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ANOTACIJA

Promocijas darbs “Cela uz bezatkritumu partikas patérinu: e€dinasanas procesa
organizacija Latvijas skolas ilgtspejigas aprites ekonomikas ietvara” ir sagatavots ka
tematiski vienota zinatnisko publikaciju kopa un sastav no astonam savstarp&ji saistitam
zinatniskajam publikacijam. P&tfjums ir izstradats laika posma no 2021.gada septembrim lidz
2025.gada augustam ar merki izpetit &dinasanas procesa organizaciju R&zeknes pilsetas skolas
ilgtsp&jigas aprites ekonomikas (AE) ietvara un, balstoties uz $1 gadijuma izp&tes rezultatiem,
izstradat risinajumus bezatkritumu partikas patérina veicinasanai skolas atbilstosi ilgtsp&jigas
partikas sistémas principiem.

Pétijuma objekts ir dinasanas procesa organizacija skolas ilgtsp&jigas AE ietvara.

Pétijuma priekSmets ir partikas patéring un pasniegta &diena atkritumi traukos (PEAT)
Rézeknes pilsetas skolas.

Petfjuma aktualitati nosaka: 1) partikas iz8kerdeéSanas un atkritumu globala nozime; 2)
augsts partikas atkritumu Ipatsvars pat€rina posma; 3) partikas atkritumu samazina$ana ir viens
no prioritari risinamiem jautajumiem globala, ES un nacionala liment; 4) AE loma partikas
nozar€; un 5) skolu dinasanas programmu attistibas potencials ilgtspgjas konteksta.

Promocijas darba izvirzitas hipotezes:

H1 Latvijas skolas &diena pasniegSanas modelis ar ieprieks individuali servétam pilniba
vai dalgji porcionétam maltit€m, neatbilst ilgtsp&jigas AE principiem un neveicina
bezatkritumu partikas patérinu.

H2 Atseviski Tistenotas intervences partikas atkritumu mazinaanai nenodro$ina
ilgtermina ietekmi skolu &dinasanas procesa.

Promocijas darbs sastav no tris nodalam.

Pirmaja nodala izstradats promocijas darba teorctiskais ietvars, kas ir pamats
empiriskajiem pétijumiem. Saja nodala analizéta partikas iz8kérdesanas problema globala un
Eiropas Savienibas (ES) lIimeni, partikas zudumi un atkritumi partikas piegades k&de (PPK), ka
arl atbilstoSais politiskais un strateégiskais ietvars. Izpétits AE koncepts un loma partikas
atkritumu samazinaSana. Ka art analizéta PPK patérina posma loma plasakas partikas sist€mas
ilgtspgjas konteksta, ieklaujot skolu €dinasanas programmu lomu partikas sisteéma un partikas
sist€mas transformaciju ietekmégjosos faktorus.

Otraja nodala apkopoti empirisko pétfjumu rezultati, kuru meérkis bija novértét
&dinaSanas procesa organizaciju Reézeknes pils€tas skolas ilgtspgjigas AE ietvara. Pirmaja
pilotpétijuma veikta PEAT analize, identificgjot partikas izSkérdeSanas apjomus un tendences.

Otraja pilotpétijuma praktiski ieviestas un novertétas meérktiecigas intervences partikas
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atkritumu samazinasanai. TreSaja petljuma noverteta skolénu atticksme un zinaSanas par
partikas atkritumu problémjautajumiem un vinu skatijums uz pusdienu organizéSanu skolas.

TreSaja nodala piedavati risinajumi dinaSanas procesa organizacijas mainai un partikas
sisttmas transformacijai ilgtsp&jigas AE ietvara un atbilstosi ilgtsp&jigas partikas sist€mas
principiem. Tika izstradats zinasanas balstits rekomendaciju sistémas prototips un teorétiski
pamatots ricibas plans bezatkritumu partikas pat€rina veicinasanai skolas. Noveérteta PPK
patérina posma nozime partikas sist€mas parveide un piedavats konceptuals ietvars partikas
sistémas transformacijai caur partikas patérina posmu, akcentgjot paterétaju uzvedibu ka
katalizatoru plasakam parmainam partikas pat€rina posma.

Promocijas darba nosleguma izteikti secinajumi, definétas galvenas problémas un

izvirziti priekslikumi to risinasanai.



ANNOTATION

The doctoral thesis “Towards zero-waste food consumption: organisation of the
catering process in Latvian schools within the framework of a sustainable circular
economy” has been prepared as a thematically unified set of scientific publications and consists
of eight interrelated scientific articles. The research was conducted between 2021 and 2025
with the aim of analysing the organisation of the catering process in Rezekne city schools within
the framework of a sustainable circular economy and, based on the results of this case study,
developing solutions to promote zero-waste food consumption in schools in accordance with
the principles of a sustainable food system.

The object of the study is the organisation of the catering process in schools within the
framework of a sustainable circular economy.

The subject of the study is food consumption and plate waste in Rezekne city schools.

The relevance of the study is determined by the following factors: 1) The global
significance of food loss and waste; 2) The high share of food waste generated at the
consumption stage; 3) The reduction of food waste is a priority issue at the global, EU, and
national levels; 4) The role of the circular economy in the food sector; and 5) The development
potential of school food programmes in the context of sustainability.

The doctoral thesis puts forward the following hypotheses:

H1 The meal serving model in Latvian schools, based on fully or partially pre-portioned
meals individually served in advance, does not align with the principles of a sustainable CE and
does not promote zero-waste food consumption.

H2 Single interventions to reduce FW do not ensure a long-term impact in the school
catering process.

The doctoral thesis consists of three chapters.

The first chapter develops the theoretical framework of the thesis, which serves as the
foundation for the empirical research. This chapter analyses the problem of food waste at the
global and EU levels, food losses and waste along the food supply chain, as well as the relevant
political and strategic framework. It explores the concept of the circular economy and its role
in food waste reduction. In addition, the role of the consumption stage within the food supply
chain is examined in the context of the broader sustainability of the food system. This includes
the classification of food waste, the role of school food programmes within the food system,
and the factors influencing food system transformation, including consumer behaviour change.

The second chapter presents the results of empirical studies aimed at assessing the

organisation of the catering process in schools in the city of Rezekne within the framework of
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a sustainable circular economy. The first field study involved the analysis of plate waste to
identify the volume and patterns of plate waste. The second field study focused on the practical
implementation and evaluation of targeted interventions for reducing plate waste. The third
study assessed students’ attitudes and knowledge regarding food waste issues, as well as their
perceptions of school lunch organisation.

The third chapter presents solutions for reorganising the catering process and
transforming the food system within the framework of a sustainable circular economy. A
knowledge-based prototype of a recommendation system was developed, along with a
theoretically grounded action plan to promote zero-waste food consumption in schools. The
role of the consumption stage in the transformation of the food system was evaluated, and a
conceptual framework for its transformation through the consumption stage was proposed,
emphasising consumer behaviour as a catalyst for broader changes in food consumption.

The conclusion of the doctoral thesis presents the main findings, identifies key problems,

and proposes recommendations for their resolution.
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SAISINAJUMU UN APZIMEJUMU SARAKSTS
AE — aprites ekonomika
ANO — Apvienoto Naciju Organizacija
ASV — Amerikas Savienotas Valstis
CDD - spgju virzitas attistibas pieeja (Capability-Driven Development)
ES — Eiropas savieniba

E-mentors — “E-mentors ka transformacijas riks bezatlikuma partikas patérina nodroSinaSanai
izglitibas iestades”

FAO - Partikas un lauksaimniecibas organizacija (Food and Agriculture Organization)
FLPP — Fundamentalo un lietisko p&tijumu projekti

HLPE — Augsta Iimena ekspertu grupa (High Level Panel of Experts)

LLM - Lielo valodu modelis (Large Language Model)

LR — Latvijas Republika

LZP — Latvijas Zinatnes padome

MOA — Motivacijas—iesp&ju—sp&ju (Motivation—Opportunity—Ability) ietvars
NAM — Normu aktivacijas modelis (Norm Activation Model)

PEAT — pasniegta &diena atkritumi traukos

PPK — partikas piegades kede

SDGs — ilgtspgjigas attistibas merki (Sustainable Development Goals)

SNW — stipro, neitralo un vajo pusu analizes metode (The method for analysis of strengths,
neutrals and weaknesses)

TPB — Planotas uzvedibas teorija (Theory of Planned Behavior)

UNEP - Apvienoto Naciju Organizacijas Vides programma (United Nations Environment
Programme)

UNGA — Apvienoto Naciju Organizacijas Generala asambleja (United Nations General
Assembly)

VARAM - Viedas administracijas un regionalas attistibas ministrija

WRAP - Atkritumu un resursu ricibas programma (Waste and Resources Action Programme)



BIEZAK LIETOTIE TERMINI

Aprites ekonomika. Ekonomikas modelis, kas, izmantojot “R” stratégijas, galvenokart
ir versts uz resursu izmanto$anas paléninasanu un atkritumu mazinasanu, pagarinot materialu
un produktu dzives ciklu.

