kgCO,eq (m?) ! and a weight of 0.5 kg per 10 m? [69]. The
reviewed studies also consider emissions from the extraction of raw materials, which could
be lower for the products in our study because the raw materials are agricultural byproducts.

From a social point of view, the experts assessed the amount of labour involved in the
product’s production process. If the production of the product is automated and doesn’t
require a lot of work, then it was given 1-3 points because, in that case, the factory will not
create a relatively large number of jobs. But if the production process isn’t fairly automated,
then 4-5 points were given because the factory would create new jobs that would improve
the social situation in the country.

Criteria weights were determined using Sensitivity Analysis. The sensitivity analysis
showed that the sustainability aspect has the lowest sensitivity to changes in weight, which
can also be determined by looking at the input data, as all alternatives scored 4 to 5 points.
Therefore, this criterion was given the lowest weight (0.05). The technical and social aspects
also had a small weight change compared to the other criteria, so they were given a weight of
0.15. The environmental impact and market demand became more sensitive to changes in
weight when the unitary variation ratio ranged from 0.5 to 1.5, so the importance given to
those criteria is 0.2. The product prices comparison reacted the most to the change in weight,

664
209



Environmental and Climate Technologies

2022726

most likely because the input data differed more. After all, they were not expressed on a five-
point scale. The sensitivity analysis results for this criterion are shown graphically in Fig. 2.
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Fig. 2. Results of sensitivity analysis for product price comparison.

All criteria weights are shown in Fig. 3.
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Fig. 3. Weight of criteria in TOPSIS.

TOPSIS calculations were made using the input data and the obtained criterion weights.
Obtained results are shown graphically in Fig. 4. The results showed that the highest relative
proximity to the ideal solution of the analysed products is for mycelium-based biocomposite
material. This has been mainly due to the relatively high difference in product prices. Had
this criterion not been considered, single cell oil would have gotten the highest result, which
can also be assessed by looking at the input data. The adsorbent also has relatively good
results, as its price and environmental impact are much lower than those currently used
adsorbents. The worst result got the food film with antioxidant properties. This is because
data for this product were used from PLA parameters, and PLA was compared with LDPE,
which currently has lower production emissions and prices than bioplastics. Also, bioplastics
have smaller market demand, which needs to be improved. However, the data was not taken
specifically for our product. Product parameters are better because they are obtained from
bran and not maise, with different extraction characteristics, such as water consumption and
yield [69].
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Fig. 4. Results from TOPSIS.

4. CONCLUSIONS

Traditionally, grain byproducts are disposed of as waste or added to livestock feed.
Therefore, several studies have been conducted to find better applications that provide higher
added value. Byproducts such as grain screenings, husk, bran, germ, dust, and straw are
generated during cereal production’s cultivation, harvesting, and processing stages. This
study gathered information on the potential use of grain byproducts in developing new
products. It conducted MCDA to find the most suitable commercial product from wheat bran.

In the literature review, we identified 30 products that can be obtained using wheat bran,
straw, husk, and dust. The studied products are classified into six groups — packaging
materials, building materials, adsorbents, fuel, thermal insulation materials, and chemicals.
Most products were obtained using bran, so seven bran products were selected for further
analysis.

Six criteria from environmental, economic, technical, and social aspects were selected for
MCDA. The analysis showed that the best alternative to move towards implementation is a
mycelium-based biocomposite material (0.78). Its price (0.25) and environmental impact
(0.20) are lower than the current thermal insulation materials. It is in demand on the market
and would contribute to sustainable development.

As the input data for MCDA were based on many assumptions, it is necessary to perform
an environmental and economic evaluation study for the mycelium-based composite material
before it is commercialised. The study only compared bran products, so straw and husk pr
products could be reached in future studies.
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Abstract — Advances in technology over the past few years have allowed us to evolve from
waste to value. Food waste has been an increased recognition that more attention needs to be
paid to this area. With this concern, research on fruit waste valorization into medicinal
products has a rich background. This paper approaches the problem with a broader
perspective by introducing the fruit waste valorization pathway. The key idea in this paper is
to use the multi-criteria analysis method to choose the best essential oil extraction technique
from fruit waste. The performance of four different extraction methods i.e., steam distillation,
cold-pressing, solvent extraction, and hydro distillation compared in the approach,
considering the environmental, economic, social, and technical criteria. The methodology was
developed with two scenarios, by using the Analytic hierarchy process (AHP) and Technique
for Order of Preference by Similarity to Ideal Solution (TOPSIS) methods. Our research
highlighted that cold-pressing extraction is the most effective technique for essential oil
extraction in both scenarios.

Keywords — Bioresources; medicinal use; multi-criteria analysis; valorization pathway

1. INTRODUCTION

With the worldwide increasing population, production and cultivation of fruits and
vegetables is also increasing. Besides, food waste has long-lasting footprints in terms of
landfills and socio-economic impacts due to the higher moisture and biodegradability [1].
Therefore, food waste management is becoming a major concern over the world but with
advanced technology, food waste can be a versatile environmental bioresource that can be
converted to biofuel, value-added products, and biomaterial [2].

This research particularly focuses on the fruit waste valorization pathways because
enormous studies have been done on the conversion of fruit waste into landfills, anaerobic
digestion, composting, etc. [3]. Pfaltzgraff et al. argue that fruit waste is not only a wide
source of energy but also has incredible ability to produce industrial products such as essential
oil, medicines, cosmetics, organic amendment, etc. [4]. Each part of a fruit, for example, peel,
pulp, and seed have a unique residual and chemical composition that can be used to produce
various organic products.

