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Anotacija

Datu vak$ana un zinoSana par partikas atkritumu daudzumu Eiropas
Savieniba (ES) ir obligata kops 2020. gada. Neskatoties uz vienotas sistémas
ievieSanu, kas nosaka radito partikas atkritumu daudzuma kvantific€Sanu,
praktiska TstenoSana ir katras ES dalibvalsts individuala atbildiba. Vienota
sisteéma darbojas ka vadlinijas, nevis ka konkréts metodologiskais ietvars. Turklat
partikas atkritumi tiesiskaja regul&juma, p€tnieciba un prakse tiek definéti
atskirigi, kas palielina partikas atkritumu datu salidzinamibas sarezgitibu. Latvija
radito partikas atkritumu kvantific€Sana atrodas sakuma stadija. Tapéc triikst
sistematiskas pieejas partikas atkritumu daudzuma kvantificéSanai. Partikas
atkritumu kvantificéSanas sisteémas izstrade ir ar1 dala no Latvijas Partikas
atkritumu rasanas noveérSanas programmas.

Promocijas darba mérkis ir izstradat metodologisko ietvaru radito partikas
atkritumu daudzuma kvantific€$anai partikas razoSanas un majsaimniecibu
posmos Latvija, balstoties uz visparpienemtajiem partikas atkritumu daudzuma
kvantificESanas ietvariem un pétniecibas praksém. ES tiesiskais regulgjums
izmantots par normativo ietvaru. Tas tiek izprasts ka regulas, direktivas un citi
dokumenti, pieméram, delegétie un istenoSanas 1€émumi, kas reglamentg partikas
atkritumu jomu. Sis promocijas darbs ir tematiski vienota publikaciju kopa.
Balstoties uz teorétisko izpeti, promocijas darba veikti empiriski petijumi par
partikas nozares blakusproduktu daudzuma novert€Sanu, ka ari partikas
atkritumu daudzuma kvantific€Sanu Latvijas majsaimniecibas.

Promocijas darba izvirziti $adi uzdevumi: 1) veikt radito partikas atkritumu
daudzuma kvantificéSanas pétijumu analizi visa lauksaimniecibas produkcijas
razo$anas un partikas piegades k&dg, fokusgjoties uz pétijjumu metodologiju un
ar to saistitajiem ierobezojumiem, ka arT izvertét to sasaisti ar ES tiesisko
regul&jumu; 2) Izstradat partikas parstrades un razo$anas nozares blakusproduktu
definicijas tvérumu un veikt blakusproduktu daudzuma kvantitativo
novertg§jumu, izmantojot vienotus konversijas koeficientus astonas
Ziemeleiropas valstis; 3) identificét saikni starp partikas parvaldibas praksi un
partikas atkritumiem Latvijas majsaimniecibas; 4) izstradat metodologiju un
definiciju ietvaru partikas atkritumu daudzuma kvantific€Sanai Latvijas
majsaimniecibas.

Si promocijas darba rezultati sekmé partikas atkritumu kvantificéanas
metodologiska ietvara izveidi nacionala limeni. Blakusproduktu daudzuma
novertésanas metode ir izstradata atbilstosi ES delegéta Iémuma prasibam. Taja
tiek piedavata jauna pieeja, kura blakusproduktu daudzumu aprékinasanai tiek
izmantoti vienoti blakusproduktu koeficienti. Atkariba no blakusproduktu
izmanto$anas veida tie var kliit par partikas atkritumiem. Sis aspekts nav ticis
padzilinati skatits ne Latvija, ne citas Ziemeleiropas valstis. Ir izstradats
metodologiskais ietvars partikas atkritumu  kvantificé$anai  Latvijas



majsaimniecibas, saskanojot to ar ES prasibam partikas atkritumu datu vaksanai
un zinos$anai. Promocijas darba ir piedavata metodologija un definiciju tvérums
partikas atkritumu kvantifice$anai majsaimniecibas, lai ieglitu datus, kas ir
salidzinami starp ES dalibvalstim un mérijjumu periodiem. Lai palielinatu datu
detalizacijas pakapi, promocijas darba novertéti art partikas atkritumi, kas tiek
novaditi ka notekiideni vai kopa ar tiem — plisma, kas ieprieks Latvija netika
uzskaitita. Partikas atkritumu daudzuma kvantificeSanu majsaimniecibas
papildina izp&te par partikas parvaldibas lomam un izpratni par partikas
atkritumiem majsaimniecibas, kas lauj sasaistit partikas atkritumu raSanas
novérSanas un mazinasanas pasakumus ar individu paradumiem. Kopuma
promocijas darbs piedava metodologisko ietvaru partikas atkritumu daudzuma
kvantificéSanai nacionala limeni sistematiska veida. Rezultati var tikt izmantoti,
lai inform&tu attiecigos partikas piegades k&des dalibniekus par partikas
atkritumu daudzuma kvantific€Sanu un tas praktisko istenosanu.

Atsléegas vardi: partikas zudumi un atkritumi, partikas raZoSanas
blakusprodukti, kvantificé$ana, partikas piegades kéde, metodologija,
majsaimniecibas, saskanosana.
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Ievads

Atkritumu apsaimniekoSanai ir butiska nozime vides piesarnojuma
ierobezoSana. Pieaugosais atkritumu daudzums (kopgjais un uz vienu
iedzivotaju) visa pasaul€ rada ierobezojumus izejmaterialu pieejamibai, ka ar1
tradicionalajiem atkritumu apsaimniekoSanas pan€mieniem, pieméram,
apglabasanai poligonos. Tapéc atkritumu rasanas novér$ana un mazinasana, ka
arl materialu atgiiSana kliist svarigaka neka atkritumu apsaimniekoSanas
darbibas.

Kops 2015. gada, kad tika ieviesti Apvienoto Naciju Organizacijas
ilgtspgjigas attistibas mérki (IAM, jo Tpasi IAM 12 — “Atbildigs paterin$ un
razo$ana”) arvien lielaka uzmaniba tiek pievérsta biologiski noardamajiem
atkritumiem, jo Tpasi partikas atkritumiem. L1dz ar globalajiem mérkiem partikas
zudumu un atkritumu rasanas novér$anai un mazinasanai ir augusi arl centieni
izstradat partikas atkritumu daudzuma uzraudzibas un uzskaites sistemu. ES
limeni Delegétais lemums (ES) 2019/1597, ar ko papildinata Eiropas Parlamenta
un Padomes Direktiva 2008/98/EK attieciba uz kop&u metodiku un
minimalajam kvalitates prasibam partikas atkritumu daudzuma vienotai
mérisanai, kalpo ka vienotas vadlinijas visas ES dalibvalstis (turpmak — ES
delegétais lemums) (EC, 2019a). Tadgjadi kop$ 2020. gada ES dalibvalstim ir
jazino ES par partikas atkritumu daudzumu visa partikas piegades kede,
izmantojot vienotu zinoSanas formatu. Turklat 2025. gada Eiropas Savieniba
noteikti saistoSie mérki partikas atkritumu daudzuma rasanas noverSanai,
izmantojot vienoto zinoSanas formatu, lai sekotu Iidzi progresam So mérku
sasniegSana.

Tomér ES delegétais lémums nesniedz konkrétu metodologisko ietvaru, bet
gan vadlinijas partikas atkritumu daudzuma kvantificeSanai katra partikas
piegades k&des posma. Tas norada uz nepilnibam starp vienotajam prasibam un
to praktisko Tstenosanu.

Praks€ un pétnieciba tiek izmantoti atskirigi partikas atkritumu definiciju
ietvari, kas savstarpgji atSkiras p&c sist€mas robezam, materialu veidiem (jeb
partikas frakcijam) un to galamérka. Sie aspekti nosaka partikas atkritumu
daudzuma kvantific€Sanas tvérumu. Tas ir novedis pie sadrumstalotas partikas
atkritumu jédziena interpretacijas un zinosanas par tiem starptautiska méroga,
negativi ietekm&jot datu salidzinamibu starp valstim. Dazas valstis, tostarp
Latvija, joprojam atrodas partikas atkritumu kvantificESanas centienu agrina
posma, un tajas veél nav izveidota sisttma radito partikas atkritumu
kvantificg$anai un zino$anai nacionala [imeni. Sis promocijas darbs risina mingto
nepilnibu.

Minimala zinoSanas prasiba ES tiesiskaja regul&juma ietver kop€jos partikas
atkritumus, kas sastav no partikas @damajam un ne€damajam frakcijam. Tomér
$1 minimala zinoSanas prasiba atbilst zemakajam datu detalizacijas limenim, kas
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apgritina centienus novertét progresu cela uz atkritumu raSanas novérSanas un
samazina$anas mérku sasnieg§anu. Savukart $o frakciju nodaliSana palielina datu
detalizacijas pakapi, bet vienlaikus arT partikas atkritumu frakciju skaitu, kas
jakvantific€ un par kuram jazino atseviski. Riciba ar partikas atkritumiem, kas
atbilst atkritumu apstrades veidiem, ietver materialu atgiiSanas darbibas
(komposteSana un anaeroba parstrade), atkritumu apglabasana poligonos un
sadedzinasanu ar vai bez energijas regeneracijas. Partikas atkritumi, kas tiek
novaditi ka notekiideni vai kopa ar tiem, tiek klasificéti atseviski, nemot veéra to
atSkirigo galamérki notekiidenu attiriSanas sistema, nevis atkritumu
apsaimniekoSanas sistéma. Neskatoties uz detalizaciju, @damo frakciju, ka ar1
partikas atkritumu, kas tiek novaditi ka notekiideni vai kopa ar tiem, atseviska
nodaliSana un kvantific€Sana var tikt veikta brivpratigi.

Blakusprodukti, kas rodas partikas piegades k&des parstrades un razoSanas
posma, nav ieklauti visparpienemtajos partikas atkritumu daudzuma
kvantific€Sanas ietvaros, tai skaita ES delegétaja lémuma. Lai gan to rasanas ir
nenoverSama noteiktu partikas parstrades un razoSanas procesu dél, tie var klat
par partikas atkritumiem atkariba no ricibas ar tiem un attiecigi galamérka.
Paslaik nepastav vienotas sist€mas blakusproduktu daudzuma kvantificésanai.
Sistematiz&tu zinasanu trikums ierobezo informé&tu 1@mumu pienemsanu par
sekundaro biologisko resursu efektivu parvaldibu un blakusproduktu ka
izejmaterialu integraciju aprites bioekonomika.

ES delegetais lemums tika pienemts ne tikai vienotas partikas atkritumu
daudzuma kvantificeSanas noliika, bet ari, lai uzraudzitu progresu partikas
atkritumu raSanas nover§anas un mazinasanas mérku sasniegSana visa partikas
piegades k&de. Petijumi citas Eiropas valstis liecina, ka vislielaka partikas
atkritumu rasanas ir novérojama partikas piegades k&des majsaimniecibu posma.
Majsaimniecibas ir ar partikas piegades keédes noslédzosais posms, kura partika
ir paredz€ta paterinam cilvéku uztura, tacu ta var tikt pardalita, novirzita
dzivnieku baribai vai izmesta. Lai identificétu piemérotus partikas atkritumu
raSanas novér$anas un mazinasanas pasakumus, ir batiski ne tikai izmantot
vienotu pieeju partikas atkritumu daudzuma kvantificéSanai, bet ari izpétit
majsaimniecibu ieradumus un izpratni par partikas atkritumiem.

Pettjuma aktualitates pamatojums

Lai gan zinoSana par partikas atkritumu daudzumiem ir obligata kops
2020. gada, Latvija vel nav izstradata un ieviesta sistematiska pieeja partikas
atkritumu daudzuma kvantificéSanai un zinoSanai. Partikas atkritumu jédziena
defingSana ir nekonsekventa gan starp valstim, gan laika gaita. Fragmentgta datu
vaksana apgriitina datu interpretaciju un salidzinamibu, ka arT centienus novertet
progresu virziba un partikas atkritumu raanas novér§anu un mazinasanu. Sis
promocijas darbs risina 8o nepilnibu, piedavajot metodologisko ietvaru, kas



saskan ar ES tiesisko regulgjumu un ko iesp&ams pielagot nacionala Iiment
vairakos zinosanas periodos.
Petijuma téze

Metodologiskais ietvars, kas nem véra konkréta partikas piegades kédes
posma iezimes un integré zinaSanas no esoSajiem pétjjumiem un tiesiska
regulgjuma prasibam par partikas atkritumu daudzuma kvantificéSanu, var
nodrosinat konsekventaku un salidzinamaku partikas atkritumu datu vak$anu
valsts ItmenT neka Iidz §im izmantotas sadrumstalotas kvantific€Sanas pieejas.

Darba merkis

Promocijas darba merkis ir izstradat metodologisko ietvaru partikas
atkritumu daudzuma noteikSanai un adaptét to partikas razoSanas un
majsaimniecibu posmiem Latvija, sistematiz€jot visparpienemtos partikas
atkritumu daudzuma noteik$anas metodologiskos ietvarus un pétniecibas praksi.
Promocijas darba ka normativais pamats izmantots attiecigais ES tiesiskais
regul&jums. Balstoties uz teorgtisko petijumu, promocijas darbs ir papildinats ar
empirisko analizi par partikas atkritumu raSanos, tas noverSanu un mazinasanu
Latvijas majsaimniecibas. Turklat promocijas darba tiek izskatiti blakusprodukti,
kas nav ieklauti partikas atkritumu kvantific€Sanas sisteéma, bet ir ciesi saistiti ar
partikas atkritumiem partikas piegades k&de. Saja promocijas darba
metodologiskais ietvars tiek saprasts ka “strukturétas norades procesa vai
proceduras veiksanai” (McMeekin et al., 2020).

Promocijas darba péetamie jautajumi

1. Ka pétnieciba un prakse tiek veikti partikas atkritumu daudzuma mérijumi?

2. Ka veikt blakusproduktu daudzuma meérfjumus saskana ar partikas atkritumu
daudzuma kvantificéSanas sisttmu?

3. Ka iedzivotaju partikas parvaldiba ir saistita ar vinu izpratni par radito
partikas atkritumu daudzumu, ka arT ar ricibu partikas atkritumu rasanas
noverSanai, mazinasanai un apsaimniekosanai?

Promocijas darba uzdevumi

e 1. uzdevums. Veikt partikas atkritumu daudzuma kvantific€Sanas p&tfjumu
analizi visa lauksaimniecibas produkcijas razo$anas un partikas piegades
kéde, fokusgjoties uz pétijumu metodologiju un ar to saistitajiem
ierobezojumiem, ka arT izvertet to sasaisti ar ES tiesisko regul&jumu.

e 2. uzdevums. Izstradat partikas parstrades un razoSanas nozares
blakusproduktu definicijas ietvaru un veikt to daudzuma kvantitativo
novertgjumu astonas Ziemeleiropas valstis, izmantojot vienotus konversijas
koeficientus.

e 3. uzdevums. Identificét saikni starp partikas parvaldibas praksi un partikas
atkritumiem Latvijas majsaimniecibas.

10



4. uzdevums, Izstradat metodologiju un definiciju ietvaru partikas atkritumu
daudzuma kvantific€$anai Latvijas majsaimniecibas.

Promocijas darba novitate

1.

Metodologisko nepilnibu novérsana. Promocijas darbs piedava
sistematisku parskatu par atkritumu kvantifice$anas pétjjumos izmantoto
metodologiju, lai identificétu p&tjjuma dizainu, metodes un to ierobezojumus.
So ierobezojumu noskaidrosana var sekmét turpmako pétfjumu planosanu,
izvairoties no ierobezojumiem, kas var mazinat partikas atkritumu datu
ticamibu un kvantificéSanas atkartojamibu.

Priekslikums blakusproduktu daudzuma kvantificéSanai. Promocijas
darba pétiti arm blakusprodukti, kas partikas atkritumu daudzuma
kvantific@Sanas pétijumos netiek ietverti. Lai gan blakusprodukti biezi netiek
klasificeti ka partikas atkritumi, atkariba no to galamérka tie var klat par
partikas atkritumiem. Promocijas darba tiek paradita pieeja blakusproduktu
daudzuma novertésanai valsts Iimeni, ko var parnemt plasaka geografiska
konteksta, jo ta balstas uz statistikas datiem valsts Itmeni. Blakusproduktu
definicijas ietvars tika veidots, balstoties uz ES delegéto 1emumu.

Atskirigu partikas parvaldibas lomu identificéSana. Promocijas darbs
piedava partikas parvaldibas lomas, kas induktivi veidotas, balstoties uz
individa iesaisti partikas parvaldiba majsaimnieciba. Promocijas darba pétits,
vai attieksme, motivacija un iemesli, kadel majsaimniecibas rodas partikas
atkritumi, atSkiras starp dazadam partikas parvaldibas lomam.

Ieprieks nenoteiktu partikas atkritumu plasmu kvantificeSana: Papildus
partikas atkritumu kop&am daudzumam, pirmo reizi Latvija tika noteikts
majsaimniecibu partikas atkritumu daudzums, kas tiek notecinati ka
notekiideni, tadgjadi nosakot atskaites punktu turpmakiem kvantific€Sanas
centieniem.

Promocijas darba praktiska nozime

1.

Partikas atkritumu datu vakSanas sistémas pilnveide Latvija.
Metodologiskais ietvars tika izmantots, lai 2024. gada Latvija veiktu partikas
atkritumu daudzuma kvantificeSanu, lai sniegtu obligatos zinojumus
Eurostat, skatit Dace et al. (2025). Risinot partikas atkritumu daudzuma
kvantificéSanas, raSanas novérSanas un mazinasanas jautajumus valsts
méroga, kur datu pieejamiba ir ierobeZota, promocijas darbs veicina progresu
virziba uz ANO Ilgtspgjigas attistibas merki (IAM) 12.3.

Ieskats iedzivotaju izpratné par partikas atkritumiem. Promocijas darba
tick uzsvérta nozime, kada ir Latvijas pastavigo iedzivotaju informétibai,
attieksmei, motivacijai un ricibai saistiba ar partikas atkritumu rasanos,
noveérSanu un mazinaSanu. Sniegts ieskats, kas var noderét, izstradajot
vadlinijas Partikas atkritumu raSanas noverSanas programmas Istenosanai
Latvija (VARAM, 2021).
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3. Blakusproduktu identificéSana aprites bioekonomikas konteksta:
Ierosinot pieeju blakusproduktu daudzuma kvantific€$anai, promocijas darbs
sniedz sistematisku parskatu par blakusproduktu daudzuma pieejamibu
nacionala Iimeni. Paslaik nav vienotas sistémas blakusproduktu daudzuma
novertésanai, un lémumu pienémejiem var trukt datu, kas nepiecieSami
blakusproduktu izmantoSanai.

Aizstavamds tezes

1. Visos partikas piegades k&€des posmos ir nepiecieSams saskanots un nacionala
limeni pienemts metodologiskais ietvars partikas atkritumu daudzuma
kvantificé$anai, lai nodroSinatu kvantific€Sanas atkartojamibu, akuratus
datus un to salidzinamibu starp partikas piegades kédes posmiem, starp
gadiem un valstm.

2. Blakusproduktu daudzuma kvantificéSanas ievieSana lauj uzskaitit
sekundaras bioresursu plismas, kas 11dz §im nav ieklautas datu vaksanas un
zinoSanas sistéma, tacu var sniegt zinasanas par iesp&jami nepietiekami
izpétitiem resursiem, kurus var integrét aprites bioekonomika.

3. Lielaka iesaiste partikas parvaldiba majsaimniecibas ir saistita ar lielaku
informétibu par partikas atkritumiem, ka arT ar ricibu, kas vérsta uz partikas
atkritumu rasanas noverSanu un mazinasanu, salidzinajuma ar atsvesSinatibu
no partikas parvaldibas ikdiena.

Promocijas darba rezultatu aprobacija

Promocijas darbs izstradats laika posma no 2021. lidz 2026. gadam.
Promocijas darba rezultati ir publicéti tris zinatniskas publikacijas (publicétas
zurnalos, kas indekseti Web of Science un Scopus datu bazes). Promocijas darba
rezultati ir prezentéti un apspriesti 10 starptautiskas un 2 Latvijas konferences.
Autore ir piedalijusies partikas atkritumu daudzuma kvantificéSanas sist€émas
izstradé Latvija, kas Tstenota projekta “Atkritumi ka resursi Latvija — regionalas
ilgtsp&jas un aprites veicinasana, ievieSot atkritumu ka resursu izmantoSanas
koncepciju” (LIFE Waste To Resources IP, LIFE20 IPE/LV/000014), ko isteno
ar Eiropas Savienibas LIFE programmas un Latvijas Republikas Klimata un
energétikas ministrijas finansialu atbalstu. Kopuma autore ir lidzautore
10 zinatniskajam publikacijam, kas indeks&tas Scopus un Web of Science datu
bazés. Divas datu kopas ir iesniegtas Rigas Stradina Universitates
institucionalaja repozitorija Dataverse.

Ar promocijas darbu saistitas zinatniskas publikacijas

1. Soloha, R., Kleinberga, V., Dace, E. (2026). Linking household food
management practices and food waste: Evidence from Latvian households.
Cleaner Waste Systems, 14, Article No. 100534. (indekséts Web of
Science/Scopus, Elsevier, IF2024 = 3.9, Q2). DOI
10.1016/j.clwas.2026.100534.
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2. Soloha, R. & Dace, E. (2025). Research on quantification of food loss and

waste in Europe: A systematic literature review and synthesis of
methodological limitation. Resources, Conservation & Recycling Advances,
28. Article No. 200287. (indekséts Web of Science/Scopus, Elsevier,
IF2024 = 6.4, Q1). DOI: 10.1016/j.rcradv.2025.200287.

Soloha, R., Lukasa, L.K. & Dace, E. (2025). Estimation and bio-valorisation
of food industry by-products in Northern Europe. Biomass Conversion and
Biorefinery, 15, 4349-4370. (indekséts Web of Science/Scopus, Springer,
IF2024 = 4.1, Q2). DOI: 10.1007/s13399-024-05423-6.

Konferences materiali

1.

Soloha, R., MuizZniece, M., Dace, E. (2025). Food waste measurements in
Latvian households: lessons from a diary study aligned with the EU
framework. Symposium Proceedings of Sardinia Symposium 2025: 20th
International Symposium on Waste Management, Resource Recovery and
Sustainable Landfilling. ISBN 9788862650472, ISSN 2282-0027.

Datu kopas

1.

Soloha, R., Kleinberga, V., Dace, E. (2024). Survey on household food
consumption, food waste awareness, generation and practices: The case of
Latvia, January 2023. Riga Stradins University Institutional Repository
Dataverse, V1. DOI: 10.48510/FK2/BDUEIO.

Soloha, R., Kleinberga, V., Dace, E. (2024). Survey on food waste awareness,
generation and measurement in retail and food service sectors: The case of
Latvia, January 2023. Riga Stradins University Institutional Repository
Dataverse, V2. DOI: 10.48510/FK2/HF20LT.

Citas promocijas darba neieklautas zinatniskas publikacijas

1.

Mukamwi, M., Somorin, T., Soloha, R., & Dace, E. (2023). Databases for
biomass and waste biorefinery — a mini-review and SWOT analysis.
Bioengineered, 14(1). (indeksets Web of Science/Scopus, Taylor & Francis,
IF2024=4.2, Q1). DOI: 10.1080/21655979.2023.2286722.

Balina, K., Soloha, R., Suleiko, A., Dubencovs, K., Liepins, J., Dace, E.
(2023). Prospective Life Cycle Assessment of Microbial Sophorolipid
Fermentation, Fermentation, 9(9), 839. (indekséts Scopus, 1F2023=3.7, Q2).
DOI: 10.3390/fermentation9090839.

Liepins, J., Balina, K., Soloha, R., Berzina, 1., Lukasa, L. K., Dace, E. (2021).
Glycolipid Biosurfactant Production from Waste Cooking Oils by Yeast:
Review of Substrates, Producers and Products. Fermentation, 7, 136.
(indeksets Scopus, [F2021=5.1, Q2). DOI: 10.3390/fermentation7030136.

Zinojumi starptautiskas zinatniskajas konferences

I.

Soloha, R., Muizniece, M., Dace, E. (2025). Food waste measurements in
Latvian households: lessons from a diary study aligned with the EU
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framework  (mutiska prezentacija). Sardinia = Symposium  2025:
20th International Symposium on Waste Management, Resource Recovery
and Sustainable Landfilling. Sardinija, Italija, 13.—17. oktobris.

. Soloha, R., Kleinberga, V., Dace, E. (2025). Causes, awareness and
behaviour of food waste generation in Latvian households: a quantitative
study (mutiska prezentacija). RETASTE 2025: Rethink Food Resources,
Losses and Waste. 5th International Conference. Aténas, Griekija,
24.-27. septembris.

. Soloha, R., Melnalksne, Z., Svarupa, S., Vecozola, A., Dace, E. (2024).
Harmonizing food waste reporting in the EU: Decoding flows at the level of
food supply stages (stenda referats). RETASTE 2024: Rethink Food
Resources, Losses and Waste 2024. 4th International Conference. Heraklion,
Greece, September 25-27.

. Soloha, R., Lukasa, L. K., Dace, E. (2024). Assessment and bio-valorisation
of by-products from food industry in Europe (mutiska prezentacija).
RHODES 2024: 1ith International Conference on Sustainable Waste
Management. Roda, Griekija, 19.-22. junijs.

. Soloha, R., Lukasa, L. K., Dace, E. (2024). Estimation and bio-valorisation
of food industry by-products in Northern Europe (mutiska prezentacija). Side
event CIRCLE: International conference “Promoting collaboration for
a sustainable and circular bioeconomy” of the World Circular Economy
Forum. Tiessaiste, 10. aprilis

. Soloha, R., Kleinberga, V., Dace, E. (2023). The Survey of systemic food
waste generation causes in Latvian retail, catering and households (mutiska
prezentacija). Side event “Fostering action with narratives: Communicating
about climate change and energy transition in politics, business, media and
society” of the 3rd International Interdisciplinary Conference PLACES. Riga,
Latvija, 30. marts.

. Soloha, R., Dace, E., Kleinberga, V. (2023). Challenges and causes of food
loss and waste generation across the food supply chain: the case of Latvia
(mutiska prezentacija). World PhD Students Summit on Sustainable
Development. Tiessaiste, 22. marts.

. Dace, E., Soloha, R. (2022). Household Biowaste Management in Latvia:
An Assessment  within  the Infrastructure, Socio-Economic and
Environmental Context of Local Municipalities (mutiska prezentacija). icRS
2022: International Conference on Resource Sustainability. TieSsaiste,
1.—4. augusts.

. Dace, E., Soloha, R., Balina, K. Lukasa, L. K. (2022). Enabling circular
bioeconomy via estimating the potentially valorisable food loss and waste in
the Northern European region (mutiska prezentacija). BTechPro 2022:
International Conference for Young Scientists on Biorefinery Technologies
and Products. Riga, Latvija, 27.-29. aprilis.
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10. Dace, E., Soloha, R., Lukasa, L. K. (2021). Enabling circular bioeconomy
via estimating biowaste and food loss valorisation potential in Latvia
(stenda referats). International Conference Strategies toward Green Deal

Implementation: ~ Water, =~ Raw  Materials &  FEnergy.  TieSsaistg,
8.-10. decembris.

Zinojumi vietéja meroga konferences

1. Kleinberga, V., Dace, E., Soloha, R. (2023). Partikas un biologiskie
atkritumi — komunikacijas izaicingjumi (mutiska prezentacija). Dialogs ar
zinatni. TieSsaiste, 8. decembri.

2. Soloha, R., Dace, E. (2022). Izaicinajumi un iespgjas partikas zudumu un
atkritumu rasanas novérsanas un valorizacijas Tsteno$ana (mutiskais referats).
80. LU starptautiskas zindtniskas konferences sesija Vides un ilgtspejigas
attistibas parvaldiba. TieSsaist€, 23. februaris.

Promocijas darba struktiira

Darbs balstas uz trim recenzeétam zinatniskajam publikacijam (I, II un
III raksts) un vienu publikaciju konferences t€zu krajuma (IV raksts). I raksts ir
sistematisks literatiiras parskats, kura analizeéts, ka un vai radito partikas
atkritumu daudzuma kvantific€Sanas procediira zinatniskajos p&tijjumos balstas
uz, papildina vai atskiras no metodém, kas izklastitas visparpienemtajos partikas
atkritumu kvantific€Sanas ietvaros — ES delegétaja lémuma un Partikas zudumu
un atkritumu uzskaites un zinosSanas standarta (Soloha & Dace, 2025). II raksta
mérkis ir identificét un noveértet partikas parstrades un razoSanas nozares
blakusproduktus (Soloha et al., 2024). III raksta analiz&ta saikne starp partikas
parvaldibas lomu un partikas atkritumiem Latvijas majsaimniecibas (Soloha
etal.,, 2026). Datu kopa I tiek izmantota ka izejmaterials datu analizei
(Soloha et al., 2023). IV raksts piedava metodologiju partikas atkritumu
daudzuma kvantific€Sanai majsaimniecibas (Soloha et al., 2025).

Autores ieguldijums

Promocijas darbs izstradats vadosas pétnieces Dr. sc. ing. Elinas Daces
vadiba. Zinatniskas publikacijas izstradatas kopa ar Elinu Daci (publikacija -
III), Vinetu Kleinbergu (publikacija III) un Livu Kristianu Lukasu (publikacija I).
Autores ieguldijums atbilstosi Contributor Roles Taxonomy (CRediT) sist€mai:

e I raksts — koncepcija, metodologija, validéSana, datu analize, datu

apstrade, att€lu veidoSana, manuskripta sakotngja uzmetuma
sagatavo$ana, parskati§ana un redigéSana.

e 1II raksts — koncepcija, metodologija, validéSana, datu analize, datu

apstrade, att€lu veidoSana, manuskripta sakotngja uzmetuma
sagatavo$ana, parskati$ana un redigéSana.
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IIT raksts — koncepcija, datu apstrade, datu analize, finans€juma
piesaiste, metodologija, validéSana, att€lu veido$ana, manuskripta
sakotn&ja uzmetuma sagatavoSana, parskatiSana un redigéSana.

IV raksts — koncepcija, metodologija, datu analize, attélu veidoSana,
manuskripta sakotngja uzmetuma sagatavoSana, parskatiSana un
redigésana
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1. Teoréetiskais pamatojums

1.1. Partikas zudumi un atkritumi ilgtspéjas konteksta

Klimata parmainas, dabas resursu izsikSana, Gdens, augsnes un gaisa
piesarnojums (tai skaita atkritumu raditais), vides degradacija, biologiskas
daudzveidibas samazinasanas, iedzivotaju skaita pieaugums, partikas
nodroSinajuma trikums un partikas nekaitiguma riski, ka arT nepietickams uzturs
un ar to saistitas saslimSanas apdraud partikas sisteémas ilgtsp&ju. Partikas sistema
aptver lauksaimniecibas un partikas aprites k&di (lauksaimniecibas produkcijas
razoSana un partikas piegades kéde), taja iesaistitos dalibniekus (no anglu val. —
actors), ka ar1 vides, ekonomikas, socialas, politikas un veselibas dimensijas, kas
saistitas ar partikas nodroSinasanu, paterinu un arT atkritumu apsaimniekosanu.
Ilgtsp&jiga partikas sistéma aptver efektivu resursu izmantoSanu, dabas resursu
aizsardzibu, lauku kopienu (no anglu val. — rural livelihood) labklajibu, cilveku,
kopienu un ekosisttmu noturibu, k@ ari atbildigu parvaldibu (Holden et al.,
2018). llgtspejiga, veseliga un ieklaujoSa partikas sisteéma ir dala no Eiropas
Savienibas pétniecibas un inovaciju politikas ietvara “Food 2030” (EC, 2023).
Turklat ilgtsp&jiga partikas sist€ma ir ciesi saistita ar planétas robezu (no anglu
val. — planetary boundaries) konceptu. Vairaki no deviniem definétajiem Zemes
sist€émas procesiem ir ciesi saistiti ar partikas razosanu, tas ir, zemes lietojuma
veida maina (no anglu val. — land system change), biosferas integritate (no anglu
val. — biosphere integrity), slapekla un fosfora aprites cikli un klimata parmainas
(Richardson et al., 2023).

Lidz ar pasaules iedzivotaju skaita pieaugumu visa pasaulg palielinas partikas
patérin$ un kopgjais partikas atkritumu daudzums (Gatto & Chepeliev, 2024).
Lai gan Latvijas pastavigo iedzivotaju skaits samazinas, atkritumu daudzums uz
vienu iedzivotaju pieaug. Piemé&ram, raditais sadzives atkritumu daudzums
2022. gada sasniedza 464 kg uz vienu iedzivotaju, tadejadi tuvinoties ES vidgjam
raditajam, kas 2023. gada bija 511 kg uz vienu iedzivotaju (Eurostat, 2025b). Lai
gan sadzives atkritumu apglabasana poligonos ir samazinajusies, ta joprojam
veido nozimigu dalu no sadzives atkritumu apsaimniekoSanas Latvija (1. att€ls).
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1. attéls. Sadzives atkritumu apsaimniekosana Latvija no 2013. lidz
2022. gadam (autores veidots, Eurostat dati)

Partikas zudumu un atkritumu (PZA) rasanas mazina partikas sist€mas
ilgtsp&ju. Tadgjadi ar to rasanos saistito problému risinasana ir biitiska. Virzities
uz resursu efektivu partikas sisttmu var, pieméram, uzlabojot partikas
parvaldibu, noveérSot, mazinot vai parstradajot partikas atkritumus. Partikas
atkritumu rasanas novérSana kopa ar pareju uz veseligu uzturu un
lauksaimniecibas razibas (no anglu val. — agricultural productivity) uzlaboSanu
ir saistita ar lielaku negativas ietekmes uz vidi samazinajumu neka tad, ja katrs
no Siem uzdevumiem tiktu risinats atseviski (Rockstrom et al., 2025). Piemé&ram,
salidzinot ar 2020. gada bazes limeni, Sie kopigie pasakumi Iidz 2050. gadam
lautu mazinat globalas lauksaimniecibas emisijas par 20 %, salidzinot ar 15 %,
ja notiktu tikai pareja uz veseligu uzturu (Rockstrém et al., 2025). PZA ir tiesi
saistiti ar lauksaimniecibas razoSanu, partikas drosibu un uzturu, savukart netiesi
ar klimata parmainam un biologiskas daudzveidibas samazina$anos, veselibas
apriipes sistému, ka arT ekonomikas un parvaldibas sisttmu (Delgado et al.,
2023).

Valstis ar augstu ienakumu Iltmeni lielaka dala partikas atkritumu rodas
majsaimniecibas, savukart valstis ar zemu ienakumu [imeni — primaras raZo$anas
posma (UNEP, 2024). Pasaules méroga datus par partikas atkritumiem pirmo
reizi 2011. gada publicgja Partikas un lauksaimniecibas organizacija (FAO).
Vidgji majsaimniecibas Eiropa un Ziemelamerika uz vienu iedzivotaju radas 95—
115 kg partikas atkritumu (Gustavsson et al., 2011).

Pirmaja ES m@roga pétijuma par partikas atkritumu daudzuma noveértgjumu
2012. gada secinats, ka ES kopuma rodas 87,6 = 13,7 miljoni tonnu partikas
atkritumu, kas atbilst 143 miljardiem eiro jeb 1,63 eiro par katru izmesto
kilogramu (Stenmarck et al., 2016). Tika secinats, ka kopuma 20 % no visiem ES
sarazotajiem partikas produktiem tiek izmesti. Izsakot uz vienu iedzivotaju, visa
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partikas piegades kédé (PPK) radas 173 £27 kg uz iedzivotaju. Visvairak
majsaimniecibas (92 + 9 kg), savukart vismazak vairumtirdzniecibas un
mazumtirdzniecibas posma (9 +2 kg). Neskatoties uz to, ka pétijjums ir
visaptveross, taja izmantotie dati pamata balstas uz p&tfjumiem no Ziemeleiropas
un Rietumeiropas valstim.