Bezatkritumu partikas paterins. Edinasanas procesa organizacija skolas tada veida, lai
primari nodro§inatu PEAT novér$anu un samazinasanu.

Brivpusdienas. Valsts un/vai pasvaldibas finansétas pusdienu maltites skoléniem, ko vini
sanem bez maksas.

Ediena pasnieg§anas modelis. Veids, ka tiek organizéta malti$u pasniegSana. Piem@ram,
Rézeknes pilsetas skolas &diena pasnieg§anas modelis ir pilniba vai dalgji porcionétas, ieprieks
individuali servetas maltites.

Edinasanas procesa organizicija skolas. Darbibu kopums, kas saistits ar &dienkartes
planosanu, maltiSu gatavoSanu, pasniegSanu, pat€rinu un &dinasanas procesa uzraudzibu skolas.

Ilgtspejiga aprites ekonomika. Holistisks aprites ekonomikas modelis, kas primari ir
versts uz atkritumu novérSanu un samazinasanu, vienlaikus mainot pat€rina uzvedibu un
ieklaujot socialo dimensiju. Saja model aprites principi tiek Tstenoti, nodrosinot lidzsvaru starp
ilgtspgjigas attistibas ekonomisko, socialo un vides dimensijam.

Ilgtspéjigas partikas sistémas principi. Izriet no ilgtsp€jigas partikas sist€mas
definicijas - partikas drosibas un uztura nodrosinasana esosajai paaudzei, resursu saglabasana,
atbildigs patérins$, uztura paradumu maina, partikas atkritumu novérSana un sociali taisniga
partikas sist€émas parvaldiba, vienlaikus saglabajot vides, socialos un ekonomiskos pamatus
nakotnes paaudzem.

Partikas sistéma. Sarezgita un dinamiska sistéma un mijiedarbibu tikls, kas aptver
partikas piegades kédi, partikas vidi (partikas pieejamiba un informacija par partiku) un
patérétaju uzvedibu un visu ar partiku saistito darbibu spektru no razoSanas 1idz patérinam un
atkritumu apsaimniekoSanai.

Skolu edinasanas programmas. Valsts un/vai paSvaldibas limena iniciativas, kas
nodro§ina skoléniem regularas, uzturvielam bagatas maltites skolas ar mérki uzlabot b&rnu

veselibu, socialo vienlidzibu un atbalsttt izglitibas pieejamibu un kvalitati.
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PROMOCIJAS DARBA VISPAREJS RAKSTUROJUMS

Promocijas darbs ir sagatavots ka tematiski vienota zinatnisko publikaciju kopa par
&dinaSanas procesa organizaciju Latvijas skolas ilgtsp&jigas AE ietvara. Promocijas darba
galvena uzmaniba ir versta uz merktiecigu ricibu partikas atkritumu apjoma samazinasana un
atbildiga patérina veicinaSana skolas. Ilgtsp&jigas AE koncepts tika izmantots ka strat€égisks
ietvars bezatkritumu partikas pat€rinam, jo tas balstas ne tikai uz atkritumu hierarhiju, kur
galvena prioritate ir partikas atkritumu novérSana un samazinaSana, bet ietver arl socialo
dimensiju un patérina uzvedibas mainu, nodroSinot Iidzsvaru starp ekonomiskajiem,
socialajiem un vides aspektiem. Izmantojot $§adu pieeju, tika veikta PEAT analize Rézeknes
pilsetas skolas, praktiski ieviestas un novertetas mérktiecigas intervences partikas atkritumu
samazinaSanai, novertéta skolénu atticksme un zinaSanas par partikas atkritumu
problémjautajumiem un vinu skatfjums uz pusdienu organizéSanu skolas, izstradats zinasanas
balstits rekomendaciju sist€mas prototips, noverteta &dinasanas procesa organizacija Reézeknes
pilsétas skolas un analiz&ta partikas patérina posma loma plasakas partikas sist€mas ilgtsp&jas
konteksta.

Promocijas darba rezultata izstradats konceptuals ricibas plans esosa skolu &dinaSanas
modela transformacijai, kas balstas uz ilgtsp&jigas AE un ilgtsp&jigas partikas sist€mas
principiem un konceptuals ietvars partikas sistémas parveidei caur patérina prizmu. To pamata
ir motivacijas—iesp&ju—sp&ju (Motivation—Opportunity—Ability (MOA)) patérétaju uzvedibas
mainas teorija, kas nodroSina struktur€tu skatijumu uz paterétaju uzvedibas mainas nozimi
pareja uz ilgtsp&jigu partikas paterinu.

Apvienojot ilgtspejigas AE pieeju ar pat€rétaju uzvedibas teorijam un uzvedibas
ekonomiku, petfjums ir meérkets uz resursu efektivitati, procesu parvaldibu un ricibpolitikas
risinajumiem, kas nodroSina ta atbilstibu ekonomikas un uznémeéjdarbibas apaksnozarei.

Promocijas darba rezultati veido zinatniski pamatotu un praktiski parbauditu pamatu
meérktiecigu partikas atkritumu samazinasanas stratégiju izstradei un TstenoSanai Latvijas
skolas, ka arT piedava konceptualu risinajumu skolu &dinaSanas modela, ar pilniba vai dalgji
porcionétam, ieprieks individuali servétam maltitém, un partikas sist€ému ilgtsp&jigai parveidei.

Promocijas darbs tika sagatavots divu projektu ietvaros, kuros tas ir noteikts ka projekta
sasniedzamais rezultats:

1) Latvijas Zinatnes padomes (LZP) fundamentalo un lietisko pétijumu projekts (FLPP)
“Intervencu testéSana un uz zinasanam balstitas rekomendaciju sistémas izstrade pasniegta

ediena atkritumu traukos samazinasanai skolu edinasand Latvija” (Nr. 1zp-2022/1-0492);
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2) ES AtveseloSanas un noturibas mehanisma atbalsta projekts “Konsolidacijas un
parvaldibas izmainu ievieSana Rigas Tehniskaja universitate, Liepajas Universitate, Rézeknes
Tehnologiju akademija un Latvijas Jiras akademija un Liepdjas Jiurniecibas koledza virzibai
uz izciltbu augstakaja izglitiba, zindtné un inovdcijas”, akadémiskas karjeras doktorantiiras
grants (Nr. 5.2.1.1.1.0/2/24/I/CFLA/003).

Papildus Siem diviem projektiem, pétijuma empiriskie dati tika iegiiti art LZP FLPP
projekta “E-mentors ka transformdcijas riks bezatlikuma partikas patérina nodrosinasanai
izglitibas iestades” (Nr. 1zp-2020/2-0115) (E-mentors) ietvaros.

Sis promocijas darbs ka tematiski vienota publikaciju kopa tika izstradats balstoties uz
sekojosam publikacijam, kas teksta tiks apziméetas ar romieSu cipariem:

I - Lonska, J., Zvaigzne, A., Kotane, 1., Silicka, L., Litavniece, L., Kodors, S., Deksne, J.,
Vonoga, A. (2022). Plate Waste in School Catering in Rezekne, Latvia. Sustainability, 14(7),
4046. https://doi.org/10.3390/su14074046 (Open Access, ind. Scopus, SCIE (Web of Science),
etc., JCR - Q2 (Environmental Studies) / CiteScore - Q1 (Geography, Planning and

Development))

IT - Deksne, J., Litavniece, L., Zvaigzne, A., Lonska, J., & Kodors, S. (2022). Analysis
of factors affecting zero-waste food consumption in schools. RESEARCH FOR RURAL
DEVELOPMENT, 37, 150-157. https://doi.org/10.22616/rrd.28.2022.022 (Open Access, ind.

Scopus, Web of Science™, etc.)

III - Deksne, J. (2024). Circular Economy as a Tool for Sustainable Development: A
Theoretical Perspective. In ENVIRONMENT. TECHNOLOGIES. RESOURCES. Proceedings
of the International Scientific and Practical Conference (Vol. 1, pp. 102-110).
https://doi.org/10.17770/etr2024vol1.7954 (Open Access, ind. Scopus)

IV - Deksne, J., Litavniece, L., Lonska, J., & Zvaigzne, A. (2023). Circular Economy

Strategies for Reducing Food Waste in Schools: A Systematic Literature Review. Journal of
Regional Economic and Social Development, 15, 29-39.
https://doi.org/10.17770/jresd2023vol15.7330 (Open Access, ind. Copernicus, EBSCOhost

Business Source Corporate Plus)

V - Lonska, J., Kodors, S., Deksne, J., Litavniece, L., Zvaigzne, A., Silicka, 1., & Kotane,
I. (2025). Reducing Plate Waste in Latvian Schools: Evaluating Interventions to Promote
Sustainable Food Consumption Practices. Foods, 14(1), 126.
https://doi.org/10.3390/foods 14010126 (Open Access, ind. Scopus, SCIE (Web of Science), etc.,
JCR - QI (Food Science and Technology) / CiteScore - QI (Health Professions

(miscellaneous))
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VI - Deksne, J., Lonska, J., Kodors, S., Litavniece, L., Zvaigzne, A., Silicka, 1., &
Kotane, 1. (2025). Insights into Awareness and Perceptions of Food Waste and School Catering
Practices: A Student-Centered Study in Rezekne City, Latvia. Resources, 14(4), 59.
https://doi.org/10.3390/resources 14040059 (Open access, ind. Scopus, SCIE (Web of Science),
etc., JCR - Q2 (Environmental Sciences), Q1 (Nature and Landscape Conservation))

VII - Kodors, S., Lonska, J., Zarembo, 1., Zvaigzne, A., Apeinans, 1., & Deksne, J. (2024).