Traditionally, fruit peels are the most common waste that can be easily found in the
environment. Fruit peels have the best medicinal properties such as antimicrobial,
antioxidant, anti-inflammatory, anti-healing, anti-infectious, anti-mutagenic, and
hepatoprotective. Essential oil is one of the crucial extractions from fruit peels, researchers
have been discovered after several experiments that essential oil has antimicrobial activity
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against bacteria, moulds, yeasts, pathogenic and phytopathogenic microorganisms. As a
result, it has been proven that essential oil can be used to confront the microorganisms to the
antibiotics [5]. To support the current research some of the examples are mentioned in
Table 1.

TABLE 1. FRUIT WASTE INTO MEDICINAL USE

Value-added

Fruit waste Medicinal use Methods Reference
product
Banana peel Essential oil Antioxidant property Extraction [5]
Citrus peel Essential oil Alleviates pain Extraction [6]
Relieves inflammation
Dissolve’s gallstones
Orange peel Essential oil Antimicrobial activity Steam distillation [51,[71
Flavoring agent of Cold pressing
medicine Solvent extraction
Enfleurage
Mango peel Pectin Health benefits Extraction [8]
Grapefruit peel  Essential oil Antibacterial and Paper disc diffusion [9]

Antioxidant properties
Biopesticide against
mosquito larvae

One of the essential components that can be derived from fruit peel (apple pomace, citrus,
sugar beet pulp) is pectin. Earlier research shows that pectin is an effective component at the
industrial level and also useful in the medical treatment of cancer, cell apoptosis, and
cholesterol [10]. Several studies have discovered that fruit peel waste has a potential
application to medicinal products.

216

Fig. 1. Essential oil extraction pathway.
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Essential oils term is also referred to as volatile oils, ethereal oils, or aethrolea, which
contain the essence of a plant fragrance. It is a concentrated hydrophobic liquid, naturally
derived from plants [11]. A recent systematic review investigated the extensive use of
essential oil in the cosmetic industry, daily life due to the fragrance [12], and pharmaceutical
industry [13], which shows the increasing demand for essential oil in the market. A variety
of methods can be reliably utilized for extraction. Fig. 1 shows the clear vision of the
extraction pathway of essential oil from fruit waste. Here, we presented the essential oil
extraction from the fruit peel waste. In the next chapter, a multi-criteria analysis is performed
to choose the best extraction technology.

2. METHODOLOGY

The methodology consists of literature review, then it further goes with multiple-criteria
decision analysis (MCDA), using Analytic hierarchy process (AHP) with Technique for Order
of Preference by Similarity to Ideal Solution (TOPSIS), after receiving results, which need to
be analysed, conclusions should be drawn.

Literature
review/Data
acquisition

AHP+TOPSIS

I

Conclusions  [¢——— Results

Fig. 2. Research methodology.

MCDA is used to make decisions and analyse the significance of objectives from various
types of information and data — qualitative and quantitative data, data from the physical and
social sciences, and from politics and ethics to evaluate problem solutions.

TABLE 2. SCALE FOR PAIRWISE COMPARISON

Scale Definition

Equally importance

Equally to moderate importance
Moderately importance

Moderately to strongly the importance
Strongly importance

Strongly to very strongly importance
Very strongly importance

Very to extremely strongly the importance

o 0 N N R W N -

Extremely importance
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The next step is to identify the criteria weights using AHP. AHP method divides and
analyses problems in a hierarchical structure consisting of a goal, a criterion, and a sub-
criterion. The AHP methodology was developed in 1980 by Saaty, and the selected criteria
are compared in pairs by experts [14]. Researchers from the Institute of Energy Systems and
Environment at Riga Technical University are the experts to define the selected criteria for
pairwise comparison. Table 2 provides the scale for pairwise comparison adapted from Saaty
Thomas L.

The comparison matrix comprises criteria, where each criterion is compared with all other
criteria. The next step is to solve the problem of eigenvectors by which the criteria will be
arranged. The sum of each column of the pairwise comparison matrix is then calculated and
used to divide the corresponding column values, thus normalizing the comparison matrix. The
values of each row are then summed and divided by the number of criteria to calculate the
eigenvector for each row of the matrix. Eigenvectors indicate the ranking (weight) of the
criteria. AHP methodology can be implemented in three main steps. Each step needs to be
performed to be resolved in a decision-making matrix with AHP is described below.

— Step 1: Define the objective, selected criteria, and alternatives;

— Step 2: Here, elements can be compared to one another, two at a time, concerning their
importance on an element above them in the hierarchy and then structured the
comparison matrix;

— Step 3: Geometric mean is used to combined questionnaires for all experts and based
on the combined questionnaire the problem is solved;

— Step 4: Weights for pairwise comparisons are calculated;

— Step 5: After calculating weights, decision matrixes are formed;

— Step 6: Final weights of alternatives obtain by multiplying decision matrixes from
alternatives toward criteria;

— Step 7: Weights obtained in the last step are raw and need to be normalized to be easily
comparable;

— Step 8: Inconsistency and weights of pairwise comparisons are calculated. Consistency
Index (CI) is calculated by Eq. (1) proceeded by Consistency Ratio (CR) in Eq. (2).

Cr =t (1)
n—1
where Amax — maximum eigenvalue;
CR = ¢ , 2)
RI

where R/ — Random Index that varies for different matrix.