Jaunakie ES dati, kas iegiti atbilstosi ES delegéta 1émuma prasibam, par
partikas atkritumu daudzumu liecina, ka 2023. gada ES27 dalibvalstis kopuma
radas 58,2 miljoni tonnu partikas atkritumu jeb vidg&ji 130 kg uz vienu iedzivotaju
visa PPK (Eurostat, 2025a). Lielakais daudzums tika radits majsaimniecibas —
69 kg uz vienu iedzivotaju. Primara razoSana veidoja 12 kg uz vienu iedzivotaju,
parstrade un razoSana — 24 kg uz vienu iedzivotaju, mazumtirdznieciba un
izplatiSana — 10 kg uz vienu iedzivotaju, ka arT restorani un @&dinaSanas
pakalpojumi — 14 kg uz vienu iedzivotaju. Tomér dati no katras ES27
dalibvalstim liecina par ievérojamam atSkirtbam. Turklat partikas atkritumu
raSanas samazindgjums gadu gaita v&l nav novérojams, iznemot nelielu
samazinajumu primaras razo$anas posma. Piem&ram, partikas atkritumu
daudzums majsaimniecibas svarstijas no 34 kg uz vienu iedzivotaju Sloveénija
lidz 122 kg uz vienu iedzivotaju Portugalé. Lai Tstenotu pasakumus partikas
atkritumu raSanas nover$anai un mazinasanai, ir svarigi saprast, kap&c un cik
daudz to rodas (Bruns et al., 2024).

1.2. Partikas atkritumu tiesiskais reguléjums ES

2015. gada Apvienoto Naciju Organizacija (ANO) izvirzija mérki lidz
2030. gadam uz pusi samazinat partikas atkritumu daudzumu uz vienu
iedzivotaju mazumtirdzniecibas un patérina posma, ka arT samazinat partikas
zudumus péc razas novaksanas, partikas razosana un izplatiSana, salidzinot ar
2015. gadu, kas ir atsauces gads (“Atbildigs paterins un razosana”) (UN, 2016).
Sis mérkis velak tika pielagots un ieklauts Eiropas Savienibas (ES) tiesibu aktos
par atkritumiem un p&c tam arT ES dalibvalstu, tostarp Latvijas, nacionalajos
tiesibu aktos un politikas planoSanas dokumentos. ES galvenais tiesibu akts, kas
regulé atkritumu jomu, ir Eiropas Parlamenta un Padomes 2008. gada Direktiva
2008/98/EK par atkritumiem (turpmak — Atkritumu pamatdirektiva), kas stajas
speka 2008. gada. Stratégija “No lauka Iidz galdam” ir dala no ES aprites
ekonomikas ricibas plana, kas veicina aprites ekonomiku partikas vertibas kede
(no anglu val. — food value chain) (EC, 2020), tostarp partikas atkritumu raSanas
novér$anu un mazinasanu.

1.2.1. Definicija

Vesturiski petijumos atkritumu definicijas un tvérums ir bijusi atskirigi, tadel
ir grti ilgtermina vakt, analizét un uzraudzit datus par atkritumu daudzumiem
(Boiteau & Pingali, 2023; Gage etal., 2024). 2018.gada Atkritumu
pamatdirektiva tika grozita ar Direktivu (ES) 2018/851 (EC, 2018a). Pirmo reizi
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ES tika oficiali definéts termins “partikas atkritumi”. “Partikas atkritumi” ir “visi
partikas produkti, ka definéts Eiropas Parlamenta un Padomes Regulas (EK) Nr.
178/2002 2. panta, kas kluvusi par atkritumiem”. Tadgjadi, lai precizi
interpretétu terminu “partikas atkritumi” saskana ar ES tiesisko regulgjumu, ir
nepiecieSams izprast atseviSko terminu “partika” un “atkritumi” definicijas.
Termins “partika” (vai “partikas produkts”) ir definéts Eiropas Parlamenta un
Padomes Regula (EK) Nr. 178/2002, ar ko nosaka partikas tiesibu aktu vispargjos
principus un prasibas, izveido Eiropas Partikas nekaitiguma iestadi (EFSA) un
nosaka procediras partikas nekaitiguma jautdjumos (turpmak — Visparigais
partikas aprites tiesibu akts). “Partika” ir “jebkura viela vai produkts, kas ir
parstradats, daléji parstradats vai neparstradats un paredzets lietoSanai uztura”
(EC, 2002). Saskana ar Vispargjo partikas tiesibu aktu partika neietver dzivnieku
baribu, dzivos dzivniekus, ja vien tie nav sagatavoti laiSanai tirgdi cilveku
pat@rinam, augus pirms razas novaksanas, mediciniskos produktus, kosmetiku,
tabaku un tabakas izstradajumus, narkotiskas un psihotropas vielas, ka ari
atliekas un piesarnotajus. “Atkritumi”, ka definéts Atkritumu pamatdirektiva, ir
“jebkura viela vai prieksmets, ko turétajs izmet vai plano izmest, vai vipam ir
pienakums to izmest” (EC, 2018a). Tatad partikas atkritumi ir jebkura partika,
kas bijusi paredzeta cilveéku patérinam, bet ta vieta ir kluvusi par atkritumiem.
ES tiesiskais regul&jums no partikas atkritumu definicijas izsledz dz&rienus
un citus Skidrumus, kas tiek notecinati kopa ar notekiideniem. Tie tiek izdaliti ka
atseviska kategorija. Turklat partikas atkritumos netiek ieklautas partikas
atkritumu frakcijas, kas ir sajauktas ar iepakojumu, atliekvielam vai citiem
materialiem, kuri netiek uzskatiti par partiku un kurus nevar atdalit no partikas
atkritumiem. Tas galvenokart ir nepiecieSams, lai izvairitos no datu nepareizas
interpretacijas, proti, lai neieklautu aprékinos nepartikas frakcijas.

1.2.2. Sistémas robezas

Lai precizi interpret€tu partikas atkritumu definiciju, ir svarigi noteikt
sisteémas robezas. Attieciba uz ES tiesisko regulgjumu sistéma aptver PPK, sakot
no primaras razoSanas, parstrades un razo$anas, mazumtirdzniecibas un
izplatiSanas, restoraniem un &dinasanas pakalpojumiem lidz pat
majsaimniecibam (2. attéls). ES tiesiskaja reguléjuma primara razo$ana aptver
tikai procesus pec razas novaksanas un lopu kausanas. Tadgjadi lauksaimniecibas
produkcijas razosana ir arpus sist€mas robezam (2. attéls).

Partikas pakalpojumu un majsaimniecibu posmus dazkart déve par patérina
posmu. Ja tas nav skaidri noradits, var biit griiti saprast, vai paterins attiecas tikai
uz vienu no Siem posmiem vai uz abiem kopa. Klasifikacijas nolukos ES izmanto
ekonomiskas darbibas statistisko klasifikaciju (NACE), lai identific€tu attiecigas
darbibas dazados PPK posmos, iznemot majsaimniecibas.

Katrs PPK posms ir saistits ar dazadam apaksnozar€m un procesiem, kas
notiek ar partiku. Tas ir saistits arT ar dazadam izejvielam un produktiem, ka ar1
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to galamérkiem. Saskana ar ES delegéto lémumu katrs PPK posms, iznemot
majsaimniecibas, var tikt saistits ar NACE klasifikaciju. Kamér dazi NACE kodi
ir saistiti ar konkrétu PPK posmu un partikas grupu, dazi attiecas uz jauktam
(partikas un nepartikas produktiem) saimnieciskam darbibam, kas prasa parbaudi
uz vietas (Barco etal., 2019). Turklat prakse uznémums var veikt vairakas
saimnieciskas darbibas un tadgjadi tas var attiekties uz vairakiem NACE kodiem,
vai arT ar partiku saistitas darbibas var nebiit galvenas, bet gan papildu darbibas.
Tas palielina partikas atkritumu attiecinaSanas uz atbilstoSo PPK posmu un
NACE kodu sarezgitibu.

Lauksaimniecibas produkcijas razosanas un partikas piegades kéde

RaZo3anas (no anglu val. — upstream) posmi Patérina (no anglu val. — downstream) posmi
LAUKSAIMNIECIBAS PRODUKCIJAS _ _ _
RAZOZANA PARTIKAS PIEGADES KE DE
Partikas zudumi (ANO 1AM 12), o Partikas atkritumi (ANO IAM 12)
<« > <«

Partikas atkritumi (ES delegétais lEmums 2019/1597)

Partikas zudumi un atkritumi (Partikas zudumu un atkritumu standarts)

A

Augkopiba, MAZUM- =
piena lopkopiba, Razas PRIMARA PARSTRADE UN TIRDZNIECTBA Lyl RE;E;SAANI\:ZSN Lyl MAJ-
olu putnkopiba, novakdana > RAZOSANA RAZOSANA* UN CITADA PO SAIMNIECTBAS*
bigkopiba IZPLATISANA
Galas lopkopiba, Blakus- f
dnieciba, produkti
zivsaimnieciba

P Partikas parpalikumi

< >

Anotacija:

l:l Partikas piegades kédes posms —p  lauksaimniecibas produkcijas un partikas
piegades kédes secigie posmi

* Posmi, kuros partika tiek parveidota <«—»  Partikas zudumu un partikas atkritumu

terminu izmanto3anas robezas

2. attéls. Terminu atSkiribas starp visparpienemtajiem partikas atkritumu
definiciju ietvariem (EC, 2019a; Hanson et al., 2016); (Ostergren et al., 2014;
UNEDP, 2021) un robezas lauksaimniecibas produkcijas razoSanas un partikas

piegades kédé (autores veidots, pamatojoties uz Leverenz et al. (2021))
Primara raZoSana

Primara razosana ietver lauksaimniecibas nozares saskana ar NACE A sadalu
“Lauksaimnieciba, mezsaimnieciba un zvejnieciba”, kas saistitas ar darzkopibu
(auglu, ogu un darzenu razosana), piena lopkopibu, olu razoSanu un biskopibu
medus razoSanai. Primaras raZoSanas dzivnieku audzeSanas, medibu un
zvejniecibas, ka ar1 akvakultiiras nozares nav ieklautas partikas atkritumu
uzskaitg, jo §1s darbibas nav radijusas partiku, proti, tas neietilpst ES “partikas”
definicijas ietvara. No $im lauksaimniecibas nozarém darzkopibas produktus var
izplatit svaigus gala pat€rinam vai izmantot ka sastavdalas parstrade un razosana,
lai razotu parstradatus partikas produktus. Citdas nozarés parstrade ir
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nepiecieSama, lai sagatavotu produktu izplatiSanai cilvéku patérinam. Parstrade
ietver neapstradatu produktu parveidoSanu par parstradatiem partikas
produktiem, ka arT iepakoSanu.

Parstrade un razoSana

Parstrades un razoSanas posms attiecas uz darbibam, kuras augu un dzivnieku
izcelsmes produktus parstrada un parveido par parstradatiem produktiem.
Parstrades un razoSanas posms sastav no dazadam nozarém, kas klasificétas
saskana ar NACE Kklasifikaciju C sadalas “RazoSana” 10. nodala “Partikas
produktu razoSana” un 11. nodala “Dzerienu razoSana”. Taja ietilpst $adas NACE
grupas: galas parstrade un konservéSana un galas produktu raZzoSana
(10.1. grupa), zivju, veézveidigo un gliemju parstrade un konservésana
(10.2. grupa), auglu un darzenu parstrade un konservésana (10.3. grupa), augu
un dzivnieku ellu un tauku razosana (10.4. grupa), piena produktu razoSana
(10.5. grupa), graudu malSanas produktu, cietes un cietes produktu razoSana
(10.6. grupa), maizes un miltu izstradajumu razoSana (10.7. grupa) un citu
partikas produktu razoSana (10.8. grupa).

Galas parstrade ietver vairakus procesus. Pirmais no tiem ir kauSana, kuras
rezultata rodas kautkermeni, kas vélak tiek izplatiti ka svaigi gabali (no anglu
val. fresh cuts) un dzivnieku izcelsmes blakusprodukti. Kausana sastav no
vairakiem posmiem, kas ietver apstradi pirms kauSanas un kausanu. Katrs posms
nodrosina atskirigus blakusproduktus. Gala cilveku paterinam var tikt izplatita
svaiga (atdzes€ta vai saldeta) vai talak izmantota parstrade, lai razotu
parstradatus galas produktus.

Partikas mazumtirdznieciba un citada izplatiSana

Partikas mazumtirdznieciba un izplatiSana ietver svaigu un parstradatu
partikas produktu vairumtirdzniecibu un mazumtirdzniecibu. Sis darbibas ir
klasificetas attiecigi NACE 46. un 47. nodala. Tas ietver specializ€tus un
nespecializ€tus mazumtirdzniecibas un vairumtirdzniecibas veikalus, veikalinus,
tirgus, tirdzniecibas automatus un mobilos partikas tirgotajus, kas pardod gatavus
&dienus un dz@rienus.

Restorani un édinasanas pakalpojumi

Restorani un &dinasanas pakalpojumi ietver izmitinaSanas un &dinasSanas
pakalpojumu darbibas saskanad ar NACE 55. nodalu “IzmitinaSana” un
56.nodalu “Edinasanas pakalpojumi”, tostarp pakalpojumus, kas piedava
gatavas maltites uz vietas vai lidzi nems$anai. IzmitinaSana ietver viesnicas un
dzérienu pakalpojumu darbibas ietver publiskas iestades, pieméram, restoranus
(ieskaitot atras &dinasanas iestades), kafejnicas, barus, mobilos partikas
pardevejus (piem&ram, partikas furgonus vai ratinus) un tirgus stendus. Cita
grupa aptver &dinasanu izglitibas iestades (pirmsskolas, skolas, augstakas
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izglitibas iestades), slimnicas (ieskaitot sanatorijas un rehabilitacijas iestades) un
birojos vai citas institucionalas €dnicas vai kafejnicas, kas piedava &dinasanu.
Pedgjas var klasificét ka nekomercialas iestades, jo tas parasti ir paredzétas
konkrétiem apmekl&tajiem (pieméram, skoléniem, studentiem, pacientiem un
darbiniekiem) un parasti nav pieejamas plasai sabiedribai. Edina$anas
pakalpojumi var atskirties atkariba no pakalpojumu sniegSanas nepartrauktibas.
Tie var bt pieejami visa gada garuma, tikai noteiktos gada laikos vai tikai
konkrétiem pasakumiem.

Madjsaimniecibas

Majsaimnieciba sastav no vienas vai vairakam personam, kas dzivo viena
majokli (dzivokli vai privatmaja), kas atrodas pils€ta, ciemata vai lauku apvidi.
Majokla veids un atrasanas vieta var ietekmét gan partikas nodroSinajumu, gan
patérina paradumus, gan atkritumu apsaimniekoSanu.

1.2.3. Atkritumu hierarhija un atkritumu statusa beigas

Atkritumu hierarhija

Saskana ar Atkritumu pamatdirektivu atkritumu hierarhija nosaka prioritasu
secibu ES: (1) noversana, (2) sagatavosana atkartotai lietosanai, (3) parstrade, (4)
cita veida regeneracija un (5) apglabasana. Atkritumu novérSana attiecas uz
jebkuru pasakumu, kura mérkis ir nodrosinat, ka materials pilda savu sakotn&jo
mérki un nekliist par atkritumiem. Saja gadijuma sakotngjais mérkis nozime
nodrosinat, ka partika sasniedz sakotngji paredzeto galamerki ka partika un tiek
patéréta atbilstosi. Turpmakas darbibas, proti, sagatavoSana atkartotai
izmantosanai, parstrade, cita veida regeneracija un apglabasana attiecas uz
atkritumu apstrades darbibam, ka definéts Atkritumu pamatdirektiva.

Kopigais pétniecibas centrs (JRC) ir izstradajis partikas izmantoSanas
hierarhiju, kas ir atkritumu hierarhijas pielagojums partikas nozarei
(De Laurentiis et al., 2024). Partikas izmantosanas hierarhija noskir novérsanas
un atkritumu apstrades pasakumus. Partikas parpalikumu ziedo$ana un pardale,
izmantoSana dzivnieku baribai vai parstradei JRC pétijuma ir klasificéta ka
partikas atkritumu ra§anas noveér$anas darbibas. Tom&r promocijas darba noltikos
§is darbibas ir klasificetas ka atkritumu raSanas mazinasanas darbibas, jo tas
attiecas uz partikas parpalikumu apstradi péc tam, kad to sakotn&jais mérkis
(izmantoSana partika) vairs nav iesp&jams (1.tabula). Atkritumu raSanas
samazinasanas pasakumi ir bitiski, lai nodroSinatu, ka partikas parpalikumi
netiek apstradati ka atkritumi, pirms tos var izmantot citadi, ieveérojot partikas
izmantoSanas hierarhiju. Dzives cikla analize un socialas dzives cikla izmaksu
aprékini liecina, ka noveérSana un pardale ir visaugstaka prioritate vides,
ekonomiskas un socialas ilgtsp&jas jomas, salidzinot ar citam darbibam partikas
izmanto$anas hierarhija (Albizzati etal., 2021). Lai materialu parstrade
augstakas pievienotas vertibas produktos un dzivnieku bariba klitu
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konkurgtspgjiga salidzinajuma ar tradicionalajiem produktiem, §m tehnologijam
biitu janodro$ina zemaks energijas un materialu patéring, augstaks razo$anas
iznakums no izejvielam un zemakas investiciju un darbaspéka izmaksas. Turklat
saskana ar ES stratégiju “No lauka lidz galdam” partikas ziedo$ana un pardale
veicina partikas nodroSinajumu (no anglu val. — food security).

1. tabula. Partikas izmantosanas hierarhija (De Laurentiis et al., 2024)

Veids Darbiba Piemérs

Novérsana Noversana rasanas avota Jebkura darbiba, lai noveérstu partikas
parpalikumu rasanos (pieméram,
uzvedibas maina)

Mazinasana  Partikas parpalikumu ziedoSana Partikas banku vai citu partikas pardales
vai pardale organizaciju veikta partikas parpalikumu
ziedoSana un izplatiSana cilvéku patérinam
Izmanto$ana dzivnieku baribai Partikas, kas vairs nav paredzgta cilveku
pat€rinam, izmantosana dzivnieku bariba
Ripnieciska izmanto$ana Parstrade produktos ar pievienoto vértibu
(parstrade) partikas vai nepartikas vajadzibam
Atkritumu Materialu parstrade un baribas Parstrade komposta vai biogaze (ar baribas
apstrade vielu atgiSana vielu regeneraciju)
Energijas atgiana a) parstrade biogaze (bez baribas vielu

atgliSanas) vai biodegviela (piem&ram,
bioetanola) un b) sadedzinasana ar
energijas atglisanu

Apglabasana (a) sadedzinasana bez energijas atgiiSanas
un (b) apglabasana poligonos

ES Bioekonomikas stratégija veicina sekundaro biomasas resursu parstradi,
pieméram, partikas razoSanas blakusproduktu parstradi jaunos produktos, lai
veicinatu resursu izmantoSanas efektivitati un samazinatu vajadzibu péc
primarajiem resursiem (EC, 2025a). Lai gan JRC terminu “rapnieciska
izmantosana” lieto, lai apzimetu parstradi produktos ar pievienoto vertibu,
petnieciba biezi tiek lietots arT termins “valorizacija”.

Atkritumu apstrade ir svariga, ja, piemé&ram, partiku vairs nevar lietot cilveku
uztura vai izmantot citiem mérkiem, iznemot atkritumu apstradi, partikas
nekaitiguma apsvérumu dé]. Atkritumu apstrade attiecas uz darbibam, kad
partika vai ar to saistiti produkti, piem&ram, blakusprodukti, tiek uzskatiti par
partikas  atkritumiem. Partikas atkritumu apglabasana poligonos un
sadedzinasana bez energijas atgisSanas ir vismazak vélama atkritumu apstrades
darbiba un tiek uzskatita par apstrades veidu, kas nerada nekadu vertibu (Lopez-
Portillo et al., 2021).

ES atkritumu klasifikacijas saraksta partikas atkritumus var klasificét ar kodu
02 — “atkritumi no lauksaimniecibas, darzkopibas, akvakultiiras,
mezsaimniecibas, medniecibas un zvejniecibas, partikas sagatavoSanas un
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parstrades atkritumi”, kas attiecas uz procesiem, kuri notiek PPK pat€rina
posmos, un kodu 20 — “Sadzive radusies atkritumi (majsaimniecibu atkritumi un
tiem Iidzigi tirdzniecibas un riipniecibas uznémumu un iestazu atkritumi), ari
atseviski savaktie atkritumu veidi”, kas galvenokart attiecas uz PPK patrina
posmiem (EC, 2014). ES delegétaja lemuma ir precizéts, kuri atkritumu kodi
attiecas uz katru PPK posmu. Tomér dazas atkritumu klases, piemé&ram,
“20 01 08 — biologiski noardamie virtuves atkritumi”, “20 01 25 — partikas ellas
un tauki” un “20 03 01 — neskiroti sadzives atkritumi” PPK patérina posmos var
tikt attiecinati uz mazumtirdzniecibu un izplatiSanu, restoraniem un &dinasanas
pakalpojumiem, ka arT majsaimniecibam. Tomer klases “20 03 01” gadijuma ir
nepiecieSams zinat partikas atkritumu Ipatsvaru sadzives atkritumos. Turklat
statistikas dati par atkritumu daudzumu var neietvert datus no visiem atkritumu
raSanas avotiem. Saskana ar Latvijas Atkritumu apsaimniekosanas likumu
(AAL) Latvijas Vides, geologijas un meteorologijas centrs (LVGMC) ir atbildigs
par datu par atkritumu apsaimnieko$anu apkoposanu un §is informacijas
nodrosinasanu sabiedribai un ES iestadem.

Atkritumu beigu statuss

Saskana ar Atkritumu pamatdirektivu atkritumi ir japarstrada, lai tie zaudetu
atkritumu statusu. Tas ietver jebkuru darbibu, kuras rezultata atkritumi aizstaj
citas izejvielas, kas citadi tiktu izmantotas, lai pilditu konkrétu funkciju.
Atkritumu pamatdirektiva (6. pants) defin€ krit€rijus atkritumu statusa
zaudeSanai. Tas nozimé, ka viela vai priekSmets tiek izmantots konkrétam
meérkim, p&c kura ir pieprasijums, tas atbilst tehniskajam prasibam, ir saskana ar
$im merkim piemérojamiem tiesibu aktiem un standartiem un ta izmantoSana
nerada nelabveéligu ietekmi uz vidi vai cilvéku veselibu. Tomer atkritumu beigu
statusa kriterijus, kas definéti Atkritumu pamatdirektiva, uzn€meji un
uzraudzibas iestades interprete atSkirigi juridiskas nenoteiktibas d€] (Johansson,
2023).

ES liment nav juridiski noteikti atkritumu statusa beigu kritériji, kas butu
specifiski biologiski noardamajiem atkritumiem, tostarp partikas atkritumiem
(Kenk et al., 2025). Komposts un digestats ir pieméri, kuriem bija planots
izstradat specifiskus krit€rijus, bet tie netika istenoti (Saveyn & Eder, 2013).
Higiéniska drosiba un biologiska stabilitate ir faktori, kas nosaka komposta un
digestata atkritumu statusu (Saveyn & Eder, 2013). Biologiski noardamo
atkritumu kompostéSana (R3A) un mehaniski biologiska apstrade (R12A) tiek
uzskatitas par atkritumu parstrades (no anglu val. — waste recovery) darbibam
(EC, 2014). Tomér partikas atkritumu daudzuma kvantific€Sanas noliukos §1s
darbibas tiek klasificetas ka partikas atkritumu galamerkis.
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1.3. Partikas atkritumu klasifikacija arpus ES tiesiska
reguléjuma

Vienota PZA definicija uzlabotu datu interpretaciju un salidzinamibu
(Boiteau & Pingali, 2023). Ka iepriek§ minéts, partika ir “jebkura viela vai
produkts, kas ir parstradats, daléji parstradats vai neparstradats un paredzéts
lietoSanai uztura”. ST definicija varétu radit iespaidu, ka par partiku tiek uzskatits
tikai tas, ko var patérét uztura. Tomér partika sastav arT no ne€damajam dalam,
kas parasti nav paredzgtas lietosanai cilvéku uztura, un atkariba no PPK posma
partika var tikt paklauta dazadiem parstrades vai parveido$anas procesiem.
Rezultata katram PPK posmam ir dazada veida ieejas un izejas pliismas atkariba
no partikas veida un tas paredzeta galameérka.

Partika (gan @damas, gan ne€damas dalas), kas netiek patéréta cilveku uztura,
bet tiek apsaimniekota ka atkritumi (1. tabula), saskana ar ES tiesisko regulgjumu
tiek uzskatita par partikas atkritumiem. Partikas €damas vai ne€damas dalas, kas
tieck novirzitas dzivnieku baribai vai parstradatas citos produktos, netiek
uzskatitas par partikas atkritumiem ES tiesiska regul&juma ietvaros. Tomer dazos
definiciju ietvaros un pétijumos dzivnieku baribai paredzgeta partika tiek uzskatita
par partikas atkritumiem. Partika, kas paredzéta dzivnieku baribai vai parstradei
produktos, netiek uzskatita par partikas atkritumiem saskana ar Atkritumu
pamatdirektivu (EC, 2018a), Partikas zudumu un atkritumu standartu (Hanson
et al., 2016), FAO metodologiju (Gustavsson et al., 2011) vai ES FUSIONS
definiciju ietvaru (Ostergren et al., 2014). Savukart citos p&tfjumos dzivnieku
bariba tiek uzskatita par partikas atkritumu galamérki (Beretta et al., 2013;
Hartikainen et al., 2018; Quested & Johnson, 2009; van Herpen et al., 2019). Tas
rada nesaskanotibu partikas galamerka interpretacija saistiba ar partikas zudumu
un atkritumu definiciju, liecinot, ka dazas valstis var domingt atSkirigas pieejas.
Saskana ar ES delegéto 1emumu dzivnieku baribai novirzito partikas daudzumu
var zinot brivpratigi. Izpratne par materialu plismam lauksaimniecibas
produkcijas razoSanas un partikas piegades k&de var sniegt pilnigaku priekSstatu
par partikas resursu pliismam un resursu izmantosanas lietderibu.

Partikas parpalikumi

Partikas parpalikumi ir partika, kas ir sagadata parak liela daudzuma, ir droSa
lietoSanai uzturda, bet nevar tikt izmantota sakotn&ji paredz€tajam méerkim.
Piemé&ram, estetisku iemeslu dél, pieprasijuma izmainu dgl vai tapéc, ka ir
beidzies deriguma termins, kas neietekme partikas drosibu. Lai nodroSinatu, ka
partika netiek zaudg@ta, var tikt veikti atkritumu raSanas mazinaSanas pasakumi,
lai atrastu vislabako izmantoSanas veidu un noverstu to, ka partikas parpalikumi
tiek uzskatiti par atkritumiem. ES cita klasifikacija ir ieklauta “partika, kas vairs
nav paredzeta cilvéku paterinam” komercialu iemeslu, razoSanas problému un
citu defektu dél. Sie aspekti padara to nederigu cilvéku patérinam, bet, ja tas
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neapdraud dzivnieku un sabiedribas veselibu, to var drosi izmantot dzivnieku
bariba (EC, 2018c).
Partikas zudumi un atkritumi

Divi visbiezak lietotie termini politikas plano$ana un pétnieciba ir “partikas
zudumi” un “partikas atkritumi”. So terminu definicijas un lictosana dazadas
partikas drosSibas jomas atskiras, bet dazkart tos lieto ka sinonimus, apzimgjot ar
saisinajumu PZA (2. tabula). ES FUSIONS definiciju ietvara tick izmantots
termins “partikas atkritumi” (Ostergren et al., 2014), un uz ta pamata ticis veidots
partikas atkritumu definicijas ietvars Atkritumu pamatdirektiva (EC, 2018a).
Savukart FAO izstradatais ietvars (Gustavsson et al., 2011) izmantota par pamatu
ANO TIAM 12.3. FAO ietvars izmanto atskirigus terminus, lai noskirtu partikas
piegades kédes (PPK) razosanas (partikas razoSanas sisttma) un pat€rina
(partikas patrina sistéma) posmus. Partikas zudumi tiek definéti ka partikas
kvalitates samazinaSanas primaras raZzoSanas, parstrades un razosanas posmos
klimata un laikapstaklu, tehnisko ierobezojumu vai neatbilstosas uzglabasanas
del. Savukart partikas atkritumi ir partika, kas klst par atkritumiem procesa no
mazumtirdzniecibas Iidz galigajam patérinam (Gustavsson etal., 2011).
Apvienotas Karalistes Atkritumu un resursu ricibas programma (WRAP)
izstradajusi sisttmu, kas koncentréjas uz PPK majsaimniecibu posmu
(Quested & Johnson, 2009) un ko parasti pieméro pétijjumos, kas veltiti
majsaimniecibu partikas atkritumiem. Tomé&r dazos gadijumos PZA tiek definéti
atSkirigi vai vispar netiek definéti.

PZA tiek klasificéti, pamatojoties uz &damibu (edamie vai ne€damie) un
noveérsamibu (noverSami vai nenoveérSami) (Chauhan et al., 2021). Dazi p&tijumi
koncentrgjas tikai uz €damajiem PZA, bet citi — gan uz &damajiem, gan
ne€damajiem PZA, tadgjadi terminu lietoSana var biit nekonsekventa
(Lebersorger & Schneider, 2011). Tadas partikas dalas ka, piem&ram, mizas,
adas, seklas, lapas un kauli no dazadiem augu un dzivnieku izcelsmes partikas
produktiem parasti nav paredzgtas lietoSanai cilvéku uztura un tiek uzskatitas par
neédamam. Tomeér nav vienkarsi noteikt, kas ir @lams un kas nav. To var ietekmét
kultiiras un socialekonomiskie faktori, audzinasana un izpratne (Teigiserova
etal., 2020). Dazadu uzvedibas un attieksmes iemeslu de] &damais partikas
produkts var kliit par atkritumiem. Termins “€damais” attiecas uz partiku, ko var
est vai ko var€tu paterét cilvéku uztura. Pieméram, ta var bt partika, kas
joprojam ir drosa lietoSanai uztura, bet dazadu iemeslu, pieméram, uztura
ieradumu, dg] tiek izmesta, vai partika, kas bijusi paredzgeta lietoSanai uztura, bet
sabojajas (pieméram, sapuva) vai ir beidzies tas deriguma termins$ “izlietot l1dz”,
un tadel vairs netiek uzskatita par drosu lietoSanai uztura. Tadu dazkart sauc par
“kadreiz €damas partikas atkritumiem” (no anglu val. — once-edible food), lai
izvairttos no neskaidribam par varda “@damais” lietosanu, kas varétu liecinat, ka
partiku joprojam var &st (Sigala et al., 2024).
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2. tabula. Partikas zudumi un partikas atkritumi visparpienemtajos definiciju
ietvaros

Termins Lauksaimniecibas produkcijas Ieklau$ana Galamérkis
raZosanas un partikas piegades kedes
posmi
=
s 5
= =
€ g B £ 03
[+ < a E « IE
O p=R= o 5 8 & g%
o e N
< < B 2 2 £ £ @ z # AQf E
Noveérsamie x x x x x x v v x v v NA
partikas
atkritumi'
NovérSamie un %X x x x x x v v x v v NA
iesp&jami
novérSamie
partikas
atkritumi'
Partikas x v v v v v v v NA VY v NA
zudumi®
Partikas x v v v x x X v x NA NA NA
zudumi?
Partikas x v v v v v v v v v v v
zudumi un
atkritumi®
Partikas X v v v v v v v v v x x
atkritumi®
Partikas x x v v v v v v v X x NA
atkritumi®
Partikas x x x x v v v v x NA NA NA
atkritumi®

NA — nav noradits; * Partika, kas paredzéta dzivnieku baribai vai parstradei un klasificéta ka
partikas zudumi vai partikas atkritumi, v' — ieklauts; X — neieklauts

!(Quested & Johnson, 2009); *(FAO, 2014); 3(Gustavsson et al., 2011, 2013); *(Hanson et al.,
2016); 5(0stergren etal, 2014); °(EC, 2018a)

Neatkarigi no definicijas, tieSi €damie partikas atkritumi ir batiski partikas
atkritumu raSanas mazinaSanas mérku sasniegSana. Turklat terminus
“noveérSami” (no anglu val. — avoidable) un “nenovér§ami” (no anglu val. —
unavoidable) izmanto, lai noskirtu partikas atkritumus, kuru ra§anos var noverst
vai samazinat, no tiem, kurus nevar. P&tjjumos arl ierosinats, ka valstis
jaidentifice, kas attiecigaja valsti tiek uzskatits par @damu un kas par ne€damu
(Teigiserova et al., 2020).

Partikas atkritumus var iedalit cietas un $kidras frakcijas. Skidras frakcijas
ietver dzeramo tideni, citus dz€rienus vai $kidrumus, piem&ram, ellas un taukus,
zupas un mérces. Materiala 1paSibu dé] Skidrie partikas atkritumi biezi tiek
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apsaimniekoti dazados veidos, pieméram, novaditi kanalizacijas sist€éma vai tiek
savakti atseviski, ka tas ir ellu un tauku gadijuma.

Ar procesu saistita terminologija

PPK dazadajam plismam var novérot dazadus terminus, pieméram, “blakus
plisma” (no anglu val. side flow) lauksaimniecibas produkcijas razosana (AP-1
un AP-2) un primaraja razosana (PP), lai noskirtu to no partikas zudumiem vai
partikas atkritumiem PPK (Franke et al., 2016; Hartikainen et al., 2018).

Termini “uzglabaSanas atkritumi” (no anglu val. — sforage waste),
“uzglabasanas zudumi” (no anglu val. — storage loss), “gatavosanas zudumi” (no
anglu val. — preparation loss), “pasniegSanas zudumi” (no anglu val. — serving
loss), “nepasniegta partika” (no anglu val. — non-served/unserved food)
(Boschini et al., 2018), “parpalikumi” (no anglu val. — lefiovers), “uz $kivja
atstatais neapéstais €diens” (no anglu val. — plate waste) tiek izmantoti, lai
raksturotu atkritumu plismas restoranos un €dinaSanas pakalpojumu nozarg
(Engstrom et al., 2004). STs pliismas ir saistitas ar uzglabasanas, pagatavosanas,
pasniegSanas un maltites ieturéSanas procesiem. Lai gan atkritumi, kas rodas
maltites ieturéSanas laika ir partikas atkritumi, tie neatspogulo kopgjo atkritumu
daudzumu, jo tie neietver partikas atkritumus, kas rodas partikas uzglabasanas
un pagatavosanas laika. Partikas atkritumu klasifikaciju majsaimniecibas var
veidot, pamatojoties uz (1) procesa posmu, pieméram, “pagatavosanas atlikumi”
(no anglu val. — preparation residues), “parpalikumi” (no anglu val. — leftovers),
“pilniba neizmantoti partikas produkti” (no anglu val. — whole unused foods),
“dalgji patéréta partika” (no anglu val. — partly consumed foods) un
“neklasificgjamie atlikumi” (no anglu val. — not classifiable remainder) vai
(2) partikas  iepakojumu (originalaja pardoSanas iepakojuma vai citd)
(Lebersorger & Schneider, 2011). Majsaimniecibu posma izmanto arT nedaudz
atSkirigus noverSamo partikas atkritumiem terminus, piemeram, “maltiSu
parpalikumi” (no anglu val. — meal leftovers) un “uzglabasanas parpalikumi” (no
anglu val. — leftovers after storage), “pilnigi neizmantoti partikas produkti”
(no anglu val. — completely unused foods) un “dalgji izmantoti partikas produkti”
(no anglu val. — partly used foods) (van Herpen et al., 2019), bet to definicijas ir
lidzigas tam, ko ieviesis Lebersorger et al. (2011). Partikas atkritumus, kas rodas
mazumtirdzniecibas un izplatiSanas, ka arT restoranu un &dinasanas pakalpojumu
posmos déve arT par tirdzniecibas atkritumiem (no anglu val. — commercial food
waste).

Blakusprodukti

Blakusprodukti nav konkréta partikas parstrades un raZoSanas procesa
galvenais produkts, bet ir noteikta apstrades vai parveidoSanas procesa
neatnemama sastavdala. Pieméram, siikalu veidoSanas ir neatnemama biezpiena
vai siera razosSanas sastavdala, tadgjadi to var uzskatit par blakusproduktu.
Blakusprodukti netiek klasificgti ka partikas atkritumi, ja vien tie netiek paklauti
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atkritumu apstradei. ES Atkritumu pamatdirektivas 5. panta ir noteikts, ka javeic
atbilsto$i pasakumi, lai noverstu blakusproduktu parveérsanos atkritumos.