Knowledge-Based Recommendation System for Plate Waste Reduction in Latvian
Schools. Sustainability, 16(19), 8446. https://doi.org/10.3390/sul6198446 (Open Access, ind.
Scopus, SCIE (Web of Science), etc., JCR - Q2 (Environmental Studies) / CiteScore - Q1

(Geography, Planning and Development))

VIII - Deksne, J., Lonska, J., Litavniece, L., Tambovceva T. (2025). Shaping
Sustainability Through Food Consumption: A Conceptual Perspective. Sustainability, 17(15),
7138. https://doi.org/10.3390/sul715713 (Open Access, ind. Scopus, SCIE (Web of Science),
etc., JCR - Q2 (Environmental Studies) / CiteScore - Q1 (Geography, Planning and

Development))

Saskana ar Ministru kabineta 2005. gada 27. decembra (ar grozijumiem 30.04.2020.)
noteikumiem Nr. 1001 “Zinatniska doktora grada pieskirSanas (promocijas) kartiba un kriteriji”
9. punktu (Ministru kabinets, 2005), promocijas darbam ir pievienotas promocijas darba
ieklauto publikaciju Iidzautoru rakstiskas piekriSanas publikaciju izmanto$anai promocija.
Publikacijas, kas tika sagatavotas, bet nav ieklautas $aja darba:

e Deksne, J., Lonska, J., Litavniece, L., Kotane L., Zvaigzne, A., & Silicka, 1. (2025). Age
effect on plate waste in Latvian schools. Iesniegta Zurnala Discover Sustainability.

e Deksne, J., & Litavniece, L. (2022). Principles of A Circular Economy in The Food
Sector: A Systematic Literature Review. Journal of Regional Economic and Social

Development, 14, 20-28. https://doi.org/10.17770/jresd2022vol14.6969

e Kodors, S., Zvaigzne, A., Litavniece, L., Lonska, J., Silicka, 1., Kotane, 1., & Deksne,
J. (2022). Plate waste forecasting using the Monte Carlo method for effective decision

making in Latvian schools. Nutrients, 14(3), 587. https://doi.org/10.3390/nu14030587

Daliba konferences:
e 5. starptautiska konference “RETASTE: Rethink Food Resources, Losses, and Waste
20257, Harokopio University un Hellenic Mediterranean University, Aténas, Griekija
Prezentacija: Beyond the Bin: Environmental Footprint of Plate Waste in Latvian Schools.
e 65. starptautiska zinatniska konference “Scientific Conference on Economics and

Entrepreneurship (SCEE’2024)”, Rigas Tehniska universitate, Latvija.
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https://doi.org/10.3390/resources14040059
https://doi.org/10.3390/su16198446
https://doi.org/10.3390/su1715713
https://doi.org/10.17770/jresd2022vol14.6969
https://doi.org/10.3390/nu14030587

Prezentacija: Towards sustainable food systems: An analysis of barriers and drivers in the food
consumption stage (uz raksta Shaping Sustainability Through Food Consumption: A
Conceptual Perspective bazes).

e 4. starptautiska konference “RETASTE: Rethink Food Resources, Losses, and Waste
20247, Hellenic Mediterranean University un Harokopio University, Herakliona,
Griekija

Prezentacija: Assessing Schoolchildren's Awareness and Perceptions of Food Waste and School
Catering: a Study of Rezekne City Schools, Latvia (uz raksta Insights into Awareness and
Perceptions of Food Waste and School Catering Practices: A Student-Centered Study in
Rezekne City, Latvia bazes).

e 15, starptautiska zinatniski praktiska konference “Environment. Technology.
Resources.”, organiz&ja Rézeknes Tehnologiju akadémijas InZenieru fakultate, rikoja
"Vasil Levski" Nacionala militara universitate, Bulgarija.

Raksts: Circular economy as a tool for sustainable development: a theoretical perspective

e 29. starptautiska zinatniska konference “Research for Rural Development 20237,
Latvijas Biozinatnu un tehnologiju universitate.

Raksts: A circular economy approach to reduce food waste in schools

e 28. starptautiska zinatniska konference “Research for Rural Development 20227,
Latvijas Lauksaimniecibas universitatg.

Raksts: Analysis of factors affecting zero-wastefood consumption in schools
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IEVADS

Teémas izveli un aktualitati nosaka:

1) Partikas izSkerdeSanas un atkritumu globala nozime. Ta ir sarezgita un
daudzdimensionala probléma partikas sist€éma, kas butiski ietekmé visus ilgtsp&jas aspektus (de
los Mozos et al., 2020; Massari et al., 2021) un vispargjo plan&tas noturibu (Caesar et al., 2024).
PPK ik gadu tiek zaud&ta vai izSkérdeta tresa dala cilvéku pat€rinam paredzetas partikas
(UNEP, 2024; WFP, 2024), saasinot socialo nevienlidzibu, jo ar izmestas partikas daudzumu
varétu nodrosSinat malfiti aptuveni 2 miljardiem cilvéku, graujot ekonomisko noturibu, jo
partikas atkritumu ekonomiskie zaudgjumi sastada aptuveni 1 triljonu ASV dolaru gada (WFP,
2024), ka ar1 vides ilgtsp&ju, jo rada gandriz piecas reizes vairak siltumnicefekta gazu emisijas
neka aviacijas nozare - 8-10% gada (WRAP, 2024).

2) Augsts partikas atkritumu ipatsvars patérina posma. Partikas atkritumi valstis ar
vidgjiem un augstiem ienakumiem ir galvena probléma PPK patérina posma (Derqui et al.,
2018; FAO, 2011; Garcia-Herrero et al., 2019; Ishangulyyev et al., 2019; Kasavan et al., 2021;
Wunderlich & Martinez, 2018), kur veidojas aptuveni 35% no kopg@jiem pasaules partikas
zudumiem un atkritumiem (FAO, 2011; Yahia & Mourad, 2019). ES situacija ir vél sarezgitaka,
jo majsaimniecibas un &dinasanas pakalpojumu sektors kopa veido 65,4% no kopgja partikas
atkritumu apjoma. 2022. gada Latvija, majsaimniecibas un &dinasanas pakalpojumu sektors,
genergja 68,6% no kopgja partikas atkritumu daudzuma valsti, kas parsniedz vidgjo ES Iimeni
(Eurostat, 2024). Ir izpétits, ka partikas patérina posmam, ar paterétaju ta centra, ir galvena
loma virziba uz ilgtsp€jigu partikas sist€mu, jo paterétaju [émumi un riciba tiesi ietekme visus
pargjos PPK posmus un lidz ar to ari visus procesus partikas sistéma kopuma (Deksne et al.,
2025b), kas neparprotami norada uz nepiecieSamibu Istenot partikas atkritumu samazinaSanas
pasakumus tiesi $aja posma.

3) Partikas atkritumu samazinasana ir viens no prioritari risinamiem jautajumiem,
globala, ES un nacionala limeni. Apvienoto Naciju Organizacijas (ANO) "lligtspgjigas
attistibas merki 2030. gadam" (angl. — Sustainable Development Goals, SDGs) 12. mérkis
paredz veicinat atbildigu razoSanu un patérinu, un Iidz 2030. gadam uz pusi samazinat partikas
atkritumu apjomu uz vienu iedzivotaju paterétaju limeni (UNGA, 2015). ES pamata iniciativa
un visaptvero$aja stratégija FEiropas Zalais kurss (European Green Deal) (European
Commission, 2019b; European Council, Council of the EU, 2025a), un §Ts stratégijas konteksta
Eiropas Komisijas izstradataja “Jauns aprites ekonomikas ricibas plans. Par tiraku un
konkurétspejigaku Eiropu” (European Commission, 2020b) un stratégija “No lauka lidz
galdam” (European Commission, 2020a; European Council, Council of the EU, 2025b) ir

noteiktas skaidras vadlinijas dalibvalstim attieciba uz partikas atkritumu meériSanu un
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parvaldibu, akcent€ta nepiecieSamiba mainit pat€rina paradumus un uzvedibu, un integrét AE
principus visos PPK posmos ar galveno uzsvaru uz atkritumu noverSanu un optimalu resursu
izmantoSanu (European Commission, 2020b). ArT Latvija nacionala Iimeni tiek domats par
partikas atkritumu samazinasanu un §is uzdevums ir integréts vairakos politikas planoSanas
dokumentos, ka pieméram, “Latvijas Ilgtspéjigas attistibas strategija lidz 2030.gadam” (LR
Saeima, 2010b; Parresoru koordinacijas centrs, 2016), “Latvijas Nacionalaja attistibas plana
2021.-2027.gadam” (Parresoru koordinacijas centrs, 2020), “Ricibas plana parejai uz aprites
ekonomiku 2020.-2027.gadam” (VARAM, 2020b) u.c.