The next step in the methodology is to use the TOPSIS method. TOPSIS is a popular MCDA
developed by Hwang and Yoon in 1981. The method uses the best alternative and worst
alternative to define the best alternative [15]. TOPSIS method has been used to compare the
possible use of production residues in producing value-added products, such as single-cell
oil, from different factories, described in Racko E. et al. [16]. The main advantages of
TOPSIS are the opportunity of an infinite number of criteria and alternatives, a comparatively
simple calculation method, and no need for specific software or specific programming
techniques. TOPSIS results provide comparing alternatives in a useful and simply
comprehensible form. There should be selected alternatives for the evaluation, which are
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evaluated by four criteria: technological, economic, environmental, and social. The first step
using the TOPSIS method is the normalization of the decision-matrix, followed by calculating
the normalized decision-matrix and the best and worst solutions. The best solution
corresponds to a theoretical option of the most desirable level of each criterion, while the
worst solution corresponds to a theoretical option of the least desirable level of each criterion.
Finally, the distance of each alternative is calculated that further allows obtaining the
closeness coefficient for the ranking alternatives. Alternatives rank from best to worst [17],
in detailed equations for the TOPSIS method that is used in this study are described below.

Step 1: Normalized matrix value can be derived by multiplication of normalized value and
weight which is done by following Eq. (3).

vV =w-r (3)

where
Vai Weighted value;
Wi Weight, Wil +W,'2 +...+ Wim = 1, Wi = lm,
Tia Normalized criterion value.

Step 2: Distance for each ideal and non-ideal alternative can be calculated by the sum of
the squares of weighted criterion values. The calculation can be done by following Eq. (4).
and Eq. (5).

di= > o =v,), 4)

where
d*, Distance for each action to the ideal solution;
v Ideal solution.

dy= > O =v,)", (5)
j=1
where
d, Distance for each action to the non-ideal solution;
Vi Non-ideal solution.

Step 3: Closeness coefficient (Ca) shows the distance to the non-ideal solution, which is
determined by Eq. (6).

q
C = a_, 6
where
d . +d, Sum of the distance to the non-ideal solution;
d. Distance to the non-ideal solution.

Our approach is to analyse the best extraction method to extract the essential oil from the
fruit waste by using multi-criteria analysis.
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Extraction Technical aspect Environmental Economical aspect  Source
methods aspect
Steam distillation Pressurized Less fuel & High equipment & [18]
container required High temperature operating cost
required
Cold pressing High-quality Lack of hazardous Low cost & less [19]
production organic solvent & manpower required
possibility environmentally
friendly
Solvent extraction Simple equipment High temperature Low cost [19]
used, Low & production of
efficiency hazardous waste
Hydro distillation Simple High consumption Low cost [20]

instrumentation

of energy, no

organic solvent

Here we compare the performance of four different green extraction methods like steam
distillation, cold-pressing, solvent extraction, and hydrodistillation. The selection of the
criterion i.e., technical, environmental, economic, and social acceptability is based on the vast
literature analysis. Table 3 shows the detailed overview of the selected criteria and sub-
criteria. These techniques are used in the evaluation to extract the essential oil from the fruit
waste. Steam distillation is a separation technique, can be applied for the separation of
volatile organic compounds [21]. Earlier studies show that 93 % of the proportion of essential
oil can be extracted by steam distillation [22]. The cold-pressing method is the standard
technique used to extract essential oil from the seeds of plants and fruits. Also, this process
can be done at a low temperature below 60 °C [23]. The solvent extraction method is also
known as liquid-liquid extraction, is a method to separate compounds based on the solubility
of their parts [24]. Hydro distillation is a traditional method used to extract oil or bioactive
compounds from plants [25]. Overall, comparatively all four methods have different
functionality and apparatus.

3. RESULTS

The author compared technological, economic, environmental, and social criteria pairwise.
Results of the pairwise comparison of AHP are shown in Table 4.

TABLE 4. AHP PAIRWISE COMPARISON MATRIX OF CRITERIA

Criteria Technological Economical Environmental Social
Technological 1 3 2 4
Economical 0.33 1 2 3
Environmental 0.5 0.5 1 4
Social 0.25 0.33 0.25 1
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The authors calculated the weights of the criteria after the normalization of the matrix.
The results show that the weight of the technological criterion is the most important — 0.45,
then as the second most crucial weight is economical — 0.25, then the third and fourth criteria
are environmental and social, which — 0.22 and 0.08, respectively.

The comparisons are consistent and used in the following calculations, considering that the
value of the consistency rate is CR = 0.079. If the CR is less than or equal to 0.1, then the
discrepancy is acceptable, but the subjective assessment must be reconsidered if it is higher
than 0.1.

TABLE 5. TOPSIS DECISION-MAKING MATRIX

Alternative technologies Criteria

Technological ~ Economical Environmental ~ Social
Steam distillation 4 4 3 4
Cold-pressing 4 5 4 3
Solvent extraction 3 3 3 4
Hydrodistillation 3 3 4 4

The potential for using the four technologies was rated on a scale from 1, which corresponds
to the lowest rating, to 5, which corresponds to the highest rating. Table 5 are shown the
evaluation values in a decision-making matrix.

1.0
0.9
0.8
0.7
0.6
0.5
0.4

Closeness coefficient

0.3
0.2

N [o1]
0.0
Steam distillation Cold-pressing Solvent extraction ~ Hydrodistillation
Fig. 3. TOPSIS ranking technologies results.

The TOPSIS analysis results are shown in Fig. 3. Cold pressing (0.9) is the closest
alternative for the best solution, not only for the technological criterion that has the highest
weight of all criteria (0.45) and good performance in the economical criterion with the
second-highest impact on results. Steam distillation ranks as the second technology, with
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evaluation 0.6, and as a third possible technological solution is hydrodistillation with 0.3, and
solvent extraction — 0.1.