Dzivnieku izcelsmes blakusprodukti tiek reguléti ES. Eiropas Parlamenta un
Padomes Regula (EK) Nr. 1069/2009, ar ko nosaka veselibas aizsardzibas
noteikumus attieciba uz dzivnieku izcelsmes blakusproduktiem un atvasinatiem
produktiem, kas nav paredzeti cilvéku patéripam (turpmak — Dzivnieku
izcelsmes blakusproduktu regula), ir versta tiesi uz dzivnieku izcelsmes
blakusproduktiem (EC, 2009). Saskana ar Dzivnieku izcelsmes blakusproduktu
regulu “dzivnieku blakusprodukti” ir “dzivnieku veseli kermeni vai to dalas,
dzivnieku izcelsmes produkti vai citi no dzivniekiem iegiiti produkti, kas nav
paredzéti cilvéku patérinam, tostarp olsinas, embriji un sperma”. Dzivnieku
izcelsmes blakusproduktu regula nosaka blakusproduktu definiciju, klasifikaciju
un noteikumus attieciba uz to turpmako izmantosanu. Blakusprodukti, kas tiek
apsaimniekoti ka atkritumi, tiek uzskatiti par atkritumiem. Dzivnieku
blakusprodukti tiek iedaliti tris atSkirigas kategorijas atkariba no riska Iimena
attieciba uz cilvéku un dzivnieku veselibu un vidi. 1. kategorija attiecas uz augstu
risku, 2. kategorija — uz vidgju risku, bet tresa kategorija — uz zemu risku, ka
noteikts attiecigi Dzivnieku izcelsmes blakusproduktu regulas 8., 9. un 10. panta.
Tre$as kategorijas grupa galvenokart ietilpst blakusprodukti, kas saistiti ar
partikas parstradi, pieméram, kauSanu, zivju parstradi, piena un olu parstradi.
Turklat Saja grupa ietilpst dzivnieku izcelsmes produkti, kas vairs nav paredzeti
cilvéku paterinam, pieméram, komercialu iemeslu dé] vai iepakojuma defektu
del, ka ar1 &dinasanas atkritumi. Saskana ar PPK tre$as kategorijas
blakusprodukti rodas galas (ieskaitot medniecibas), zivsaimniecibas un
akvakultiiras parstrades un razosanas posma. Tie neietver blakusproduktus, kas
rodas kauSanas procesa vai pirms Siem procesiem. Tomer blakusproduktiem,
tostarp tiem, kas nav saistiti ar galu, zivim vai akvakultiiras produktiem, triikst
vienotas sistematizacijas, jo Tpasi attieciba uz to kvantificéSanu.

Tresas kategorijas blakusprodukti nerada risku dzivnieku vai cilvéku
veselibai. Tos var izmantot dzivnieku bariba, bet Dzivnieku izcelsmes
blakusproduktu regula to atlauj tikai dzivniekiem, kas nav paredz&ti partikas
razosanai cilveku paterinam. Tas galvenokart ir darits, lai noveérstu patogénu
parnesi starp dzivniekiem un cilvékiem, jo 1pasi govju siiklveida encefalopatiju
(BSE). BSE izplatisanas Apvienotaja Karaliste 1980. un 1990. gados, bija
priekSnoteikums stingrakiem noteikumiem par dzivnieku blakusproduktu
izmantoSanu bariba. ES EFSA sniedz neatkarigus zinatniskus pieradijjumus un
atbalstu saistiba ar partikas un baribas dro§ibas pasakumiem. Tas ietver riska
novertgjumu saistiba ar dzivnieku blakusproduktu izmantosanu.

NetieSie partikas zudumu un atkritumu aspekti

Lauksaimniecibas atkritumi var bit biologiski noardami, pieméram,
lauksaimniecibas atliekas p&c razas novakSanas un kiitsmésli, vai neorganiskas
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izcelsmes, pieméram, paligmateriali un lauksaimniecibas plastmasas pléve, ko
izmanto lauksaimniecibas produkcijas razoSana un kas kliist par atkritumiem. Ar
iepakojuma atkritumiem saprot dazada veida materialus (papiru, plastmasu,
metalu, kompozitmaterialus), kurus izmanto partikas produktu drosai
parvadasanai un uzglabasanai. Tomér iepakojums netiek uzskatits par partikas
atkritumiem. Udens, energija (siltums un elektriba) un citi partikas razo3anas,
izplatiSanas, pagatavoSanas procesos izmantotie resursi netiek uzskatiti par
partikas atkritumiem, bet drizak attiecas uz attiecigd procesa resursu
izmantosanas efektivitati PPK. ST informacija ir svariga, novértgjot ietekmi uz
vidi un ekonomiku.

Sastavs

Aprites bioekonomika versta ne tikai uz materialu izmantoSanas
pagarinasanu ekonomika, bet arT uz to materialu atkartotu ievadiSanu aprite, kuru
izmantoSana saskana ar sakotn&jo merki ir beigusies. Materialu sastava izpratne
ir svariga materialu parstradei un valorizacijai. Tipologija, savak§anas avots un
geografiska izcelsme ir faktori, kas ietekm@ sastava variacijas nozimigak neka
ievakSanas sezona un uzglabaSanas temperatiira (Moonsamy et al.,, 2024).
Turklat dzivnieku un augu izcelsmes materialu sastavs ir atskirigs. Sastavu var
iedalit biokimiskaja, elementu un fizikali kimiskaja. Biokimiskais sastavs
attiecas uz oglhidratiem, skiedru, celulozi, hemicelulozi, ligninu, cieti, lipidiem
un olbaltumvielam. Elementu sastavs attiecas uz C/N attiecibu, CNHSO
(oglekla, slapekla, Tidenraza, séra un skabekla) elementu sastavu, ka arT makro-
un mikroelementiem. Fizikali kimiskas 1pasibas ietver tadu parametru ka
sausnas, kopgjo cieto vielu, gaistoso vielu, pelnu satura, sadegSanas siltuma un
ktmiska skabekla patérina noteikSanu (Moonsamy et al., 2024).

1.4. Partikas atkritumu raSanas noveér$anas un
samazinasanas mérki ES

Lidz 2035. gadam sadzives atkritumu sagatavos$ana atkartotai izmantoSanai
un parstradei japalielina vismaz 1idz 65 % no radito atkritumu masas. AtlikSana
par 5 gadiem ir iesp&jama, ja ES dalibvalsts 2013. gada sagatavoja atkartotai
izmanto$anai un parstradaja mazak neka 20 % no radito atkritumu masas vai
apglabaja poligonos vairak neka 60 % sadzives atkritumu (EC, 2018a). No
2030. gada visi materiali, ieskaitot biologiski noardamos atkritumus, kas ir
piem@roti parstradei, materialu vai energijas atgiiSanai, ir japarvirza prom no
apglabasanas poligonos (EC, 2018b).

2025. gada Atkritumu pamatdirektiva tika papildus grozita ar Direktivu (ES)
2025/1892, ieviesot atsevisku pantu (9.a pants) par partikas atkritumu raSanas
novérsanu (EC, 2025b). Saja panta ierosinits:
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1) veikt pasakumus, lai mainitu cilvéku uzvedibu, ka ari organizét
informacijas kampanas par partikas atkritumu rasanas novérSanu un
mazinasanu;

2) nodrosinat partikas atkritumu plismu uzraudzibu, lai identificétu un
noverstu neefektivitati un veicinatu sadarbibu;

3) veicinat partikas ziedoSanu un cita veida pardali, izvirzot par prioritati
izmantosanu cilvéku uztura, nevis dzivnieku bariba vai parstradé
nepartikas produktos;

4) veicinat apmacibu un prasmju pilnveidi, ka ari finans€juma
nodroS§inasanu;

5) sekmét partikas atkritumu raanas novér$anas inovaciju un tehnologisko
risinajumu attistibu.

Sakot no 2035. gada, poligonos drikst apglabat ne vairak ka 10 % no kopg&ja
sadzives atkritumu daudzuma. Dati no 2024. gada pétijjuma par atkritumu
sastavu Latvija liecina, ka vidgji partikas atkritumi veido 21,03 % no kopg&jiem
neskirotajiem  sadzives  atkritumiem, kas rodas  majsaimniecibas,
mazumtirdzniecibas sektora un birojos. Citi biologiski noardamie atkritumi
veido vidgji 6,24 % no kopgja neskiroto sadzives atkritumu daudzuma (SIA “Geo
Consultants”, 2024).

Biologiski noardamo atkritumu (jeb biologisko atkritumu) SkiroSana un
atseviska savakSana ES ir obligata kops 2024. gada janvara. Atkritumu
pamatdirektivas (ES) 2018/851 22. pants nosaka, ka biologiskie atkritumi jaskiro
un japarstrada to raSanas vieta vai jasavac atseviski, tos nemaisot ar citiem
atkritumu veidiem. Partikas atkritumi ir viens no biologisko atkritumu veidiem.
Biologiskie atkritumi ietver ne tikai partikas atkritumus, bet arT darza un parku
atkritumus. Tadgjadi, runajot par obligato biologisko atkritumu atsevisko
savakSanu ES, tiek domati ne tikai partikas atkritumi.

Atkritumu pamatdirektiva (ES) 2025/1892 nosaka saistoSus partikas
atkritumu rasanas samazinasanas mérkus visam Eiropas Savienibas dalibvalstim
(turpmak — dalibvalstis). Lidz 2030. gada beigam dalibvalstim ir:

e jasamazina partikas atkritumu radiSana PPK parstrades un razosanas
posma par 10 % salidzinajuma ar gada vid€jo raditaju laika posma no
2021. Iidz 2023. gadam (ka zinots Eurostat);

e jasamazina partikas atkritumu radiSana uz vienu iedzivotaju kopa
mazumtirdznieciba un izplatiSana, restoranos un &dinasanas
pakalpojumu nozaré€, ka arT majsaimniecibas par 30 % salidzinajuma ar
gada vidgjo raditaju laika posma no 2021. lidz 2023. gadam (3. att€ls)
(ka zinots Eurostat).
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3. attéls. Partikas atkritumu daudzums uz vienu iedzivotdju regiondlajas
attistibas zonas (RD), lauku apgabalos (FS) un majsaimniecibas (HH) laika
posma no 2020. lidz 2023. gadam, daltbvalstu Furostat sniegtie dati (autores
veidots, Eurostat dati)

“Samazinajums Latvija Iidz 2030. gadam” attiecas uz 30 % samazinajuma
merki, kas aprékinats, nemot véra vidgjo partikas atkritumu daudzumu uz vienu
iedzivotaju Latvija laika posma no 2021. Iidz 2023.gadam (3. att€ls), savukart
“Samazinajums ES27 Iidz 2030. gadam” attiecas uz 30 % samazinajuma mérki,
nemot veéra vid&jo partikas atkritumu daudzumu uz vienu iedzivotaju ES27
valstis laika posma no 2021. Iidz 2023. gadam.

Atkritumu pamatdirektiva ir japarnem dalibvalstu nacionalajos tiesibu aktos.
Latvija galvenais tiesibu akts atkritumu joma ir Atkritumu apsaimnieko$anas
likums (AAL). Latvijas Republikas Nacionalais atkritumu apsaimniekoSanas
valsts plans (AAVP) laika posmam no 2021. lidz 2028. gadam ir galvenais
politikas planosanas dokuments atkritumu apsaimniekoSanas joma. AAVP ietver
atseviSku sadalu par partikas atkritumiem — Partikas atkritumu raSanas
novérSanas programmu. Atkritumu pamatdirektiva nosaka, ka ES dalibvalstim
janoverte sava Partikas atkritumu rasanas novérSanas programma saistiba ar
partikas atkritumu raSanas samazinasanas mérkiem.

2023. gada partikas atkritumu daudzums ES vidgji sasniedza 130 kg uz vienu
iedzivotaju visa PPK. Lielakais daudzums tika radits majsaimniecibas — 69 kg uz
vienu iedzivotaju. Primara razoSana veidoja 12 kg uz vienu iedzivotaju, parstrade
un razo$ana — 24 kg uz vienu iedzivotaju, mazumtirdznieciba un izplatiSana —
10 kg uz vienu iedzivotaju, ka arT restorani un €dinasanas pakalpojumi — 14 kg
uz vienu iedzivotaju. Tomér dati no katras ES27 dalibvalstim liecina par
ievérojamam at$kiribam (4. attéls). Turklat partikas atkritumu raSanas
samazindjums gadu gaitd joprojam nav noverojams, iznemot nelielu
samazinajumu primaras razoSanas posma. Piem&ram, partikas atkritumu
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daudzums majsaimniecibas svarstijas no 34 kg uz vienu iedzivotaju Slovénija
lidz 122 kg uz vienu iedzivotaju Portugalé.
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4. attéls. Partikas atkritumu daudzums uz vienu iedzivotaju gada 27 ES
dalibvalstis visa PPK (sarkanie punkti attélo vidéjas vertibas,; autores veidots,
Eurostat dati)

Neraugoties uz Atkritumu pamatdirektiva (ES) 2025/1892 noteiktajiem ES
meéroga partikas atkritumu samazinaSanas mérkiem, datu kvalitate joprojam ir
nepietiekama. Dati par partikas atkritumiem tiek apkopoti kopa, nenoskirot
noversamos un nenoversamos atkritumus. Turklat ES mérki ir noteikti attieciba
uz kopgjo partikas atkritumu daudzumu, kas tiek zinots Eurostat. Atskiribas
partikas atkritumu daudzuma (kg) uz vienu iedzivotaju ES nevar pilniba
izskaidrot, jo izmantotas metodikas netika publicétas (UNEP, 2024). Vienota
metodika partikas atkritumu daudzuma meérisanai var uzlabot datu salidzinamibu
starp dazadam valstim, PPK posmiem vai nozarém (Fabi et al., 2021; Spang
etal., 2019). ES delegétais 1émums nosaka vienotu pieeju partikas atkritumu
kvantific€Sanai. Tomér praktisko IstenoSanu ietekme pieejamie tehniskie, finansu
un cilvekresursi, ka arT izpratne par $adas datu vakSanas plasaku nozimi valstu
Itment. Trikst kvantitativu datu par noverSamajiem partikas atkritumiem (UNEP,
2024). Pieméram, ES delegétaja lémuma par vienotiem partikas atkritumu
mérfjjumiem nav pietieckamas informacijas par paraugu lieluma reprezentativitati
un labako pieejamo datu izmanto$anu gadijumos, kad nav veikti padzilinati
partikas atkritumu mérfjumi (Leverenz et al., 2021). Pirms jaunajiem Atkritumu
pamatdirektivas grozijumiem 2025. gada, nosakot partikas atkritumu daudzumu,
tarisms netika nemts vera.
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1.5. Partikas atkritumu daudzuma kvantificéSana ES

Nemot vera ES atkritumu noverSanas mérkus 2030. gadam, proti, sasniegt
vismaz 65 % sadzives cieto atkritumu parstrades raditaju un ne vairak ka 10 %
apglabasanas raditaju lidz 2035. gadam, atkritumu apstrade bitu jasaskano ar
atkritumu rasanas novérSanas un samazina$anas iniciattvam.

Lai izveletos atbilstoSus partikas atkritumu rasanas nove€rSanas un
samazinaSanas pasakumus, ir svarigi noteikt atsauces stavokli, pret kuru tiek
merits progress. Salidzinami dati ir biitiski partikas atkritumu rasanas noveérSanas
pasakumu Tstenosanai (Corrado & Sala, 2018) un atkritumu raSanas novérSanas
mérku sasniegSana. Dazadas PPK ieinteresétas personas (lauksaimnieki, razotaji,
mazumtirgotdji, €dinasanas uznémumi, majsaimniecibas) ne vienmeér ir gatavas
brivpratigi dalities ar datiem, ja tadi ir pieejami, vai piedalities radito partikas
atkritumu daudzuma kvantificé$ana, lai iegiitu primaros datus. Turklat, ja
partikas atkritumu definicija netiek interpretéta vienadi, ir griti ieglt
reprezentativus un salidzinamus datus, pieméram, par PPK konkrétu posmu vai
tas apaksnozari valsts [Tmeni. Tapéc ir nepiecieSams izveidot valsts I[TmenT labi
funkciong&josu datu vaksanas sisteému.

Lai novertétu radito partikas atkritumu daudzumu, plasi tiek izmantotas
netieSas kvantificeSanas metodes. Agrak partikas atkritumu daudzuma
kvantific€Sana bija sadrumstalota, jo triika vienotas metodikas un vadliniju, ka
arl brivpratigas uzraudzibas un zinoSanas prasibu ES Iimeni. Atbilstosi
Atkritumu pamatdirektivas prasibam Eiropas Komisija pienéma ES delegéto
lemumu. ES deleg@tais [émums ir pirma ES méroga iniciativa vienotai radito
partikas atkritumu daudzuma kvantificéSanai, kas saistoSa visam ES27
dalibvalstim. Tas mérkis ir sasniegt partikas atkritumu rasanas novérSanas un
mazina$anas mérkus ES. Pamatojoties uz Atkritumu pamatdirektivas (ES)
2018/851 prasibam, kops 2020. gada ES dalibvalstim ir obligati jazino par radito
partikas atkritumu daudzumu katra no PPK posmiem. Sa iemesla dé| ne visas
valstis ir izstradajusas skaidras procediiras, lai sistematiski vaktu reprezentativus
datus, tos analiz&tu, uzglabatu un ilgtermina uzraudzitu. ES delegétaja 1émuma
partikas atkritumu definicija ir ieklautas partikas gan €damas, gan ne€damas
dalas (EC, 2018a), savukart FAO metodologija (Gustavsson etal., 2011)
neédamas dalas nav ieklautas.

Lai gan ES dalibvalstim ir jaapkopo, jauzrauga un jazino Eurostat par radito
partikas atkritumu daudzumu, kas rodas katra PPK posma, attiecigo PPK posmu
dalibnieku lidzdaliba ir brivpratiga. Obligata zinoSana varétu darboties ka
parvaldibas mehanisms, lai palielinatu centienus partikas atkritumus kvantificét
(Eriksson et al., 2019). Pieméram, Lietuva partikas parstrades un razoSanas
(Eicaité etal., 2023) un mazumtirdzniecibas un izplatiSanas (Eicaité et al.,
2022a) uzpe€mumiem nebija pienakuma zinot par radito partikas atkritumu
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daudzumu, un tie $adus datus brivpratigi nepublicgja. lestadei, kas atbildiga par
zinoSanu Eurostat, tas apgriitindja datu vakSanu un sniegSanu.

Pat ja dazados pétijumos tiek lietots viens un tas pats termins, ta nozime var
atskirties. Lai uzlabotu datu salidzinamibu, ir batiski nodroSinat saskanotu
definiciju ietvaru (Hartikainen etal., 2018). Partikas zudumu un atkritumu
uzskaites un zinosanas standarts (turpmak — PZA standarts) nosaka vadlinijas
PZA kvantificéSanai (Hanson et al., 2016). Lai gan PZA standarts nepiedava
skaidru PZA definiciju, taja ir noraditi materialu veidi un to iesp&jamie galamérki
kas nosaka, vai attiecigais materials uzskatams par PZA vai ne. Pamatojoties uz
apsvérumiem, PZA definicija var atSkirties atkariba no attiecigd PPK posma,
PZA novérSamibas (novérSami vai nenoverSami), &damibas (€damas vai
neédamas frakcijas) un to galamérka.
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2. Materiali un metodes

ST promocijas darba empiriskais pétijums balstas uz veikto literatiiras
parskatu (1. nodala “Teor&tiskais pamatojums”). Promocijas darba metodologija
pamatojas uz kvalitativo un kvantitativo metozu kombinaciju datu vaksanai un
analizei un parada saikni starp pétamajiem jautagjumiem, uzdevumiem un
promocijas darba rezultatiem (5. attéls). 1. uzdevuma izpilde veido pé&tijuma
teorétisko dalu, kas saistita ar metodologisko pamatu partikas atkritumu
daudzuma kvantific€Sanai, savukart pargjie uzdevumi veido praktisko p&tfjumu.

| Darba mérkis — izstradat metodologisko ietvaru partikas atkritumu daudzuma noteikSanai Latvija |

v

v

1. pétamais jautajums: Ka

pétnieciba un praksé tiek

veikti partikas atkritumu
daudzuma mérijumi?

2. pétamais jautajums: Ka
veikt blakusproduktu
daudzuma mérijumus

saskana ar partikas atkritumu
daudzuma mérijumu
sistému?

PP, PM, RD,
1l.uzdevuma rezultats
Sistematisks parskats par
partikas atkritumu daudzuma
noteikSanas metodologiju un
ar to saistitajiem
ierobezojumiem

—

2.uzdevuma rezultats
Blakusproduktu daudzuma
novértéjums un vienota
pieeja blakusproduktu
parrékina koefidentiem

[PV

3. pétamais jautajums: Ka
iedzivotaju partikas
parvaldibair saistita ar vinu
izpratni par radito partikas
atkritumu daudzumu, ka art
ar ridbu partikas atkritumu
rasanas novérsanai,
mazina$anai un
apsaimnieko$anai?

3.uzdevuma rezultats
Identificétas saiknes starp
partikas parval dibas lomu un
partikas atkritumiem Latvijas
majsai mni ecibas

Qs

1l raksts

D+Q

4.uzdevuma rezul tats

Metodologija un definiciju ietvars partikas
atkritumu daudzuma mérijumiem Latvijas

ma jsai mni ecibas

Partikas piegades kédes pos mi
AP — Lauksaimniecbas
produkcijas razo§ana

PP —PrimararaZoana

PM - Parstrade un raZo§ana
RD — Mazumtird znieciba un
izplatiSana

FS— Restoraniun édinasanas
pakalpo jumi

HH — Majsaimniecibas

Datu vakSanas metodes

LR — Literatdras parskats

SLR — Sistem atiskais literatliras
parskats

Q+S — Anketa un aptauja

D+Q - Dienasgramata un anketa

Datu analizes metodes

CA - Kvalitativa satura analize
DS — Apraksto$a statistika

IS — Statis tikas analize

PS+C — Koeficienti un razo$anas
statistika

5. attéls. Promocijas darba struktiira
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Sistematiskais literatiiras parskats sniedz zinaSanas par radito partikas
atkritumu daudzuma kvantificéSanas procediiru, ko izmanto pé&tnieciba
lauksaimniecibas produkcijas un partikas piegades k&deé, un norada uz
trikumiem partikas atkritumu kvantificéSanas metodologija, kas var ietekmét
partikas atkritumu datu interpretaciju un izmanto$anu. ST informacija palidz
uzlabot metodologisko precizitati, planojot turpmakos partikas atkritumu
daudzuma datu vak3anas un monitoringa petijumus. Ipasi janem véra, ka partikas
atkritumu daudzuma kvantificé$ana Latvija atrodas sakuma stadija. Lai gan $aja
darba ka normativais ietvars izmantots ES tiesiskais regul&jums, kura termins
“partikas zudumi” netiek lietots, sistematiskaja literatiiras parskata ir nemti vera
gan “partikas zudumi”, gan “partikas atkritumi”. Tas atspogulo faktu, ka Sie
termini dazkart tiek lietoti ka sinontmi vai ka daZos visparpienemtajos
metodologiskajos vai definiciju tvérumos katrs termins tiek attiecinats uz
konkretiem lauksaimniecibas produkcijas un partikas piegades kédes posmiem.

Lai gan blakusproduktus neuzskata par partikas atkritumiem, nemot véra, ka
to rasanas ir nenoverSama, tie var klat par partikas atkritumiem. Sistematiz&tu
zinaSanu trikums par blakusproduktiem ierobezo pamatotu 1€mumu
pienemsanu, kas nepiecieSama, lai efektivi parvalditu un integrétu sekundaros
biologiskos resursus ka izejmaterialus aprites bioekonomika. II raksta mérkis ir
sniegt blakusproduktu sistematiz&tu klasifikaciju un to masas novertgjumus
valstu limeni. Saja pétfjuma ir izklastiti metodologiskie apsvérumi un sistémas
robezas, kas papildina ES delegéto 1€mumu, un sniegti blakusproduktu
daudzuma aprekini, pamatojoties uz partikas razoSanas statistiku un
koeficientiem.

Partikas atkritumu raSanas noverSana un samazinasana ir prioritate ES
atkritumu politika, tome@r izpratne par partikas atkritumu c€loniem joprojam ir
nepietiekama, lai pienemtu praktiski istenojamus pasakumus, kas varetu
samazinat partikas atkritumu raSanos. Partikas atkritumu raSanas noverSanas
stimuli tiek prioritizeéti individuala (patérétaju) Iimeni, un radito partikas
atkritumu daudzuma kvantificeSana tiek uzskatita par svarigu instrumentu
partikas atkritumu raSanas novér$anas, mazinaSanas un parvaldibas pasakumos.
Balstoties uz I raksta izklastitajiem secindjumiem, III raksts koncentr&jas uz
partikas atkritumu kvalitativajiem aspektiem. Lai gan partikas atkritumu
daudzuma kvantificESana galvenokart attiecas uz partikas daudzuma noteiksanu,
kvalitativie aspekti palidz izp&tit plasSakus partikas patérina un partikas atkritumu
raSanas aspektus, kas var palidzet risinat jautajumus par partikas atkritumu
raSanas nover§anas un mazinasanas iniciativam un to, ka identificét istenojamus
pasakumus, izmantojot radito partikas atkritumu daudzuma kvantificéSanas
datus. Lai saistttu radito partikas atkritumu daudzuma kvantificéSanu ar partikas
atkritumu rasanas novérSanu, mazinasanu un parvaldibu, III raksta mérkis ir
izprast saikni starp majsaimniecibu partikas parvaldibas praksi, piemé&ram,
planosanu, iepirk§anu un gatavosSanu, un partikas atkritumiem. Nemot véra ES
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delegéta Iémuma prasibas par obligato partikas atkritumu kvantificéSanu, 11T
raksts pievérsas tam, ka individu izpratne, attiecksme un motivacija ir saistita ar
partikas atkritumu daudzumu, ka arT tam, kadas partikas atkritumu raSanas
noversanas un mazinasanas darbibas un pasakumi tiek uzskatiti par noderigiem.

IV raksta izstradata metodologiska pieeja partikas atkritumu kvantificéSanai
Latvijas majsaimniecibas, kuras iepriek§ nav veikti sistematiski partikas
atkritumu mérijumi. Metodologiska pieeja (2.5. nodala “Metodologija partikas
atkritumu daudzuma kvantifice$anai majsaimniecibas”) balstas uz promocijas
darba teor€tiska pamatojuma un sistematiska literatliras parskata rezultatiem, lai
saskanotu partikas atkritumu daudzuma kvantific€Sanu ar ES tiesiska regulgjuma
prasibam.

2.1. Partikas atkritumu definicijas ietvars

Saja promocijas darba ES tiesiskais reguléjums ir izmantots par normativo
pamatu partikas atkritumu defing$anai. Komisijas IstenoSanas Lémums (ES)
2019/2000, ar ko saskana ar Eiropas Parlamenta un Padomes Direktivu
2008/98/EK nosaka partikas atkritumu datu zinoSanas un kvalitates parbaudes
zinojumu formatu (turpmak — ES Isteno$anas lémums) nosaka formatu partikas
atkritumu datu zinoSanai visos PPK posmos (EC, 2019b). Minimalas prasibas
ietver obligatu partikas atkritumu kop&ja daudzuma zinosanu. So plismu veido
gan ne€damas (nenovérSamas), gan €damas (noverSamas) partikas dalas, kas
netiek noskirtas un kvantificétas atseviski. STs nosakamas partikas atkritumu
plusmas definicija saskan ar 1.2.1. nodala “Definicija” skaidroto. Lai partikas
atkritumu datus uzskaite biitu detalizétaka, ES Isteno$anas lémums paredz
brivpratigu datu vakSanu un zinoSanu par &amajam (jeb noveérSamajiem)
partikas dalam, kas sakotngji bija paredzetas lietoSanai cilveku uztura, bet kluva
par atkritumiem. Papildus dati par partikas atkritumiem, kas notecinati
notekiidenos var tikt vakti un zinoti brivpratigi. Lai arT §1 pliisma ar1 ir uzskatama
par partikas atkritumiem, ta ir nodalita atseviski atSkiriga galamérka del, proti, §1
pisma nonak notekiidenu apsaimnickoS$anas sist€ma. 3. tabula ir att€lotas
partikas atkritumu plismas, par kuram jazino obligati un brivpratigi, ka ari
paradita to saistiba ar partikas atkritumu apsaimnieko$anas un izmeSanas
veidiem. IzmantoSana dzivnieku baribai un riipnieciskai izmantoSanai
(pieméram, parstrade produktos un valorizacija) netiek uzskatita par atkritumu
apstradi, bet gan par atkritumu raSanas mazinaSanas darbibam. Partikas
atkritumu dati tiek zinoti svaigmasas vienibas: kopgja masa katra PPK posma un
masa uz vienu iedzivotaju attiecigaja PPK posma.
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3. tabula. Partikas atkritumu daudzuma zinoSana atbilstosi ES tiesiskajam
reguléjumam

Zinosana Obligata Brivpratiga Brivpratiga
(obligata/brivpratiga)
Partikas atkritumu Partikas atkritumu Atkritumu kopgja Partikas atkritumi,
frakcija kopgjais daudzums daudzuma frakcija, kas notecinati ka
kas sastav no notekiideni vai
cilvékiem apésanai notecinati
paredzétam partikas  notekiidenos
dalam
Partikas atkritumu Atkritumu Atkritumu Notektidenu
apsaimniekoSanas veids apsaimniekoSana apsaimniekoSana apsaimniekoSana
(materialu parstrade ~ (materialu parstrade
un baribas vielu un baribas vielu
atgfiSana, energijas atgliSana, energijas
atgliSana, atgliSana,
apglabasana) apglabasana)
Izmesanas veids raSanas ~ Neskiroti sadzives Neskiroti sadzives Notecinati ka
avota atkritumi, daliti atkritumi, daliti notekdeni
vakti biologiski vakti biologiski
noardamie noardamie
atkritumi, atkritumi,
majkompostésana majkompostésana

Lai gan blakusproduktu kvantificeSana ir arpus partikas atkritumu
kvantificESanas sistémas tvéruma, 3. tabula attélotic partikas atkritumu
galamérki un apglabasanas veidi palidz noteikt, kad blakusprodukti klasificgjami
ka partikas atkritumi. Blakusproduktu definiciju tvérums partikas parstrades un
razoSanas posma, ka arT partikas atkritumu definiciju tv@rums majsaimniecibas
ir sikak izklastits 2.3.1. nodala “Ar blakusproduktiem saistita terminologija” un
2.5.1. nodala “Partikas atkritumu definicijas tv€rums majsaimniecibas”.

2.2. Sistematiskais literatiiras parskats

Promocijas darba 1. uzdevums ietver radito partikas atkritumu daudzuma
kvantific€Sanas petfjumu analizi visa lauksaimniecibas produkcijas razoSanas un
partikas piegades kedg, pieverSot uzmanibu pétijumu metodologijai un ar to
saistitajiem ierobezojumiem, ka ar1 izvertgjot tas atbilstibu ES kontekstam, kas
izklastits I raksta (Soloha & Dace, 2025).

2.2.1. Protokols

Sistematisks literatiiras parskats nodrosina, ka visi parskatiSanai atlasitie
dokumenti atbilst ieprieks noteiktiem izsl€gSanas un ieklausanas kriterijiem un
sniedz atbildes uz definétajiem p&tamajiem jautagjumiem (Mengist et al., 2020).
Sis sistematiskais literatiras parskats veidots saistiba ar sekojosiem pétamajiem
jautajumiem.
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e Kada ir Iidziba un at3kiriba analizéto p&tijumu rakstu metodologiskaja
ietvara (ipasu uzmanibu pievérsot tvérumam un datu veidam)?
e Kadas metodes tiek izmantotas PZA kvantificeSanai dazados PPK

posmos?
e Kadi ir visbiezak minétie PZA kvantificéSanas procediiras
ierobezojumi?

Turklat, salidzinot ar narativo literattiras parskatu (no anglu val. — narrative
literature review), sistematiskais literatliras parskats lauj sistematiski analizgt
eso$o0s petljumus un mazinat atlases neobjektivitati. 4. tabula sniegts parskats par
ieklauSanas un izslégSanas kriterijiem.

4. tabula. Atbilstibas kriteriji literatiiras atlasei

Atlases soli Atlases IeklauSana Izsleg§ana
kriteriji
Parskatisana péc  Téma (pétijuma  PZA definiciju ietvars Pétijumi, kas veltiti
nosaukuma, parskats) PZA daudzuma vienigi partikas atkritumu
kopsavilkuma kvantificesanas radiSanas paradumiem,
un metodologija un metodes noversanat,
atslégvardiem apsaimniekoSanai vai
PZA (.iau(iivzuma parstradei
kvantificé$ana
Pilna teksta Dokumenta Pieejams pilna teksta Pilna teksta pieejamiba
pieejamibas pieejamiba nav nodrosinata
parbaude
Raksta pilna Dokumenta Pilna garuma raksti Recenzijas
teksta veids
parskatiSana Geografiskais Eiropa Regioni arpus Eiropas
parklajums
Petfjuma mérkis ~ PZA daudzuma Teor&tiska analize, PZA
un uzdevumi kvantificé$anas petijums daudzuma kvantificé$ana
nav veikta, ka ieprieks
paredzéts

Vispirms raksti tika atlasiti, pamatojoties uz virsrakstu, kopsavilkumu un
atslegvardiem. P&c tam, parbaudot dokumentu pieejamibu, tika parskatiti pilni
teksti, lai noteiktu p&tijuma geografisko parklajumu un parbauditu, vai pétijuma
mérkos ir ieklauta radito partikas atkritumu daudzuma kvantific€Sana. Tas ticis
darits, lai nodro$inatu geografisko atbilstibu Eiropai un ieklautu tikai originalus
petijumus, kuros ieklauta radito partikas atkritumu daudzuma datu vaksana. Visi
raksti, kas atbilst ieprieck§ miné&tajiem krit€rijiem, tiku$i atlasiti analizei, lai
izprastu, ka raditie partikas atkritumi tiek kvantificéti no pétniecibas
metodologijas viedokla.
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2.2.2. Kyvalitativa satura analize

Lai atbildétu uz p&tamajiem jautajumiem, tika parskatiti raksti, kas tika
atlastti pilna teksta analizei. Informacija tika apkopota un kodgta, lai identifictu
metodologiskas atSkiribas starp pétijumiem. Analize tika veikta, izmantojot
kvalitativo satura analizi ar tematisko sintézes pieeju (Flick & Schreier, 2014).
Satura analize tiek definéta ka “pétniecibas metode, lai no tekstiem ieglitu
atkartojamus un pamatotus secinajumus par to lietoSanas kontekstu”
(Krippendorff, 2019). Citiem vardiem sakot, to izmanto, lai sistematiski
parbauditu tekstualos datus un identificétu teémas konkréta konteksta.

Lai izprastu pétijumu metodologijas lidzibu un at8kiribu analizgtajos rakstos,
tika parskatita rakstu materialu un metozu sadala. No katra petjjuma ieglita un
apkopota informacija ietvéra pétijuma mérkus un uzdevumus, sist€mas robezas
(aptvertie PPK posmi), PZA definicijas (ieskaitot materialu veidus un
galamérkus), pétijuma izlases veidoSanu un reprezentativitati, izveléto PZA
kvantific€Sanas metodi un izmantotos datu avotus.

Lai izprastu, kadas metodes tick izmantotas kvantificéSanai dazados
lauksaimniecibas produkcijas razoSanas un partikas piegades kédes posmos, ka
atsauce analiz€to péetijjumu rakstos pieméroto kvantificESanas metozu
kategoriz€Sanai tika izmantoti kvantificéSanas ietvari (5. tabula) — PZA standarts
(Hanson et al., 2016) un ES delegétais lemums (EC, 2019a).