Jaatzimg, ka lielakajai dalai politikas planoSanas dokumentu tuvojas istenosanas beigu
termin§ (2027.-2030.gads), kas nozimé, ka ir biitiska un aktuala Iidz $im veikto pasakumu
izvertéSana un datu apkopoSana, lai novertetu, vai izvirzitie merki tiek sasniegti, ka ari, lai
nodro§inatu pamatu jaunu stratégiju plano$ana un politikas dokumentu izstradé nako$ajam
periodam.

4) AE loma partikas nozare. Partika ir viena no galvenajam AE produktu vértibu keédem
un $aja konteksta tiek pozicionéta ka spécigs konceptuals un politikas instruments ilgtsp&jigas
partikas sistémas veidosana (Deksne, 2024; European Commission, 2020b; Skawinska &
Zalewski, 2018; The Ellen Macarthur Foundation, 2025). AE stratégijas balstas uz atkritumu
hierarhijas principiem, kur augstaka prioritate ir partikas atkritumu noveérSanai un
samazinasanai (European Parliament & Council, 2008; Khaw-ngern et al., 2021). Saskana ar
AE konceptu, tas mérkis ir izveidot bezatkritumu partikas sisttmu (The Ellen Macarthur
Foundation, 2025).

5) Skolu edinasanas programmu attistibas potencials ilgtspéjas konteksta.
Sabiedriskas dinasanas pakalpojumu nozare var bitiski ietekmét virzibu uz ilgtsp&jigu partikas
sisttmu (Kretschmer & Dehm, 2021). Saja konteksta skolu &dinasanas vides transformacija
sniedz iesp&ju piedavat bérniem veseligu un ilgtsp€jigu partiku, ieviest un istenot dazadas
iniciativas partikas atkritumu samazinasanai (Lonska et al., 2022, 2025), veicinot nakotnes
paterétaju paaudzes atbildigu partikas patérinu un attieksmi (Newsome et al., 2023), ka arT skolu
&dinaSana sniedz kvantitativos datus par partikas atkritumu apjomiem, kas lauj apzinat So
probléemu valsts un ES méroga (Lonska et al, 2022, 2025). Turklat skolu &dinasanas
transformacijas procesa skoléni darbojas k@ parmainu agenti ne tikai vietgja limeni, bet arT
plasaka partikas sisteémas parvaldibas konteksta (Fudla et al., 2022; World Health Organization,
2017).

Latvija, salidzinot ar citam ES valstim, skolu &dinasanas programmu potencials nav
pilnvertigi novertets. Deksne et al., (2025a) atklaja, ka Latvija ir Tstenotas vairakas iniciativas

partikas atkritumu samazinasanai skolu €dinaSana, tomér promocijas darba ietvaros veiktie
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empiriskie p&tijumi ir vieni no pirmajiem un plasakajiem $aja joma Latvija. Sobrid probléma
ir aktualiz€ta ar1 valsts meroga, Zemkopibas ministrijai izstradajot ricibas planu skolu
&dinaSanas programmas pilnveidoSanai Latvija. 2024.gada Ministru kabinetam ir iesniegts
zinojums “Par skolénu &dinasanas sist€mas pilnveidosana Latvija” ar meérki palielinat vietgjas
un biologiskas partikas Tpatsvaru skolénu &dinasana, attistit sas piegades kédes un piesaistit
vietgjos razotajus, ka ar padzilinat izpratni par veseligu uzturu, €Sanas kulttiru un ilgtsp&jigu
dzivesveidu visam skolénu &dinasana iesaistitajam pusém (Zemkopibas ministrija, 2024).
Partikas atkritumu jautajums zinojuma ir minéts ka viens no aspektiem ilgtsp&jas veicinaSanai,
kas jaskata ka dala no &dinasanas procesa organizacijas. Tas apliecina, ka nepiecieSamiba
maintt esoSo &dinaSanas procesa organizaciju skolas ir atzita politikas ITmeni un norada uz
mérktiecigu skolu &dinaSanas procesa attistibu turpmakajos gados.

Saja promocijas darba &dinasanas procesa organizacija skolas tiek pétita ka bitiska PPK
patérina posma dala AE konteksta, kuras parveide var veicinat ilgtsp&jigu partikas paterinu un
klit par atspériena punktu parmainu veicinasanai plasaka partikas sisttma un izvirzito SDGs
sasniegSana.

Péetljuma objekts: Edinasanas procesa organizacija skolas ilgtsp&jigas AE ietvara.

Pétijuma priekSmets: Partikas patérin$ un PEAT Rézeknes pilsétas skolas.

Petijjuma merkis: Izpétit edinaSanas procesa organizaciju R&zeknes pils€tas skolas
ilgtspejigas AE ietvara un, balstoties uz §1 gadijuma izp&tes rezultatiem, izstradat risinajumus
bezatkritumu partikas paterina veicinaSanai skolas ar lidzigu &dinasanas modeli atbilstosi
ilgtsp&jigas partikas sist€mas principiem.

Uzdevumi:

1. Veikt visaptveroSu partikas atkritumu problematikas teorgtisko izpéti.

2. Veikt PEAT analizi Rézeknes pilsétas skolas, lai identificetu radito partikas
atkritumu apjomus un tos ietekm&joSos faktorus.

3. Analizet AE konceptu un izvertet ta lomu bezatkritumu partikas patérina veicinasana
un partikas atkritumu mazinasana.

4. Izpetit un apkopot partikas atkritumu noverSanas un samazinaSanas pasakumus
patérina posma, identificgjot intervences, kas ir vérstas uz skolénu uzvedibas mainu un varétu
tikt Tstenotas skolas, un novértét izvéleto intervendu ietekmi uz PEAT apjomu tris skolas,
izmantojot ceturto skolu ka kontroles grupu.

5. Izpétit un noveértét skolénu inform&tibu un zinasanas par partikas atkritumu
jautajumiem, vinu attieksmi pret skolas &dienu un €dinaSanas organizé€Sanu, un identificet

subjektivos PEAT célonus.
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6. Izstradat uz maksliga intelekta bazes un ekspertu zinasanas balstitu rekomendaciju
sistémas prototipu, kura meérkis ir novértet skolas ekosisttmu un sniegt personaliz&tas
rekomendacijas €dinasanas procesa organizacijas pilnveidoanai skola, lai samazinatu PEAT
apjomus, un novertet ta pielietosanas iespgjas skolu edinasanas procesa parvaldiba.

7. Veikt Rézeknes pilsétas skolu &dinasanas procesa novertejumu un izstradat teorétiski
pamatotu konceptualu ricibas planu bezatkritumu partikas paterina veicinasanai Latvijas skolu
€dinasana ar lidzigu &dinaSanas modeli, balstoties uz ilgtsp&jigas AE un ilgtsp&jigas partikas
sist€mas principiem.

8. Novertet partikas paterina posma lomu partikas sisteémas parveideé uz ilgtspgjigu
modeli, un izstradat konceptualu ietvaru partikas sisteémas parveidei caur atbildiga paterina
prizmu.

Pétijuma hipotezes:

H1 Latvijas skolas &diena pasniegSanas modelis ar ieprieks individuali servétam pilniba
vai dalgji porcionetam maltitem, neatbilst ilgtsp&jigas AE principiem un neveicina
bezatkritumu partikas patérinu.

H2 Atseviski Tstenotas intervences partikas atkritumu mazinaSanai nenodro$ina
ilgtermina ietekmi skolu &dinasanas procesa.

Pétijuma periods: 2021.gada septembris-2025.gada augusts.

Pétijuma ierobeZojumi.

Saja promocijas darba ir janoskir divu veidu rezultati: empiriskie (gadfjuma izp&tes dati)
un teorétiski-konceptualie (izstradatie risinajumi). ST promocijas darba empiriskie pétijumi tika
veikti Latvija, Rézeknes pilsetas skolas, kur &diena pasniegSanas modelis ir pilniba vai dalgji
porcionétas, iepriek$ individuali servetas maltites un standartiz&tas €dienkartes bez iespgjas
skoléniem izveleties &diena daudzumu un veidu, Iidz ar to iegiitie rezultati var ierobezot
secindjumu visparinamibu uz citam Latvijas vai arvalstu skolam ar atskirigu €dinasanas procesa
organizaciju. lerobezojums neattiecas uz izstradatajiem risinagjumiem, jo tie balstas uz partikas
atkritumu sistemisko c€lonu identificéSanu paterina posma, MOA uzvedibas teoriju,
ilgtspgjigas AE un partikas sisteémas principiem, 1idz ar to ir visparinami un izmantojami skolas
ar analogu €dinasanas modeli arT arpus Rézeknes.