4. DISCUSSION

According to the report on the global food waste scenario [26], awareness of food waste
has grown. The current research has been made to solve the global problem to some extent.
Fruit waste is one of the important areas that need to be focused on. Therefore, this study
contributes to minimizing the waste scenario by developing an essential oil extraction
pathway from fruit peel waste. The study highlights the use of Multi-Criteria Analysis
methods to choose the best extraction technology. By analysing the results, it has been found
that in both methodologies AHP and TOPSIS, a cold-pressing method is the best essential oil
extraction method.

Several studies have been done on essential oil extraction techniques [22], but our approach
provides environmental sustainability by comparing the environmental performances of
different alternatives, which leads to the green extraction techniques

However, the MCA methodology requires potential numerical data to perform an analysis.
The significant limitation was the lack of quantitative data for the evaluation that cannot
negotiate. Therefore, this study suggests that more scientific and laboratory research work is
required for more accurate results and to diversify the valorization options.

5. CONCLUSION

The main conclusions of this research are drone together and presented in this section.
This research aims to determine an approach for the fruit waste valorization pathway and find
the best extraction technique. Firstly, a vast literature analysis was performed to identify the
essential oil extraction pathway from fruit waste in a more sustainable way. Secondly, Multi-
criteria analysis was performed to find the best extraction technique considering the technical,
environmental, economic & social aspects.

Within this research, the publicly available data of existing essential oil extraction pathways
were studied, and based on that fruit waste valorization pathway was created. Furthermore,
to ensure the extraction technique multi-criteria analysis followed by AHP and TOPSIS was
successfully performed.

The outcome of the research leads to the conclusion that essential oil is the most crucial
and multi-functional product, which can be extracted by the cold-pressing technique. AHP
method is used to evaluate the weight of the criterion, which shows that the most effective
criteria are the technical criteria. Based on the AHP weight TOPSIS was performed for further
evaluation, which shows that the cold-pressing method is the most suitable technique for the
extraction. Overall, fruit waste valorization and various alternative techniques considering
the various aspects can be evaluated by the Multi-criteria analysis. This research concludes
that the new innovative bioresource valorization pathways can be created and evaluated by
Multi-criteria analysis.
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Abstract—The research focuses on evaluating the chances of
a new electricity market player — aggregator — to come into
Latvian electricity market in the nearest future. Electricity
market in Latvia has been liberalized since 2015 and there is a
wide range of electricity suppliers competing on market basis. It
is important to understand, what role could an aggregator play
in this market, will it be accepted by other market participants
and does it have any chances to survive in a rather small
economy with much lower number of electricity consumers than
in many other European Union’s countries that are currently
working on implementing the European Union’s legislation that
would allow for aggregators to operate in the electricity market.
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flexibility

I. INTRODUCTION

Nowadays we are living in a world, where the society,
governments and other institutional players are looking for
ways of achieving climate neutrality in the global economy.
There are the usual ways — energy efficiency in buildings,
innovative technical solutions for cleaner manufacturing,
ecologically friendly cars and many more possibilities of
which the population has become more or less familiar in the
last decade. Meanwhile, there are also sector specific
solutions that are less common and under-utilized. The aim
of this research is to look at one specific solution, which has
not yet developed in Latvia at all — aggregator — an electricity
market player that has been defined at the European Union’s
level already for some time, but a player, who has been rather
incomprehensible for the Latvian electricity market. This
research focuses on the legislative and economic aspects of
the aggregators in order to understand, how to introduce them
in the Latvian electricity market and what kind of benefit
would it give.

To understand the role of an aggregator, it is important to
start with the concept of demand response. Demand-side
response could be described as changes in the usual pattern
of electricity consumption by the final consumer. [1] When a
consumer decides on its own to use less electricity when it is
more expensive (e.g. in the peak hours) and use it more when
it is cheaper (e.g. at night) it becomes demand response, i.e.,
final consumers (demand-side) responds to the market
incentives. There are two pre-conditions:

» Consumer must have a dynamic electricity price

agreement with its’ electricity supplier;
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» Consumer must have a smart electricity meter
installed.

A dynamic electricity price agreement with the electricity
supplier means that the consumer pays for the electricity the
real-time power exchange market’s tariff. There will be a risk
of high electricity price fluctuations, but it can also become
very advantageous for the consumer in a longer low-price
period. [2]

The smart meter in comparison to conventional meter
shows the real-time electricity consumption and can be paired
with the hourly electricity price in the power exchange
market. Thus, the electricity consumers can follow the
electricity price fluctuations and adapt their electricity
consumption in order to save money.

It should be noted that demand-response has been defined
in European Union’s (EU) legislation already since 2012,
when it was introduced by Directive 2012/27/EU on energy
efficiency, amending Directives 2009/125/EC  and
2010/30/EU and repealing Directives 2004/8/EC and
2006/32/EC. With Directive 2012/27/EU, the Member states
of the EU where required to encourage the development of
demand response and to create the necessary legal framework
for that. [3]

It is important to also understand the reasons, why
demand response is promoted at the EU level. Though one of
the reasons is the empowerment of consumers, there is also a
more general necessity for a better functioning of the
electricity market as the demand response can provide the so-
called flexibility. More and more electricity globally is
produced by variable renewable energy sources such as
hydro, wind, solar power etc. The electricity production is
very dependent on the weather conditions, so either there
needs to be other flexible generation options that can be
turned-on when the weather condition are unfavorable for
adequate electricity production from variable renewable
energy sources or the demand side should become flexible in
its demand. [4][2]

II. METHODOLOGY

The case study is based on researching the legal and
economic aspects of demand response and aggregation, and
applying them to the situation in Latvia.

As has been noted in a research by J.K. Juffermans [5],
it’s hard to predict how much of the conventional generation
will be able to aid in providing flexibility in the future,
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because it can be thoroughly based on political decisions on
whether these conventional generation units will continue to
operate (e.g. cogeneration plants from natural gas). Thus, a
bigger role will be played by demand side response.