5. tabula. Kvantificesanas metodes ES delegétaja lemuma (EC, 2019a) un PZA
standarta (Hanson et al., 2016)

Metodes Metode ES Metode PZA Ieteicama radito partikas Datu
veids delegetaja standarta atkritumu daudzuma veids
léemuma kvantificéSanas metode*
PP PM RD FS HH
Tiesa Tiesie Tiesa svérsana v v 4 v ooV Primarie
merfjumi
Tiesa NA Tilpuma Primarie
noteikSana
Tiesa Dienasgramata  Dienasgramata oV Primarie
Tiesa Atkritumu Atkritumu v v o v Primarie
sastava analize  sastava analize
Tiesa Skaitisana / Skaiti$ana v v Primarie
Skenésana
Netiesa Masas bilance Masas bilance v 4 v Primarie
un
sekundarie
Netiesa  Anketa Aptauja oV Primarie
Netiesa Intervija NA v v Primarie




Netiesa Koeficientiun ~ NA v v Sekundarie

razoSanas

statistika
Netiesa NA Modelésana Sekundarie
Netiesa NA Aizstajgjdati Sekundarie
Netiesa NA Teraksti Sekundarie

NA — metode dokumenta nav ieklauta; *leteicama metode katram PPK posmam saskana ar ES
delegéto lemumu.

Tika izpétiti arT pétijumos minétie ierobezojumi, kas saistiti ar p&tjjuma
veikSanu. P&tijumos izklastitiec ierobezojumi tika apkopoti, lai identificétu
aspektus, kas ietekmé kvantific&anu un iegiito datu ticamibu. ST informacija tika
ieglita un apkopota no rezultatu, diskusijas vai atseviskas ierobezojumu sadalas,
ja tada bija pieejama. legiitie dati tika kodgti, lai identificEtu atkartojosas teémas,
kas p&c tam tika sagrupétas lielakas grupas, kas saistitas ar trim kvantific€Sanas
procediiras posmiem: p&tjjuma planosana, datu vakSana un analize.

2.3. Blakusproduktu daudzuma novértesana

2. uzdevums tika veikts, lai nodro$inatu uz masu balstitu aprékinu pieeju
partikas parstrades un razoSanas blakusproduktiem, izmantojot vienotus
konversijas koeficientus, , ka izklastits II raksta (Soloha etal.,, 2024). ES
tiesiskaja regulgjuma dzivnieku izcelsmes blakusprodukti (ipasi gala) un to
klasifikacija ir definéti salidzinosi detalizeti neka augu izcelsmes blakusprodukti.
Tapec $is pétijums ir versts uz augu izcelsmes blakusproduktiem un dzivnieku
izcelsmes blakusproduktiem, iznemot galu. P&tfjuma uzmaniba tika pieversta
astonam Ziemeleiropas valstim (Danijai, Igaunijai, Somijai, Islandei, Latvijai,
Lietuvai, Norvegijai, Zviedrijai), lai salidzinatu apjomus valstis, kas atrodas
lidziga geografiskaja regiona. PEtijuma metodologiska pieeja ir noradita 6. attela.
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Sarazotas produkcijas
daudzums (avots: FAO)

Parstrades produktu
identificésana katra
valstt

Literatdras analize
(jauni biovalorizacijas

l—]

Zinatniskie raksti

panémieni)

v v

Blakusproduktu Pievienotas vértibas
identificésana produktu klasificésana

Vienotu
blakusproduktu
koeficientu un
daudzuma aprékins

Konversijas koeficienti
(avots: FAO un literatra)

Pievienotas vértibas

Blakusproduktu -
produktu datubaze

datubaze

6. attéls. Petijuma metodologiska pieeja

2.3.1. Ar blakusproduktiem saistita terminologija

Blakusproduktus uzskata par atsevisku materialu pliismu, kas raksturiga PPK
partikas parstrades un razosanas posmam. Ta ka blakusprodukti ir neatnemama
konkreta partikas parstrades procesa sastavdala, to veidoSanas tiek uzskatita par
nenoverSamu. PPK partikas parstrades un razoSanas posma biezi notiek dazadi
partikas parstrades procesi. Saja pétfjuma tika izmantoti termini “primaras
parstrades produkti (PPP)”, “sekundaras parstrades produkti (SPP)”, “terciaras
parstrades produkti (TPP)”, “tieSie blakusprodukti” un “netiesie blakusprodukti”.
Tas nozimé&, ka PPP ir “parstradats partikas produkts, kas razo$anas un parstrades
posma tiek razots galvenokart cilvéku patérinam, izmantojot izejvielas (augu vai
dzivnieku izcelsmes) no primaras razosanas (piemé&ram, augkopibas, lopkopibas
vai zvejniecibas)”, SPP ir “produkts, kas razots, izmantojot PPP ka galveno
sastavdalu”, TPP ir “parstradats produkts, kas razots, izmantojot SPP ka galveno
sastavdalu”. TieSais blakusprodukts ir materials, kas ir dala no konkr&ta partikas
parstrades procesa, bet nav galvenais mérka produkts (PPP, SPP vai TPP).
Netiesais blakusprodukts ir “blakusprodukts, kas neveidojas konkréta produkta
parstrades un razosSanas laika, bet veidojas cita iepriek$€ja limena partikas
produkta (piem&ram, PPP) razoSanas laika, kuru ar1 izmanto ka sastavdalu
konkréta produkta (SPP) razoSana”. Ir izveidots blakusproduktu definicijas
ietvars un ta saistiba ar partikas atkritumiem ES delegéta 1émuma ietvaros
(7. attels). Sis definiciju ietvars tick piem&rots $aja petijuma.
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LAUKSAIMNIECTBAS
PRODUKCUAS
RAZOSANA
Izej-
viela
PRIMARA
RAZOSANA
Anotacija:

DZIVNIEKU BARIBAS
~——» RAZOSANA VAI CITADA
APSTRADE

Dzivniekuizcelsmes
blakusprodukti

PARSTRADE &
PARTIKAS RAZOSANA

1zejvielas

(kausana, kidasana)

Dzivnieku izcelsmes
blakusprodukti, kas
nav uzskatami par
partiku

Partikas piegades kédes posmi

l:l Posmi arpus partikas piegades kédes

| Partikas atkritumi

Partikas zudumi

+ Plasmasarpus partikas atkritumu
.+ daudzuma mérjjumu tvéruma

Plasmas, kas ir ietvertas partikas atkritumu mérijumos

* - Plusmas var tikt uzskaititas un zinotas brivpratigi

7. attéls. Blakusproduktu definicijas ietvars un saistiba ar partikas atkritumiem

Plismas, kas netiek ietvertas partikas atkritumu mérijumos

blakusprodukti

| Razosanas atkritumi |

Mikrobiologiskais
piesarnojums

Produkti, kam

beidzies deriguma

termins “izlietot
lidz”

 Partika, kas notecinata
ka notekadeni vai
notecinati
notekddenos*

parstrades un razosanas posma (autores veidots)

2.3.2.

Blakusproduktu daudzuma aprékins balstas uz koeficientu un razoSanas
statistikas metodes pieeju, ka noteikts ES delegétaja 1éemuma. Lai gan aprékins
balstas uz sekundariem datiem — statistikas datiem valstu lITmenT un literattira
iegiitiem koeficientiem —, tajas ierosinats vienots aprékins, ko var atjauninat, ja
klost pieejami precizi vai konkrétam produktam atbilstosi dati. Turpmak

Blakusproduktu daudzuma novertejums

PARSTRADE & Partika MAZUM.-
PARTIKAS RAZOSANA TIRDZNIECBA
v
PARTIKAS ATKRITUMI
777777777 Parstrades |

aprakstita izmantota razoSanas statistikas un koeficientu metodologiska pieeja.
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RaZoSanas statistika

Ka datu avots parstradato augkopibas un dzivnieku izcelsmes produktu
razoSanas apjomiem tika izmantota FAOSTAT datu baze “Food Balances: Supply
Utilization Accounts” (FAOSTAT, 2023). Petijuma vispirms tika iegiiti raZoSanas
dati par parstradatiem augkopibas un dzivnieku izcelsmes produktiem. Katrs
atsevisks produkts FAOSTAT datu baze tiek saukts par “vienibu”. Pozicijas tika
sistematizétas, pamatojoties uz ierosinato PPP, SPP un TPP terminologiju
(8. attels), un, ja attiecinams, saistitas ar tieSajiem un netieSajiem
blakusproduktiem. FAOSTAT produktu saraksta (FCL) un Centralas produktu
klasifikacijas (CPC) kodi tika izmantoti, lai izveidotu produktu aprakstus
(definicijas). Turklat FCL kodi tika izmantoti, lai defingtu produktu limenus, kas
lava noskirt primaros produktus vai lauksaimniecibas produktus (0. l[imenis) no
PPP (1. Ilimenis), SPP (2. Itmenis) un TPP (3. limenis).

Sekundaras SPP; Terciaras
PPP; parstrades parstrades

PP, Primaras produkts (SPP) produkts (TPP)
! parstrades ‘
produkts (PPP) T e S
BPi N“ Blakusprodukts | ! Blakusprodukts |
777777 I I
! | ! |
[ s J Lot J
Primarais produkts
|
R Sekundaras
; Lﬁfh} Blakusprodukts | FPPi parstrades
T
; 3 gp; | Kviesu kijos | produkts
|
|
o Yoo 7 R P
}Lauk-saimniecibasl ‘_777} Blakusprodukts | ! Blakusprodukts |
! blakusprodukts i BP; | i i |
| [ N S J
! |
L 1
Produktu plismas  —————— Ble_zkusproduktu Ne_tlesas blakusproduktu
pldsmas plasmas

8. attéls. Partikas produktu parstrade (autores veidots, pamatojoties uz (FAO,
2025))

Koeficienti

Lai aprékinatu analizéto parstradato produktu blakusproduktu daudzumu,
tika parskatita literatiira (zinatniska literatira un FAO avoti), lai iegiitu
kvantitativos datus un saskanotu heterogénos blakusproduktu zinosanas formatus
(pieméram, kg vai masas % uz ieejas plismu vai izejas plismu) vienotajos
blakusproduktu koeficientos, kas izteikti ka blakusprodukta kg uz parstradata
produkta kg (svaigmasas), laujot veikt konsekventus kop€jo blakusproduktu
daudzuma aprekinus atbilstosi zinotajai razoSanas apjomu statistikai. Formulas
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ir aprakstitas II raksta (Soloha et al., 2024) metodologijas sadala, un precizi
apréekini ir ieklauti raksta pielikumos.

2.4. Partikas parvaldibas lomas un partikas atkritumi
majsaimniecibas
Promocijas darba 3. uzdevums tika veikts, lai noteiktu saikni starp

majsaimniecibu loceklu partikas parvaldibas lomu un partikas atkritumiem, ka
izklastits III raksta (Soloha et al., 2026).

24.1. Pétijjuma plans

Sim pétijumam tika izstradata strukturéta anketa (II pielikums). Strukturéta
anketa tika izstradata, balstoties uz ieprieksgjo petjjumu analizi (Flanagan &
Priyadarshini, 2021), (Eicaité et al., 2021), (van Herpen et al., 2019), (Visschers
etal., 2016), (Koivupuro etal., 2012) un kuros tika izmantotas strukturétas
anketas. Ta sastav no 17 slégtajiem jautajumiem (f0/ Iidz f17, skatit
II pielikumu), un izstradata latviesu valoda. Anketu veido slégtie jautajumi (jeb
fiksetas izveles jautajumi). Atbilzu varianti ietver dihotomiskos (atbildes —ja/ng),
kategoriskos un ordinalos mainigos. Atvertie jautajumi netika veidoti, lai
izvairttos no gritibam atbilzu interpreté$ana, kategorizé$ana un datu analizg.

2.4.2. Pétijjuma izlases kopa

Generala kopa bija visi Latvijas pastavigie iedzivotaji vecuma no 18 lidz
75 gadiem. Lai ieglitu pétfjuma izlases kopu, kas biitu reprezentativa mérka
grupai, tika izmantota stratificéta izlases atlase, pamatojoties uz administrativi
teritorialajiem slaniem. Tadgjadi, lai gan p&tijums ir versts uz majsaimniecibu
Itmeni, ta uzmanibas centra ir individs un vina loma majsaimnieciba. legitais
izlases apjoms ir 1007 respondenti. Respondentu socialdemografiskais profils ir
aprakstits III raksta (Soloha et al., 2026).

2.4.3. Datu vakSana

Datu vaksanu veikusi neatkariga petniecibas organizacija, kas organizgja
tie$as intervijas respondentu dzives vietas (ta sauktas Omnibusa aptaujas). Dati
ievakti laika no 2023. gada 13. janvara lidz 25. janvarim. legilitie dati ir
anonimizgti, tadgjadi respondenti nav identific€jami. Jéldati kopa ar metadatiem
(strukturéta anketa, kodu gramata un tehniska informacija) ir publicéti datu
repozitorija (Soloha et al., 2023).

2.4.4. Datu analize

Vaktie dati vispirms apkopoti, izmantojot aprakstoSo statistiku. Visi
majsaimniecibas locekli patéré partiku un tadel tiek uzskatiti par pateretajiem.
Tomer to iesaistiSanas partikas parvaldiba tos atskir no citiem. Pamatojoties uz
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atbildém par iesaistiSanos partikas parvaldiba (f02), tika izveidoti noteikumi un
respondenti tika induktivi iedaliti pilnigos partikas parvalditajos (no anglu val. —
Sfull meal managers), dalgjos partikas parvalditajos (no anglu val. — partial meal
managers) un &dienu bauditajos (no anglu val. — meal enjoyers) (6. tabula). So
lomu nosaukumi ir autores veidoti.

6. tabula. Respondentu iedalisana, pamatojoties uz atbildem par sesam
partikas parvaldibas praksém*

Partikas parvaldibas Obligats nosacijums Neobligats nosacijums
loma
Pilnigi partikas plano UN pérk, UN gatavo bauda, pérk (arpus majam),
parvalditaji pérk (majas)
Dalgji partikas plano UN pérk VAI bauda, pérk (arpus majam),
parvalditaji pérk UN gatavo, VAI pirkt (majas)
plano UN gatavo, VAI plano, VAI
gatavo
Edienu bauditaji NEIEKLAUIJ plano UN gatavo Jebkura kombinacija no
bauda, pérk (arpus majam),
pérk (majas)

*(1) Plano — Planoju maltites un pirkumus, (2) Pérk — Veicu partikas produktu iegadi; (3) Gatavo —
Gatavoju édienu sev un/vai citiem, (4) Bauda — Baudu citu pagatavoto édienu (pats/-i negatavoju);
(5) Perk (majas) — legadajos gatavo edienu un baudu to majas; (6) Pérk (arpus majam) —
legadajos un édu maltiti arpus majam

Tad $§Tm grupam tika pieme&rots neparametriskais Pirsona hi-kvadrata (y?)
neatkaribas tests, lai noteiktu, vai pilnigu partikas parvalditaju, dalgju partikas
parvalditaju un &dienu bauditaju realas atbildes (no anglu val. — observed values)
butiski atSkiras no sagaidamam vertibam (no anglu val. — expected values)
attieciba uz konkrétiem mainigajiem. Analiz€to mainigo kombinacijas:

1) partikas parvaldibas loma un vainas sajuta (atticksme) pret partikas
izmeSanu (f09);

2) partikas parvaldibas loma un galvena motivacija, kas attur respondentu
no partikas izmeSanas (f10);

3) galvena motivacija, kas attur respondentu no partikas izmesanas (f70),
un vainas sajiita par partikas izmesanu (f09);

4) partikas parvaldibas loma un iemesli, kapéc majsaimnieciba tiek
izmesta partika (f72_1);

5) partikas parvaldibas loma un riciba partikas atkritumu raSanas
noverSanai un mazinasanai majsaimnieciba (f15);

6) partikas parvaldibas loma un pasakumi, kas palidz&tu respondentiem
mazinat partikas atkritumu rasanos vinu majsaimniecibas (f76).

Katra rinda iegitaja datu kopa att€lo atsevisku respondentu. Tadgjadi
noverojumi tiek uzskatiti par neatkarigiem. Sagaidamas vertibas atspogulo to, ka
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atbildes biitu sadalitas, ja starp mainigajiem nebiitu saistibas (Ho: nulles
hipotéze). Ja sagaidamas vértibas ir tuvas novérotajam veértibam, ir maz ticams,
ka mainigie ir savstarp&ji saistiti. Noveérotas un sagaidamas vértibas tika
izmantotas, lai aprékinatu hi-kvadrata vértibu (y"). Statistiska nozimiba tika
novértéta pie nozimibas Iimena o = 0,05. Aprékinatas 7 vértibas tika salidzinatas
ar hi-kvadrata sadales kritiskajam vértibam pie o = 0,05 nozimibas ltmena (yc?).
Ja ’veértiba parsniedza yc* vértibu, nulles hipotézi (Ho) var noraidit. Statistiski
nozimigs rezultats liecina, ka starp partikas parvaldibas lomam var noveérot
atSkiribas. Lai novértetu efekta lielumu (no anglu val. — effect size) starp
mainigajiem, tika aprékinats Crameér V (McHugh, 2018), izmantojot
R programmas paketi “ved” (Meyer etal., 2024). Dati analizgti, izmantojot
R versiju 4.5.1 (R Core Team, 2025). Precizas formulas un aprékins atspogulots
IIT raksta un ta pielikuma (Soloha et al., 2026).

2.5. Metodologija partikas atkritumu daudzuma
kvantificéSanai majsaimniecibas

Pamatojoties uz 1 raksta iegiitajam zinasanam par partikas atkritumu
daudzuma mérfjjumiem un ar tiem saistitajiem ierobezojumiem, ir izstradata
metodologija partikas  atkritumu daudzuma kvantific€Sanai  Latvijas
majsaimniecibas. Lai izpilditu ES delegéta lemuma minimalas partikas atkritumu
daudzuma kvantificéSanas kvalitates prasibas, tai jabiit balstitai uz reprezentativu
izlases kopu un adekvati jaatspogulo partikas atkritumu daudzuma datu izmainas
(EC, 2019a).

2.5.1. Partikas atkritumu definicijas tvérums majsaimniecibas

Partikas atkritumi ietver gan &damas (noverSamas), gan ne€damas
(nenoveérSamas) dalas. Partikas atkritumu galamérki majsaimniecibas ir
neskirotu sadzives atkritumu izmeSana, $kirotu biologiski noardamo atkritumu
izmeSana un kompostéSana. Turklat ka atseviska kategorija tiek skatiti partikas
atkritumi, kas notecinati kopa ar notekiideniem, nemot véra to noklGsanu
notekiidenu apsaimniekoSanas sistéma, nevis atkritumu apsaimniekoSanas
sistéma. ES Istenosanas lemuma (EC, 2019b) §1 kategorija ir izdalita atseviski,
lai pemtu véra skidros partikas atkritumus, kuru apglabasanas veids var atskirties
no iepriek§ minétajiem apglabasanas veidiem. Ieprieksgjos pétijumos par partiku
Latvija partikas atkritumi, kas tiek notecinati kopa ar notekiideniem, nav nemti
vera. ES IstenoSanas lémuma ierosinats zinot par trim partikas atkritumu
plismam:

1) partikas atkritumu kop&jais daudzums (obligati zinojama pliisma);

a) atkritumu kopg@ja daudzuma frakcija, kas sastav no cilvékiem apeSanai
paredz&tam partikas dalam (noverSamie partikas atkritumi; var zinot
brivpratigi);
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2) partikas atkritumi, kas notecinati ka notekiideni vai notecinati
notekiidenos (var zinot brivpratigi).

Partikas atkritumu definicijas majsaimniecibas saistiba ar ES delegéto
lémumu skatit 9. attéla.

MAZUM-
TIRDZNIECIBA
Partika
MAJSAIMNIECIBAS |-——————————- |
}
|
EDINASANA ‘ l
| I
Voo Partika, kas =~ "
PARTIKAS ATKRITUMI artika, kas
notecinata ka
notekd deni vai
notecinati
notekddenos*
M3ajdzivniekiem un
lolojumdzivniekiem
izbarota partika
Uz Skivja atstatais [ T S
L neﬁapéfta-is édisr\s }r Piemajas darza i
Partikas i | radues partikas |
,,,,,,,, parpalikumi | | zudumi !
Anotacija: ) N o
I:] Partikas picgides kades posmi  —— > Plus.mas, kas_| r_!etvertas partikas
atkritumu mérijumos

! partikas atkritumi .y Plus.mas, kas_nftlek ietvertas partikas
atkritumu mérijumos

1 partikas zud umi * PIL_Jsm?s_v‘arnkt uzskaititas un zinotas
1 brivpratigi
"""" ' Plismas arpus partikas atkritumu

el daudzuma mérijjumu tvéruma

9. attéls. Partikas atkritumu definicija majsaimniecibas (autores veidots)
2.5.2. Partikas atkritumu daudzuma kvantificéSanas metode

Majsaimniecibu radito partikas atkritumu daudzuma merjjumiem tika
izveleta dienasgramatas metode. Tas princips ir partikas atkritumu sverSana
(svaiga masa) un izmesto produktu registréSana. Ta ka ieprieks€jos pétijumos
Latvija nav izmantota tieSa kvantific€Sana, lai vaktu datus par radito partikas
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atkritumu daudzumu Latvijas majsaimniecibas, ka optimala metode ir izvéleta
dienasgramata primaro datu iegfiSanai atkritumu rasanas avotda (tieSi no
majsaimniecibam). Dienasgramatas metodi papildina strukturéta anketa, lai
ievaktu datus pirms un péc mérijumu perioda (III pielikums).

P&tijuma majsaimniecibu parstavji tiesi piedalijas radito partikas atkritumu
daudzuma mérisana (katrda majsaimnieciba bija viens atbildigais par partikas
atkritumu daudzuma mérjjumiem un datu fikséSanu). Katra majsaimnieciba
sanéma merisanas komplektu, kura ietilpa dienasgramatas veidlapas, virtuves
atkritumu konteiners un virtuves svari. Dienasgramatas veidlapas tika izstradatas
ta, lai dalibniekiem biitu &rti septinas dienas p&c kartas ierakstit dienas beigas
nosverto partikas atkritumu masu $adas divas kategorijas:

1) partikas atkritumi (partikas atkritumu kopgjais daudzums, ko veido
partikas €damas un ne€damas dalas),
2) Skidrie partikas atkritumi (notecinati ka notektideni vai kopa ar tiem).
Tadgjadi $aja darba majsaimniecibu posma mérjjumi tiek veikti partikas
atkritumu kop&jam daudzumam (obligati saskana ar ES deleg&to lémumu), ka ar1
partikas atkritumu, kas tiek novaditi ka notekiideni vai kopa ar tiem (brivpratigi
saskana ar ES delegéto 1emumu), ka noradits 3. tabula. Lai atvieglotu dalibnieku
iesaisti un noturétu vinu lidzdalibu, dienasgramatas veidlapa nav prasits atseviski
nosvert un registrét édamas (noveérsamas) un neédamas (nenoveérsamas) partikas
atkritumus. Ta vieta, lai uzskaititu to, kas tiek izmests, respondentiem jaregistré
produkti, noradot iemeslus, galamerki un &anas paradumus. Lai izvairitos no
interpretacijas neskaidribam, tika piedavatas konkrétas atbilzu iespgjas
(7. tabula). Tas tika darits, lai parliecinatos, ka registrétais produkts var tikt
uzskatits par partikas atkritumiem atkariba no definicijas ietvara.

7. tabula. Izmesanas iemesls, galamérkis un édiena veids

Edienreizes (brokastis /
pusdienas / vakarinas)

IzmeSanas iemesls Galamerkis

1 — Maltites gatavoSanas laika
radas ne€dami atlikumi
(auglu un darzenu mizas, olu
Caumalas, kauli, asakas
u.tml.)

A — IzmetiSu komposta A — Pagatavots un apésts

majas

2 — Gatavosanas laika &diens
tika sabojats (slikti
pagatavots, parsalits,
piededzis u.c.)

3 — Sagatavots vai iegadats
par daudz &diena, un to nevar
ap@st vai izdzert

B — IzmetiSu biologisko
atkritumu konteinera

C — Izmetisu neskirotu/jauktu
sadzives atkritumu konteinera

B — Pagatavots majas, bet
ap@sts arpus majam

C — Iegadats un ap&sts arpus
majam (t.sk. izglitibas iestade
vai darba vieta)
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IzmeSanas iemesls

Galamerkis

Edienreizes (brokastis /
pusdienas / vakarinas)

4 — Negarso nopirktais
gdiens/produkts vai dala no ta

5 — Negar$o majas
pagatavotais €diens/produkts

D - IzlieSu/izmetiSu
kanalizacija

E — Izbarosu majdzivniekiem
vai majlopiem

D — Apmaksata &dienreize
izglitibas iestadé (pieméram,
brivpusdienas) vai darba vieta
E — legadats arpus majam
(pieméram, pasitits ar piegadi

vai dala no ta uz majam; nopirkts restorana,
partikas veikala u.tml.), bet
apests majas

F — Cita cilvéka (radinieka,
drauga u.c.) gatavota maltite,
kas ap&sta majas

6 — Uzglabasanas laika
sabojajies produkts (sapuvis,
sapelgjis, sarudzis u.c.)

F — Cits (logums isi uzrakstit
kads)

G — Cita cilvéka (radinieka,
drauga u.c.) gatavota maltite,
kas apésta arpus majas

7 — Nezinu, ka izmantot
produktu

8 — Produktam beidzies
deriguma termins

9 — Cits iemesls (liigums isi
uzrakstit kads)

2.5.3. Pétijumu izlases kopa un datu vakSana

Saskana ar sistematisko literatiiras parskatu dienasgramatas metode var bt
saistita ar nereprezentativu izlasi, izlases veidoSanas neobjektivitati un zemu
dalibnieku gatavibu iesaistities partikas atkritumu daudzuma mérjjumos. Lai to
ierobeZotu, izlases veido$ana jabalsta uz kritérijiem, kas atspogulo generalo
kopu.

P&tfjuma generala kopa bija Latvijas majsaimniecibas. Petijuma izlases kopa
tika veidota, izmantojot stratific€to izlasi, pamatojoties uz majsaimniecibas
lielumu, dzivesvietu (regionu) un ienakumu limeni. Lai vél vairak nodrosinatu
dazadu majsaimniecibu parstavibu, tika nemts veéra arT sociodemografiskais
profils, urbanizacija un majokla tips. P&tjjuma dalibnieku (majsaimniecibu)
rekrutéSanu, dienasgramatu metodes testéSanu un atbalstu petjjuma dalibniekiem
radito partikas atkritumu daudzumu mérjjumu laika projekta ietvaros veica
projekta partneris (Dace et al., 2025).

Lai nemtu v@ra sezonalas svarstibas, datu vaksana tika organizéta divreiz
gada (pavasar1 un rudeni). Turklat meérjjumu periodi tika izvel&ti ta, lai izvairTtos
no valsts svétkiem, skolas brivdienam un citiem notikumiem, kas varétu butiski
ietekmé& majsaimniecibu ikdienas darbibas (piem&ram, partikas atkritumu
parveérteésana vai nepietickama novertéSana). Katra mérisanas perioda ilgums bija
7 secigas dienas. Pavasara mériSanas perioda (viena nedg€la aprill vai maija)
piedalijas 25 majsaimniecibas, bet rudeni (viena ned€la septembrT vai oktobrT) —
veél 25 majsaimniecibas. Tas tika planots, lai ierobezotu neatbilstosi izvéleta
mérfjjumu perioda raditds sekas uz iegiitajiem datiem. Lai standartizétu datu
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vakSanu, visam majsaimniecibam tika nodro$inati identiski digitalie svari un
virtuves atkritumu tvertnes.
2.5.4. Datu analize

Partikas atkritumu daudzuma datu kopa sastavéja no 7 ierakstiem par partikas
atkritumiem (kg/diend) un 7 ierakstiem par Skidrajiem partikas atkritumiem
(kg/diena) katra majsaimnieciba. Katra plisma tika analizta atseviski, bet
saskana ar vienu un to pasu aprékinasanas procediiru. Lai aprékinatu vid€jo diena
radito atkritumu daudzumu uz vienu personu (kg/personai/diena), merjjumu
perioda registréto daudzumu summa tika dalita ar septini (mérfjumu dienu skaits)
un kopgjo attiecigaja majsaimnieciba dzivojoso cilveku skaitu. Sis raditajs tika
izmantots, lai aprékinatu kop&jo partikas atkritumu daudzumu valsts Iiment
(t/gada) un partikas atkritumu daudzumu uz vienu iedzivotaju
(kg/iedzivotaju/gada) katrai no méritajam atkritumu plismam (partikas
atkritumu kopgjais daudzums un partikas atkritumi novaditi notekiidenos).

Masa tika parrékinata no kilogramiem uz tonnam, izmantojot vienibu
parrékina koeficientu (1000 kg/t). Tad vidgji diena raditais atkritumu daudzums
(kg/cilveku/diena) tika reizinats ar dienu skaitu gada (366 kalendaras dienas
2024. gada) un iedzivotaju skaitu, kas dzivo attiecigaja strata (regions un
majsaimniecibu lielums), ka noradits oficialaja statistika (CSB, 2025). Iegiitie
rezultati katra strata tika saskaititi, lai ieglitu kop&o gada radito partikas
atkritumu daudzumu valsts Itmeni. Tas tika darits, nemot véra iedzivotaju
nevienmerigo sadalfjumu pa regioniem un majsaimniecibu lielumiem.
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3. Rezultati un diskusija

Promocijas darba empiriskie rezultati ir izklastiti tris zinatniskajos rakstos (I-
III raksts) un viena publikacija konferences te€zu krajuma (IV raksts). Kopuma
Sie petijumi apliiko partikas atkritumus, izmantojot gan teor&tiskus (sistematisks
literatiiras parskats par partikas atkritumu daudzuma kvantificésanu), gan
praktiskus (kvalitativi un kvantitativi pétijumi par blakusproduktiem un partikas
atkritumiem) empiriskos petijumus. Kopuma rezultati liecina, ka radito partikas
atkritumu daudzuma kvantific€Sana pétnieciba ir daudzveidiga un atSkiras to
detalizetiba (I raksts). Blakusprodukti radito partikas atkritumu daudzuma
kvantificéSanas metodologija nav ietverti, galvenokart to nenovérS§amas rasanas
del, tomer tos var sistematiz&t un kvantificet, pielagojot radito partikas atkritumu
daudzuma kvantific€Sanas metodi no ES normativa ietvara (II raksts). Partikas
atkritumu raSanas Latvijas pastavigo iedzivotaju vidi ir sareZgita, bet var noveérot
sakaribu starp partikas parvaldibas lomam un izpratni par partikas atkritumiem.
Tas var savukart palidzet pienemt Iémumus saistiba ar partikas atkritumu raSanas
noverSanu, mazinasanu un parvaldibu (III raksts). Metodika, ar ko kvantificét
majsaimniecibas raditos partikas atkritumus Latvija, ir izstradata, izmantojot
tieSo kvantificeSanas metodi (dienasgramatu) divam atskirigam partikas
atkritumu plismam (IV raksts).

3.1. Partikas zudumu un atkritumu kvantificeSanas petijumi

Lidzibas un atskiribas pétijumu metodologija

Sistematiska literatiiras parskata rezultati liecina, ka partikas zudumu un
atkritumu kvantificéSanas metodologija dazados pétijumos ir atSkiriga. Lai
nodroSinatu rezultatu korektu interpretaciju, to salidzinamibu un pétfjuma
atkartojamibu, ir svariga skaidri definéta pétijumu metodologija. Pe&tijumu
metodologija ir svariga plano$anas, izlases veidoSanas, datu vak$anas un datu
analizes skaidriba. Tapéc I raksta merkis ir divkarss — izklastit §1s dazadas pieejas
partikas zudumu un atkritumu kvantific€Sanas petijumos un izcelt problémas,
kuru nemsana v&ra varétu palidz&t attistit empiriskos p&tjjumus nakotné.

I raksta rezultati liecina, ka kop§ 2015. gada pétijumi par partikas atkritumu
daudzuma noteik$anu Eiropas valstis galvenokart ir koncentréjusies uz restoranu
un &dinasanas pakalpojumu, ka arT majsaimniecibu posmiem. P&tjjumu tvéruma
atskiribu del, tai skaita atskirigo partikas atkritumu definiciju un izvéleto
petijuma generalkopu, vairums péfijumu nav reprezentativi attiecigajam
PPK posmam radito partikas atkritumu daudzuma noteikSana. Tas norada
uz PPK apaksnozaru daudzveidibas trilkumu zinatniskaja literatiira. Lielaka dala
pétijumu atbilst PPK posmiem ES delegéta 1émuma konteksta, taéu dazi posmi
ir apvienoti vai defineti atSkirigi. P&tjjumi, kas versti uz primaro razosanu,
parstrades un razosanas posmiem, biezi vien koncentrgjas uz konkrétam nozarém
vai partikas produktiem, nevis uz visu attiecigo PPK posmu. Lauksaimniecibas
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produkcijas razoSana (AP-1 un AP-2) neietilpst PPK tvéruma atbilstosi ES
tiesiskajam reguléjumam, tau ta var noteikt partikas atkritumu rasanos
turpmakajos PPK patérina posmos. Turklat to nereti p&ta kopa ar primaras
razo$anas posmu, jo tie ir cie$i saistiti posmi. P&tTjumi visbiezak koncentr&jas uz
vienu PPK posmu, jo 1pasi restoraniem un &dinasanas pakalpojumiem, ka art
majsaimniecibam. P&tijumu, kas viena petijuma apliko vairakus PPK posmus, ir
mazak, bet tie sniedz sist€miskaku ieskatu par partikas atkritumu rasanos lielaka
mgeroga, pieméram, regionala vai valsts ITmeni.

Petijumos partikas atkritumu termini un to definicijas atSkiras atkariba no
PPK posma, €damo (novérS§amas) un ne€damo (nenovérSamas) frakciju un
Skidrumu ieklauSanas, ka arT plismu galamerka. Lai gan izmantoSana dzivnieku
bariba vai valorizacija ES tiesiskaja reguléjuma netiek uzskatita par atkritumu
galamérki, analiz€tajos pétijumos ir atSkirigas pieejas par to ieklauSanu vai
izslégSanu no definiciju ietvara.

Izlases reprezentativitate pétijumos atSkiras. Dazos pétijumos izmanto
stratificétu izlasi p&c nejausibas principa, citos — nereprezentativu izlasi. Dazi
pétijumi ir gadijumu izp&tes petijumi, tapec tie Tpasi koncentrgjas uz konkrétiem
partikas produktiem vai uznémumiem, kas darbojas PPK, un tadgjadi rezultatus
nevar attiecinat uz visu nozari vai PPK konkréta geografiskaja teritorija. Tomer
gadijjumu izpétes pétfjumi sniedz ieskatu datu vakSana atseviska uzn@muma
ITment.

Analizetajos pétjumos galvenokart izmantotas netiesas radito partikas
atkritumu daudzuma kvantific€Sanas metodes, lai gan metozu pielietojums
atSkiras atkariba no PPK posma. Tie$as metodes, piemeram, tieSie merijumi,
dienasgramatas un atkritumu sastava analize galvenokart tiek izmantotas
restoranu un &dinaSanas pakalpojumu, ka arm majsaimniecibu posmos. Dazos
peétijumos tiesas metodes tiek piemérotas razas novaksanas (AP-2) un primaras
razoSanas posma, savukart pirms razas novakSanas vai dzivnieku kauSanas
(AP-1), parstrades un razosanas, ka arT mazumtirdzniecibas un izplatiSanas
posmos tieSas kvantificéSanas metodes netiek izmantotas. No visam
identificétajam metodém visbiezak tiek izmantotas aptaujas, kuras papildina
dienasgramatas vai atkritumu sastava analize, ja viena petijuma tiek izmantotas
vairakas metodes. Masas bilance ir visbiezak izmantotd metode visos PPK
posmos, un to biezi lieto p&tijumos, kas versti uz vairakiem PPK posmiem.
Turklat p&tijumos, kas versti uz vairakiem PPK posmiem, parasti izmanto vienu
un to pasu metodi, lai gan dazos pétljumos izmantotas atSkirigas metodes
dazados posmos. Metodes izvele ir atkariga no méroga, un netiesas metodes
parasti izmanto lielaka méroga (pieméram, visa PPK), bet tie$§as metodes —
detaliz&tos petijumos (gadijumu izpétes) vai PPK pakartotajos posmos (restoranu
un &dinasanas pakalpojumu un majsaimniecibu posmos). Neviena p&tijuma nav
izmantota ES delegétaja [emuma ietverta skaitiSanas (skeng$anas) metode.
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Petijumos identificetie ierobeZojumi

Metodologiskie ierobezojumi ietekmé partikas atkritumu datu ticamibu,
salidzinamibu un nozimi politikas veidosana. Analiz&tajos petjjumos ka galvenie
ierobezojumi ir identific€ti nereprezentativa izlase, precizu datu trikums un
paszinosanas kliidas (no anglu val. — self-reporting error). I raksta tiek noskirti
ierobezojumi, kas saistiti ar daltbnieku izlases veidoSanu, radito partikas
atkritumu daudzuma kvantific€Sanu un datu interpretaciju.