Empirisko pétijumu pamats ir PEAT, t.i., tikai tie partikas atkritumi, kas paliek uz skolenu
Skivjiem p&c &Sanas. Citi partikas atkritumu veidi, piem&ram, kas rodas gatavoSanas laika,
netika analizeti. Turklat petjjuma ieklautajas 1.-7. klas€s (skolénu vecums 6/7-13/14 gadi) tika
nodro§inatas valsts un pasvaldibu finans€tas brivpusdienas, kas vargja ietekmé&t skolénu

attieksmi pret skolas &dienu un partikas atkritumiem.

18



P&tijums ir vérsts uz PEAT apjoma, célonu un ar to saistito faktoru izpéti, ka arf uz PEAT
samazinaSanu un noverSanu. Papildus pétijuma tika identificéti ieve€rojami finansialie
zaudgjumi, kas saistiti ar PEAT skolas. ST informacija ieklauta promocijas darba, lai akcent&tu
sléptas izmaksas, kas netiek nemtas vera valsts un pasvaldibas finansgjuma uzskait® un tadejadi
norada uz bitiskiem finanSu resursu zudumiem patérina posma. Padzilinata izmaksu un
ieguvumu analize darba netika veikta, jo tai nepiecieSami plasi finan$u un institucionalie dati
un ilgtermina darbibas raditaji, kas parsniedz $1 petijuma empirisko ietvaru.

Petijjuma &tiskie aspekti. Visi pétfjuma &tiskie aspekti tika izskatiti un apstiprinati
Rézeknes Tehnologiju akadémijas Biznesa un socialo procesu pétniecibas institlita Zinatniskaja
padom@ un atbilst Zinatniskas &tikas pamatprincipiem (izraksts no sédes protokola Nr. 9,
25.04.2023.).

Par skolénu iesaisti pilotpétijuma un aptauja. Skolu administracijas piekrita
iesaistities projekta un Tstenot projekta aktivitates skolas. Skoleénu vecaki tika informéti par
projekta norisi un paredzamajam aktivitatém, taja skaita par vinu b&rnu anonTmu un brivpratigu
dalibu aptauja, izmantojot tieSsaistes skolu vadibas sisttmu “E-klase”. Vecaku rakstiska
piekriSana bérnu dalibai netika prasita, jo projekta laika netika vakti skolénu sensitivie dati. Tie
vecaki, kuri nevelgjas, lai vinu bérni piedalas aptauja, varja sniegt rakstisku atbildi uz izsiitito
zinu “E-klases” e-pasta, bet Saja pilotp&tijuma visi vecaki piekrita vinu be&rnu anonimai dalibai
aptauja. Petljuma gaita skoléni netika paklauti fiziskam vai emocionalam riskam.

Pétijuma teorétiskais un metodologiskais pamats ir starptautiska un nacionala Iimena
politikas planoSanas dokumenti, Latvijas un ES normativie akti un zinatniskie raksti par
bezatkritumu €dinasanas procesa organizéSanu un AE principu TstenoSanu skolas arvalstis un
Latvija.

Nozimigakie autori, kuri ir veikusi plasus pétijumus par PEAT, to iemesliem un
samazina$anas iesp&jam skolu &dinasana, ir Belena Derki (Belén Derqui), Matiass Eriksons
(Mattias Eriksson), Luka Falaskoni (Luca Falasconi), Laura Garsija-Erero (Laura Garcia-
Herrero), Kristofers Maleforss (Christopher Malefors) un Sarasvati Kasavana (Saraswathy
Kasavan). Klara Cikatjelo (Clara Cicatiello) ir petijusi partikas atkritumu problému plasaka
partikas sistémas kontekstd un ari veikusi vairakus nozimigus pétijumus par PEAT skolu
&dinasana. Klaudija Dzordano (Claudia Giordano) ir nozimiga partikas atkritumu mériSanas
metodologijas attistiba, ka arT politikas un parvaldibas izpété ilgtsp&jigu partikas sist€mu
veidoana. Aprites ekonomikas koncepta izp&té un attistiba nozimigi ir Valters R. Stahéls
(Walter R. Stahel), Julians Kirhérs (Julian Kirchherr), Zozg Pottingsa (José Potting) un Daniels
Holzers (Daniel Holzer). Savukart, Folke Elanders (Folke Olander) un Dzons Tégersens (John
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Thogersen) ieviesa MOA ietvaru paterétaju uzvedibas skaidroSanai, bet Mateo Vituaris (Matteo
Vittuari) to ir paplasinajis, analiz&jot paterétaju uzvedibu no daudzlimenu perspektivas.

Petijuma dizains un izmantotas pétijuma metodes.

Promocijas darba apjoms ir 72 lapas neieklaujot izmantotas literatiiras un avotu sarakstu
un pielikumus. Promocijas darba ieklauti 17 attéli un 2 tabulas. Izmantotas literattiras un avotu
saraksta icklautas 168 literatliras vienibas.

Atbilstosi promocijas darba specifikai un izvertgjot teoretiskas pieejas, par pétijuma
struktiiras pamatu izveléts jaukta tipa p&tjjuma dizains, kura kombin&tas kvantitativas un
kvalitativas metodes, taja skaita eksperimentalie petijumi. P&tijjuma struktiira veidota saskana
ar defin€to merki un ta sasniegSanai noteiktajiem uzdevumiem. P&tjjums sastav no vairakiem
secigiem posmiem, kas atspoguloti zinatniskajas publikacijas. Katra posma izmantotas

konkrétas metodes, kas nodroSinaja mérka un uzdevumu sasniegSanu (0.1. attels).

' Y 4.

1. posms 2. posms 3. posms 4. posms [ 5. posms [ 6. posms [ 7. posms
ReKkomen- Rézeknes PPK pateri
Teorétiska 1.pilot- AE koncepta 2.pilot- Skolenu daciju skolu : ‘?S:;lma
izp&te péetijums analize pEtjums aptauja sistémas edinasanas pﬁ .
. novertejums
prototipa procesa
izstrade novertejums
I-VII raksti; I raksts; I, IV raksti; V raksts; VI raksts; VII raksts; e ‘11:? |'al;s;s;
1.1.nodala 2.1.nodala 1.2.nodala 2.2.nodala 2.3.nodala 3.1.nodala [ETTIER -3l 3.3
| i 3.2.nodala nodalas

0.1. attels. Petjjuma struktiiras shematisks att€lojums (autores veidots)

1. posma, izmantojot tadas metodes ka literattiras parskati (t.sk., sistematisks, integrativs,
narrativs), literatiiras sint€ze un analize, monografisko jeb aprakstoSo un logiskas konstrukcijas
metode, analiz&ta partikas izSkerdesanas probléma globala un ES Iimeni, partikas zudumi un
atkritumi PPK, ka arT atbilstoSais politiskais un stratgiskais ietvars (I, II raksti, promocijas
darba - 1.1. nodala).

2. posma veikts pirmais pilotpétijums — viens 5 dienu lauka p&tijums 7 R€zeknes skolas,
lai identificétu radito partikas atkritumu apjomus un tos ietekm&oSos faktorus (I raksts,
promocijas darba - 2.1. nodala). Pilotp@tfjuma izmantotas $adas metodes: lauka p&tfjums,
sekundaro datu analize, PEAT svérsana, PEAT izmaksu aprékins, SNW analize, novérosana,
dalgji strukturétas intervijas, aprakstos$a statistika, vienvirziena dispersijas analize (ANOVA).

3. posma, izmantojot narrativa un sistematiska literatiras parskata, literatiiras sint€zes un
analizes, monografiskas jeb apraksto$as un logiskas konstrukcijas metodes, tika analizéts AE
koncepts un ta piclietojuma iespgjas, lai veicinatu bezatkritumu partikas paterinu skolu
&dinasanas procesa (III, IV raksti, promocijas darba — 1.2. nodala).

Rézeknes pilsétas skolas ilgtsp&jigas AE ietvara:

20



o tika veikts otrais pilotpétijums (kvazieksperiments) — trs piecu dienu lauka p&tijumi 4
Rézeknes pilsétas skolas, lai praktiski parbauditu un novértétu izvéléto intervencu
ietekmi uz PEAT apjomu tris skolas, izmantojot ceturto skolu ka kontroles grupu (V
raksts, promocijas darba - 2.2. nodala). Pilotp&tijuma izmantotas §adas metodes: 3 lauka
pétijumi, intervendu testd$ana (kvazieksperiments), sekundaro datu analize, PEAT
sverSana, noverosana, aprakstosa statistika, Vilkoksona rangu summas tests.

e veikta skolénu aptauja Rezeknes pilsétas skolas (VI Raksts, promocijas darba - 2.3.
nodala). P&tjjuma izmantotas S$adas metodes: skolénu aptauja, pilotintervijas ar
skoléniem aptaujas validéSanai, aprakstosa statistika, Kruskala-Valisa H tests, Manna
Vitnija U tests (ar Bonferroni korekciju), Spirmana rangu korelacija.