For the purpose of flexibility, demand response cannot be
based on unpredictable actions of consumers, because these
are not organized actions but based on personal interests of
each individual. To make it organized (also known as explicit
demand response), a new electricity market player has been
introduced — an aggregator. As defined in the new Directive
2019/944 on common rules for the internal market for
electricity and amending Directive 2012/27/EU, an
aggregator “combines multiple customer loads or generated
electricity for sale, purchase or auction in any electricity
market”. Article 17 further elaborates that:

> all markets (day-ahead, intraday) should be open to
demand response, including ancillary services
(balancing, reserves etc.);

» any electricity undertakings or consumers may be
required to pay compensation to those market
participants who are directly affected by demand
response;

» compensation, if introduced, shall not be a barrier to
demand response and shall only cover the costs
incurred by the suppliers or supplier’s balance
responsible party.[6]

There are two types of aggregators — independent and
combined. Combined aggregator means that an electricity
supplier or balance responsible party or distribution system
operator is also an aggregator, so aggregation is an additional
function of an already existing market player. An
independent aggregator on the other hand is a separate
undertaking working independently from the previously
mentioned electricity suppliers, balance responsible parties
or system operators. Currently, more common in the EU is
the combined aggregator, because it is easier to involve it in
the market. It’s not only less complex from the legislative
perspective, but also from the perspective of the electricity
consumers in cases, where the aggregator is the consumer’s
electricity supplier. [7]

At the same time, authors can argue that an aggregator can
be seen as a threat from other market participants such as
electricity suppliers. In view of the authors, demand response
can be seen as a cost for retailers, because:

» Electricity retailers (balance responsible parties)
buy this virtual electricity in the power exhchange
market provided by aggregators. It’s not actual
electricity, but an electricity saving at a particular
time. Retailers (balance responsible parties) buy this
electricity to fullfill the demand but they cannot bill
it to consumers.

» Demand response contributes to physical balancing
of electricity market, but it is seen as a financial
imbalance by retailers.

Fig.1. reflects all the flexibility mechanisms provided by the
agreggators at different wholesale market segments, where
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aggregator can act as a facilitator for providing flexibility
where needed. [8]
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Fig.1. Flexibility services provided by aggregator [8]

There are 6 types of demand-side’s electricity
consumption management, which are shown in Fig.2. These
different types of demand side management, which can be
combined all together, allow us to very closely relate to
generation. [9]
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Fig. 2 Types of demand side management [9]
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In growing demand of electricity, this can replace part of
the generation that will be needed to fulfil this future demand.
These demand side management types show us all the options
an aggregator can use — it’s not only load shifting to another
period of time, but also decrease in electricity consumption in
general by using the consumer’s appliances more efficiently
and thus providing benefits also for the EU’s climate policy
and climate targets. [9]

III. CASE STUDY

In case of Latvia, most of the local electricity is produced
in hydro power plants, where the main three power plants on
Daugava river have the capacity of 1558 MW. [10] However,
in dry years, the electricity sector is partly dependent on
cogeneration from natural gas in two thermal power stations
in the city of Riga with the total capacity of 976 MW.
Currently, these cogeneration plants generate electricity when
the electricity prices in Nord Pool power exchange are high,
but they can’t compete with cheap electricity and they are
subsidized from the state and basically serve for the purpose
of security of supply. [10][11] Thus, demands side response
with the involvement of aggregation can be a valuable
alternative.

Fig.3 shows that as mentioned before, the share of
renewable energy in electricity is increasing also in Latvia,
this increase is rather persistent for the last 10 years. With this
increase, new mechanisms for flexibility in electricity demand
are necessary considering the volatile nature of renewable
energy sources. As has been mentioned above, when the
renewable energy sources fail to provide balance in the
electricity system (due to the weather, which impacts the
amount of electricity that can be produced by the main
renewable energy sources — hydro, wind and sun), aggregators
can provide the necessary flexibility (by lowering, shifting or
using other previously mentioned demand side management
types to change electricity demand) and ensure balance in the
electricity system. [12]
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Fig.3. Share of renewable energy in electricity, % [13]

As was explained above, an aggregator should be able to
participate in all types of electricity markets. Currently
aggregators mostly participate in the balancing market by
becoming balancing service provider (BSP). Meanwhile, each
electricity supplier has its balancing responsible party (BRP).
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BRP is responsible for submitting energy generation and
consumption schedules to the transmission system operator on
the day before electricity delivery. On the other hand, BSP (in
this case aggregator) submits balancing service bids to the
system operator, who will procure this service. When BRP
deviates from the submitted electricity generation and
consumption schedule, BSP will activate balancing energy to
ensure balance in the electricity system. System operator will
pay BSP for its service and allocate these costs to BRP, who
will have to pay for the created imbalance. [14]

In the beginning of 2020, following the requirements of
the above-mentioned Directive 2012/27/EU, the Cabinet of
Ministers of Latvia approved the first rules on the functioning
of aggregators in Latvia. [15]

The regulation defines the rights and obligations of
aggregators, payments for the services provided by
aggregators, as well as define relations between the
aggregators and other electricity market’s participants. The
rules increase the ability of electricity consumers or third
parties of their choice to handle electricity consumption
information in order to provide a mechanism by which
consumption can be adjusted quickly.