Turklat identificetie ierobezojumi ir att€loti attieciba pret izmantotajam
kvantificéSanas metodém, lai uzsvértu to saistibu ar konkrétam partikas
atkritumu daudzuma kvantificéSanas metodéem (10. attéls). Datu ievakSanas
metode var bt tieSa vai netiesa.

Rakstu skaits (n=54) Tie3as metodes
o Tiesie mérijumi
0 5 10 15 20
a Nereprezentativa izlase || NI  Dienasgramata
Zema dalibnieku iesaiste [l Fotografiju kodésana
| . e
zlases veido3anas neobjektivitate [ Atkritumu uzskaites sistEma
b Precizu ievaddtau trikums [l I
Atkritumu sastava analize
Paszinosanas kltda - .
’ ' NetieSas metodes
B Masas bilance
Metodologijas istenosanas nepilnibas [l I
. N _ B Materialu plasmas izmaksu
Nepilnigs PZA definiciju tvérums [l uzskaite
Socialas vélamibas problema [l Anketa
Neatbilsto$s mérijumu periods [N Intervija
Darbietilpiga metode - .
Koeficienti un rafo$anas
- statistika
c Nepietiekama datu kvalitite [l [l -
Citi
Apgratinata PZA datu salidzinamiba [l

10. attéls. Analizétajos pétijumos identificétie ierobeZojumi (a — izlases
veidoSana (dalibnieku rekrutésana); b — datu vaksana (partikas atkritumu

daudzuma kvantificesana); c — datu analize (partikas atkritumu daudzuma datu
interpretésana))

Rezultati liecina, ka nereprezentativa izlase ir izplatita primaro datu vak$ana,
izmantojot tieSas metodes, ka arT anketas un intervijas. Lai gan aptaujas un
intervijas partikas atkritumu daudzuma kvantificeSanas pétjjumos lauj vakt
primaros datus, tas tiek uzskatitas par netie§$am metodém, jo balstas uz
respondentu sp&ju atceréties partikas atkritumu radiSanas paradumus, nevis jaunu
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datu ievaksanu konkréta pétijuma vajadzibam. Masas bilancei un materialu
plismas izmaksu uzskaitei, kas galvenokart balstas uz sistémisku perspektivu,
aptverot vairakus PPK posmus, var tikt izmantoti gan primarie, gan sekundarie
dati, kuru kvalitate var biit nepietickama. III raksta detalizétak skaidrots katrs
identificétais ierobezojums.

3.2. Blakusprodukti partikas atkritumu definicijas ietvara

Pamatojoties uz I rakstu par partikas zudumu un atkritumu kvantific€Sanas
petijumu izpéti, II raksts pievérSas blakusproduktiem un piedava to
kvantificéSanu, izmantojot raZzoSanas statistiku un koeficientu metodi. Atskiriba
no citiem PPK posmiem ir tada, ka blakusprodukti attiecas tiesi uz PPK
parstrades un razoSanas posmu (1.3. nodala “Partikas atkritumu klasifikacija
arpus ES tiesiska regulgjuma”). Nemot véra, ka blakusprodukti atkariba no to
galamérka var tikt uzskatiti par partikas atkritumiem, tos var saistit ar
radito partikas atkritumu daudzuma kvantificeSanas pétjjumiem. Tomér
blakusproduktus uzskata par partikas atkritumiem, ja tie ir novirziti uz atkritumu
apstradi. Sis galamérkis var kalpot ka raditajs, kas liecina par iesp&amu
blakusproduktu novirzisanu no atkritumu apstrades uz parstradi produktos. Tas
ir tapec, ka blakusproduktus uzskata par nenovér§amam blakus plismam, kas
rodas ka dala no konkréta partikas parstrades procesa, un, ja vien attieciga
partikas produkta razoSana netiek partraukta, $adu blakusproduktu raSanas ir
nenovérSama. II raksta ir sistematizéti parstradatie partikas produkti un to
attiecigie blakusprodukti (8. tabula), ka arT sniegti blakusproduktu aprékini pa
produktu grupam un salidzingjumi starp valstim.

8. tabula. Identificetie blakusprodukti analizétajiem parstradatajiem
produktiem

Pozicija Produkta  Klase Blakusprodukti Produktu grupa
kategorija
Alus no mieziem, C SPP Alus razo$anas atliekas Alus daritavas un
iesala (drabinas) vina daritavas
Alus rauga atliekas,
Vins C PPP Vinogu izspiedumi Alus dartavas un
vina daritavas
Kvie$u milti C PPP Kviesu klijas Labiba
Kviesu digli
Kartupelu milti C PPP Kartupelu mizas Labiba
Kviesu ciete C SPP Kviesu lipeklis Labiba

Kviesu klijas (netiesi)
Kviesu digli (netiesi)
Rudzu milti C PPP Rudzu klijas Labiba
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Pozicija Produkta  Klase Blakusprodukti Produktu grupa
kategorija
Kukuriizas milti C PPP Kukuriizas klijas Labiba
Kukuriizas digli
Makaroni C SPP Kviesu klijas (netie$i) Labiba
Kviesu digli (netiesi)
Auzas, valcétas C PPP Auzu klijas Labiba
Auzu ¢aumalas
Miezu graudi C PPP Miezu ¢aumalas (mizas) Labiba
Miezu klijas
Kukuriizas ciete C SPP Kukuriizas lipeklis, Labiba
Kukuriizas klijas (netiesi)
Kukuriizas digli (netiesi)
Risi, sasmalcinati  C SPP Risu sénalas (netiesi) Labiba
Risu klijas (netiesi)
Siers no pilnpiena PPP Stkalas Piena produkti
Siers no vajpiena SPP Stikalas Piena produkti
Olas, skidras PPP Olu ¢aumalas Olas
Olu ¢aumalu membrana
Neapstradats C PPP Melase Augli un darzeni
cukurniedru vai Cukurbie$u masa, mitra
cukurbiesu cukurs Cukurbiesu masa, sausa
Rafingts cukurs C SPP Melase (netiesa) Augli un darzeni
Cukurbie$u masa (netiesi)
Apelsinu sula C PPP Apelsinu mikstums Augli un darzeni
(pazistams ar1 ka
citrusauglu mikstums)
Tomatu sula C PPP Tomatu mikstums Augli un darzeni
Rapsu ella, C PPP Rapsa seklu rausi Ellas un tauki
neattirita
Sojas pupu ella PPP Sojas pupu milti Ellas un tauki
Kakao sviests, C SPP Kakao ¢aumalas un mizas Ellas un tauki
tauki un ella (netiesi)
Parstradati C SPP Zemesriekstu ¢aumalas Paksaugi, rieksti
zemesrieksti un ellas augu
seklas
Kartupelu ciete C PPP Kartupelu mikstums Saknes un
bumbuli
Kafija, bez C PPP Kafijas plévite (no anglu Stimulanti
kofeina vai val. — coffee silverskin)
grauzdéta
Kakao pulverisun  C SPP Kakao ¢aumalas un mizas  Stimulanti

kakao masa

(netiesi)
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11. attéls. Vidéjais parstradato partikas produktu un to blakusproduktu
daudzums (no 2015. lidz 2020. gadam) (a — alus; b — kviesu milti); DK —
Danija, EE — Igaunija, FI — Somija, IS — Islande, LV — Latvija, LT — Lietuva,
NO — Norvégija, SE — Zviedrija; ™ — produkts; ™ un ® — blakusprodukti
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12. attéls. Videjais parstradato partikas produktu un to blakusproduktu
daudzums (no 2015. lidz 2020. gadam) (a — siers,; b — cukurs (EE un LV — nav
datu par produktu daudzumiem; IS un NO — 0); ¢ — kartupelu ciete (EE, F1I, IS,

NO un SE — nav datu par produktu daudzumiem), d — rapsu ella)
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Vienotu blakusproduktu koeficientu aprékini liecina, ka dazadu produktu,
pieméram, neapstradata cukurniedru vai cukurbiesu cukura, siera, rapSu un sojas
ellas, kartupelu cietes razo$ana rada lielaku blakusproduktu daudzumu attieciba
pret parstradato partikas produktu. Alus un kvie$u milti ir vieni no visvairak
razotajiem partikas produktiem visas apliikotajas valstis (11. attéls). Tomér siera,
cukura, kartupelu cietes un rapsu ellas razo$ana rodas lielaks blakusproduktu
daudzums neka, razojot alu, ka arT kvieSu miltus (12. attéls). Blakusproduktu
rasanas uzsver blakusproduktu daudzumu kvantificéSanas nozimi, jo to raSanas
apjoms var veidot butisku apjomu konkretos parstrades un razosanas procesos.

3.3. Partikas parvaldiba un partikas atkritumi
majsaimniecibas

Respondenti tika induktivi iedaltti tris partikas parvaldibas lomas. Kopuma
respondenti paradija zemu izpratni par partikas atkritumiem, jo ievérojama dala
respondentu apgalvoja, ka nerada partikas atkritumus (18,6 %) vai neizmet
partiku, ko varétu paterét uztura (30,5 %). Turklat starp €diena bauditajiem
lielaka dala noradija, ka viniem ir griiti pateikt, cik daudz partikas atkritumu
rodas uz vienu personu majsaimnieciba. Savukart mazaks Tpatsvars dalgjo
partikas parvalditaju un pilnigo partikas parvalditaju noradija, ka viniem griti
noverteét radito partikas atkritumu daudzumu. Tas lava secinat, ka atsveSinatiba
no partikas parvaldibas ir saistita ar zemaku izpratni par partikas atkritumu
radiSanu majsaimnieciba.

9.tabula paradits respondentu sadalfjums p&c izstradatajam partikas
parvaldibas lomam (pilnigi partikas parvalditaji, dalgji partikas parvalditaji un
&dienu bauditaji). Kopuma rezultati liecina, ka &diena bauditajiem, kuri nav
iesaistiti partikas parvaldiba (planoSana un pagatavosSana), ir zemaka izpratne par
partikas atkritumiem, vini jlitas mazak vainigi par partikas iz§kérdesanu un ir
mazak motiveti neizmest partiku, salidzinot ar pilnigiem un dal&jiem &diena
parvalditajiem.
9. tabula. Respondentu atbildes atbilstosi partikas parvaldibas lomam,
Jjautdjums ar vairakiem atbilzu variantiem (NA = 16)

Mana majsaimnieciba es visbiezak ... Pilnigi Daleji Edienu
partikas partikas bauditaji*
parvalditaji ~ parvalditaji  (n =182)
* (n =546) * (n=263)

Planoju maltites un pirkumus 100,0 38,4 0,0
Peérk — Veicu partikas produktu iegadi 100,0 71,5 40,1
Gatavo — Gatavoju édienu sev un/vai citiem 100,0 71,9 0
Bauda — Baudu citu pagatavoto édienu (pats/- 14,8 28,5 91,8
i negatavoju)
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Perk (majas) — legadajos gatavo édienu un 17,0 18,6 16,5
baudu to majas

Perk (arpus majam) — legadajos un édu 18,5 17,9 23,1
malltiti arpus majam

*Respondentu procentudalais sadaltjums péc lomas (attiecigi n = 546, n = 263,
n =182); NA — nav atbildes

No sociodemografiska viedokla dzimums un vecums uzrada atskiribas starp
partikas parvaldibas lomam. Lielaka dala respondentu sievieSu ietilpst pilnigu
partikas parvalditaju grupa, proti, 74,3 % no visam sievietem (n = 530). Tas ir
atSkirigi starp virieSu respondentiem, kuru skaits gandriz vienadi sadalas starp
partikas parvaldibas lomam. Tikai 33,0 % no visiem virieSiem (n=461) ir
pilniga partikas parvalditagja loma. Tas liecina, ka partikas parvaldibas
pienakumos starp dzimumiem ir atSkiribas. Turklat tika konstatSta statistiski
nozimiga saistiba starp partikas parvaldibas lomu un dzimumu (y?=223.43,
df=2,
p-value < 0.001), kas norada, ka mainigie nav neatkarigi. Turklat efekta lielums
ir mérens (V =0.47). Skatot pa vecuma grupam, liclaka pilnigu partikas
parvalditaju dala ir konstatéta vecaku respondentu vidd, proti, 66,0 % no
64-75 gadus veciem respondentiem. Bet 18-24 gadus vecu respondentu vidi
tadu ir 27,8 %. Tika konstatSta statistiski nozimiga saistiba starp partikas
parvaldibas lomu un vecumu (y *=48.805, df = 10, p-value < 0.001). Tomer
efekta lielums ir mazs (V = 0.14).

Veicot hi-kvadrata testus, ir noverota statistiski nozimiga saistiba starp lomu
partikas parvaldiba un attiecksmi (f09 — vainas sajlita par partikas izmeSanu),
motivaciju (f70 — motivacija, kas attur respondentu no partikas izmesanas) un
partikas atkritumu rasanas iemesliem (f72 — iemesli, kap&c majsaimnieciba tiek
izmesta partika), lai gan saistibas stiprums svarstas no vaja lidz vidéjam. Turklat
strukturétaja aptauja bija ieklauti jautajumi, kas saistiti ar partikas atkritumu
raSanas noveérSanu un mazinasanu: a) riciba, ko individi dara, lai noverstu un
mazinatu partikas atkritumu rasanos (f75), un b) pasakumi, lai saprastu, kadi
stimuli, kuru merkis ir veicinat partikas atkritumu raSands noverSanu un
mazinaSanu, tiek uzskatiti par noderigiem (f76). Pilnigi partikas planotaji
ieverojami biezak iesaistijas , piem€ram, maltiSu planosana un pieejamo
produktu parbaudg, savukart €dienu bauditaji izradija vislielako atsvesinatibu no
partikas atkritumu rasanas noverSanas, biezi noradot, ka vinus nekas nemotive.
Tas liecina, ka tie, kas ir atsvesinati no partikas parvaldibas, potenciali mazak
apzinas vai nav ieinteres€ti partikas atkritumu jautajumos. Pilnigo partikas
parvalditaju loma biezak neka citu lomu parstavji zinoja par ricibu, kas saistita
ar planoSanu. Pretstata tam &dienu bauditaji nevienu no piedavatajam darbibam
neizvelgjas vairak neka sagaidams, kas liecina par iesp&jamu atsvesinatibu no
partikas atkritumu rasanas novérSanas pasakumiem, jo maltites galvenokart tiek
pat€rétas, nevis parvalditas.
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111 raksta ieklautas aptaujas rezultati liecina par zemu gatavibu piedalities vai
sniegt ieguldijumu obligataja radito partikas atkritumu daudzuma zinosana ES
(13. att€ls), pilnigie partikas parvalditaji ir nedaudz atvértaki salidzinajuma ar
dalgjiem partikas parvalditajiem un &dienu bauditajiem.

a b
6%, 32 5%, 14

4%, 2
D\ \ 14%,78 671

£

76%, 416 80%, 211 88%, 160

9%, 23

= Ja, neatkarigi no apstakliem* Ja, ja sanemtu atlidzibu® Né= Griti pateikt

13. attéls. Gataviba piedalities pétijuma par partikas atkritumu daudzuma
kvantificesanu (f17) (a — pilnigi partikas parvalditaji (n=546); b — daleji
partikas parvalditaji (n=263), ¢ — édienu bauditaji (n=182)) (Soloha et al.,
2023)

Tomér, neatkarigi no individa lomas majsaimnieciba, partikas atkritumu
kvantific€Sanai majsaimniecibas ITmeni biitu jaaptver visi majsaimniecibas
locekli, lai nodroSinatu, ka partikas parvaldiba un atkritumu radiSana ir
reprezentativa visai majsaimniecibai.

3.4. Partikas atkritumu daudzuma kvantificéSana
majsaimniecibas

Pirms meérfjumu perioda respondentiem tika loigts aprékinat partikas
atkritumu daudzumu, ko, péc vinu domam, vinu majsaimnieciba rada katru
nedelu. Lielaka dala respondentu (74,0 %) nepietickami novertgja faktisko
partikas atkritumu daudzumu, kas tika savakts mérfjjumu perioda. Savukart tie,
kuri parvertgja radito partikas atkritumu daudzumu, parasti bija majsaimniecibas,
kuras ar1 radas vairak partikas atkritumu (10. tabula). Tas saskan ar secinajumiem
citos petijumos, pieméram, (Ammann et al., 2021).
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10. tabula. Pirms mérijumiem noveértétais (no anglu val. — perceived) partikas
atkritumu daudzums un faktiski (no anglu val. — actual) raditais partikas
atkritumu daudzums majsaimniecibas

Novertetais, kg/nedela Maj- Faktiski* Faktiski* Faktiski
saimniecibu  (partikas (Skidrie partikas  (kopa),
skaits atkritumi) atkritumi), kg/nedela

kg/nedela kg/nedela

<0.5kg 3 2,49 0,00 2,49

0,5-1 kg 5 1,36 0,20 1,56

12 kg 10 2,38 0,55 2,93

2-3kg 11 4,55 0,87 5,42

3-4kg 5 3,02 0,66 3,67

4-5kg 3 4,56 0,40 4,95

5-6 kg 2 7,87%* 3,22%% 11,09

>6kg 2 4,54** 2,77%* 7,31

Griiti pateikt 9 6,01 1,27 7,88

* Vidéjais atkritumu daudzums majsaimniecibas; **Videja aprékinata vertiba balstdas uz divam
vertibam

Pretgji ES noteiktajiem atkritumu rasanas mazinasSanas mérkiem aprékinatie
dati par partikas atkritumiem 2024. gada liecina par to daudzuma pieaugumu
kop$ pedeja parskata perioda. Vid€jais radito partikas atkritumu daudzums
palielingjies no 71 kg uz iedzivotaju 2022. gada Iidz 82,3 kg uz iedzivotaju
2024. gada (Sis petijums). Salidzinajumam — ES vidgjais raditajs uz iedzivotaju
2022. gada ir 68 kg (Eurostat, 2025a). Pirmo reizi Latvijas majsaimniecibas tika
verteti  skidrie  partikas  atkritumi, kuru vid€jais daudzums bija
17,5 kg/iedzivotajam. Sis ir pirmais pétfjums Latvija, kura partikas atkritumu
daudzuma meérjjumi majsaimniecibas veikti, izmantojot tieSo radito partikas
atkritumu daudzuma kvantific€Sanas metodi (11. tabula).

11. tabula. Vidéjais raditais partikas atkritumu daudzums uz vienu iedzivotaju
attiecigaja regiond un majsaimniecibu lieluma grupa (A — Skidrie partikas
atkritumi, B — partikas atkritumi)

Regions Majsaimniecibas  Izlases Iedzivotaju A, kg/gada B, kg/gada
lielums kopa skaits**

Riga 1 11 179 204 16,0 95,8

Riga 2 4 193 820 34,8 100,3

Riga 3 5 172 113 21,3 85,1

Riga 4 2 145 796 0,0 45,7

Riga >5 1 151 645 0,0 71,0
Vidzeme 1 1 46 324 0,0 69,6
Vidzeme 2 1 55420 5,6 109,2
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Regions Majsaimniecibas  Izlases Iedzivotaju A, kg/gada B, kg/gada

lielums kopa skaits**
Vidzeme 3 1 51624 39,0 121,3
Vidzeme 4 1 47 364 62,4 172,5
Vidzeme >5 2 72 160 24,1 333
Kurzeme 1 0* 49 043 17,5 93,1
Kurzeme 2 3 59 890 16,0 33,6
Kurzeme 3 1 51 348 0,0 62,2
Kurzeme 4 1 47292 0,0 62,4
Kurzeme >5 1 66 184 22 109,7
Zemgale 1 2 37574 15,9 51,8
Zemgale 2 1 46 936 43,4 66,6
Zemgale 3 2 42 693 14,3 67,8
Zemgale 4 1 38 380 32,2 97,8
Zemgale >5 3 54 648 10,8 91,0
Latgale 1 2 50713 36,1 131,7
Latgale 2 0* 60 568 26,2 75,3
Latgale 3 2 47988 14,7 85,5
Latgale 4 1 37992 8,8 45,0
Latgale >5 1 41 382 11,9 64,7

* Pienemums, ka radito atkritumu daudzums ir tads pats ka vidéji atbilstosa lieluma
majsaimniecibas. **ledzivotaju skaits 2024. gada (CSB, 2025).

Lai gan §1 pétijjuma mérkis bija izstradat metodiku partikas atkritumu
daudzuma kvantificéSanai majsaimniecibas, kas atbilstu ES normativa ietvara
prasibam, tam ir dazi ierobezojumi, kas jarisina turpmakajos p&tijumos.
Pirmkart, datu vakSana tika veikta manuali. Respondenti registréja partikas
atkritumu daudzumu papira formata dienasgramatas. Tas, iesp&jams, vargja
izraisit pa$zinoS$anas kltidas (no anglu val. — self-reporting), registr&jot datus vai
parnesot tos digitala formata. Otrkart, ta ka merjjumus veica pasi majsaimniecibu
locekli, radito partikas atkritumu daudzuma kvantificESanai bija janodrosina
respondentu iesaistiSanas. Tapéc bija nepiecieSams samazinat to partikas
atkritumu frakciju detalizacijas pakapi, kuras bija janosver atseviski, ka art
samazinat partikas atkritumu sverSanas biezumu. Treskart, lai gan p&tijuma izlase
tika atlasita, izmantojot stratificétu atlasi, ta joprojam ir nepietickama, nemot
véra iedzivotaju daudzveidigas ipasibas. Sie apsvérumi var kalpot par pamatu
turpmakiem pétijumiem, lai nodroS§inatu precizu, Latvijas majsaimniecibam
reprezentativu atlasi un uzlabotu datu vaksanu.
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Secinajumi

Promocijas darbs ir tematiski vienota publikaciju kopa (I-IV raksts), kas

veido pabeigtu p&tijumu. Promocijas darba ir piedavats metodologiskais ietvars
radito partikas atkritumu daudzuma noteikSanai partikas razo$anas un
majsaimniecibu posmos Latvija. Taja ka normativais ietvars izmantots ES
tiesiskais regul&jums.

1.

I raksta aprakstitas metodologiskas pieejas, kas tiek izmantotas p&tjjumos par
partikas zudumu un atkritumu daudzuma kvantific€sanu, ka arT ar tam
saistitie ierobeZojumi. Taja izcelti apsvérumi, kas var noderét par pamatu
turpmako pétijjumu planosanai un palidz&t mazinat metodologijas ietekmi uz
datu akuratumu un salidzinamibu. P&tjuma ierobezojumi ir iedaliti
kategorijas atbilstosi izlases veidoSanai (dalibnieku atlasei), datu vaksanai,
ka arT datu analizei (interpretacijai), un tie ir saistiti ar konkrétam radito
partikas atkritumu daudzuma kvantificéSanas metodém. Tas lauj paredzet
ierobezojumus, kas saistiti ar konkrétas metodes izvéli, un samazinat to
ietekmi p&tjjuma planosanas posma. Metodologiska ietvara skaidriba ir
svariga ari radito partikas atkritumu daudzuma kvantificé$anai Latvija, nemot
vera obligatas prasibas par radito partikas atkritumu daudzuma zinoSanu ES
un Latvijas neilgo pieredzi radito partikas atkritumu daudzuma
kvantific€Sanas sistémas izveidg.

Paslaik partikas razosanas blakusprodukti netiek ieklauti partikas atkritumu
kvantific€Sanas sist€ma, kaut arT atkariba no to galamérka tie varetu klat par
partikas atkritumiem. II raksta ir izstradata vienota metode partikas razoSanas
blakusproduktu daudzuma aprékinasanai astonas Ziemeleiropas valstis,
pielagojot ES delegéta 1emuma razoSanas statistikas un koeficientu metodi.
Taja ir izmantoti partikas razoSanas statistikas dati, lai identific€tu partikas
parstrades produktus, un tiek noteikti vienoti blakusproduktu koeficienti.
Tadgjadi blakusproduktu daudzuma aprekinasanu var attiecinat art uz citam
valstim. Specifisku datu trikuma dg] visas valstis tiek izmantoti vieni un tie
pasi blakusproduktu koeficienti, kas biitu japreciz€ turpmakajos p&tijumos.
Nemot veéra, ka paslaik blakusproduktu daudzumi netiek sistematiski
noveértéti, ES delegétaja lémuma noteiktas radito partikas atkritumu
daudzuma kvantificesanas metodes pielagosana lauj apkopot datus par Siem
sekundarajiem biologiskajiem resursiem.

III raksta tiek pétita saikne starp partikas parvaldibas praksi un partikas
atkritumiem Latvijas majsaimniecibas. Lomas ir noteiktas induktivi,
pamatojoties uz respondentu iesaistiSanos partikas parvaldiba (planoSana,
iepirkSanas, &diena gatavoSana un/vai baudiSana). Pilnigie partikas
parvalditaji ieverojami biezak veic preventivo ricibu, pieméram, &dienreizu
planosana un pieejamo produktu parbaude, savukart tie, kas galvenokart
bauda &dienu, izrada vislielako atsvesinatibu no partikas atkritumu raSanas
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novérsanas, biezak noradot, ka nekas vinus nemotivé neizskiest partiku.
Analize liecina, ka atsveSinatiba no partikas parvaldibas prakses potenciali
nozimé, ka cilvéki mazak apzinas vai pievers uzmanibu partikas atkritumiem.
Kopuma neatkarigi no partikas parvaldibas lomas, respondenti bija atturigi
par noteiktu partikas atkritumu rasanas novérSanas pasakumu lietderibu,
liecinot, ka politikas stimuli partikas atkritumu rasanas noverSanai varétu biit
neskaidri majsaimniecibu Iimeni un tadé] viniem var biit nepiecieSama
konkrétaka informacija par to, ka ierosinatie pasakumi vartu atbalstit
majsaimniecibas partikas atkritumu rasanas nover$ana un mazinasana.
Metodologija partikas atkritumu daudzuma kvantific€$anai majsaimniecibas
tika izstradata IV raksta. Ta ir saskanpota ar ES delegéto lémumu, lai
nodroSinatu iegiito datu salidzinamibu ES27 valstis. Lai izveéletos optimalu
metodi partikas atkritumu daudzuma kvantific€Sanai to rasanas avota un
risinatu ar metodi saistitos ierobezojumus, tika nemtas veéra I raksta iegiitas
atzinas. Sis ir pirmais pétijums Latvija, kurd radito partikas atkritumu
daudzuma mérjjumi majsaimniecibu Iimeni tiek veikti, izmantojot tieSo
mérjjumu metodi (dienasgramatu). Taja pirmo reizi tika ievakti dati arT par
tiem partikas atkritumiem, kas tiek novaditi ka notekideni vai kopa ar tiem.
Par $o plismu var zinot brivpratigi saskana ar ES delegéto 1émumu. Ta ka
pirmo reizi tika piemerota tieSo merfjumu metode un partikas atkritumi tika
kvantificeti divas dazadas plismas, vel ir paragri noteikt, vai un kada méra
pasreizgjie dati ir salidzinami ar ieprieks&jo zinosanas periodu datiem. Tomer
Sie dati kalpo par atskaites punktu nakamajiem merijjumu periodiem. Ta ka
dienasgramatas metodes izmantoSana prasa tieSu majsaimniecibas loceklu
lidzdalibu, ta ir saistita ar paszinoSanas klidam, pieméram, datu
neierakstiSanu aizmarsibas dél un nepareizu datu ievadi. Lai zinama méra
mazinatu $os ierobezojumus, mérijjumu perioda pétijuma dalibniekiem katru
dienu tika atgadinats par partikas atkritumu daudzuma merfjumu veikSanu.
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Rekomendacijas

Minimalas kvalitates prasibas partikas atkritumu daudzuma kvantificéSanai

Ripigs pétijuma dizains, izlases veido$ana, datu vaksana un analize, t. i.,
kvantific€Sanas praktiska istenoSana, ir cie$i saistita ar pieejamajiem finansu
resursiem. Lai izpilditu ES delegétaja lémuma noteiktas minimalas kvalitates
prasibas partikas atkritumu daudzuma kvantific€Sanai, tai jabalstas uz
reprezentativu izlasi un jaatspogulo partikas atkritumu daudzuma datu variacijas.
Turklat padzilinati merfjumi (pieméram, izmantojot tieSo mérfjjumu metodes)
javeic vismaz reizi Cetros gados. Lai nodro$inatu partikas atkritumu datu
salidzinamibu starp partikas piegades kédes posmiem, starp dazadiem gadiem un
citam ES valstim, piemé&rotajam partikas atkritumu definiciju ietvaram jabut
saskanotam visos zino$anas gados. Saja promocijas darba tiek ierosinats
saskanot partikas atkritumu definiciju ar sistémas robezam (partikas piegades
k&des posmiem) un atkritumu hierarhiju (partikas atkritumu galameérki), kas
veidots atbilstosi ES tiesiskajam regulgjumam. Lai gan obligati ir jazino tikai par
partikas atkritumu kop&jo daudzumu, nenodalot partikas atkritumu €damas un
neeédamas frakcijas, ir ieteicams turpmak §is pliismas kvantificet atseviski.
Pirmkart, tadel, ka @damo (novérSamo) partikas atkritumu frakciju rasanos ir
iespgjams noverst. Tadejadi §1 ir partikas atkritumu frakcija, uz kuru varétu
attiecinat atkritumu rasanas noverSanas pasakumus. Partikas atkritumu, kas tiek
novaditi ka notekiideni vai kopa ar tiem, vakSana un zinosana lauj kvantificét
plismas ar atSkirigu galamérki, proti, notekiidenu attirisanas sist€éma, nevis
atkritumu apsaimniekoSanas sisteéma, kuras ieprieks netika uzskaititas Latvija.
Lai validétu partikas atkritumu daudzuma datus, ieteicams kombinét dazadas
partikas atkritumu kvantificé$anas metodes.

Partikas atkritumu daudzuma kvantificéSanas attistiba

Nemot véra nepiecieSamibu ES27 dalibvalstim zinot par radito partikas
atkritumu daudzumu katra no PPK posmiem, ir svarigi noteikt, ka konsekventa
datu vaksSana un to uzraudziba varétu palidz&ét parejai uz aprites biockonomiku,
ka arT uz atkritumu rasanas noveér$anas un samazinasanas mérku sasniegSanu
valsts Iimeni. Sadarbibai un savstarp&jam atbalstam starp attiecigajiem PPK
dalibniekiem un ieinteresétajam pusém biitu jauzlabo datu vaksana ne tikai ES
obligatajam partikas atkritumu daudzuma zinoSanas prasibu izpildes vajadzibam,
bet ari, lai nodroSinatu partikas atkritumu daudzuma datu salidzinamibu
ilgtermina. Butu svarigi nemt vera, ka esoSas prakses dazados PPK posmos
varétu papildinat ar partikas atkritumu daudzuma kvantific€Sanu, kas prasitu
minimalu papildu piepiili no atkritumu raditajiem visa PPK. Lai izvairitos no
partikas atkritumu daudzuma kvantific€$anas pétijumu metodologijas ietekmes
uz datu kvalitati, jaievéro un jamégina noveérst ar metodologiju saistitie
iesp&jamie ierobezojumi. Tas varétu ietvert attiecigo PPK dalibnieku apmacibas
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un neatkarigu ekspertu iesaistiSanu, lai uzlabotu partikas atkritumu datu
akuratumu, salidzinamibu, ka arl nodro$inatu datu konfidencialitati. Partikas
atkritumu daudzums tiek izteikts un zinots masas izteiksmé, tacu butu lietderigi
noteikt ar atkritumu rasanos saistito vides, ekonomisko un socialo ietekmi, ka art
veselibas aspektus, pieméram, parmériga uztura uzpems$ana (no anglu val. —
overnutrition). Tas var palidzet izprast partikas atkritumu rasanas plasako
ietekmi uz partikas sist€émas ilgtsp&ju Latvija.

Blakusprodukti partikas atkritumu kvantificeSanas sistema

Blakusproduktu koeficientu precizeéSana, izmantojot primaros datus, varétu
laut validét piedavato blakusproduktu kvantific€Sanas novert€jumu, izmantojot
konkrétiem gadijumiem atbilstosus datus. Sadi dati varétu palidzét pienemt
pamatotus 1€mumus par blakusproduktu pieejamibu konkréta regiona (ne tikai
valsts Itment). Turklat datu vakSana par blakusproduktu rasanos to avota
(pieméram, stkalas ka blakusprodukts siera razoSana) lautu novertét videjas
vertibas un ar tam saistito nenoteiktibu, labak atspogulojot faktiskos apstaklus.
Vides, tehnisko, ekonomisko un socialo aspektu izp&te ir bitiska, lai parvaretu
problémas, kas saistitas ar aprites bioeckonomikas un valorizacijas ievieSanu
praksg. Sie aspekti varétu palidzet saskanot blakusproduktu pieejamibu ar
konkréta regiona potencialu attiecigo blakusproduktu izmantoSanai. Lai
novertétu blakusproduktu piemérotibu pievienotas vértibas produktu razosanai,
ir nepiecieSami turpmaki petijumi.

Partikas atkritumu raSands noverSanas un samazinasanas pasakumu
veicinaSana majsaimniecibas

Partikas atkritumu raSanas noverSana un mazinasana prasa gan individualu
ricibu, gan sist€misku atbalstu. Lai to sasniegtu, nepiecieSama saskanotiba starp
identificétajam problémam rasanas avota, individualajam vajadzibam un
politikas Iimena iniciativam un mérkiem, vienlaikus atzistot, ka majsaimniecibas
ir heterog€nas un intervences, visticamak, blis sekmigas, ja tas atbildis
majsaimniecibu uzvedibas realitatei. Turpmakie p€tijumi var€tu padzilinati
analizét partikas parvaldibas lomas, papildinot analizi ar individu partikas
parvaldibas prasmju, ar dzivesveidu saistitu faktoru (pieméram, laika
ierobezojumu, ko rada darba un gimenes pienakumi) un uztura izvélu
novertéjumu, lai ieglitu visaptvero$aku izpratni par faktoriem, kas veido ar
partikas atkritumu rasanos saistito uzvedibu.
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Pateicibas

Velos pateikties ikvienam, kur§ mani atbalstijis mana doktorantiiras cela.
Esmu pateiciga par uzticibu manam darbam, it Tpasi brizos, kad man bija Saubas.
Liels paldies manai promocijas darba vaditajai Dr.sc.ing. Elinai Dacei par iesp&ju
attistit un realizét idejas. Esmu pateiciga par vertigajiem ieteikumiem un
konstruktivu atgriezenisko saiti, kas lava profesionali pilnveidoties. Sirsnigs
paldies prof. Dr. sc. ing. Guntai Kalvanei par atbalsta plecu doktorantiem,
organizgjot koprakstiSanas sesijas un doktorantu prasmju pilnveides seminarus.
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atbalstjusas.

Paldies prof. Dr.sc.ing. Marim Bérzinam un Dr.sc.ing. Olgai Sozinovai par
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nepalaist garam svarigas prasibas un terminus. Liels paldies prof. Dr.philol. 11zei
Stikanei par ieteikumiem un promocijas darba latvie$u valodas redigé$anu.
Paldies Nodibindgjuma “Baltic Studies Centre” kol&giem, recenzentiem un
ikvienam, kas sniedza konstruktivu atgriezenisko saiti, lai pilnveidotu
promocijas darbu. Paldies macibspékiem par saisto§am lekcijam.

Paldies Latvijas Jauno zinatnieku apvienibas (LJZA) kolggiem, Tpasi Antrai,
Lienei un Matisam, par daliSanos ar savu pieredzi, ieteikumiem, ka ari
iedroSinajumu darboties LJZA valde. Mil§ paldies Darjai par atbalstu un
uzmundrinajumu. Paldies Annai S. par pattkamam sarunam un gramatu mainu.
Sirsnigs paldies maniem tuvakajiem draugiem, IpaSi Annai J. un Kjarai, par
emocionalo atbalstu, atklatibu un iedvesmu.