5. posma tika izstradats uz maksliga intelekta bazes un ekspertu zinaSanas balstits
rekomendaciju sist€mas prototips €dinasanas procesa organizacijas optimizésanai (VII raksts,
promocijas darba — 3.1. nodala). P&tjjuma izmantotas $adas metodes: sekundaro datu analize,
audits un ieteikumu izstrade, ekspertu vertgjums izmantojot paru salidzinajuma metodi, sp&ju
virzitas attistibas pieeja (CDD), lielo valodu modela (LLM) testéSana klasifikatoru
funkcionalitates parbaude.

6. posma, pamatojoties uz empirisko petijumu rezultatiem (I, V, VI raksts), veikts
Rézeknes skolu &dinasanas procesa novertéjumu un izstradats teorétiski pamatots konceptuals
ricibas plans bezatkritumu partikas pat€rina veicinasanai Latvijas skolu &dinasanas procesa
organizacija, balstoties uz ilgtsp&jigas AE un ilgtsp&jigas partikas sistémas principiem
(promocijas darba — 3.2. nodala).

7. posma, izmantojot bibliometriskas analizes un integrativas literatliras parskata
metodes, analizets partikas paterina posms plasaka partikas sistémas transformacijas konteksta
un izstradats konceptuals ietvars parmainu vadiSanai (VIII raksts, promocijas darba — 1.3. un
3.3. nodalas).

Promocijas darba nosléguma izteikti galvenie secinajumi, defin&tas galvenas problémas
un izvirziti priekslikumi to risinasanai.

Sada struktiira nodrosina visaptverodu skolu &dinaganas procesa novertejumu ilgtspjigas
AE ietvara un ir pielietojama skolas ar Iidzigu &dinasanas procesa organizaciju. Pielagojot
metodes konkrétajiem skolas ekosist®mas parametriem, p&tijuma struktiira var tikt izmantota
ar1 citos edinasanas modelos.

Petljuma novitate un zinatniskais nozimigums.

Pirmo reizi Latvija tika veikts visaptveross jauktu metozu p&tijums par partikas atkritumu
mazinasanu skolu €dinasanas procesa ilgtsp&jigas AE ietvara, ko var izmantot ka instrumentu

skolu &dinasanas procesa organizacijas novertésanai, apvienojot kvalitativas, kvantitativas un
21



eksperimentalas metodes. AtSkiriba no lidz§ingjiem petijumiem, kur tiek pétiti atseviski aspekti,
Saja darba piedavata holistiska pieeja un secigi pétijuma posmi, kas lauj ne tikai novertet esoso
situaciju, bet arT praktiski izmantot izstradato ricibas planu ievieSanai skolu &dinasanas procesa
un konceptualo ietvaru partikas sistémas transformacija.

Si promocijas darba ietvaros:

1. Pirmo reizi Latvijas skolas, nodrosinot vienotu &dienkarti, veikta PEAT svérsana pa
&dienu veidiem vienlaicigi vairakas skolas.

2. Identific&ti un apkopoti faktori, kas ietekm& PEAT veidosanos un kavé bezatkritumu
partikas paterinu skolu &dinasanas procesa.

3. Veikta visaptveroSa uz partikas atkritumu samazinaSanu verstu intervencu analize,
identificgjot un klasificgjot intervences, kas verstas uz skolénu uzvedibas mainu un
var€tu tikt ieviestas skolas.

4. Pirmo reizi Latvija veikts pétijums (kvazieksperiments), kura parbaudita pasaules labas
prakses ietvaros izstradato partikas atkritumu samazinasanas intervencu efektivitate
Latvijas skolu édinasanas modela apstaklos.

5. Pirmo reizi Latvija veikta plasa skolénu aptauja, kura novértéta skolénu izpratne un
zinaSanas par partikas atkritumu problému, un atticksme pret skolu &dnicas pasniegto
&dienu un &dinasanas procesa organizaciju.

6. Integrgjot ekspertu zinaSanas, izstradats Latvija pirmais uz maksliga intelekta balstits
rekomendaciju sist€mas prototips personaliz&tai partikas atkritumu samazinasanai skolu
€dinasanas procesa.

7. Padzilinati analizéts un pielagots AE koncepts partikas atkritumu noveérSanai un
samazinasanai un ilgtsp&jiga partikas pat€rina veicinasanai skolu &dinasanas procesa,
piedavajot ilgtsp&jigas AE konceptu, kas integré vides, ekonomiskos un socialos
aspektus un risina tradicionalas AE ierobeZojumus.

8. Novertéts Rézeknes pilsétas skolu €dinasanas process un izstradats zinatniski un
praktiski pamatots konceptuals ricibas plans &dinaSanas procesa organizacijas
transformacijai, balstoties uz ilgtsp&jigas AE un partikas sist€mas principiem.

9. Veikta padzilinata PPK patérina posma analize, atklajot galvenas problémas un to
risinajumus, un izstradats konceptuals ietvars partikas sist€mas parveidei caur patérina
prizmu. Tas balstas uz MOA ietvaru mikro, mezo un makro Iimenos, un izvirza
paterétaju uzvedibu ilgtsp€jigas parveides pamata.

Petijuma tautsaimnieciskais nozimigums
Promocijas darba ietvaros iegitie rezultati ir praktiski izmantojami Izglitibas un zinatnes
ministrijas, Zemkopibas ministrijas, Viedas administracijas un regionalas attTstibas ministrijas
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un Veselibas ministrijas darba, gan €dinasanas procesa organizacijas skolas pilnveidosana, gan
partikas atkritumu samazinasanas politika. Izstradatos priekslikumus un rekomendacijas var
izmantot pasvaldibas, skolu vadiba, &dinataji un citas ieinteresetas puses &dinasanas procesa
organiz&Sanas un parvaldibas uzlaboSanai, paaugstinot skolu &dinaSanas procesa kvalitati,
samazinot izmaksas valsts budzeta un veicinot skolénu izpratni par partikas atkritumiem un
ilgtspgjigu paterinu.

Izstradatais konceptualais ricibas plans &dinasanas procesa organizacijas transformacijai
nodro$ina pamatu skolu &dinaSanas politikas un stratégiju izstradé un Tsteno$ana gan valsts
politikas planoSanas Iiment, gan vietgjas pasvaldibas un skolas.

Izstradatais konceptuals ietvars partikas sist€mas parveidei caur patérina prizmu var bt
celvedis politikas veidotajiem mérktiecigu intervencu un stratégiju izstradei un ievieSanai, lai
risinatu patérina posma problémas un veicinatu pareju uz ilgtsp&jigu partikas sistému.

Turklat veicinot ilgtsp&jigu un atbildigu partikas paterinu jau no mazotnes, izglitibas
posma, ilgtermina tiek veidota sabiedriba, kas apzinas un izprot partikas izskerdesanas ietekmi
uz vidi, ka arT tas ekonomiskas un socialas sekas. Tas ir nozimigs ieguldijums valsts ilgtsp&jas
attistiba.

AizstaveSanai izvirzitas tezes

1. Partikas atkritumi un partikas izSkeérdéSana ir izaicinoSa un daudzdimensionala
probléma partikas sistema un it seviski PPK patérina posma.

2. Skolu &dinasana tiek radits ievérojams PEAT apjoms, kas sastada aptuveni 20% no
kopgja pasniegta ediena apjoma.

3. Ilgtspgjigas AE koncepts nodro$ina teorétisko un stratégisko pamatu bezatkritumu
partikas pat€rina veicinasanai skolas, primari akcentgjot partikas atkritumu novérSanu un
strukturgtu pieeju to samazinasanai, vienlaicigi integréjot paterina uzvedibas mainu un socialo
dimensiju, tadgjadi nodrosinot lidzsvaru starp ekonomiskajiem, socialajiem un vides aspektiem.

4. Neviena atseviski Tstenota intervence nav pietickama ka ilgtermina risinajums partikas
atkritumu samazinasSanai skolas.

5. Rézeknes pilsétas skolu skoléniem ir ierobezotas zinaSanas par partikas atkritumu
problému, zema izpratne par to negativo ietekmi, samera negativa attiecksme pret skolas &dienu
un nepietiekosa personigas atbildibas izjiita un motivacija mazinat partikas izs§k&rdésanu.

6. Uz maksliga intelekta un ekspertu zinaSanas balstitas rekomendaciju sist€mas
ievieSsana var nodroSinat katrai skolai piemérotu personaliz€tu, praktiski pielietojamu
risingjumu piedavajumu PEAT samazinasanai skolu édinasana.

7. Ediena pasniegianas modelis ar iepriek$ individuali servétam pilniba vai dalgji
porcionétam maltit€ém, R&ézeknes pilsétas skolas nav ilgtsp&jigs.
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8. PPK pat€rina posms ar patérétdju ka centralo elementu ir stratégiski svarigs

ilgtsp&jigas partikas sisteémas transformacija.
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1. TEORETISKAIS IETVARS

Saja nodala autore ir analiz&jusi partikas izikérdesanas problematiku ilgtspgjigas
attistibas konteksta, aprites ekonomikas konceptu un ta lomu partikas atkritumu samazinasana,
ka arT pat@rina posma nozimi partikas sistémas parveide. Teoretiska nodala nodro$ina petijjuma

konceptualo pamatu talakai empiriskajai izpétei.