Latvian legislation sets that an aggregator is a new type of
energy service provider that can increase or decrease the
electricity consumption of a group of consumers according to
the total electricity demand in the network, thus allowing the
consumption to become flexible. It is important to mention
that the consumer may be remunerated for participating in the
provision of a demand response service. An aggregator may
enter into a contract with several customers, on the basis of
which it may temporarily reduce their electricity consumption
if there is a high demand for electricity. The aggregator then
sells this saved electricity to the electricity market. An
aggregator can also do the opposite and can increase
electricity consumer consumption when electricity prices are
favorable. [15]

Fig.4 shows hourly electricity price in the Nordpool power
exchange’s Latvian price area on 3 August 2020. As can be
seen in the figure, the lowest electricity prices are at night
between 12 AM and 4 AM, while the highest prices are in the
morning hours before work, as well as after the typical
working hours at 7 PM.
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Fig.4. Hourly EUR/MWh in NordPool Latvian price area, 3 August 2020
[16]

Authorized licensed use limited to: Riga Technical University. Download@zwr/vAugust 23,2023 at 08:33:33 UTC from IEEE Xplore. Restrictions apply.



2020 IEEE 61st International Scientific Conference on Power and Electrical Engineering of Riga Technical University (RTUCON)

To authors minds we could distinguish between two
different approaches to aggregation — household aggregation
and aggregation in manufacturing sector. Household sector
means that the aggregated electricity amount is much smaller.
An aggregator working with households would need to have
a large portfolio of households to make an impact and to have
a profitable business. As has been explained to authors in an
informal interview by an entrepreneur from France working
in the field of aggregation and having a pilot project in
Estonia, aggregators in households focus on such household
appliances as electric heaters, boilers, heat pumps, air-
conditioners and thermostats. These can be easily controlled
by distance and without disturbing the daily life of consumers,
who would not feel discomfort due to limitations in electricity
usage. However, as explained by the above-mentioned
entrepreneur, the aggregator needs to have at least 10 000
consumers, who save 5 kWh a day to make it a profitable
business. For instance, general review of online offers for
electrical appliances provides that on average a central air
conditioner/heat pump consumes around 5 - 15 kW per hour,
so reduction of electricity consumption by 5 kWh a day is
actually not so much considering that part of the amount of
electricity would still be consumed but at different time of
day, when the electricity prices are lower. For example, Fig.5
shows the demand of electricity in Latvia on 3 August 2020.
The red line is the actual demand, but the blue line has been
drawn by the authors to show how could an aggregator level
out the demand in peak hours by shifting it to different time of
day.
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Fig.5. Electricity consumption MWh/hour in Latvia on 3 August 2020 [17]

For example, the state-owned electricity supplier JSC
“Latvenergo” has around 700 000 household -electricity
clients [18], so creating a portfolio of 10 000 consumers that
would be ready to engage in the activities of demand response
would not be impossible. Moreover, a combined aggregator
does not even need so many consumers, because there would
be a loop between the aggregator and the electricity supplier,
where the income created by an aggregator in substance stays
with the same undertaking (the supplier) and thus no actual
costs would emerge for the supplier. The second biggest
electricity supplier in Latvia JSC “Enefit” has almost 6000
household electricity clients [19], thus also providing an
already existing large client basis, where part of them could
engage in demand-response.

If an aggregator has aggregation agreements with 10 000
consumer that reduces at least 1 kWh daily (not 5 kWh,
because most of the aggregated amount is shifted to another
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timer period and not reduced), these are 10 MWh a day or
3650 MWh per year by rough calculations. Latvia’s yearly
consumption of electricity is around 7 TWh. This means that
an aggregator could be capable of reducing the yearly
electricity consumption in Latvia by at least 0.05%. This may
not seem much, but for one aggregator it is not a bad result
and would also serve as means for achieving national energy
and climate targets. [20]

However, considering the necessary amount of clients
needed for the business of aggregators to be profitable, it does
not seem realistic for the time-being for an independent
aggregator to come in the market unless this is an international
investor coming with its business from another EU country,
which already has a large market portfolio. This option of
combined aggregator is not only the main possibility currently
from the economic perspective that can be advantageous for
both aggregator and supplier, but also the only technical
possibility. The current national legislation does not allow for
an independent aggregator to come into the market because
there is a requirement for the aggregator to be associated with
the same balancing service provider as the consumer’s object
which is intended to be used in the demand response service.
And this balancing service provider should give authorization
for aggregation. [15] Basically, it means that the aggregator
needs to coordinate its actions with consumer’s electricity
supplier, which is also the balance responsible party. Thus, if
the consumer’s supplier disagrees, aggregator cannot
participate in aggregation. However, this is not in accordance
with the previously mentioned Directive 2019/944, which
provides that neither the consumer, nor the independet
aggregator has to coordinate their mutual agreement and the
use of the demand response with electricity supplier and/or
its balancing service provider. The provisions of Directive
2019/944 have to be implemented by 31 December 2020, so
it shall change in the nearest time.

The  ammended national regulation shall enable
aggregators to participate not only in the balancing market,
but in intra-day and day-ahead markets as well and the EU
legal framework allows member states to introduce a
compensation mechanism for suppliers. The question is, how
to set a fair compensation, so that the supplier is not pushed
in a disadvantageous position by aggregators.