Vislielaka pateiciba ir manai gimenei — vecakiem, vecvecakiem, bralim,
masai, krustmatei un masu gimenes kakim Oliveram, jo Tpasi manai mammai
Indrai un masai Gerdai — par nenoveért€jamo atbalstu, kopa pavaditiem
brivbriziem un uzmundrinajumu ikdiena, kas padarija iesp&jamu, ka varu
macities un attistities profesionali. Bet brizos, kad “Rigas lelu Nemiers” kliist
par skalu, laiks pie vecvecakiem laukos — vieta, kur sakas partikas cel§ — palidz
atgiities.
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Abstract

Following the amendments to the European Union (EU) Waste Framework
Directive, the collection and reporting of food waste data in EU Member States
has been mandatory since 2020. Despite the introduction of acommon
framework for the quantification and reporting of generated food waste, it acts
as auniform guidance, not a concrete methodological framework. Practical
implementation is the responsibility of each EU Member State. Moreover, food
waste in policy, research and practice is defined differently, adding to
the complexity of food waste data interpretability and comparability. In Latvia,
quantification of generated food waste is in its early stages. Therefore, there is
a lack of common understanding and a systematic, nationally accepted approach
to food waste quantification. Moreover, the development of afood waste
quantification system is part of the national Food waste prevention programme
in Latvia.

The doctoral thesis aims to develop amethodological framework for
quantifying food waste generated in Latvia, drawing on common food waste
quantification frameworks and research practices. the EU legal framework is
used as a normative reference. It is understood as regulations, directives and non-
legislative documents, such as delegated and implementing decisions, governing
food waste. This doctoral thesis is a thematically coherent collection of articles.
Building on the theoretical research, this thesis presents an empirical analysis of
estimating food industry by-product quantities and measuring food waste amount
generated in Latvian households.

The thesis has the following tasks (1) to conduct analysis of generated food
waste quantification research across the agri-food chain with a focus on research
methodology and associated limitations, and to examine its compliance with
the EU legal framework; (2) to provide mass-based calculation and definitional
framework for estimating food processing and manufacturing industry by-
products using unified conversion coefficients across eight Northern European
countries; (3) to identify links between food management practices and food
waste in Latvian households; (4) to develop a methodology and definitional
framework for food waste quantification in Latvian households, and apply it to
the household stage of the food supply chain.

Results of this doctoral thesis advance food waste quantification at a national
level. the method for estimating by-product quantities is developed in accordance
with the requirements of the EU Delegated Decision. It proposes a new approach
using uniform by-product coefficients to estimate by-product quantities, which,
depending on how they are used, may become food waste. This has previously
not been addressed in-depth in Latvia, nor in other Northern European countries.
a methodological framework for food waste quantification in Latvian households
is developed, aligning with the EU food waste data collection and reporting



requirements. It proposes a methodology and definitional scope for food waste
quantification to obtain data comparable across countries and temporally. For
increased data granularity, this thesis also assessed food waste drained as or with
wastewater, previously not accounted for in Latvia. Food waste quantification in
households is supported by exploring the perception of food waste with respect
to household food management practices, allowing to evaluate the association
between the individual’s food management role and their food waste awareness,
attitude and motivation. Overall, the thesis presents a methodological framework
for quantifying food waste generation in a systematic way at a national level.
the results can be used to inform relevant food supply chain stakeholders about
the food waste quantification and its practical execution.

Keywords: food loss and waste, food industry by-products, quantification,
food supply chain, methodology, households, harmonisation
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Introduction

Waste management has a crucial role in controlling pollution. However,
the increasing waste generation (total and per capita) worldwide has put
constraints to conventional waste management operations, such as landfilling or
material recycling, as well as on the availability of raw materials. Thereof, waste
prevention, reduction and material recovery solutions are prioritised over waste
treatment activities.

Biodegradable waste, food waste in particular, has received increased
attention since 2015, when the United Nations Sustainable Development Goals
(SDG) were introduced, particularly SDG 12 “Sustainable consumption and
production”. With the global food loss and food waste prevention and reduction
targets, efforts to develop food waste monitoring and accounting systems have
increased too. At the EU level, aDelegated Decision (EU) 2019/1597
supplementing Directive 2008/98/EC of the European Parliament and of
the Council as regards acommon methodology and minimum quality
requirements for the uniform measurement of levels of food waste in the EU
serves as a uniform guideline to food waste quantification across the EU Member
States (hereinafter, EU Delegated Decision) (EC, 2019a). Accordingly, since
2020, the EU Member States have been required to quantify and report food
waste data to the EU using a unified reporting format, based on the EU Delegated
Decision. Moreover, in 2025, the EU food waste prevention targets were revised.
However, the EU Delegated Decision does not set out a specific methodology for
the generated food waste quantification at each stage of the food supply chain,
rather it provides guidelines, thereby revealing a gap between its uniform
requirements and their practical implementation.

Different definitional frameworks for food waste are used in practice and
research, and they differ from one another in terms of system boundaries,
material types (or food fractions) and their destination, which together determine
the scope of food waste quantification. This has led to differences in what is
reported as food waste, impairing data comparability across countries and
temporally. Some countries, such as Latvia, are still in the early stages of food
waste quantification efforts and have not yet established a systematic approach
to quantification and reporting of the generated food waste at a national level.
This thesis addresses this gap.

The minimum reporting requirement under the EU legal framework covers
total food waste, including both edible and inedible food fractions. However,
the minimum reporting requirement corresponds to the highest level of data
aggregation, making it difficult to assess the progress towards waste prevention
and reduction targets. In contrast, the distinction of edible fractions from total
food waste increases data granularity but also the number of fractions that needs
to be quantified and reported separately. Destination that is used to determine if
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an item is classified as food waste corresponds to waste treatment types, i.c.
material recovery operations (composting and anaerobic digestion), waste
disposal and incineration with or without energy recovery. Food waste drained
as or with wastewaters is classified separately from total food waste due to its
distinct destination in the wastewater treatment system rather than the waste
management system. Nevertheless, separate distinction and quantification of
edible fractions and food waste drained as or with wastewaters may be carried
out on a voluntary basis.

By-products are a distinct material flow generated at the processing and
manufacturing stage of the food supply chain, left out of the common food waste
quantification and definitional frameworks. Although their generation is
unavoidable due to certain food transformation processes, by-products may
become food waste depending on their destination. Currently there is no unified
framework, nor legal requirement for by-product quantification and reporting.
the absence of systematised knowledge about by-products limits informed
decision-making for effective management and integration of these unavoidable
secondary bioresources as input materials into the circular bioeconomy.

The EU Delegated Decision was adopted not only for uniform food waste
quantification purposes but also to monitor progress towards food waste
prevention and reduction targets across the food supply chain. To identify
effective measures for preventing and reducing food waste in Latvia, it is also
important to understand how food waste is perceived and why is it generated.
Research in Europe shows that the highest food waste generation can be observed
in the household stage of the food supply chain. Households also represent
the final stage of the food supply chain where food is intended for human
consumption but may be redistributed, diverted to animal feed or discarded as
food waste. To identify appropriate food waste prevention and reduction
measures, it is not only important to use a uniform approach to food waste
quantification, but also to explore household practices and perception of food
waste.

Research gap

Although reporting food waste quantities has been mandatory since 2020,
Latvia has not yet developed and implemented a systematic approach to food
waste quantification and reporting. Classification of food waste is still mainly
inconsistent both geographically and temporally. Fragmented data collection
approaches impair data interpretability and comparability, as well as continued
efforts to measure progress towards food waste reduction and prevention. This
thesis addresses this gap by providing a methodological framework compliant
with the EU legislative framework which can be adapted at a national scale
across several reporting periods.
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Research statement

A methodological framework that accounts for the specifics of a particular
stage of the food supply chain and that integrates knowledge from existing food
waste quantification studies and policy requirements can support more consistent
and comparable food waste data collection at a national level than the fragmented
quantification approaches employed to date.

Aim of the work

The aim of the doctoral thesis is to develop a methodological framework for
generated food waste quantification drawing on common food waste
quantification frameworks and research practices. the EU’s legal and policy
framework is used as anormative reference for food waste quantification.
Building on the theoretical research, the thesis presents an empirical analysis of
measuring food waste generation in Latvian households. In addition, the thesis
examines by-products which currently are not included in the food waste
quantification framework but are closely related to food waste in the food supply
chain. For this thesis, a methodological framework is understood as a “structured
guide to completing a process or procedure”, as defined by (McMeekin et al.,
2020).

Research questions (RQs)

e RQI1: How is generated food waste quantified in research and practice?

e RQ2: How to quantify by-products within the food waste quantification
framework?

¢ RQ3: How do the food management practices of household members relate
to their perceptions of the amount of food waste they generate, and to
the practices they use to prevent, reduce and manage food waste?

Tasks of the doctoral thesis

e Task 1: To conduct analysis of food waste quantification research across
the agri-food chain with a focus on research methodology and associated
limitations, and to examine its compliance with the EU legal and policy
framework.

e Task 2: To provide mass-based calculation and definitional scope for
estimating food processing industry by-products using unified conversion
coefficients across eight Northern European countries.

o Task 3: To identify links between food management practices and food waste
in Latvian households.

o Task 4: To develop a methodology and definitional framework for direct food
waste quantification in Latvian households.

Novelty of the research

This thesis contributes to the scientific knowledge by:
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1. Addressing methodological gaps: the doctoral thesis provides a systematic
investigation of the applied methodological approaches in food waste
quantification research to identify research design, methods and limitations
associated with it. Recognising these limitations can support research design
in further studies to avoid reoccurring problems that may impair food waste
data credibility.

2. Proposing an approach to by-product quantification: the doctoral thesis
examines by-products that are often overlooked in food waste quantification
research. Although by-products are often not classified as food waste,
depending on their destination they can be subject to food waste. the thesis
proposes an approach to by-product estimation at a national level, that can be
further extended to a broader geographical context, as it is based on nationally
reported production statistics data. Definitional scope for by-products was
conceptualised, based on the EU Delegated Decision.

3. Identifying distinct food management roles: This doctoral thesis proposes
to inductively form food management roles, based on individual’s
involvement in household food management practices. the doctoral thesis
then examines whether attitude, motivation and reasons for food wastage, as
well as household awareness and perceptions of the relevance of specific
food waste prevention actions and measures differs across these food
management roles

4. Quantifying previously unaccounted food waste flows: In addition to food
waste fraction discarded using common solid waste treatment destinations, in
this thesis, household food waste drained as or with wastewaters was
determined for the first time in Latvia, setting a benchmark for further
quantification effort.

Practical applicability of the research

This thesis contributes to the practical applicability of the research by:

1. Advancing food waste data collection system in Latvia:
the methodological framework was used by the Ministry of Climate and
Energy to conduct food waste measurements in Latvia in 2024 for mandatory
reporting to Eurostat, see report by Dace etal. (2025). In addition, by
addressing food waste quantification and prevention and reduction in
anational context with limited data availability, the doctoral thesis
contributes to advancing progress towards the United Nations (UN)
Sustainable Development Goal (SDG) 12.3.

2. Providing insights into consumer perception of food waste: the doctoral
thesis highlights the importance of understanding the awareness, attitude,
motivation and behaviour of food waste generation, prevention and reduction
among permanent residents of Latvia, offering insights that may be taken into
account in the implementation of the Food waste prevention program of
Latvia (VARAM, 2021).
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3. Identifying by-products in the context of circular bioeconomy: By
proposing the approach to by-product quantification, doctoral thesis provides
systematic overview of by-product availability at a cross-national level.
Currently, there is no common system for by-product estimation, and decision
makers may lack data needed to propose measures for their use.

Defensible theses

1. Aharmonised, nationally accepted methodological framework for food waste
quantification is necessary across all stages of the food supply chain to
account for inherent discrepancies and to ensure reproducible quantification,
accurate data, and comparability across stages of the food supply chain, over
time and across other countries.

2. Introduction of by-product quantification allows to account for secondary
bioresource flows that have previously been left out of the data collection and
reporting system but can provide knowledge about possibly underexplored
resources that can be introduced in the circular bioeconomy.

3. Higher involvement in household food management practices is associated
with greater awareness and concern about food waste, as well as with actions
taken to prevent and reduce food waste generation, compared with
detachment from daily food management practices.

Approbation of the results

The doctoral thesis was developed between 2021 and 2026. the results of
the doctoral thesis are published in three scientific publications (published in
journals indexed in Web of Science and Scopus databases). the results of
the doctoral thesis are presented and discussed in 10 international and 2 national
conferences. the author has contributed to the development of a national food
waste quantification system in Latvia implemented within the project “Waste To
Resources Latvia - boosting regional sustainability and circularity” (LIFE Waste
To Resources IP, LIFE20 IPE/LV/000014), implemented with the financial
support of the LIFE Programme of the European Union and Ministry of Climate
and Energy of the Republic of Latvia. In total, the author has co-authored 10
scientific publications indexed in Scopus and Web of Science databases. Two
datasets are deposited in the Riga Stradin$ University Institutional Repository
Dataverse.

Scientific publications related to the thesis

1. Soloha, R., Kleinberga, V., Dace, E. (2026). Linking household food
management practices and food waste: Evidence from Latvian households.
Cleaner Waste Systems, 14, Article No. 100534. (indexed in Web of
Science/Scopus, Elsevier, [F2024=3.9, Q2). DOI:
10.1016/j.clwas.2026.100534.
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2.

Soloha, R. & Dace, E. (2025). Research on quantification of food loss and
waste in Europe: asystematic literature review and synthesis of
methodological limitation. Resources, Conservation & Recycling Advances,
28. Article No. 200287. (indexed in Web of Science/Scopus, Elsevier,
IF2024=6.4, Q1). DOI: 10.1016/j.rcradv.2025.200287.

Soloha, R., Lukasa, L.K. & Dace, E. (2025). Estimation and bio-valorisation
of food industry by-products in Northern Europe. Biomass Conversion and
Biorefinery, 15, 4349-4370. (indexed in Web of Science/Scopus, Springer,
[F2024=4.1, Q2). DOI: 10.1007/313399-024-05423-6.

Conference proceedings

1.

Soloha, R., Muizniece, M., Dace, E. (2025). Food waste measurements in
Latvian households: lessons from adiary study aligned with the EU
framework. Symposium Proceedings of Sardinia Symposium 2025: 20th
International Symposium on Waste Management, Resource Recovery and
Sustainable Landfilling. ISBN 9788862650472, ISSN 2282-0027.

Datasets

1.

Soloha, R., Kleinberga, V., Dace, E. (2024). Survey on household food
consumption, food waste awareness, generation and practices: the case of
Latvia, January 2023. Riga Stradins University Institutional Repository
Dataverse, V1. DOI: 10.48510/FK2/BDUEIO.

Soloha, R., Kleinberga, V., Dace, E. (2024). Survey on food waste awareness,
generation and measurement in retail and food service sectors: the case of
Latvia, January 2023. Riga Stradins University Institutional Repository
Dataverse, V2. DOI: 10.48510/FK2/HF20LT.

Other scientific publications

1.

Mukamwi, M., Somorin, T., Soloha, R., & Dace, E. (2023). Databases for
biomass and waste biorefinery — a mini-review and SWOT analysis.
Bioengineered, 14(1). (indexed in Web of Science/Scopus, Taylor & Francis,
IF2024 = 4.2, Q1). DOI: 10.1080/21655979.2023.2286722.

Balina, K., Soloha, R., Suleiko, A., Dubencovs, K., Liepins, J., Dace, E.
(2023). Prospective Life Cycle Assessment of Microbial Sophorolipid
Fermentation, Fermentation, 9(9), 839. (indexed in Scopus, IF203 = 3.7, Q2).
DOI: 10.3390/fermentation9090839.

Liepins, J., Balina, K., Soloha, R., Berzina, ., Lukasa, L.K., Dace, E. (2021).
Glycolipid Biosurfactant Production from Waste Cooking Oils by Yeast:
Review of Substrates, Producers and Products. Fermentation, 7, 136.
(indexed in Scopus, IF2021 = 5.1, Q2). DOI: 10.3390/fermentation7030136.

Reports presented at international conferences

1.

Soloha, R., MuizZniece, M., Dace, E. (2025). Food waste measurements in
Latvian households: lessons from adiary study aligned with the EU
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framework (oral presentation). Sardinia Symposium 2025: 20th International
Symposium on Waste Management, Resource Recovery and Sustainable
Landfilling. Sardinia, Italy, October 13—17.

. Soloha, R., Kleinberga, V., Dace, E. (2025). Causes, awareness and
behaviour of food waste generation in Latvian households: a quantitative
study (oral presentation). RETASTE 2025: Rethink Food Resources, Losses
and Waste 2025. 5th International Conference. Athens, Greece, September
24-217.

. Soloha, R., Melnalksne, Z., Svarupa, S., Vecozola, A., Dace, E. (2024).
Harmonizing food waste reporting in the EU: Decoding flows at the level of
food supply stages (poster presentation). RETASTE 2024: Rethink Food
Resources, Losses and Waste 2024. 4" International Conference. Heraklion,
Greece, September 25-27.

. Soloha, R., Lukasa, L.K., Dace, E. (2024). Assessment and bio-valorisation
of by-products from food industry in Europe (oral presentation). RHODES
2024: 1ith International Conference on Sustainable Waste Management.
Rhodes, Greece, June 19-22.

. Soloha, R., Lukasa, L. K., Dace, E. (2024). Estimation and bio-valorisation
of food industry by-products in Northern Europe (oral presentation). Side
event CIRCLE: International conference “Promoting collaboration for
a sustainable and circular bioeconomy” of the World Circular Economy
Forum. Online, April 10.

. Soloha, R., Kleinberga, V., Dace, E. (2023). the Survey of systemic food
waste generation causes in Latvian retail, catering and households (oral
presentation). Side event “Fostering action with narratives: Communicating
about climate change and energy transition in politics, business, media and
society” of the 3rd International Interdisciplinary Conference PLACES.
Riga, Latvia, March 30.

. Soloha, R., Dace, E., Kleinberga, V. (2023). Challenges and causes of food
loss and waste generation across the food supply chain: the case of Latvia
(oral presentation). World PhD Students Summit on Sustainable
Development. Online, March 22.

. Dace, E., Soloha, R. (2022). Household Biowaste Management in Latvia: An
Assessment within the Infrastructure, Socio-Economic and Environmental
Context of Local Municipalities (oral presentation). icRS 2022: International
Conference on Resource Sustainability. Online, August 1-4.

. Dace, E., Soloha, R., Balina, K. LukaSa, L. K. (2022). Enabling circular
bioeconomy via estimating the potentially valorisable food loss and waste in
the Northern European region (oral presentation). BTechPro 2022:
International Conference for Young Scientists on Biorefinery Technologies
and Products. Riga, Latvia, April 27-29.
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10. Dace, E., Soloha, R., Lukasa, L. K. (2021). Enabling circular bioeconomy
via estimating biowaste and food loss valorisation potential in Latvia (poster
presentation). International Conference Strategies toward Green Deal
Implementation: Water, Raw Materials & Energy. Online, December 8—10.

Reports presented at national conferences

1. Kleinberga, V., Dace, E., Soloha, R. (2023). Partikas un biologiskie
atkritumi — komunikacijas izaicinajumi (oral presentation). Dialogs ar
zindtni. Online, December 8.

2. Soloha, R., Dace, E. (2022). Izaicinajumi un iesp&jas partikas zudumu un
atkritumu raSanas noverSanas un valorizacijas steno$ana (oral presentation).
80. LU starptautiskas zindtniskas konferences sesija Vides un ilgtspéjigas
attistibas parvaldiba. Online, February 23.

Structure of the thesis

Thesis is based on three peer-reviewed scientific publications (Papers I, II
and III) and one paper in conference proceedings (Paper IV). Paper I is
a systematic literature review analysing how and whether the food waste
quantification procedure in the scientific research is based on, complementary to
or different from the methods outlined in the common food waste quantification
frameworks — EU Delegated Decision and the Food Loss and Waste Accounting
and Reporting Standard (Soloha & Dace, 2025). Paper 11 is a full-length article
aimed to identify and estimate by-products of the food processing and
manufacturing industry (Soloha et al., 2024). Paper III is a full-length article
analysing the association between food management role and food waste in
Latvian households (Soloha et al., 2026). Dataset I is used as input for data
analysis (Soloha et al., 2023). Paper IV provides a methodology for food waste
quantifications in households (Soloha et al., 2025).

Author’s contribution

Research was conducted under the supervision of senior researcher Dr.sc.ing.
Elina Dace. Scientific publications were developed together with Elina Dace
(Paper I-1V), Vineta Kleinberga (Paper III), Liva Kristiana Lukasa (Paper I) and
Marta Muizniece (Paper IV). the author’s contribution, according to
the Contributor Roles Taxonomy (CRediT) system, is listed below.

e Paper 1. Conceptualisation, methodology, validation, formal analysis,
data curation, writing — review & editing, writing — original draft,
visualisation.

e Paper II. Conceptualisation, methodology, validation, formal analysis,
data curation, writing — original draft, writing — review and editing,
visualisation.
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Paper III. Conceptualisation, data curation, formal analysis, funding
acquisition, investigation, methodology, validation, visualisation,
writing — original draft, writing — review & editing

Paper IV. Conceptualisation, methodology, formal analysis, writing —
review & editing, writing — original draft, visualisation.
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1. Literature review

1.1. Food loss and waste in the context of sustainability

Climate change, resource scarcity, environmental pollution (including waste)
to water, land and air, environmental degradation, biodiversity loss, population
growth, food insecurity and food safety issues, as well as malnutrition and
diseases are noticeable drivers of the food system unsustainability. Food system
refers to the whole agri-food chain (agricultural production and food supply
chain), actors involved and environmental, economic, social, policy and health
dimensions associated with food provision, consumption, treatment and disposal.
Sustainable food system refers to resource efficiency, protection of natural
resources, rural livelilhood and social well-being, resilience of people,
communities and ecosystems, as well as to responsible governance (Holden
etal., 2018). asustainable, healthy and inclusive food system is part of
the European Union’s Food 2030 research and innovation policy framework
(EC, 2023). In addition, the planetary boundaries and food system sustainability
are closely related concepts. Several of the nine defined earth system processes
are directly associated with food production, i.e., land system change, biosphere
integrity, biogeochemical flows, and climate change (Richardson et al., 2023).

100

Municipal waste by treatment, kg/capita

o

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

M Landfill M Energy recovery [l Composting & anaerobic digestion

Operation
P 1 Incineration [ Material recycling Preparing for reuse

Figure 1. Municipal waste treatment in Latvia between 2013 and 2022 (own
elaboration, Eurostat data)

Along with the growth in the world’s population, food consumption and
the total amount of food loss and waste (FLW) has increased globally (Gatto &
Chepeliev, 2024). Although Latvia’s population is declining, waste generation
per capita is increasing. For instance, municipal waste generation shows an
upward trend, having reached 464 kg per capita in 2022 (the latest available data
for Latvia), thus approaching the EU average, which is 511 kg per capita as of
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2023 (Eurostat, 2025b). Although landfilling has declined over the years, it still
accounts for a significant part of the waste treatment in Latvia (Figure 1).

The generation of FLW drives the unsustainability in the food system. Thus,
addressing FLW problems is an important pathway in building a sustainable food
system. Resource efficient food system can be achieved by improving food
management, and food waste prevention, reduction and valorisation throughout
the life cycle of food. Prevention of food waste generation together with
the transition to a healthy diet and improved agricultural productivity is
associated with a more significant reduction in environmental impact than if only
one of the measures were taken (Rockstrom et al., 2025). For instance, compared
to the 2020 baseline, these joint measures would reduce global agricultural
emissions by 20% by 2050, compared to 15% if only the transition to a healthy
diet took place (Rockstrom et al., 2025). FLW is directly linked to agricultural
production and food safety and nutrition, while indirect impacts are associated
with climate change and biodiversity loss, global health systems, and economic
and governance systems (Delgado et al., 2023).

In high-income countries, most food waste is generated in households. In
contrast, in low-income countries — primary production (UNEP, 2024). Global
food waste data was first published in 2011 by the Food and Agriculture
Organization (FAO). On average, in households 95-115 kg of food waste per
capita was generated in Europe and North America, while in sub-Saharan Africa
and South and Southeast Asia the figure was significantly lower, i.e., 6-11 kg
(Gustavsson et al., 2011).

Data from the first EU-wide study on food waste estimates across all EU
Member States (prior to the withdrawal of the United Kingdom from the EU)
within the EU project "Food Use for Social Innovation by Optimising Waste
Prevention Strategies (FUSIONS)" shows that in total 87.6 + 13.7 million tonnes
of food waste were generated in 2012 in the food supply chain (FSC) (Stenmarck
etal., 2016). This translated to an overall economic loss of 143 billion euros,
equivalent to 1.63 euros per kilogram of food waste in 2012, and 20 % of all food
produced in the EU being wasted. Food production comprises agricultural
production of fresh crop and livestock products that are either distributed fresh
or diverted to processing and manufacturing to produce processed food products.
In total, 173 =27 kg per capita was generated across the FSC in 2012, with
the largest amounts generated in households (92 +9 kg) but the lowest — in
wholesale and retail (9 + 2 kg). Nevertheless, these estimates are uncertain due
to the lack of robust studies providing accurate data, as well as the dominance of
the countries from the Northern and Western part of the EU.

The latest EU mandatory reporting data on food waste shows that in 2023,
a total of 58.2 million tonnes of food waste was generated in the EU27 countries
(Eurostat, 2025a). Similarly to other studies, households accounted for
the largest share of total food waste, averaging 69 kg per capita in the EU27
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countries. These data suggest that over the years inefficiency in the provision and
use of food can be observed. For efficient implementation of measures at
the downstream stages of the FSC, it is important to understand why food waste
is generated, share evidence-based resources and use evidence-based
interventions and involve all relevant stakeholders (Bruns et al., 2024).

1.2. Legal framework for food waste in the EU

In 2015, the United Nations (UN) set a quantitative target under
the Sustainable Development Goal (SDG) 12 “Responsible Consumption and
Production” to halve food waste per capita at the retail and consumer levels by
2030 and to reduce food losses after harvest, in food production and distribution,
compared to areference year of 2015 (UN, 2016). This target was later
incorporated and adapted into the European Union (EU) legislative documents
on waste and subsequently into the national legislation and policy planning
documents of the EU Member States (MSs), including Latvia. In the EU,
the main legislative act addressing waste is the Directive 2008/98/EC of
the European Parliament and of the Council on waste (hereinafter, Waste
Framework Directive), that entered into force in 2008. the Farm to Fork strategy
is part of the EU Circular Economy Action Plan that incentivises the circularity
in the food value chain (EC, 2020), including food waste prevention and
reduction.

1.2.1. Definition

Historically, the definition and scope of FLW in studies have varied, making
it difficult to collect, analyse, and monitor FLW data over the long term (Boiteau
& Pingali, 2023; Gage et al., 2024). In 2018, the Waste Framework Directive
(WFD) was amended by the Directive (EU) 2018/851 (EC, 2018a). For the first
time, the term “food waste” was officially defined in the EU. “Food waste” is
“all food as defined in Article 2 of Regulation (EC) 178/2002 of the European
Parliament and of the Council that has become waste”. Thus, to accurately
interpret the term “food waste” under the EU legal framework, it is necessary to
understand the definitions of the individual terms “food” and “waste”. the term
“food” (or “foodstuff”) is defined in the Regulation (EC) No 178/2002 of
the European Parliament and of the Council laying down the general principles
and requirements of food law, establishing the European Food Safety Authority
(EFSA) and laying down procedures in matters of food safety (hereinafter,
General Food Law). “Food” is “any substance or product, whether processed,
partially processed or unprocessed, intended to be ingested by humans” (EC,
2002). According to the General Food Law (GFL), food does not include animal
feed, live animals unless they are prepared for placing on the market for human
consumption, plants prior to harvesting, medical products, cosmetics, tobacco
and tobacco products, narcotic and psychotropic substances, as well as residues
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and contaminants. “Waste”, as defined in the WFED, is “any substance or object
which the holder discards or intends or is required to discard” (EC, 2018a). In
short, food waste is any food that was intended for human consumption but has
instead become waste.

EU legal framework excludes beverages and other liquids discarded as or
with wastewater from food waste definition. This is distinguished as a separate
category. In addition, food waste excludes fractions of food waste that are mixed
with packaging, residues or other materials that are not considered food and
cannot be separated from food waste. This is mainly necessary to avoid
misinterpretation of data, i.e., to not account for non-food fractions.

1.2.2.  System boundaries

To interpret the definition of food waste accurately, it is important to define
the scope of the system. With regards to the EU legal framework, the system
covers the FSC starting from primary production, processing and manufacturing,
retail and distribution, restaurants and food services up to the households
(Figure 2). In the EU legal framework, primary production covers only processes
after harvesting and slaughtering, i.e., post-harvest and post-slaughter processes.
Thus, agricultural production is outside the scope of system’s boundaries
(Figure 2).

Food service and houschold stages are sometimes referred to as
the consumption stage. If not clearly stated, it can be difficult to understand
whether consumption applies to only one of these stages or both together. For
the classification purposes, the EU uses the statistical classification of economic
activities (NACE) to identify the relevant activities at different stages of the FSC,
excluding households.

Each stage of the FSC is associated with different sub-sectors and processes
occurring with food. This is also associated with different inputs and outputs and
their destinations. According to the EU Delegated Decision, each stage of
the FSC, except for households, can be linked to the NACE classification. While
some NACE codes are linked to a specific FSC stage and food group, some refer
to mixed (food and non-food products) economic activities that require in-situ
verification (Barco et al., 2019). Furthermore, in practice, an entity may carry out
several economic activities and thus relate to several NACE codes, or food
related activities may not be the primary but rather complementary activity. This
increases the complexity of attributing food waste to the appropriate FSC stage
and NACE code.
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Figure 2. Definitional differences among common FLW definitional frameworks
(EC, 2019a; Hanson et al., 2016), (Ostergren et al., 2014; UNEP, 2021) and
boundaries within the agri-food chain (adapted from Leverenz et al. (2021) and
further developed by the author)

Primary production

Primary production includes the agricultural sectors under NACE section
a “Agriculture, forestry and fishing” related to horticulture (fruit, berry and
vegetable production), dairy farming, egg farming and beekeeping for honey
production. From these agricultural sectors, horticultural products can be
distributed fresh for final consumption or used as ingredients in processing and
manufacturing to produce processed food products. In other sectors, processing
is required to prepare the product for distribution for human consumption.
Processing involves transformation of raw products into processed products,
as well as packaging. Animal production, hunting and fishing and aquaculture
sectors of primary production are not included in the food waste accounting,
since these activities have not resulted in food yet, i.e., outside the scope of
“food” definition in the EU.

Processing and manufacturing

Processing and manufacturing stage relates to activities that process and
transform crop-based and animal-based products into processed products.
Processing and manufacturing stage is comprised of different sectors, classified
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based on the NACE classification under section C “Manufacturing”, division 10
“Manufacture of food products” and division 11 “Manufacture of beverages”. It
includes the following NACE groups: processing and preserving of meat and
production of meat products (Group 10.1), processing and preserving of fish,
crustaceans and molluscs (Group 10.2), processing and preserving of fruits and
vegetables (Group 10.3), manufacture of vegetable and animal oils and fats
(Group 10.4), manufacture of dairy products (Group 10.5), manufacture of grain
mill products, starches and starch products (Group 10.6), manufacturing of
bakery and farinaceous products (Group 10.7) and manufacture of other food
products (Group 10.8).

Meat processing involves multiple processes. the first involves slaughtering,
producing carcass that is later distributed in fresh cuts and animal-based by-
products. Slaughter consists of multiple steps that involve preslaughter handling,
stunning and slaughtering. Each step provides different by-products. Meat for
human consumption can either be distributed fresh (chilled or frozen) or further
used in processing to manufacture processed meat products.

Retail and other distribution of food

Retail and distribution of food include wholesale and retail of fresh food and
processed food products. These activities are classified under NACE divisions
46 and 47, respectively. These include specialised and non-specialised retail and
wholesale and convenience stores, markets, vending machines and mobile food
vendors that sell prepared foods and beverages.

Restaurants and food services

Restaurants and food services include accommodation and food and beverage
service activities under NACE divisions 55 “Accommodation” and 56 “Food and
beverage service activities”, including services that offer ready to eat meals on-
site or for take-away. Accommodation includes hotel and similar
accommodations that offer catering on site. Food and beverage service activities
include public commercial establishments, such as restaurants (including fast-
food), cafeterias, bars, mobile food vendors (such as food trucks or carts) and
market stalls. Another group covers catering in educational institutions (pre-
schools, schools, higher education institutions), hospitals (including sanatoria
and rehabilitation) and offices or other institutional canteens or cafeterias that
offer catering. the latter can be classified as non-commercial establishments,
since they are usually intended for specific visitors (e.g., pupils, students, patients
and employees) and are generally not available to the general public. Catering
services can vary depending on the continuity of service provision. They may be
available throughout the year, only at certain times of the year, or only for
specific events.
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Households

Household consists of one or more persons living in the same dwelling
(apartment or private house) located in a city, village or rural area. the type of
dwelling and its location can influence both food provision, consumption habits
and waste management.

1.2.3. Waste hierarchy and the end of waste status

Waste hierarchy

According to the WFD, waste hierarchy presents the order of priority in
the EU: (1) prevention, (2) preparing for re-use, (3) recycling, (4) other recovery
and finally (5) disposal. Waste prevention refers to any measure aimed to ensure
that material fulfils its original purpose and does not become waste. Here,
original purpose refers to ensuring that food reaches its originally intended
destination as food and is consumed accordingly. the subsequent actions, i.e.,
preparing for reuse, recycling, other recovery and disposal refers to waste
treatment actions, as defined in the WFED.

Joint Research Centre (JRC) has developed a food use hierarchy, which is an
adaptation of the waste hierarchy to the food sector (De Laurentiis et al., 2024).
Food use hierarchy makes a distinction between prevention and waste treatment
actions. Donation and redistribution of surplus food, use for animal feed and
industrial use is classified as food waste prevention actions in the JRC study.
However, for the purpose of the doctoral thesis these actions are classified as
waste reduction activities because they refer to the handling of surplus food after
its original purpose (application as food) is no longer possible (Table 1). Waste
reduction measures are essential to ensure that surplus food is not treated as waste
before reduction measures are implemented. Life cycle analysis and social life
cycle costing show that prevention and redistribution have the highest priority
across environmental, economic and social sustainability pillars, compared to
other actions in the food use hierarchy (Albizzati et al., 2021). For material
recycling into biochemicals and feed to become competitive with conventional
products, these technologies should require lower energy and material
consumption, higher production yield from feedstocks and lower capital
expenditure and labour costs. Moreover, respective to the EU Farm to Fork
Strategy food donation and redistribution contributes to food security.

The EU Bioeconomy Strategy encourages the processing of secondary
biomass resources, e.g., food processing and manufacturing by-products into
new products to support resource efficiency and reduce pressure on primary
resources (EC, 2025a). Although JRC applies the term “industrial use” to refer
to the transformation into value-added products, a term “valorisation” is often
used in research.
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Table 1. Food use hierarchy, adapted from De Laurentiis et al. (2024)
Type Action Example

Prevention Prevention at source Any action to avoid generation of surplus
food (e.g., behaviour change)

Reduction Donation or redistribution of Donation and distribution of surplus food
surplus food for human consumption by food banks or
other food redistribution organisations

Use for animal feed Use of food no longer intended for human
consumption in animal feed

Industrial use (valorisation) Transformation into value-added products
for food or non-food purposes

Waste Material recycling and nutrient Transformation into compost or biogas
treatment recovery (with nutrient recovery)
Energy recovery (a) Transformation into biogas (without

nutrient recovery) or biofuel (e.g.,
bioethanol) and (b) incineration with
energy recovery

Disposal (a) Incineration without energy recovery
and (b) landfilling

Waste treatment is important if, for example, food can no longer be used for
human consumption or used for other purposes than waste treatment due to food
safety considerations. Waste treatment refers to activities when food or related
products (such as by-products) are considered food waste. Food waste disposal,
i.e. landfilling and incineration without energy recovery, is the least preferrable
waste treatment action and are considered treatment options that do not generate
any value (Lopez-Portillo et al., 2021).

In the EU list of waste classification, food waste can be classified under codes
02 “wastes from agriculture, horticulture, aquaculture, forestry, hunting and
fishing, food preparation and processing” referring to the processes occurring in
the upstream stages of the FSC and 20 “municipal wastes (household waste and
similar commercial, industrial and institutional wastes) including separately
collected fractions” referring primarily to the downstream stages of the FSC
(EC, 2014). the EU Delegated Decision specifies which waste codes refer to each
stage of the FSC. Nevertheless, some waste codes, such as “20 01 08 —
biodegradable kitchen and canteen waste”, “20 01 25 — edible oil and fat” and
“20 03 01 — mixed municipal waste”, in the downstream stages of the FSC, may
be attributed to retail and distribution, restaurants and food services and
households. However, in the case of code “20 03 017, it is necessary to know
the proportion of food waste in municipal waste. Furthermore, statistics may not
include data from all waste generation sources. According to the Waste
Management Law (WML) in Latvia, the Latvian Environment, Geology and
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Meteorology Centre (LEGMC) is responsible for the compilation of data on
waste management and ensure its provision to the public and EU institutions.