1.1. Partikas iz§kérdéSanas problematika un tas nozime ilgtspéjigas attistibas konteksta
1.1.1. Partikas iz§kérdeSanas probléma pasaule un ES

Partikas izSkerdeSana ir viena no aktualakajam globalajam problémam ar talejosu ietekmi
uz vides ilgtsp&ju, ekonomisko noturibu un socialo vienlidzibu (de los Mozos et al., 2020;
UNEDP, 2022). Saskana ar 2024. gada UNEP Partikas atkritumu indeksa zinojumu (Food Waste
Index Report 2024) (UNEP, 2024) PPK ik gadu tiek zaud&ta vai izmesta viena tresa dala (1,3
miljardi tonnu) no cilvéku pat€rinam sarazotas partikas, kas ir aptuveni 1 miljards maltiSu diena
un 1 triljons ASV dolaru naudas izteiksmé (UNEP, 2024). ES limenT katru gadu tiek iz§k&rdéti
aptuveni 59 miljoni tonnu partikas (Eurostat, 2024), veidojot 132 miljardu EUR ekonomiskos
zaudgjumus gada (European Parliament & Council, 2008). Partikas izSkerdéSana rada
ieverojamus finansialos zaudgjumus visa PPK (Paparella et al., 2023; Phan, 2024), negativi
ietekmgjot valstu ekonomikas, partikas sistémas un iepirkuma procesus. Sadi izmestas partikas
apjomi arvien vairak palielina socialo nevienlidzibu pasaulé, jo aptuveni 43 miljoni ES
iedzivotaju nevar atlauties katru otro dienu &st kvalitativu maltiti, kas satur galu, zivis vai
lidzvertigu vegetaro alternativu (Eurostat, 2025). Misdienas aptuveni 828 miljoni cilvéku cie$
badu, taja skaita arT bérni, turprett vairak neka 1 miljards cilvéku visa pasaul€ sirgst no
aptaukosSanas - 650 miljoni pieauguso, 340 miljoni pusaudzu un 39 miljoni bernu (World Health
Organization, 2022). Ar izmestas partikas daudzumu biitu iesp&jams pabarot 2 miljardus
cilveku, kas ir divas reizes vairak neka pasreiz€jais cilvéku skaits pasaulg, kas cie§ no
nepietickama uztura (WFP, 2024). Partikas atkritumiem ir arT negativa ietekme uz vidi, jo ta ir
planétas resursu izskérdesana (Bishop et al., 2022; R66s et al., 2021; Spiller et al., 2020), kas,
savukart, veicina ekosistému degradaciju, biologiskas daudzveidibas samazinasanos un
paatrina klimata parmainas (European Commission: Directorate-General for Research and
Innovation and Group of Chief Scientific Advisors, 2023; Lindgren et al., 2018; von Braun et
al., 2023; Zeinstra et al., 2020). Ir atklats, ka partikas atkritumi rada 8—10% no globalajam
siltumnicefekta gazu emisijam, kas ir piecas reizes vairak neka aviacijas nozarei, tomer daudzu
valstu stratégijas un nacionalajas saistibas klimata joma tas joprojam netiek nemts véra (WRAP,

2024).
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1.1.2. Partikas zudumi un atkritumi partikas piegades kede

Partikas zudumi un atkritumi rodas visa PPK - no razoSanas lidz paterinam. Skaidra
izpratne par partikas zudumu un atkritumu apjomiem un izplatibu visa PPK ir biitiska
mérktiecigas politikas izstradei un ieintereséto puSu iesaistei. Saja konteksta precizi,
parbaudami un salidzinami partikas atkritumu mérijumi ir pamats, lai biitu iesp&jams noteikt,
uzraudzit un kontrolet partikas atkritumu samazinasanas pasakumu progresu un rezultatus,
sasniegt SDG 12.3. merki noteikto partikas atkritumu samazinajumu paterina Itment par 50%,
ka arT p&c nepiecieSamibas pielagot vai mainit stratégiju (Kafa & Jaegler, 2021; UNEP, 2021).
Savukart partikas zudumu un atkritumu klasifikacija PPK ir bitiska, lai izprastu problémas
célonus un izstradatu piemérotakos risinajumus.

Partikas zudumu un atkritumu definiciju ietvars atbilsto§i PPK posmiem ir redzams 1.1.

attéla.
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1.1. att€ls. Partikas zudumu un atkritumu definiciju ietvars pa partikas piegades kédes
posmiem (Deksne et al., 2025b), autores tulkojums

Zinatniskaja literatira jédzieni “partikas zudumi” un “partikas atkritumi” tiek noskirti
(Ishangulyyev et al., 2019; Kaur et al., 2021; Lonska et al., 2022; Zvaigzne et al., 2021) un tos
klasifice atkariba no PPK posma, kura tie rodas. Partikas zudumi veidojas PPK sakuma posmos
- razoSana, pecrazas apstrad€ un uzglabasana, un parstrade. Tos galvenokart izraisa tadi faktori
ka neatbilstosa infrastruktiira, vides apstakli un neatbilstiba drosibas vai kvalitates standartiem,
ka rezultata samazinas cilvéku uzturam piemérotas partikas daudzums. Savukart partikas
atkritumi rodas PPK p&dgjos posmos - izplati$ana un tirgd, ka ar1 paterina, kur partika, kas bija
paredzéta cilveku uzturam, tiek izmesta neatkarigi no ta, vai ta joprojam ir @lama vai ir sabojata
(Aschemann-Witzel et al., 2017; Ishangulyyev et al., 2019; Kaur et al., 2021; Prescott et al.,
2019).

Gan globala, gan ES limenT joprojam nepastav vienotas partikas zudumu un atkritumu
definicijas, jo dazadas valstis un nozares partika un tas izSkerdesana tiek uztverta citadi. Tapat
atSkiras datu vaksanas prakse un metodes, ka arT politiskas un stratégiskas prioritates. ES kop§

2019. gada ir ieviesta vienota partikas atkritumu definicija un mérjjumu metodologija
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(European Commission, 2019c), kas nenodala partikas zudumus no partikas atkritumiem,
nosakot, ka “partikas atkritumi” ir jebkura partika, kas kluvusi par atkritumiem saskana ar
Direkttvu 2008/98/EK, t.i. gan &damas, gan neédamas partikas dalas, kas sakotngji bija
paredzétas cilvéku uzturam (European Parliament & Council, 2008). ANO Partikas un
lauksaimniecibas organizacija diferencé Sos jédzienus, partikas zudumus attiecinot uz €édamas
partikas masas samazinasanos partikas k&des razoSanas, p&crazas un parstrades posmos,
galvenokart jaunattistibas valstis, bet partikas atkritumus - uz €damas partikas izmeSanu
mazumtirdzniecibas un paterétdju Iimeni, galvenokart attistitajas valstis (FAO, 2025b).
Zinatniskaja literatlira termini saistiti ar partikas atkritumiem, piem&ram, “zaud&jumi p&c razas
novaksanas” (Post-Harvest Losses), “partikas zudumi” (Food Loss), “partikas atkritumi” (Food
Waste) un “partikas zudumi un atkritumi” (Food Loss and Waste) biezi tiek lietoti ka sinonimi,
tomér tie konsekventi neattiecas uz vienas problémas vieniem un tiem paSiem aspektiem
(Delgado et al., 2021; Santeramo, 2021; Schuster & Torero, 2016). Partikas zudumi, gan
razoSanas laika, gan p&c razas novaksanas, visbiezak saistiti ar nejausu partikas daudzuma vai
kvalitates samazinasanos, pieméram, kaiteklu, slimibu, ierobezotu razas novaksanas metozu,
cenu svarstibu vai resursu trikuma dgl. Partikas atkritumi parasti attiecas uz cilvéku uzturam
Santeramo, 2021).

Partikas atkritumi, kas rodas PPK p&dgja - paterina posma, tiek kategorizeti atkariba no

iz8kerdesanas briza (Lonska et al., 2022) (I raksts) (1.2. att€ls).