TABLE 1. ECONOMIC ASPECTS OF AGGREGATION
A. No demand B. Demand response
response without compensation
1. Supplier forecasts 1. Supplier forecasts
consumption of 20 MWh | consumption of 20 MWh
2. Supplier buys on 2. Supplier buys on
NordPool 20 MWh NordPool 20 MWh
electricity x 50 electricity x 50 EUR/MWh =
EUR/MWh = 1000 EUR | 1000 EUR
3. Supplier sells 20 MWh = 3. Aggregator activates
electricity to consumers demand response and
for 50 EUR/MWh = reduces consumers’
1000 EUR consumption by 2 MWh
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4. Supplier sells 18 MWh
electricity to consumers for
50 EUR/MWh =900 EUR

5. Supplier loses 100 EUR (2
MWh x 50 EUR/MWh) due
to demand response

Table 1 shows a hypothetic example of the economic
aspects of aggregation. Scenario A have the usual
circumstances — supplier buys the forecasted amount of
electricity from Nordpool power exchange and supplies it to
consumers. Scenario B however introduces demand
response. Supplier forecasts the same amount of consumption
and buys on Nordpool power exchange the amount of
electricity that would normally be necessary for consumers.
However, due to agreement with aggregator, consumers
eventually consume less than it was forecasted. So, supplier
has bought 20 MWh, but it can sell only 18 MWh, in result
the supplier has lost 100 EUR. This is approximately the
same amount that the aggregator will gain (assuming the
aggregator has also sold his aggregation services by 50
EUR/MWh x 2 MWh = 100 EUR). While understanding the
situation of supplier, if we asked the aggregator to
compensate the losses, there would basically be no business
case for the aggregator.

However, here is another option that can be considered
fair. It has been observed by some studies, that when
aggregator provides its services to the electricity market, the
overall electricity price in the Nordpool power exchange
lowers, because the more expensive generation units are
excluded from bidding. [8] As a result, the supplier gains
because he has paid less for the 20 MWh than he would have
paid if there was no demand response.

As an example, NordPool’s price without demand
response could be 55 EUR/MWh. Thus, the supplier would
have bought the same 20 MWh for 1100 EUR (by 100 EUR
more). In this case, the supplier does not lose anything — he
paid at NordPool 100 EUR less, which is the same amount
that he lost due to demand response by not selling 2 MWh
(Scenario B). As a result — there is no net loss for the supplier
and the aggregator should not pay any compensation to
supplier.

Another example would be, where NordPool’s price
without demand response is 52 EUR/MWh. In this case,
supplier would have paid 1040 EUR for 20 MWh (by 40 EUR
more). Here, the supplier has gained 40 EUR at NordPool,
while losing 100 EUR by not selling 2 MWh. So, the
supplier’s net loss is 60 EUR. This is the amount that should
be compensated to supplier by the aggregator.

Considering the above-mentioned, it would be fair for
both supplier and aggregator to introduce such a
compensation mechanism. However, the challenge here is to
determine what the NordPool price would have been without
aggregation. The possible solution would be for NoordPool
to provide such data and for transmission system operator to
calculate the settlement amount. That would lead to a central
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settlement model, where the compensation mechanism is
managed by the transmission system operator.[21]

Meanwhile, another detail needs to be considered, that not
all electricity consumers currently would be able to make an
agreement with an aggregator as not all electricity consumers
are equipped with smart electricity meters that were
mentioned in the introduction part as a prerequisite for
receiving demand response services. Currently about 60% of
all electricity meters in Latvia are smart meters, but it is
planned that all electricity meters will be updated to smart
meters by 2022. [22]

IV. CONCLUSIONS

It can be argued that the entry of aggregators into the
electricity market can have several benefits, such as:

» aggregators help transmission system operators to
ensure a continuous balance of electricity generated
and consumed;

» energy savings are achieved both in the final energy
consumption phase and in the better use of networks
and means of production in the energy production,
transmission and distribution phases;

» electricity consumption time can be adjusted
according to changes in electricity prices - reduced
when prices are highest, but increased when prices are
lower without changing the volume of consumption;

» more efficient use of resources while reducing system
load.

Thus, the aggregators and demand response can provide
benefits not only for the electricity policy of Latvia, but also
can serve for the good of climate policy, when reducing the
electricity consumption in Latvia.

However, currently the existing electricity market players
have not yet engaged in understanding and using the
possibilities currently provided for the electricity suppliers
who could combine their role of supplier with the role of
aggregator. This model can be financially beneficial under the
existing market conditions.

Meanwhile, independent aggregators are yet to develop in
Latvia. Even if the technical barriers in the legislation are
resolved, it will not be enough for independent aggregators to
immediately enter the electricity market from the economic
perspective as an aggregator would need a rather big client
portfolio.

It is important to develop a regulation, which introduces
compensation mechanism for suppliers, but there needs to be
a middle ground in order not to destroy any business
possibilities an aggregator may have,

As this research mainly focused on the residential
household area and the aggregators role in it, research could
be further developed focusing on the potential that could be
provided to aggregators by large manufacturing enterprises.

ACKNOWLEDGMENT

The research is funded by the Ministry of Economics of
the Republic of Latvia, project “Assessment of Latvia’s
renewable energy supply-demand economic potential and
policy recommendations”, project No. VPP-EM2018/AER-1-
0001

Authorized licensed use limited to: Riga Technical University. Download@z)gAugust 23,2023 at 08:33:33 UTC from IEEE Xplore. Restrictions apply.



2020 IEEE 61st International Scientific Conference on Power and Electrical Engineering of Riga Technical University (RTUCON)

V. REFERENCES

[1] A.A.Tellidou, Agent-based analysis of capacity
withholding and tacit collusion in electricity markets, IEEE,
Transactions on Power Systems, vol. 22, no. 4, pp. 1735-
1742, 2007.

[2] Zvirgzdina, M., Bogdanova, O., Spiridonovs, IJ.
Aggregator as Cost Optimization Tool for Energy Demand.
17th International Scientific Conference "Engineering for
Rural Development": Proceedings, Volume 17, Latvia
University of Life Sciences and Technologies Faculty of
Engineering, 1781.-1786., 2018.