The end of waste status

According to the WFD, waste shall be recovered for it to lose waste status.
This includes any operation in which waste replaces other raw materials that
would otherwise be used to fulfil a specific function. the WFD (Article 6) defines
criteria for the EoW status. That is, substance or object is used for a specific
purpose for which there is a demand, it meets the technical requirements,
complies with legislation and standards applicable to that purpose and its use will
not have an adverse impact on the environment or human health. However,
the EoW criteria defined in the WFD are interpreted differently by operators and
supervisory authorities due to legal uncertainty (Johansson, 2023).

Atthe EU level, End of Waste (EoW) criteria specific to biodegradable waste,
including food waste, has not been legally drawn (Kenk et al., 2025). Compost
and digestate are examples for which creation of specific criteria were planned
but not implemented (Saveyn & Eder, 2013). Hygienic safety and biological
stability are factors determining the EoW status for compost and digestate
(Saveyn & Eder, 2013). Biodegradable waste composting (R3A) and mechanical
biological treatment (R12A) are considered waste recovery operations in the EU
list of waste (EC, 2014). However, for the purposes of food waste quantification
these actions are accounted for as food waste destination and waste treatment
operation.

1.3. Food waste classification beyond the EU legal
framework

The destination of food helps to understand whether food can be defined as
waste or not. Food that enters any stage of the FSC and leaves the system for
waste treatment is considered food waste under the EU legal framework (see
Table 1). That is, edible or inedible parts of food that are diverted to animal feed
or reprocessing into other products, are not considered food waste. Food destined
for feed or valorisation for conversion into bio-based products is not considered
food waste by the WFD (EC, 2018a), FLW Standard (Hanson et al., 2016), FAO
methodology (Gustavsson et al., 2011) or EU FUSIONS definitional framework
(Ostergren et al., 2014). However, these destinations are of interest because in
some methodological frameworks and research food destined for animal feed is
considered food waste. For instance, for the definition of “food loss” by Beretta
et al. (2013) and Hartikainen et al. (2018) and the definition of “food waste” from
households by the UK Waste & Resources Action Programme (WRAP) (Quested
& Johnson, 2009) and van Herpen etal. (2019) considers animal feed as
a destination of food waste. This leads to inconsistencies in how the destination
of food is interpreted in relation to the FLW definition, suggesting that different
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frameworks or legal norms may prevail in some countries. While definitional
frameworks identify the destination as a factor in defining FLW, some studies do
not specify the destination. According to the EU Delegated Decision, food
destined for animal feed can be reported voluntarily. Understanding material
flows within the agri-food chain or FSC can provide a more complete view of
food resource flows and resource use efficiency in the system. a common
definition of FLW would improve the interpretation and comparability of data
(Boiteau & Pingali, 2023). As introduced earlier food is “any substance or
product, whether processed, partially processed or unprocessed, intended to be
ingested by humans”. This definition could lead to the understanding that only
what can be consumed as food is considered food. However, food consists of
parts that are not necessarily edible and depending on the stage of the FSC, food
may be subject to various processing or transformation processes. As a result,
each stage of the FSC has different types of food inputs and outputs and its
intended destination. Understanding these flows helps to classify them
accordingly.

Surplus food

Surplus food refers to food that has been provisioned in abundance, is safe
for human consumption but cannot be destined for its intended original purpose
in food. For instance, for aesthetic reasons, changes in demand or expiry of “best
before” date which does not affect food safety. To ensure that food is not lost,
waste reduction measures may take place to find the most optimum use and
prevent surplus food from being treated as food waste. In the EU, other
classification includes “food no longer intended for human consumption” due to
commercial reasons, manufacturing problems and other defects. These aspects
make it unsuitable for human consumption but without compromise to animal
and public health, it can safely be used in feed (EC, 2018c).

Food loss and waste

Two of the most applied terms in policy planning and research are “food loss”
and “food waste”. the definition and application across the FSC of these terms
vary but sometimes they are used interchangeably as FLW (Table 2).
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Table 2. the scope of food loss and food waste in common definitional
frameworks

Term Stage of the agri-food chain and FSC Inclusion of Destination*
covered
v
g 8 3 5
g = & 3=
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o ) © B 3 . 3
A~ A A s 5 [} g g =
S % &8 2 8 g E B 2 3 Z S
Avoidable x x x x x x Voo vooox v v NA
food waste!
Avoidable x x x x x x v v x v v NA
and possibly
avoidable
food waste'
Food loss? x v v v v v v v NA VY v NA
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waste?
Food waste’® x v v v v v v v v v x x
Food waste® x X A A A x x NA

Food waste® x X x x o v v vox NA NA NA

NA — unspecified; "Food destined for animal feed or valorisation applications (bioprocessing,
conversion) classified as food loss or food waste, v'— included; % — excluded

!(Quested & Johnson, 2009), *(FAO, 2014); 3(Gustavsson et al., 2011, 2013); *(Hanson et al.,
2016), *(Ostergren et al., 2014); °(EC, 2018a)

The EU FUSIONS definitional framework applied the term “food waste”
(Ostergren et al., 2014) and was a foundational document for the food waste
definition adopted in the WFD (EC, 2018a). FAO methodology (Gustavsson
etal., 2011) was the basis for the UN SDG 12.3. It uses distinct terms to
distinguish between the upstream (food production system) and downstream
(food consumption system) stages of the FSC. Food loss is defined as
the reduction in the quantity of food during primary production, processing, and
manufacturing stages due to climate and weather conditions, technical
limitations, or inadequate storage. In turn, food waste is food that becomes waste
from retail to final consumption (Gustavsson et al., 2011). WRAP developed
a framework that focuses on the household stage of the FSC (Quested &
Johnson, 2009), and is commonly applied in research that addresses household
food waste. Nevertheless, in some cases FLW definition and scope is defined
differently or is not defined at all.

FLW is classified based on edibility (edible or inedible) and preventability
(avoidable or unavoidable) FLW (Chauhan et al., 2021). Some studies focus only
on edible FLW while other — on both edible and inedible FLW, thus
the application of terms may be inconsistent (Lebersorger & Schneider, 2011).
Inedible parts of food, such as peel, skin, seeds, leaves, and bones from various
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plant and animal-based food products, are not normally intended for human
consumption and are considered inedible. However, it is not straightforward to
determine what is edible and what is not. It can be influenced by cultural and
socio-economic factors, upbringing, and perception (Teigiserova et al., 2020).
Due to various behavioural and attitudinal reasons, edible food can become
waste. the term “edible” refers to food that can be eaten or could have been eaten.
For example, this can be food that is still safe for human consumption but has
become waste, or food that was intended for human consumption but had been
damaged, spoiled, or had passed its expiration date, and is therefore no longer
considered safe for human consumption. the latter is sometimes named “once-
edible food” to avoid confusion about the use of the word "edible," which may
suggest that food can still be ecaten (Sigala etal., 2024). Irrespective of
the definition, edible food waste fractions are crucial in food waste reduction
targets. In addition, the terms "avoidable" and "unavoidable" are used to
distinguish between food waste that can be prevented or reduced and food waste
that cannot. This means that type of food that is or was considered edible can be
prevented from becoming waste in the future. Teigiserova et al. (2020) proposed
that countries identified what is generally considered inedible in the respective
country.

FLW can be classified into solid and liquid fractions. Liquid fractions include
drinking water, other beverages or liquids, such as oils and fats, soups and sauces.
Due to material properties liquid food waste often follows different disposal
routes, such as discharge into sewer system or is subject to separate collection,
such as in the case of oils and fats.

Process related terminology

A variety of terms can be observed for different streams in the FSC, e.g. “side
flow” in agricultural production (AP-1 and AP-2) and primary production (PP)
to make a distinction from food loss or food waste in the later stages of the FSC
(Franke et al., 2016; Hartikainen et al., 2018). Terms “storage waste”, “storage
loss”, “preparation loss”, “serving loss”, “non-served/unserved food” (Boschini
et al., 2018), “leftovers”, “plate waste” are used to characterise waste flows in
restaurants and food service sectors (Engstrdom & Carlsson-Kanyama, 2004).
Thes flows are related to storage, preparation, serving and consumption
processes. For instance, plate waste is a type of food waste associated with
uneaten food left on the plate, usually in the food service and household sectors.
While plate waste is an inevitable source of food waste, it alone does not reflect
the total waste because it excludes food waste generated during food storage and
preparation. Lebersorger et al. (2011) proposed food waste classification in
households based on the life cycle stage (“preparation residues”, “leftovers”,
“whole unused foods”, “partly consumed foods”, and “not classifiable
remainder”) and packaging (in original sales packaging or other). For instance,
although van Herpen et al. (2019) used slightly different terms, such as “meal
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leftovers” and “leftovers after storing”, “completely unused foods”, “partly used
foods” as edible food waste for household stage, definitions are similar to those
introduced by Lebersorger et al. (2011). Food waste from retail and distribution
and restaurants and food services may also be referred to as commercial food
waste.

By-products

Food production by-products are parts of food generated during processing
and manufacturing stage of the FSC. By-products are not the primary product of
a specific food processing and manufacturing process but are an integral output
of a certain treatment or transformation process. For instance, whey formation is
an integral part of cottage cheese or cheese production, thus it can be considered
a by-product. By-products are classified as a separate category, distinct from
food waste and are outside the scope of the WFD, unless they are subject to waste
treatment. In that case, by-products are classified as food waste. Article 5 of
the EU WFD specifies that appropriate measures shall be taken to prevent by-
products from becoming waste.

Animal-based by-products are regulated in the EU. Regulation (EC)
1069/2009 of the European Parliament and of the Council laying down health
rules as regards animal by-products and derived products not intended for human
consumption (hereinafter, Animal By-products Regulation) focuses specifically
on animal by-products (EC, 2009). According to the Animal By-products
Regulation (ABR), “animal by-products” are “entire bodies or parts of animals,
products of animal origin or other products obtained from animals, which are
not intended for human consumption, including oocytes, embryos and semen”.
ABR lays down by-product definition, classification and rules regard to their
further use. By-products that are treated as waste, are considered waste. Animal
by-products are classified into three distinct categories, depending on the level
of risk to human and animal health, as well as the environment. Category 1 refers
to high risk, category 2 to intermediate risk, and category 3 to low risk, as laid
down in the Article 8, 9 and 10 of the ABR, respectively. Category 3 group
includes primarily by-products associated with processing of food, such as
slaughtering, fish processing, milk and egg processing. In addition, this group
includes products of animal origin no longer intended for human consumption,
e.g., due to commercial reasons or packaging defects, and catering waste. In
terms of the FSC, category 3 by-products refer to the material outputs of
the processing and manufacturing stage of meat (including from hunting
activities), fish, aquaculture and their products, excluding by-products of
slaughter processes or prior to these processes. Nevertheless, by-products,
including those not associated with meat, fish or aquaculture products, lack
uniform systematisation, especially regards to their quantification.

Category 3 by-products do not pose a risk to animal or human health. They
may be used in animal feed, but ABR allows this only for animals that are not

105



intended to produce food for human consumption. This is primarily to avoid
pathogen transmission between animals and humans, in particular bovine
spongiform encephalopathy (BSE). BSE, better known as Mad cow disease, that
spread in the UK between 1980s and 1990s, was a precondition for more
stringent use of animal by-products in feed. In the EU, EFSA provides
independent scientific evidence and support related to food and feed safety
measures. This includes risk assessment associated with animal by-product use.

Indirect aspects of food loss and waste

Agricultural waste can be biological, such as agricultural residues after
harvest and manure, or non-biological components, such as auxiliary materials
and agricultural plastic film used in agricultural production that become waste.

Packaging waste refers to various types of materials (paper, plastic, metal,
composites) that are used to securely transport and store food products.
Nevertheless, packaging is not accounted for as food waste.

Water, energy (heat and electricity) and other inputs used in the process are
not accounted for as food waste but rather refer to the overall resource use
efficiency of a particular process in the FSC. This information is important when
assessing the environmental and economic impact.

Composition

Circular (bio)economy aims not only to extend the use of materials in
the economy, but also to reintroduce into the cycle those materials whose use, in
accordance with their original purpose, has come to an end. Understanding
the composition of materials is important for material recycling and valorisation.
Typology, collection source and geographical origin are factors that influence
variations in composition more significantly, compared to the season of
collection and storage temperature (Moonsamy et al., 2024). In addition, animal-
and crop-based materials present differences in composition. Composition can
be referred to biochemical, elemental and physicochemical. Biochemical
composition refers to carbohydrates, fibre, cellulose, hemicellulose, lignin,
starch, lipids and proteins. Elemental composition refers to C/N ratio, CNHSO
(carbon, nitrogen, hydrogen, sulphur and oxygen) elemental composition, as well
as macro- and micronutrients. Physicochemical properties are associated with
dry matter, total solid, volatile solid and ash composition, heating value and
chemical oxygen demand (Moonsamy et al., 2024).

1.4. Food waste prevention and reduction targets in the EU

By 2035, preparing for re-use and recycling of municipal waste shall be
increased to a minimum of 65 % by mass. Postponement by 5 years is possible
if a MS prepared for re-use and recycled less than 20 % by mass or landfilled
more than 60 % of municipal waste in 2013 (EC, 2018a). All materials, including
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biodegradable waste, that are suitable for recycling, material or energy recovery
should be diverted from landfilling, as of 2030 (EC, 2018b).

In 2025, the WED was further amended by the Directive (EU) 2025/1892,
introducing a separate article (Article 9a) on prevention of food waste generation
(EC, 2025Db). This article proposes:

1. Behavioural change interventions and awareness raising information
campaigns about food waste prevention and reduction.

2. FSC monitoring to identify and manage inefficiencies and facilitate
cooperation.

3. Food donation and other distribution of food prioritising human use over
(1) animal feed and (2) reprocessing into non-food products.

4. Training and skills development and facilitation of funding opportunities.

5. Promotion of food waste prevention innovations and technological
solutions.

No more than 10 % of total municipal waste can be landfilled starting 2035.
Data from a 2024 study on the waste composition analysis in Latvia shows that
on average food waste accounts for 21.03 % of the total unsorted municipal
waste from households, retail (generation of at least 20 tons of used packaging)
and offices (20 — 30 employees). Other biodegradable waste accounts for an
average of 6.24% (SIA “Geo Consultants,” 2024).

Biodegradable waste sorting and separate collection is mandatory in the EU
since January 2024. Article 22 of the WFD (EU) 2018/851 stipulates that
biodegradable waste must be separated and recycled at the place of origin or
collected separately, without mixing it with other types of waste. Food waste is
a type of biodegradable waste. Biodegradable waste encompasses not only food
waste but also garden and park waste. Thus, when referring to the mandatory
biodegradable waste separate collection in the EU it does not only refer to food
waste.

The WFD (EU) 2025/1892 sets binding food waste reduction targets for all
MSs. By the end of 2030, MSs shall:

o reduce the generation of food waste in the processing and
manufacturing stage of the FSC by 10 %, compared to the annual
average between 2021 and 2023 (as reported to the Eurostat).

e reduce the generation of food waste per capita jointly in retail and
distribution, restaurants and food services and households by 30 %,
compared to the annual average between 2021 and 2023 (Figure 3) (as
reported to the Eurostat).
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Figure 3. Annual food waste per capita in RD, FS and HHs between 2020 and
2023, data reported by MSs to Eurostat (own elaboration, Eurostat data)

In Figure 3 “LV reduction by 2030” refers to a 30 % reduction benchmark
calculated against the average annual food waste per capita in Latvia between
2021 and 2023, while “EU27 reduction by 2030 represents a 30 % reduction
benchmark against the average annual food waste per capita in the EU27
between 2021 and 2023.

The WFD must be transposed into the national legislation of the MS. In
Latvia, the main legislative act on waste is the Waste Management Law (WML).
the National Waste Management Plan of the Republic of Latvia (NWMP) for
the period 2021-2028 is the main policy planning document in the field of waste
management (as of 2026). the NWMP includes a separate section on food waste
— the Food waste prevention programme (FWPP). WFD states that MS shall
evaluate their FWPP with respect to the food waste reduction targets.

In 2023, food waste in the EU amounted to an average of 130 kg per capita
across the FSC. the largest amount was generated by households — 69 kg per
capita. Primary production accounted for 12 kg per capita, processing and
manufacturing — 24 kg per capita, retail and distribution — 10 kg per capita, and
restaurants and food services — 14 kg per capita. Nevertheless, data from each of
the EU27 MS show significant differences (Figure 4). For instance, food waste
quantity in households ranged from 34 kg per capita in Slovenia up to 122 kg per
capita in Portugal. Moreover, food waste reduction over years still cannot be
observed except for a slight decrease in primary production stage.
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Figure 4. Annual food waste per capita in the 27 EU MSs across the FSC (red
dots represent mean values; own elaboration, Eurostat data)
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Despite the EU-wide food waste reduction targets set in the WFD (EU)
2025/1892, the data quality is still insufficient. Data on food waste is compiled
together without distinguishing between avoidable and unavoidable waste
fractions. Moreover, the EU targets are set for the total food waste quantities
reported to the Eurostat. Differences in the amount of food waste (kg) per capita
in the EU cannot be fully explained because the applied methodologies were not
published (UNEP, 2024). a common methodology for measuring FLW can
improve data comparability between different countries, stages or sectors of
the FSC (Fabi et al., 2021; Spang et al., 2019). the EU Delegated Decision guides
unified approach to food waste quantification. Nevertheless, available technical,
financial and human resources, as well as the understanding of a broader
significance of such data collection at a national level affects practical execution.
There is a lack of quantitative data on the avoidable food waste (UNEP, 2024).
For instance, the EU Delegated Decision for uniform food waste measurements
does not contain sufficient information on sample size representativeness and
the use of best available data where no in-depth food waste measurements have
been carried out (Leverenz et al., 2021). Prior to the new WFD amendments in
2025, tourism was not accounted for when estimating food waste quantities.

1.5. Food waste quantification in the EU

Given the EU's waste prevention targets for 2030, achieving a minimum
recycling rate of 65% for municipal solid waste and a maximum landfill rate of
10% by 2035, waste treatment should be aligned with waste reduction and
prevention incentives.
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To select appropriate food waste prevention and reduction measures, it is
important to understand the baseline against which progress is measured.
Comparable data is essential for the implementation of food waste prevention
measures (Corrado & Sala, 2018) and assessment of their contribution to
the achievement of these targets. Various stakeholders of the FSC (farmers,
producers, retailers, caterers, households) are not always willing to voluntarily
share data, if available, or to participate in food waste measurements to obtain
primary data. Furthermore, if the definition and scope of food waste are not
interpreted consistently, it is difficult to obtain representative and comparable
data, for example at national level for a given stage of the FSC or its sub-sector.
It is therefore necessary to establish well-functioning data collection at national
level.

Indirect quantification methods are widely used to estimate food waste
quantities. In the past, food waste quantification was fragmented due to the lack
of a unified methodology and guidelines, voluntary monitoring and no reporting
requirements at the EU level. Following the requirements of the WFD, EC
adopted the EU Delegated Decision. the EU Delegated Decision is the first EU
wide binding generated food waste data collection and monitoring initiative
aimed at achieving food waste prevention and reduction targets in the EU. It
focuses on determining the fresh mass of food waste. Based on the requirements
of the WFD (EU) 2018/851, reporting food waste quantities has been mandatory
for EU MSs since 2020. For this purpose, not all countries have yet developed
robust procedures for systematically collecting representative data, analysing it,
storing it, and monitoring it over the long term.

Although each EU MS is required to collect, monitor, and report to Eurostat
on the amount of food waste generated at each stage of the FSC, participation by
relevant FSC stakeholders is voluntary. Thus, while they are considered
a primary target group, they may not be involved. Mandatory reporting could act
as a governance mechanism to increase efforts to quantify food waste (Eriksson
et al., 2019). For instance, food processing and manufacturing (Eicaité et al.,
2023) and retail and distribution (Eicaité et al., 2022a) companies in Lithuania
were not obligated to report food waste quantities and did not publish such data
voluntarily. This made it difficult for the authority responsible for reporting to
Eurostat to collect and provide data.

Even if the same term is used in different studies, its meaning may be
different. To improve data comparability, it is essential to ensure clarity in
the scope of definitions, the boundaries of the FSC, the FLW quantification
methods used, and the sample size (Hartikainen et al., 2018). Food loss and waste
accounting and reporting standard (hereinafter, FLW Standard) establishes
guidance on FLW quantification procedure (Hanson et al., 2016). While the FLW
Standard does not provide explicit definition of FLW, it specifies material types
and possible destination for food or inedible parts removed from the FSC that
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need to be accounted for as FLW. the FLW Standard establishes guiding
principles for accounting and reporting of FLW quantities based on relevance,
completeness, consistency, transparency and accuracy. Based on
the considerations, definition of FLW may differ based on the referred stage of
the FSC, FLW preventability (avoidable or unavoidable), edibility (edible or
inedible) and destination.
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2. Methodology

The empirical research of this doctoral thesis builds on the conducted
literature review. the methodology of the doctoral thesis is based on mixed
qualitative and quantitative methods for data collection and analysis. Figure 5
shows the connection between the research questions, tasks and outputs of
the thesis. Task 1 contributes to the theoretical component of the research
associated with methodological framework for generated food waste
quantification, while the remaining tasks address its practical component.

| Aim of the thesis— develop methodological framework for generated food waste quantification |

v v v

RQ1: How is generated food RQ2: How can by-products be RQ3: How dothe food
waste quantified in research quantified within the food management practices of
and practice? waste quantification household members relate to
framework? their perceptions of the
amount of food waste they
generate, and to the

practices they use to prevent,
reduce and manage food

waste?
PP, PM, RD, ¢
FS, HH [CAH T
Task 1 output Task 2 output Task 3 output
Systematic screening of Methodology and definitional Identified links between food
methodologies applied in scope for by-product quantity management practicesand
FLW quantifiation research estimation and unified by- food waste
across the agri-food chain product conversion
and their associated coefficients
limitations
Q+S
Task 4 output
Methodology and definitional scope applied
for food waste measurementsin households
D+Q
Stages of the food supply chain Research methods for Research methods for data
AP - agricultural production collectingdata analysis
PP — primary processing Literature review (LR) Content analysis (CA)
PM — processing and Systematic literature review Descriptive statistics (DS)
manufacturing (SLR) Inferential statistics (IS)
RD - retail and distribution Questionnaire and survey (Q+S) Production statistics and
FS— food service Diary and questionnaire (D+Q) coefficients (PS+C)
HH — hou sehold

Figure 5. Structure of the doctoral thesis
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Systematic literature review provides knowledge about the FLW
quantification procedure used in scientific research in the agri-food chain and
points to shortcomings in the FLW quantification methodology, which can affect
the interpretation and use of food waste data. This information helps to improve
methodological accuracy when planning future food waste data collection and
monitoring studies, especially considering that food waste quantification in
Latvia is in its early stages (Section 2.2 “Systematic literature review”). Although
this thesis uses the EU legal framework as its normative reference, where
the term “food loss” is not used, the systematic literature review considered both
“food loss” and “food waste”. This reflects the fact that these terms are
sometimes used interchangeably or that some common quantification or
definitional frameworks assign each term to specific stages of the agri-food
chain. In addition, SLR focuses on the entire agri-food chain, rather than just
FSC, to include a broader range of studies.

Although by-products are not considered food waste, given their inevitable
nature, their destination may result in them becoming food waste (Section 2.3
“Estimation of by-product quantities™). the absence of systematised knowledge
about by-products limits informed decision-making for effective management
and integration of secondary bioresources as input materials into the circular
bioeconomy. Paper II aims to provide a systematic classification of by-products
and their mass-based estimates at a country level. This research presents
methodological considerations and system boundaries, complementary to the EU
Delegated Decision and provides calculation of by-product quantities, based on
food production statistics and coefficients.

Food waste prevention and reduction are prioritised in the EU waste policy,
yet understanding of food waste drivers is still insufficient to adopt actionable
measures that may lead to reduction of food waste generation. Food waste
prevention incentives are prioritised at the individual (consumer) level, but food
waste quantification is considered an important instrument for food waste
prevention, reduction and management efforts. Moving from the findings in
Paper I, Paper III focuses on qualitative aspects of food waste. While food waste
quantification primarily addresses food waste quantities, qualitative insights help
to explore the broader behavioural aspects of food and food waste that may help
in addressing food waste prevention and reduction incentives and how to identify
actionable measures through generated food waste data. To link food waste
quantification with food waste prevention, reduction and management, Paper III
aims to understand the association between household food management
practices, such as planning, purchasing, and preparation, and food waste.
Considering the requirements of the EU Delegated Decision on the mandatory
food waste quantification, Paper III focuses on how awareness, attitude and
motivation by individuals are associated with food waste, as well as which food
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waste prevention and reduction actions and measures are perceived as useful
(Section 2.4 “Food management roles and food waste in households™).

Paper IV develops methodological approach for food waste quantification in
Latvian households, where food waste measurements have not been conducted
systematically before. Methodological approach (Section 2.5 “Methodology for
food waste quantification in households”) is based on the knowledge from
literature review and systematic literature review to align it with the requirements
of the EU Delegated Decision.

2.1. Definitional scope of food waste

For this thesis, the EU legal framework is used as a normative reference for
defining food waste. the European Commission Implementing Decision (EU)
2019/2000 laying down a format for reporting of data on food waste and
submission of the quality check report in accordance with Directive 2008/98/EC
of the European Parliament and of the Council (hereinafter — EU Implementing
Decision), presents a format for reporting food waste data across the FSC (EC,
2019b). Minimum requirements include mandatory reporting of total food waste.
It comprises inedible (unavoidable) and edible (avoidable) fractions of food
waste that are measured together, i.e., not distinguished separately. This aligns
with the definition of food waste presented in Section 1.2.1. “Definition”. To
account for food waste data more comprehensively, data collection and reporting
can be more disaggregated. Thus, the EU Implementing Decision proposes
voluntary measurements of food waste composed of parts of food intended to be
ingested by humans, i.e., edible (avoidable) fraction of total food waste. In
addition, food waste drained as or with wastewater can be collected and reported
voluntarily. Although food waste, this flow is categorised separately due to its
distinct destination in the wastewater treatment system rather than the waste
management system. Table 3 presents food waste flows that are reported on
mandatory and voluntary basis and shows their relationship to food waste
destinations and disposal types. Use as animal feed and industrial uses (such as
reprocessing into products and valorisation) are not considered waste treatment
but rather waste reduction actions. Food waste data are reported in fresh mass
units: total mass per stage of the FSC and mass per person by stage.

Table 3. Food waste reporting in accordance with the EU legal framework

Reporting Mandatory Voluntary Voluntary

Food waste fraction  Total food waste The portion of food Food waste drained
waste, out of the total ~ as or with
amount of food waste,  wastewaters
that is intended for
human consumption
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Food waste Waste treatment Waste treatment Wastewater

treatment (material recycling (material recycling treatment
and nutrient recovery,  and nutrient recovery,
energy recovery, energy recovery,
disposal) disposal)
Disposal type at Unsorted municipal Unsorted municipal Drained as or with
source waste, sorted waste, sorted wastewaters
biodegradable waste, biodegradable waste,
home composting home composting

Even though by-product quantification is outside the scope of food waste
quantification system, the food waste destinations and disposal types presented
in Table 3 help define when by-products should be classified as food waste.
Further definitional scope of by-products in food processing and manufacturing
stage and food waste in households is presented in Section 2.3.1. “Definitional
scope of by-products in food manufacturing” and 2.5.1. “Definitional scope of
food waste in households”.

2.2. Systematic literature review

Task 1 of the doctoral thesis involves analysis of generated food waste
quantification research across the agri-food chain with a focus on the applied
research methodology and associated limitations, and to examine its compliance
with the EU legal framework, elaborated in Paper I (Soloha & Dace, 2025).

2.2.1. Search protocol

A systematic literature review ensures that all relevant documents selected
for review meet the predefined exclusion and inclusion criteria and provide
answers to the defined research questions (Mengist et al., 2020). This systematic
literature review has the following research questions:

e What are the similarities and differences in the research methodology of
the analysed research articles (with a particular focus on the scope and

data type)?

e What methods are used for FLW quantification at different stages of
the FSC?

e What are the prevalent reported limitations of FLW quantification
procedure?

Moreover, systematic literature review allows to systematically analyse
existing research and to reduce selection bias, compared to a narrative literature
review. Table 4 provides an overview of inclusion and exclusion criteria.
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Table 4. Eligibility criteria for selecting relevant literature

Selection based  Criteria Inclusion Exclusion
on
Screening title, Topic (overview  FLW definitional Studies solely covering
abstract and of the study) framework, food waste behaviour,
keywords . . prevention, management
FLW quantification or valorisation
methodology and
methods,
FLW quantification
Checking full Document Accessible for full text Inaccessible for full text
text accessibility
accessibility
Screening Document type Full length articles Reviews
article full text . .
Geographical Europe Regions other than
coverage Europe
Aim and FLW quantification Theoretical analysis, FLW
objectives of research quantification not
the study performed as previously

anticipated

First, articles were selected based on title, abstract and keywords. Then, after
checking document accessibility, full texts were screened to obtain geographical
coverage of the study and to check whether the study objectives included food
waste quantification. This was done to ensure geographical relevancy of Europe
and to include only original research that involves food waste data collection. All
research articles meeting criteria above, where selected for the analysis to
understand how FLW is quantified from a research methodology point of view.

2.2.2. Qualitative content analysis

Articles selected for full text analysis were reviewed to answer the defined
research questions. the information was synthesised and coded to identify
methodological differences across studies. Analysis followed a qualitative
content analysis with a thematic synthesis approach (Flick & Schreier, 2014).
Content analysis is defined as “research technique for making replicable and
valid inferences from texts to the contexts of their use” (Krippendorff, 2019). In
other words, it is used to systematically examine textual data to identify themes
within a specific context.

To understand the similarities and differences in the research methodology in
the analysed research articles, material and methods section of the research
articles were reviewed. Information extracted and synthesised from each study
included the study aims and objectives, system boundaries (stages of the agri-
food chain covered), definitions of FLW (including material types and

116



destinations), study sample selection and representativeness, FLW quantification

methods applied and data sources used.

To understand what methods are used for quantification at different stages of
the agri-food chain, the most common quantification frameworks — the FLW
Standard (Hanson et al., 2016) and the EU Delegated Decision (EC, 2019a) —
were used as areference for categorising quantification methods applied in

the analysed research articles (see Table 5).

Table 5. Quantification methods in the EU Delegated Decision (EC, 2019a)

and the FLW Standard (Hanson et al., 2016)

Type of Method in Method in Recommended food waste Data type
method the EU the FLW quantification method*
Delegated Standard
Decision PP PM RD FS HH
Direct Direct Direct weighing v 4 4 4 4 Primary
measurement
Direct NA Assessing Primary
volume
Direct Diary Diary v Primary
Direct Waste Waste 4 Primary
composition composition
analysis analysis
Direct Counting / Counting 4 v Primary
Scanning
Indirect  Mass balance Mass balance 4 v 4 Primary
and
secondary
Indirect ~ Questionnaires Surveys Primary
Indirect  Interviews NA Primary
Indirect  Coefficients and N4 Secondary
production
statistics
Indirect NA Modelling Secondary
Indirect NA Proxy data Secondary
Indirect  NA Records Secondary

NA — method not covered in the document; *Recommended method for each stage of the FSC

according to the EU Delegated Decision.
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Study also explored the prevalent reported limitations of the FLW
quantification procedure. Limitations outlined in the studies were synthesised to
identify aspects limiting the credibility of the quantification procedure and
the reliability of the FLW data. This information was extracted and synthesised
from the results, discussion or a separate limitations section, if available.
the extracted data were coded to identify recuring concepts which were
subsequently grouped into larger groups, associated with three phases of
quantification procedure: research design, data collection and data analysis.

2.3. Estimation of by-product quantities

Task 2 was carried out to provide a mass-based calculation approach for food
processing and manufacturing industry by-products using unified conversion
coefficients and propose potential bio-valorisation directions for value-added
products from by-products, as elaborated in Paper II (Soloha et al., 2024). In
the EU legal framework, animal-based by-products (particularly meat) and their
classification are defined in more detail, compared to crop-based by-products.
This estimation therefore focuses specifically on crop-based by-products and
livestock-based by-products other than meat. Study focused on eight Northern
European countries (Denmark, Estonia, Finland, Iceland, Latvia, Lithuania,
Norway, Sweden) for comparison of quantities across countries in a similar
geographical region. Research methodological approach is described in
Figure 6.

. . . Anal ientifi
Production quantities of Identify processed Iiter:aatﬁ:'sé:lz irc1 Orizinal research
Food supply utilization [ products (except meat) . s ‘rg gl i .
X bio-valorisation articles
accounts (source: FAO) in each country
approaches
Identify respective by- Classify value-added
products products
Conversion factors Estimate by-product
(source: FAO and > coefficients and
literature) quantities
Value-added product
By-product database database

Figure 6. Research methodology approach
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2.3.1. Definitional scope of by-products in food manufacturing

By-products are regarded as a distinct material output specific to the food
processing and manufacturing stage of the FSC. Since by-products are an
integral output of a specific food transformation process, their formation is
considered unavoidable. Various food transformation processes often take place
during food processing and manufacturing stage of the FSC. For this study, terms
“primary processed products (PPP)”, “secondary processed products (SPP)”,
“tertiary processed products (TPP)”, “direct by-products” and “indirect by-
products” were used. That is, PPP refers to a “processed food product that is
produced primarily for human consumption during the production and
manufacturing stage using the feedstocks (crop or livestock) from the primary
production (e.g., farming, fisheries)”, SPP refers to a “a product produced using
PPP as its main ingredient”, TPP refers to “a processed product produced using
SPP as its main ingredient”. Direct by-product refers to a material output that is
part of the specific food processing process but not the primary target product
(PPP, SPP or TPP). Indirect by-product is a “by-product that is not formed during
the processing and production of agiven product but is formed during
the production of another food product (e.g., PPP) that is also used as an
ingredient in the production of a given product (SPP)”. Figure 7 shows by-
products and their relation to food waste with respect to the EU Delegated
Decision. This definitional scope is applied in this study.
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Figure 7. Definitional scope of by-products and their relation to food waste in
the processing and manufacturing stage (own elaboration)

2.3.2. Estimation of by-product quantities

Quantification of by-products is based on the coefficients and production
statistics method approach, as laid down in the EU Delegated Decision. Although
estimates rely on secondary data — aggregated production data at a country level
and coefficients derived from the literature —, it proposes a unified calculation
that can be updated, if accurate or context specific data becomes available. Below
is described the methodological approach of production statistics and
coefficients used.
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Production statistics

FAOSTAT database “Food Balances: Supply Utilization Accounts” was used
as adata source for production quantities of processed crop and livestock
products (FAOSTAT, 2023). thestudy first extracted production data of
processed crop products and processed livestock products. Each individual
product in the FAOSTAT is referred to as “item”. Items were systematised based
on the proposed terminology of PPP, SPP and TPP and linked to direct and
indirect by-products, if applicable. FAOSTAT Commodity list (FCL) and Central
Product Classification (CPC) codes were used to derive item descriptions
(definitions). In addition, FCL codes were used to define item levels, which
allowed to distinguish primary product or agricultural commodities (level 0)
from PPP (level 1), SPP (level 2) and TPP (level 3). An example is shown in
Figure 8.

Secondary SPP; Tertiary
- ppPi processed processed
PP, Primary product (SPP) " product (TPP)
processed ‘
duct (PPP) | pp// me—rm—————=-= = [mmi—————-=-77
product (PPP) BP; )E By-product ! }’ By-product |
,,,,,, ! !
| | | |
| 1 L 1
Primary product
i ,,,,,,,,,,,,,, Secondary
| L,,,,} By-product iﬁp'ﬂ‘ processed
| I/ BP; | | product
! T
,,,,,,, T e
| Agricultural by- | {____, By-product 3 By-product |
| product | BP | Wheatgerm L e !
i i
—» Productflows ------ » By-product flows Indirect by-product flows

Figure 8. Transformation of food products (own elaboration, adapted from
(FAO, 2025))

Coefficients

To estimate by-product quantities of the analysed processed products,
literature (scientific literature and FAO sources) was reviewed to derive
quantitative data and to harmonise heterogeneous by-product reporting formats
(e.g. kg or wt% per input flow or output flow) into uniform by-product
coefficients expressed as kg of by-product per kg of processed product (fresh
weight), enabling consistent calculations of total by-product quantities respective
to the reported statistics of production quantities. Formulas are described in
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the Methodology section of Paper 11 (Soloha et al., 2024), and exact calculations
are included in the article’s supplementary material.

2.4. Food management roles and food waste in households

Task 3 was carried out to identify links between household food management
roles and food waste, presented in Paper III (Soloha et al., 2026).

2.4.1. Research design

For this research, a structured questionnaire was developed (Appendix II).
the structured questionnaire was developed based on the analysis of previous
studies by Flanagan and Priyadarshini (2021), Eicaité et al. (2021), van Herpen
etal. (2019), Visschers etal. (2016), Koivupuro etal. (2012) that applied
structured questionnaires. It consists of 17 close-ended questions (f0/ to f17, see
Appendix II), originally developed in Latvian. It includes close-ended questions,
with dichotomous (yes or no), nominal (categorical) or ordinal variables. Open-
ended questions were omitted to avoid difficulties in interpreting answers,
categorising them and analysing data.

2.4.2. Sampling

The target population of the study was all permanent residents of Latvia aged
18 to 75. Stratified random sampling based on administratively territorial strata
was applied to obtain a study sample representative to the target population.
Thus, although it targets the household stage, its focus is on the individual person
and its role in the household. the obtained sample size amounts to 1007
respondents. Socio-demographic profile is described in (Soloha et al., 2026).

2.4.3. Data collection

Data collection was carried out by an independent research organisation that
conducted direct interviews at the respondent’s place of residence (so called
Omnibus surveys). the survey was conducted between January 13 and January
25, 2023. Data were anonymised. Thus, respondents who participated in
the survey cannot be identified. Raw data, along with its metadata (structured
questionnaire, code book and technical information), have been deposited in
a data repository (Soloha et al., 2023).

2.4.4. Data analysis

Collected data were first summarised, applying descriptive statistics. All
household individuals consume food and thus are considered consumers. Yet
their involvement in food management sets them apart. Based on answers to
involvement in food management (f02), rules were formed and respondents were
inductively categorised in full meal managers, partial meal managers and meal
enjoyers (Table 6). Naming of food management roles is proposed by the author.
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Table 6. Categorising respondents based on responses on six food management
practices*

Food management role Mandatory rule Optional rule
Full meal managers plan AND purchase AND prepare  enjoy, buy (away), buy
(home)
Partial meal managers plan AND purchase OR enjoy, buy (away), buy
purchase AND prepare OR (home)
plan AND prepare OR
plan OR
prepare
Meal enjoyers DO NOT plan AND prepare Any combination of enjoy,
buy (away), buy (home),
purchase

*(1) Plan — Plan meals and purchases; (2) Purchase — Purchase groceries; (3) Prepare — Prepare
food for myself and/or others; (4) Enjoy — Enjoy food prepared by others (I do not cook myself); (5)
Buy (home) — Buy prepared meals and eat at home, (6) Buy (away) — Buy and eat meals away from
home

These roles were then used to apply a nonparametric Pearson’s chi-square
(%?) test of independence to determine whether the observed frequencies of full
meal managers, partial meal managers, and meal enjoyers differed significantly
from the expected frequencies for the variables of interest. Below are
the combinations of the analysed variables:

1. Food management role and feelings of guilt (attitude) towards throwing
out food (f09).

2. Food management role and the main motivation that prevents respondents
from throwing out food (f10).

3. The main motivation that prevents respondents from throwing out food
(f10) and feelings of guilt about throwing out food (f09).

4. Food management role and reasons why food gets thrown out in
the household (/712 _1).

5. Food management role and actions regularly done to prevent food waste
generation in the household (f75).

6. Food management role and measures that would help respondents to
reduce food waste generation in their households (f76).

Each row in the obtained dataset represents a different respondent. Thus,
the observations are considered independent. Expected frequencies present how
the responses would be distributed if there were no association between
the variables (HO: null hypothesis). If the expected values are close to
the observed values, the variables are unlikely to be associated. the observed and
expected values were used to calculate the chi-square value (). Statistical
significance was evaluated at a significance level a = 0.05. the calculated
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y? values were compared with the critical values of chi-square distributions at
the 0.05 significance level (yc?). If y* value was above the yc? value, the null
hypothesis (HO) can be rejected. a statistically significant result implies that
differences can be observed across the roles (full meal managers, partial meal
managers, and meal enjoyers). Cramér's V was calculated to assess the effect size
(i.e. the strength of the association (McHugh, 2018)), between the variables,
using ‘ved’ package in R (Meyer et al., 2024). the data were analysed using R
version 4.5.1 (R Core Team, 2025). Exact formulas and data are described in
the Methodology section and included in the supplementary material of Paper II1
(Soloha et al., 2026).

2.5. Methodology for food waste quantification in households

Building on the knowledge from the FLW quantification research (Paper I),
methodological approach for food waste quantification in Latvian households
was developed. To meet the minimum quality requirements for food waste
quantification, it must be based on a representative sample and adequately reflect
variations in food waste data (EC, 2019a).

2.5.1. Definitional scope of food waste in households

Food waste comprises both edible (avoidable) and inedible (unavoidable)
fractions. Disposal as unsorted municipal waste, disposal as sorted biodegradable
waste and home-composting are included as household food waste destinations.
In turn, food waste drained as or with wastewaters is included as a separate
category due to its distinct destination in the wastewater treatment system rather
than the waste management system. the EU Implementing Decision (EC, 2019b)
separates this category to account for liquid food waste, disposal route for which
may differ from destinations mentioned above. No prior food studies in Latvia
have accounted for food waste drained as or with wastewaters. the EU
Implementing Decision proposes reporting of three food waste flows:

(1) Total food waste
a. Fraction of total food waste that consists of parts of food intended to
be ingested by humans (avoidable food waste; can be reported
voluntarily)
(2) Food waste drained as or with wastewaters (can be reported voluntarily).

Figure 9 shows the definitional scope of food waste in households with
respect to the EU Delegated Decision. This definitional scope is applied in this
study.
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Figure 9. Definitional scope of food waste in households (own elaboration)
2.5.2. Food waste quantification method

Diary method was selected for household food waste measurements.
the principle of a diary method is based on weighing food waste (fresh mass) and
recording the items disposed. As no previous studies in Latvia had used direct
quantification to collect food waste data from Latvian households, a diary was
selected as an optimal method for collecting primary data at source (directly from
households). the diary method was complemented by a structured questionnaire
for baseline (before measurements) and follow-up (after measurements) data
collection (Appendix III).

Research involved direct participation from household members (in each
household there was one person responsible for food waste measurements) in
carrying food waste measurements. Each household received a measurement set
consisting of the diary form, kitchen caddies and kitchen scales. the diary form
was developed asking participants to weigh fresh mass of food waste in
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the following two fractions at the end of each measurement day for seven
consecutive days:

(1) food waste (total food waste consisting of edible and inedible fractions of
food waste) and
(2) food waste drained as or with wastewater.

Thus, household food waste measurements include collection and reporting
of total food waste flow (mandatory according to the EU Delegated Decision)
and food waste drained as or with wastewater (voluntary according to the EU
Delegated Decision), as shown in Table 3.To ease their workload and retain
participation, diary design did not require weighing and recording edible
(avoidable) and inedible (unavoidable) food waste separately. Instead, to account
for what is wasted, respondents were required to record those items, along with
reasons, destination and dining habits. To avoid interpretability, concrete answer
options were provided (Table 7). This was done to verify that the recorded item
can be accounted for as food waste, depending on the proposed definitional
scope.

Table 7. Reason for disposal, destination and type of meal

Reason of disposal Destination Meals
(breakfast/lunch/dinner)
1 — Inedible parts from A — Compost A — Prepared and eaten at

preparation home

2 — Spoiled during
preparation

3 — Too much prepared or
purchased

4 — Disliked purchased meal

B — Sorted biodegradable
waste

C — Unsorted municipal
waste

D — Poured down the drain

B — Prepared at home but
eaten elsewhere

C — Purchased and eaten
elsewhere

D — Paid meal at an

educational institution or
workplace
5 — Disliked home-cooked E — Fed to pets or livestock E — Purchased but eaten at
meal home
6 — Spoiled during storage F — Other F — Meal prepared by
someone else and eaten at
home
G — Meal prepared by
someone else but eaten
elsewhere

7 — Didn't know how to use
8 — Past expiry date
9 — Other

2.5.3. Sampling and data collection

According to the systematic literature review, the diary method can be
associated with unrepresentative sample, selection bias and low willingness of
participants to be involved in food waste measurements. To limit these sampling
should be based on criteria that reflect the target population.

The target group of the study were Latvian households. the study sample was
selected using stratified sampling based on household size, place of residence
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(region) and income level. To further ensure diverse household representation,
socio-demographic profile, urbanisation and type of dwelling were considered
too. the recruitment of study participants (households), diary method testing and
study participant assistance during food waste measurements were carried out by
a project partner as part of a project (Dace et al., 2025).

To account for seasonal variations, data collection was organised twice a year
(during spring and autumn season). Moreover, measurement periods were
organised to avoid public holidays, school breaks and other events that could
significantly impact routine household activities (e.g., over- and underestimation
of food waste). Each measurement period lasted 7 consecutive days.
25 households participated in the spring measurement period (one week in April
or May), and another 25 households — in the autumn (one week in September or
October). This was planned to limit consequences of inappropriately chosen
measurement period. To standardise data collection, all households were
provided with identical digital scales and kitchen caddies.

Since the use of a diary method requires direct participation of household
members, it can be associated with self-reporting errors, such as forgetting to
record data and entering data incorrectly. To reduce these limitations to some
extent, during measurement period study participants were reminded daily about
food waste measurements.

2.5.4. Data analysis

Food waste dataset consisted of 7 entries of solid food waste (kg/day) and 7
entries of liquid food waste (kg/day) in each household. Both flows were
analysed separately but according to the same calculation procedure. To estimate
daily average quantities per person (kg/person/day), sum of recorded quantities
over the measurement period was divided by seven (number of consecutive
measurement days) and the total number of people living in the household. This
figure was then used to estimate total annual food waste at a national level
(t/year) and food waste per inhabitant (kg/inhabitant/year).

To convert daily average to annual food waste at a national level, 366
calendar days for the year 2024. the weight was converted from kilograms to tons
using the unit conversion factor. Then daily average (kg/person/day) was
multiplied by the number of days per year and the number of population living
in private households in the corresponding stratum, as reported in the official
statistics (CSB, 2025), and then summed together. This was done considering
the uneven distribution of population across regions and household sizes.
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3. Results and discussion

The empirical findings of the doctoral thesis are presented in three scientific
publications (Papers I-11I) and one conference proceeding (Paper IV). Together,
these studies examine food waste through theoretical (systematic overview of
FLW quantification) and practical (qualitative and quantitative by-product and
food waste studies) empirical research. Overall, the results demonstrate that FLW
quantification methodology in research is diverse and differs in its detail (Paper
I). By-products are left out from the food waste quantification framework,
primarily due to its inevitable nature, yet can be systematised and quantified,
adapting food waste quantification method from the EU regulatory framework
(Paper II). Food waste generation among permanent residents of Latvia is
complex, but associations can be observed between food management roles and
perceived food waste that can help form decisions related to food waste
prevention, reduction and management (Paper III). the methodology quantifying
household food waste in Latvia was developed using a direct quantification
method (diary) to quantify two distinct food waste flows (Paper IV).

3.1. Food loss and waste quantification research

Similarities and differences in the research methodology

The systematic literature review demonstrates that FLW quantification
research methodology is heterogeneous across studies. Well-defined research
methodology is important for ensuring accurate interpretation of the results, their
comparability and replication of the study. Thus, clarity of research design,
sampling, data collection and data analysis are important for transparency of
research methodology. the results of Paper I, in turn, indicate heterogeneity in
FLW quantification research. Therefore, the purpose of Paper I is twofold — to
outline these different approaches in FLW quantification research and to
highlight areas of concern that may guide empirical research in the future.

The results of Paper I show that since 2015, FLW quantification research in
Europe has focused predominantly on restaurants and food service and
household stages of the FSC. Due to differences in research scope, including
definitions of FLW and selected target populations, most studies cannot be
regarded as representative of the relevant FSC stage for FLW quantification. This
highlights a gap in the literature related to sectoral diversity in representing
the whole stage of the FSC. Most research aligns with the FSC scope, but some
stages are combined or defined differently. Research that focuses on primary
production and processing and manufacturing stages often focus on specific
sectors or foods within those stages, rather than the whole stage. Agricultural
production (AP-1 and AP-2) is less frequently analysed but may determine food
waste generation upstream, even though outside the scope of the FSC, as defined
in the EU legal framework. Moreover, it is often studied together with
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the primary production stage, as they are closely related. Studies most frequently
focus on one stage of the FSC, especially restaurants and food services and
households. Studies addressing multiple FSC stages in one study are less
common but provide more aggregated and systemic insights into FLW data at
a larger scale, such as regional or national.

From a definitional scope perspective, the applied FLW terms and their
definitions vary depending on the FSC stage, inclusion of edible (avoidable) and
inedible (unavoidable) fractions and liquids, as well as the intended destination
of FLW. Although animal feed or valorisation (bioprocessing, conversion)
applications are not considered waste destinations under the EU legal
framework, analysed studies have different approaches in including or excluding
them from the definitional scope. Some of those rely on the common definitional
frameworks (Table 2).

Sample representativeness varies across research. Some studies use stratified
random sampling, others convenience sampling. Some studies are case studies
and thus particularly focuses on specific foods or entities and are therefore not
generalised to the whole sector or FSC stage in a particular geographical area.
Yet, case specific studies provide insights into data collection at a single entity
level.

Analysed studies primarily rely on indirect FLW quantification methods,
although method application varies by the FSC stage. Direct methods, such as
direct measurement, diary and waste composition analysis, are mainly used at
restaurant and food service and household stages. In afew studies, direct
methods are applied at harvest (AP-2) and primary production stage, while no
direct quantification methods are used at pre-harvest/pre-slaughter (AP-1),
processing and manufacturing and retail and distribution stages. Among all
identified methods, questionnaires are the most frequently used method, often
complemented by diary or waste composition analysis when multiple methods
are applied in one study. Mass balance is the most frequently used method across
all FSC stages and is often applied in those studies that focus on multiple stages
of the FSC. Moreover, studies addressing multiple FSC stages typically use
consistent FLW quantification methods, although some use different methods at
different stages. the choice of method depends on the scale, with indirect
methods commonly used at larger scales (such as whole FSC) and direct methods
at smaller, detailed studies (case studies) or downstream stages of the FSC
(restaurants and food services and households). No studies used the EU-
recommended counting (scanning) method.

Reported methodological limitations

Methodological limitations affect the credibility, comparability, and policy
relevance of FLW data. Unrepresentative sample, lack of accurate data and self-
reporting error emerged as major limitations in the analysed studies. Paper |
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distinguishes between limitations related to participant recruitment, FLW
quantification and FLW interpretation.

In addition, identified limitations were mapped against the FLW
quantification methods to highlight their connection to specific food waste
quantification methods (Figure 10). Method is a practical tool that is used to
collect data either by direct or indirect means.

Number of articles (n=54) ‘Direct methods
M Direct measurement
0 5 10 15 20
a Unrepresentative sample || RN W Diary
Low participant involvement [l Photograph coding
Selection bi .
election bias Il Waste tracking system

b Lack of accurate input data [l | ]

Waste composition analysis
Self-reporting error | .
porting Indirect methods
B Mass balance
Methodological flaws |l N
| lete definitional FELW B Material flow cost
ncomplete definitional scope o [ | accounting
Social desirability bias [l Questionnaire
Inappropriate measurement period | NN Interview
Labour-intensive method . X

Coefficients and production
statistics

c Insufficient data quality [l
Other

Difficult FLW data comparability [l

Figure 10. Reported limitations in the analysed studies (a — Sampling
(participant recruitment); b —Data collection (FLW quantification), ¢ — Data
analysis (FLW interpretation))

Results show that unrepresentative sample is common across primary data
collection through direct food waste quantification methods, as well as
questionnaires and interviews. Although surveys and interviews in food waste
studies allow for the collection of primary data, they are considered indirect
methods because they rely on respondent’s perceptions and ability to recall food
waste generation practices. Mass balance and material flow cost accounting that
primarily rely on a systemic perspective, covering multiple stages of the FSC,
require primary and secondary data, which may be of insufficient quality. Paper
III in greater detail elaborates on each identified limitation and its connection to
the studied articles.
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3.2. By-products within the food waste quantification
framework

Based on the FLW quantification methodology research in Paper I, Paper II
focuses on by-products and presents a framework for their quantification, using
production statistics and coefficients method. the distinction from other stages of
the FSC is that by-products particularly refer to the processing and
manufacturing stage of the FSC (Section 1.3. “Food waste classification beyond
the EU legal framework™). Given that by-products can be considered food waste
depending on their destination, they can be linked to the food waste
quantification research. However, by-products are considered food waste when
they are destined for waste treatment. This destination can act as an indicator for
potential diversion of a by-product from waste treatment to material recycling or
valorisation. This is because by-products are considered unavoidable side
streams that are generated as part of a specific food transformation process, and
unless production of the related food product is discontinued, the generation of
such by-products is inevitable. Paper II systematised processed food products
with their respective by-products (Table 8) and presents by-product estimates
across the product groups and show country comparisons.

Table 8. Identified by-products for the analysed processed products

Item Product Class By-products Product
category group

Beer of barley, malted C SPP Brewer’s spent grain Brewery and
(residual spent grain), winery
Brewery spent yeast,
Hot trub (spent hops)

Wine C PPP Marc of grapes Brewery and

winery

Wheat and meslin flour C PPP Bran of wheat, Cereals
Germ of wheat

Flour, meal, powder, C PPP Potato peels Cereals

flakes, granules and
pellets of potatoes

Starch of wheat C SPP Wheat gluten, Cereals
Bran of wheat (indirect),
Germ of wheat (indirect)

Flour of rye C PPP Bran of rye Cereals

Flour of maize C PPP Bran of maize, Cereals
Germ of maize

Uncooked pasta, not C SPP Bran of wheat (indirect),  Cereals

stuffed or otherwise Germ of wheat (indirect)

prepared

Oats, rolled C PPP Bran of oats, Cereals

Oat hulls (husks)
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Item Product Class By-products Product

category group
Pot barley C PPP Barley hulls (husks), Cereals
Bran of barley
Starch of maize C SPP Maize gluten, Cereals

Bran of maize (indirect),
Germ of maize (indirect)

Rice, broken C SPP Rice hulls (indirect), Cereals
Bran of rice (indirect)
Cheese from whole cow L PPP Fresh whey Dairy
milk
Cheese from skimmed L SPP Fresh whey Dairy
cow milk
Eggs, liquid L PPP Eggshells, Eggs
Eggshell membrane
Raw cane or beet sugar C PPP Molasses, Fruit and
sugar beet pulp, wet vegetables
Sugar beet pulp, dry
Refined sugar C SPP Molasses (indirect), Fruit and
Sugar beet pulp vegetables
(indirect)
Orange juice C PPP Orange fruit pulp (also Fruits and
known as citrus pulp) vegetables
Tomato juice C PPP Tomato pulp Fruits and
vegetables
Rapeseed or canola oil, C PPP Rapeseed cake Oils and Fats
crude
Soya bean oil C PPP Soybean cake Oils and Fats
Cocoa butter, fat and oil C SPP Cocoa husks and shells Oils and Fats
(indirect)
Prepared groundnuts C SPP Groundnut shells Pulses, nuts
and oilseeds
Starch of potatoes C PPP Potato pulp Roots and
Tubers
Coffee, decaffeinated or C PPP Coffee silverskin Stimulants
roasted
Cocoa powder and cake C SPP Cocoa husks and shells Stimulants
(indirect)

Estimates of uniform by-product coefficients indicated that the production of
various items such as raw cane or beet sugar, cheese, rapeseed and soya bean oil,
potato starch results in a higher proportion of by-product with respect to
the processed product. Beer of barley and wheat and meslin flour were among
the most produced food products in all countries of the studied region (Figure
11). However, the production of cheese from whole cow milk, raw cane or beet
sugar, potato starch, and rapeseed oil are associated with higher by-product
generation, compared to by-product quantities of beer of barley and wheat and
meslin flour production (Figure 12).
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Figure 12. the annual average (2015-2020) quantity (fresh weight) of processed
products and their respective by-products (a — cheese; b — sugar (EE and LV —
no production quantity data; IS and NO — 0); ¢ — potato starch (EE, FI, IS, NO
and SE — no production quantity data); d — rapeseed oil); ™ — processed
product; ® and ™ — by-product
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By-product generation emphasises the importance of by-product
quantification, since their generation may contribute significantly to the overall
processing and manufacturing process.

3.3. Food management and food waste in households

To address RQ3 on how food waste is perceived in households and what
affects food waste prevention, reduction and management behaviour,
respondents were inductively categorised into three food management roles.

Irrespective of the role, respondents exhibited generally low awareness of
food waste, since a substantial share of respondents claimed to generate no food
waste (18.6%) or waste no food that could have been eaten (30.5%).
Furthermore, among meal enjoyers higher share indicated that it is hard to say
how much food waste a person in their household generates. In turn, partial meal
managers and full meal managers exhibited lower share. This led to a conclusion
that detachedness from food management is related to lower awareness of
perceived food waste generation within the household.

Table 9 shows the distribution of respondents by the developed food
management roles (full meal manager, partial meal manager and meal enjoyers).
Overall, results indicate that meal enjoyers who are not involved in food
management exhibit lower awareness of food waste, feels less guilty about
wasting food and are less motivated to avoid not to throw out food, as opposed
to full meal managers and partial meal managers.

Table 9. Practices reported by respondents across food management roles,
multi-answer multiple choice question (NA = 16)

In my household, I most often ... Full meal Partial Meal
managers*  meal enjoyers®
(n =546) managers*  (n=182)

(n=263)

plan meals and purchases 100.0 384 0.0

purchase groceries 100.0 71.5 40.1

prepare food for myself and/or others 100.0 71.9 0.0

enjoy meals prepared by others (I do not cook 14.8 28.5 91.8

myself)

buy prepared food and enjoy it at home 17.0 18.6 16.5

buy and eat meals away from home 18.5 17.9 23.1

*Percentage of respondents within the food management role (n = 546, n = 263, n =182,
respectively); NA — no answer

From the socio-demographic perspective, gender and age exhibited
noticeable differences across roles. Most female respondents fell into the full
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meal manager group, i.e. 74.3% of all women (n = 530). This was contrary to
male respondents who were almost equally distributed across the defined food
management roles, with only 33.0% of all men (n=461) being full meal
managers. This indicates that differences in food management responsibilities
across gender can be observed. Moreover, the association was found statistically
significant between the food management role and gender (y* = 223.43, df = 2,
p-value < 0.001), indicating that the variables are not independent. the effect size
is moderate (V = 0.47). By age group, a higher share of full meal managers was
found among older respondents, i.e. 66.0% of those aged 64—75, compared with
27.8% of those aged 18-24. Statistically significant association was found
between the food management role and age (y > = 48.805, df = 10,
p-value < 0.001). However, the effect size is low (V = 0.14).

Statistically significant associations between food management roles and
attitude (f09 — feelings of guilt towards throwing out food), motivation (f70 —
motivation that prevents respondent from throwing out food) and reasons for
food wastage (f12 — reasons why food gets thrown out in the household) were
observed from chi-square tests, although the association strength ranged from
weak to moderate. In addition, the structured questionnaire included questions
related to food waste prevention and reduction (a) actions to understand what
individuals do to prevent and reduce food waste generation (f15), and (b)
measures to understand which incentives aimed to help with food waste
prevention and reduction efforts are considered useful (f76). Full meal managers
were significantly more likely to engage in preventive actions such as meal
planning and checking available products, whereas meal enjoyers showed
the highest detachment from food waste prevention, often reporting that
“nothing” motivates them. This indicates that detachment from food
management practices potentially makes people less aware or concerned about
food waste. Full meal managers were more likely than other roles to report
practices that require anticipatory organisation. In contrast, meal enjoyers
selected they do not practice any of the provided actions more than expected,
indicating potential detachedness from food waste prevention actions, as meals
are primarily consumed, not managed.

Results of survey from Paper III indicate low willingness to participate or
contribute to the mandatory food waste reporting in the EU (Figure 11), with full
meal managers being slightly more open, compared to the partial meal managers
and meal enjoyers.
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Figure 13. Willingness to take part in food waste quantification research
(f17) (a — full meal managers (n=546),; b — partial meal managers (n=263);
¢ — meal enjoyers (n=182)) (Soloha et al., 2023)

Nevertheless, irrespective of the individual’s role in the household, food
waste quantification at the household level should represent all individuals of
the household, to ensure food management and waste generation habits are
representative to the whole household.

3.4. Food waste quantification in households

This is the first study in Latvia to carry out food waste measurements in
households with the support of a direct food waste quantification method. Prior
to the measurement period, respondents were asked to estimate the quantity of
food waste they believed was generated in their household each week (Table 10).

Table 10. Average perceived and actual food waste quantities in households

Perceived, Number of  Actual* (food Actual* (liquids), Actual (food waste
kg/week households  waste) kg/week kg/week + liquids), kg/week
<0.5kg 3 2.49 0.00 2.49

0,5-1 kg 5 1.36 0.20 1.56

12 kg 10 2.38 0.55 2.93

2-3 kg 11 4.55 0.87 5.42

3-4kg 5 3.02 0.66 3.67

4-5kg 3 4.56 0.40 4.95

5-6 kg 2 7.87%* 3.22%%* 11.09

> 6 kg 2 4.54%* 2.77%* 7.31

Hardtosay 9 6.61 1.27 7.88

*Average quantity among households selecting the respective perceived quantity; **Mean value
reported is based on only two observations
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Most respondents (74.0%) underestimated actual food waste quantities
collected over the measurement period. In contrast, those who overestimated
their food waste were typically households generating the highest food waste
quantities. This aligns with (Ammann et al., 2021).

Table 11 presents results from afood waste quantification in Latvian
households. Contrary to the EU reduction targets, estimated food waste data in
2024 indicate an increase since the last reporting period, with average food waste
quantities raising from 71 kg/inhabitant in 2022 to 82.3 kg/inhabitant in 2024
(this research). For the reference, the EU average equals to 68 kg/inhabitant in
2022 (Eurostat, 2025). For the first time, liquid food waste was estimated in
Latvian households, which amounted to an average of 17.5 kg/inhabitant.

Table 11. Average food waste estimates per inhabitant in the respective region
and household size strata (4 — liquid food waste, B — food waste)

Region Household  Sample Population** A, kg/year B, kg/year
size size

Riga 1 11 179 204 16.0 95.8
Riga 2 4 193 820 34.8 100.3
Riga 3 5 172 113 213 85.1
Riga 4 2 145 796 0.0 45.7
Riga >5 1 151 645 0.0 77.0
Vidzeme 1 1 46 324 0.0 69.6
Vidzeme 2 1 55420 5.6 109.2
Vidzeme 3 1 51624 39.0 121.3
Vidzeme 4 1 47 364 62.4 172.5
Vidzeme >5 2 72 160 24.1 333
Kurzeme 1 0* 49 043 17.5 93.1
Kurzeme 2 3 59 890 16.0 33.6
Kurzeme 3 1 51348 0.0 62.2
Kurzeme 4 1 47292 0.0 62.4
Kurzeme >5 1 66 184 2.2 109.7
Zemgale 1 2 37574 15.9 51.8
Zemgale 2 1 46 936 43.4 66.6
Zemgale 3 2 42 693 143 67.8
Zemgale 4 1 38380 322 97.8
Zemgale >5 3 54 648 10.8 91.0
Latgale 1 2 50713 36.1 131.7
Latgale 2 0* 60 568 26.2 75.3
Latgale 3 2 47 988 14.7 85.5
Latgale 4 1 37992 8.8 45.0
Latgale >5 1 41382 11.9 64.7

* For strata with no participants in the respective region and household size category, average
daily food waste and liquids disposed of as or with wastewater were estimated based on
the average amount of the respective household size; **Population in 2024 (CSB, 2025)

Although this research aimed to develop a methodology for accurate food
waste measurements in households that align with the requirements of the EU
regulatory framework, it has a few limitations that need to be addressed in further
research. First, data collection was conducted manually. Respondents recorded
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food waste quantities in diaries that were printed on paper. This may have led to
self-reporting errors when recording data or when transferring data into a digital
format. Second, since measurement were carried out by households themselves,
food waste quantification had to ensure respondent engagement. Therefore, it
was necessary to reduce the granularity of food waste fractions that need to be
weighed separately, as well as to reduce frequency of weighing food waste.
Third, even though study sample was selected using stratified sampling, it is still
insufficient considering the diverse population characteristics. These
considerations may guide further research to ensure accurate sampling,
representative to Latvian households, and improve data collection.
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Conclusions

This doctoral thesis is a set of thematically related publications (Paper I — V)

that collectively form aunified, finalized study. the thesis presents
a methodological framework for generated food waste quantification in food
production and household stages in Latvia. It draws on the relevant EU’s legal
framework as a normative reference.

1.

Paper I identifies methodological approaches used in FLW quantification
research and the limitations associated with them. It highlights considerations
that can inform research design of future studies and help mitigate the impact
of methodological approaches on data accuracy and data comparability.
the study categorises limitations related to sampling (recruitment), data
collection and data analysis (interpretation) and links these to specific FLW
quantification methods. This enables to anticipate limitations related to
a choice of a specific method and to reduce their implications in research
design phase. Methodological clarity and robustness are also important for
food waste quantification in Latvia, given the mandatory reporting
requirements of food waste quantities in the EU and recent experience in
establishing a food waste quantification system.

Currently, food industry by-products are left out of the food waste
quantification system; yet, depending on their destination they may become
food waste. Paper II establishes auniform method for estimating food
industry by-product quantities (fresh mass) by adapting the production
statistics and coefficients method of the EU Delegated Decision. This method
has been demonstrated through a cross-national comparison of eight
Northern European countries. It uses production quantities from food
production statistics to identify processed products and establishes uniform
by-product coefficients based on literature. Thus, the estimation of by-
product quantities can be extended to other countries. Due to the lack of case-
specific data, uniform by-product coefficients used across all countries are
subject to elaboration in further research. Considering that for now by-
product flows are not estimated systematically, adaptation of food waste
quantification method from the EU Delegated Decision allows to account for
these secondary bioresources.

Paper III examines the relationship between food management practices and
food waste in Latvian households. Food management roles were formed
inductively based on respondent involvement in food management (planning,
shopping, preparing and/or enjoying meals). Full meal managers were
significantly more likely to engage in preventive actions such as meal
planning and checking available products, whereas meal enjoyers showed
the highest detachment from food waste prevention, often reporting that
“nothing” motivates them to not waste food. Analysis reveals that detachment
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from food management practices potentially makes people less aware or
concerned about food waste. For instance, full meal managers were more
likely than others to report managerial practices, such as checking household
stocks and planning meals to avoid spoilage, compared to meal enjoyers who
reported they do not practice any of the provided actions. Overall,
irrespective of the food management role, respondents were reluctant or
uncertain about usefulness of certain food waste prevention measures,
suggesting that waste prevention policy incentives may be unclear at
the household level and they may therefore require concrete information on
how the proposed measures could support them in food waste prevention and
reduction.

. Methodology and definitional scope for food waste quantification in
households was developed in Paper I'V. It is aligned with the requirements of
the EU legal framework to ensure that obtained data are comparable with
food waste data of other EU Member States, reported to Eurostat. Limitations
of food waste quantification research identified in Paper I were taken into
consideration to select optimal food waste quantification method for primary
data collection at source (directly from households) and limit the implications
of those limitations on data accuracy. Adiary, a direct quantification method,
was selected for carrying food waste measurements. In addition, this study
collected food waste drained as or with wastewaters, a food waste flow that
previously has not been accounted for in Latvia (can be reported voluntarily
according to the EU Delegated Decision). Since direct methods were applied
for the first time and more disaggregated flows were quantified, it is still too
early to determine whether and how the current data are comparable with
those from previous reporting periods. To ensure reproducibility and
comparability of household food waste data, the minimum quality
requirements of food waste quantification aligned with the EU Delegated
Decision should include a representative sample of Latvian households and
capture variability in food waste generation.
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Further outlook

Minimum quality requirements for food waste quantification

Rigorous research design, sampling, data collection and analysis, i.e.
practical implementation, is closely linked to the available financial resources
allocated. To meet the minimum quality requirements for food waste
quantification of the EU Delegated Decision, it must be based on a representative
sample and adequately reflect variations in food waste data (as elaborated in
the EU Delegated Decision). Furthermore, in-depth measurements (for example,
by using direct methods) should be carried out once every four years. To ensure
comparability of food waste data across the stages of food supply chain, over
time and across other EU countries, the applied definitional framework of food
waste must be consistent across reporting years. This doctoral thesis proposes to
align the definition of food waste with system boundaries (stages of the food
supply chain) and waste hierarchy (destination of food waste), relevant to the EU
legal framework. Although, it is only mandatory to report on total food waste,
without distinguishing between edible and inedible fractions of food waste, it is
recommended to further consider quantifying these flows separately. Primarily,
because generation of edible (avoidable) fractions of food waste can be
prevented. Thus, this is the fraction of food waste that could be targeted with
waste prevention incentives. Collecting and reporting food waste drained as or
with wastewater makes it possible to quantify flow with a distinct destination in
wastewater treatment system, rather than in waste treatment system, which was
previously not accounted for. To validate food waste data, it is also recommended
to combine different food waste quantification methods.

Advancement of food waste quantification

Considering the continuous need for food waste reporting and monitoring in
the EU, it is important to conceptualise how consistent data collection and
monitoring could help transition to circular bioeconomy and waste prevention
and reduction nationally. Collaborative and supportive function across
the relevant actors and stakeholders should improve the applicability of data for
purposes more than just the mandatory reporting needs by the EU, as well as to
ensure comparability of food waste data over time. Identifying existing data
collection and reporting practices used by different waste generators across
the food supply chain could be explored. This could clarify how food waste data
collection can be integrated with the data they already collect and report. To
avoid discouraging their involvement in mandatory food waste data collection
and reporting, any additional requirements should not complicate operational
practices and should require minimal additional effort from these waste
generators. Limitations associated with food waste quantification research
methodology should be taken into consideration to avoid implications on data
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quality and comparability. This includes training relevant FSC actors and
involving independent experts to improve data accuracy, interoperability and
address data confidentiality issues. To move beyond mass-based food waste
quantification, environmental, economic implications, as well as nutritional
losses and overnutrition should be considered to help understand the broader
implications of food waste generation on food system’s sustainability in Latvia.

By-products within the food waste quantification framework

Refinement of by-product coefficients through primary data collection could
validate the results of the proposed by-product quantification with case-specific
data. Such data could support informed decisions regarding by-product
availability in a specific region within a country (not only at a national level).
Moreover, collecting case-specific data on by-product generation across multiple
facilities (e.g., whey from cheese production) would enable the estimation of
mean values and associated variability, better reflecting actual conditions.
Exploration of environmental, technical, economic, and social aspects are
fundamental to overcome challenges with bioeconomy and bio-valorisation
implementation into practice. These aspects could help in aligning by-product
availability with a particular region’s potential for utilising the respective by-
products, to prevent them from entering the waste management stream.
Evaluation of by-product suitability for producing value-added products needs
further research.

Advancement of food waste prevention and reduction efforts in households

Food waste prevention and reduction require both individual action and
systemic support. Achieving this requires alignment between identified
problems, individual needs and policy-level measures and targets, while
recognising that households are heterogeneous and interventions are more likely
to succeed when they match the realities of household behaviour. Further
research could analyse food management roles (based on different food
management practices) in more depth by complementing the analysis with
assessments of individuals’ food management skills, lifestyle-related factors
(e.g., time constraints arising from work and family responsibilities), and dietary
preferences, to provide a more comprehensive understanding of factors shaping
food waste behaviour.
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