[3] European Commission, Directive 2012/27/EU of
the European Parliament and of the Council of 25 October
2012 on energy efficiency, amending Directives
2009/125/EC and 2010/30/EU and repealing Directives
2004/8/EC and 2006/32/EC, 2012. [Online] Available at:
https://eur-lex.europa.eu/eli/dir/2012/27/0j/?1locale=LV
[Accessed on 25 July 2020].

[4] Ponds K.T., Arefi A., Sayigh A., Ledwich G. Aggregator
of demand response for renewable integration and customer
engagement: strengths, weaknesses, opportunities, and
threats. Energies, vol.11, pp.2391, 2018.

[5] Juffermans J.K., "Aggregators and flexibility in the
Dutch electricity system" Industrial Engineering &
Innovation Sciences; Eindhoven Univerity of Technology,
2018.

[6][6] European Commission, Directive 2019/944, 2019.
[Online] Available at: https://eur-lex.curopa.cu/legal-
content/en/TXT/HTML/?uri=CELEX:320191.0944 &from=e
n [Accessed on 10 August 2020].

[7] De Clercq S., Schwabeneder D., Corinaldesi C.,
Bertetti O., "How to create value through aggregation: a
business model review for multiple regulatory environments
in Europe" 8th International Workshop on Integration of
Solar Power into Power Systems, Stockholm, 2018.

[8] Ziegler H., Mennel T., Hulsen C. Eurelectric. Short study
on Demand Response activation by independent aggregators
as proposed in the draft Electricity directive, 2017. [Online]
Available at:
https://www.eurelectric.org/media/2155/eurelectric_dr_aggr
egation_final report-2017-2521-0002-01-e.pdf [Accessed
on 5 September 2020].

[9] K. A. Linas Gelazanskas, "Demand side
management in smart grid: A review and proposals for future
direction," Elsevier, Sustainable Cities and Society, vol. 11,
pp. 22-30, 2014.

[10] JSC “Latvenergo”, Generation capacity in thermal
power stations and hydro power stations, 2020[Online]
Available at:  https://latvenergo.lv/lv/par-mums/razosana
[Accessed on 12 August 2020].

[11] Ministry of Economics of Latvia, National Energy
and Climate Plan, 2019. [Online] Available at:
https://em.gov.lv/lv/nozares_politika/nacionalais_energetika
s un_klimata_plans/. [Accessed 2 September 2020].

[12] Essiet 1.O., Sun Y. Maximizing demand response
aggregator compensation through optimal RES Utilization:
Aggregation in Johannesburg, South Africa. Department of

978-1-7281-9510-0/20/$31.00 ©2020 European Union

Electrical and Electronics Engineering Science, University of
Johannesburg, Johannesburg, 2006.

[13] Central Statistical Bureau of Latvia, Share of renewable
energy in electricity, 2019 [Online] Available at:
http://datal.csb.gov.lv/pxweb/en/vide/vide _energetika ik
gad/ENGO51.px/table/tableViewLayoutl/ [Accessed on 15
August 2020].

[14] Van der Veen R., Hakvoort R.A. The electricity
balancing market: Exploring the design challenge. Elsevier,
Utilities Policy, Volume 43, Part B, pp.186-194, 2016.

[15] Cabinet of Ministers of Latvia, Rules on
aggregation, 2020 [Online]. Available at:
https://likumi.lv/ta/id/313461-agregatoru-noteikumi
[Accessed on 1 September 2020].

[16] NordPool Power exchange, Electricity price
EUR/MWh, 2020 [Online]. Availabe at:
https://www.nordpoolgroup.com/Market-
datal/Dayahead/Area-Prices/LV/Hourly/?view=table
[Accessed on 16 August 2020].

[17] Transmission system operator JSC
"Augstsprieguma tikls", Power system state, 2020. [Online]
Available at: https://ast.lv/lv/content/situacija-
energosistema [Accessed on 20 August 2020].

[18] JSC "Latvenergo", Trade operations, 2020 [Online].
Available at: https://latvenergo.lv/lv/par-mums/tirdznieciba
[Accessed on 1 September 2020].

[19] Ltd "Enefit", Enefit has increased its client portfolio
by three times, 2020. [Online] Available at:
https://www.enefit.lv/majai/zinas/Enefit-triskart-palielina-
savu-klientu-portfeli [Accessed on 17 august 2020].

[20] Burger S., Chaves-Avila J.P., Batlle C., Perez-Arriaga
I.J. A review of the value of aggregators in electricity system.
Elsevier, Renewable and Sustainable Energy Reviews, Vol.
77, pp-395 — 405, 2017.

[21] Kurevska, L., Junghans, G., Sauhats, A., Broka, Z.,
Baltputnis, K., Lavrinovi¢s, V. Case Study - Assessing
Economic Potential for Demand Response in Baltic
Balancing Market. IEEE: 59th International Scientific
Conference on Power and Electrical Engineering of Riga
Technical University, 2018.

[22] JSC “Sadales tikls”, Smart and other electricity meters.
2020. [Online] Available at:
https://www.sadalestikls.lv/en/to-customers/electricity-
meters/about-electricity-meters/ [Accessed on 22 August
2020].

Authorized licensed use limited to: Riga Technical University. Download@:)s)oAugust 23,2023 at 08:33:33 UTC from IEEE Xplore. Restrictions apply.



Antra Kalnbalkite dzimusi 1992. gada Riga. Rigas Tehniskaja universi-
taté (RTU) ieguvusi bakalaura (2014) un magistra (2017) gradu vides
zinatné. Kops 2015. gada strada RTU Elektrotehnikas un vides inZzenier-
zinatnu fakultates Vides aizsardzibas un siltuma sistému institdta, ie-
nemot pétnieces amatu. Zinatniskds intereses saistitas ar ilgtspéjigu
vides inzenierijas izglitibas attistibu.
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