[Pa‘rtikas atkritumi partikas piegades kédes patérina posma ]
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1.2. attels. Partikas atkritumi, kas veidojas partikas piegades k&des paterina posma (Lonska et
al., 2022), autores tulkojums

Partikas atkritumi, kas rodas PPK patérina posma, tiek iedaliti divas pamatkategorijas:

nenoverSamie un noverSamie partikas atkritumi (Lonska et al., 2022; Zvaigzne et al., 2021).
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Nenoversamie partikas atkritumi attiecas uz partikas dalam, kas parasti netiek lietotas cilveku
uztura, piemeéram, kauli, mizas, ¢aumalas u.tml. Sada veida atkritumi parasti rodas €diena
gatavosanas laika un ir neizb&gami pat optimali organizeta un parvaldita &dinasanas procesa.
Noversamie partikas atkritumi tiek iedaliti Cetras pamatgrupas:

1) pagatavota &diena parpalikumi (cooked food leftovers) - €diena gatavoSanas laika
radusies atkritumi - mizojot, griezot, vai arT pagatavojot parak lielu daudzumu &diena
(var biit novérSami un nenoverSami) (Dietary Guidelines Advisory Committee, 2015;
Garcia-Herrero et al., 2019; Kasavan et al., 2021);

2) serveSanas atkritumi (serving waste) - &diens, kas tiek pagatavots, bet dazadu iemeslu
del netiek pasniegts, pieméram, apmeklétaju skaita prognozesanas kludas (Garcia-
Herrero et al., 2019; Kasavan et al., 2021);

3) PEAT (plate waste) - partika, kas tika pasniegta patérétajam, tau netika ap@sta (Dietary
Guidelines Advisory Committee, 2015; Garcia-Herrero et al., 2019; Kasavan et al.,
2021);

4) atkritumi no sabojatas partikas (spoilage food waste vai storage waste) - partika, kas
klost nepiemérota lietoSanai pirms paterina, piemeram, partikas iegades un
uzglabasanas laika (Kasavan et al., 2021; Persson Osowski et al., 2022).

Promocijas darba ietvaros tiek izmantots jédziens “pasniegta &diena atkritumi traukos”
(PEAT) (plate waste), kas apzZimé patérétajam (skolénam) pasniegta ediena daudzumu, kas
paliek neap@sts uz $kivja un vélak tiek izmests. Sis termins ir ieviests E-mentors projekta,
balstoties uz Valsts valodas centra atzinumu, kur plate waste nav tulkots burtiski ka “Skivju
atkritumi”, bet atbilsti§i latviesu valodas terminologijas prasibam. Sada pieeja nodrogina
vienotu izpratni un salidzinamibu ar citiem, taja skaita starptautiskiem, p&tijumiem $aja joma
(Zvaigzne et al., 2021).

Partikas atkritumu apjoms PPK atskiras starp valstim atkariba no valsts attistibas limena,
urbanizacijas pakapes un ekonomiska stavokla (Chalak et al., 2016; Ishangulyyev et al., 2019).
Attistibas valstis ta ir probléma razoSanas I1dz izplatiSanas posmos (FAO, 2025a; Wani et al.,
2024), bet attistitajas valstls - pat@rina posma, kas ietver majsaimniecibas un &dinaSanas
pakalpojumu sniedz&jus (Derqui et al., 2018; FAO, 2025a; Garcia-Herrero et al., 2019;
Ishangulyyev et al., 2019; Kasavan et al., 2021).

Lai arT partikas izSkerdeSana ir plasi izplatita probléma visos PPK posmos, tomer
vislielakie zaud&umi no izmestas partikas rodas tieSi PPK patérina posma, jo bridi, kad partika
sasniedz paterétaju, ta jau ir izgajusi visus PPK posmus, patérgjot ieveérojamu daudzumu dabas

resursus, finansu lidzeklus, elektroenergiju, darbaspeku u.c., tadjadi radot bitisku slogu videi,
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ekonomiskos zaud&jumus un ar socialas sekas (FAO, 2011; Ishangulyyev et al., 2019; UNEP,
2021).

Saskana ar (UNEP, 2024) datiem, 2022. gada pasaulé tika izSk&rdéti aptuveni 1,05
miljardi tonnu partikas, kas radas mazumtirdzniecibas un paterina ITmeni. Tas atbilst 132 kg
partikas uz vienu iedzivotaju gada, no kuriem 115 kg partikas uz vienu iedzivotaju tika
iz8kerdets tiesi majsaimniecibas un &dinasanas pakalpojumu sektoros kopa (UNEP, 2024). Ir
izpetits, ka PPK paterina posma veidojas aptuveni 35% no kopgjiem pasaules partikas
zudumiem un atkritumiem (FAO, 2011; Yahia & Mourad, 2019), bet majsaimniecibas rodas
aptuveni 60% no kopg&jiem pasaules partikas atkritumiem (WFP, 2024). ES partikas
iz8kerdesana PPK saskan ar globalo modeli. Balstoties uz (Eurostat, 2024) datiem, 2022. gada
ES tika raditi aptuveni 59 miljoni tonnu partikas atkritumu (132 kg partikas atkritumu uz vienu
iedzivotaju), kur majsaimniecibas un €dinasanas pakalpojumu sektors kopa veidoja 65,4% no
kopgja apjoma (Eurostat, 2024). Ar1 Latvija lielakais partikas atkritumu daudzums tiek radits
patrina posma. Saskana ar (Eurostat, 2024) datiem, 2022. gada Latvija tas sastadija 68,6% no
kopgja partikas atkritumu daudzuma, kas ir vairak ka vid€ji ES, un skaidri norada uz

nepiecieSamibu verst atkritumu samazinasanas centienus uz patérina posmu.

1.1.3. Politiskais ietvars un stratégiskie mérki partikas atkritumu problémas
risinasanai

Kops 2015.gada, kad ANO Generala asambleja apstiprindja 17 SDGs (UNGA, 2015),
pastiprinata uzmaniba tiek pieversta ilgtsp&jigai attistibai, taja skaita arT ilgtsp€jigu partikas
sisttmu veidosanai. Ilgtspgjiga partikas sistéma tiek defingta ka tada, kas nodrosSina partikas
dro§ibu un uzturu esosajai paaudzei, vienlaikus saglabajot vides, socialos un ekonomiskos
pamatus, kas nepieciesami, lai Sos ieguvumus varétu saglabat art nakamajam paaudzém (HLPE,
2014; Nguyen, 2018; United Nations, 2025). S definicija uzsver paaudzu savstarpgjas
vienlidzibas nozimi un partikas sistémas sp&ju saglabat vai uzlabot savas funkcijas ilgtermina
sabiedribas labklajibas nodrosinasanai (Chandra et al., 2019; Prosperi et al., 2014; UNEP, 2023;
Valette et al., 2019). P&tijumi liecina, ka pasaules partikas sistémas darbiba ir cie$i saistita ar
visiem 17 SDGs, tapéc pareja uz ilgtspgjigu partikas sistemu var bitiski sekmét So mérku
sasniegSanu (Chaudhary et al., 2018; Kretschmer & Kahl, 2021; Schmitt & Khouri, 2023). Lai
nodro$inatu partikas sist€mas ilgtsp&ju, ir nepiecieSams uzlabot esoSo ekonomisko praksi un
noverst nepilnibas visa partikas sisteéma, galvenokart, ievieSot ilgtsp&jigakus razoSanas un
patérina modelus (European Commission, 2019a). Saja konteksta ir svarigi novérst partikas
iz8kerdesanu, tomer tas ir sarezgits uzdevums, jo prasa koordin€tus un mérktiecigus pasakumus

visos parvaldibas ITmenos - mikro, mezo un makro (Kodors et al., 2024). Partikas atkritumu
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samazinaSana var veicinat sasniegt 2. SDG - izskaust badu, nodrosinat partikas drosibu un
ilgtsp&jigu lauksaimniecibas attistibu, ka arT 12. SDG, kas versts uz ilgtsp€jigu razoSanas un
patérina modelu ievieSanu un IstenoSanu, un it Tpasi ta 12.3 apakSmerki, kas paredz Iidz 2030.
gadam uz pusi samazinat pasaules partikas atkritumu daudzumu uz vienu iedzivotaju
mazumtirgotaju un patérétaju limeni, ka arT samazinat partikas zudumus razoSanas un piegades
kedes (UNGA, 2015).

ES IimenT apnemsSanas nodroSinat ilgtsp&jigu attistibu ir atspogulota vairakas nozimigas
politikas iniciativas. ES dalibvalstis ir parakstijusas Parizes noligumu, izvirzot merki mazinat
klimata parmainas, izmantojot visaptveroSas stratégijas (United Nations Climate Change,
2016). Ka viena no pamata iniciativam ir visaptvero$a stratégija FEiropas Zalais kurss
(European Green Deal), kas nosaka Iidz 2050. gadam sasniegt klimata neitralitati (European
Commission, 2019b; European Council, Council of the EU, 2025a). Savukart, viens no Eiropas
zala kursa galvenajiem mérkiem ir pareja uz aprites ekonomiku, kas ir veérsta uz atkritumu
samazinasanu un resursu izmantoSanas optimiz&Sanu visas nozarés (European Council, Council
of the EU, 2025a). Saja konteksta 2020. gada tika izstradats Eiropas Komisijas “Jauns aprites
ekonomikas rictbas plans. Par tiraku un konkurétspéjigaku Eiropu” (4 new Circular Economy
Action Plan. For a cleaner and more competitive Europe), kura mérkis ir paatrinat parveides
parmainas, kas nepiecieSamas Eiropas zalajam kursam, vienlaikus balstoties uz AE darbibam,
kas 1stenotas kops 2015. gada. Galvenais uzsvars $aja plana ir uz atkritumu novér$anu un
optimalu resursu izmantoSanu (European Commission, 2020b). Papildus ES tiek Tstenoti
politikas pasakumi, lai uzlabotu un stiprinatu ar atkritumu parvaldibu saistitos tiesibu aktus,
pieméram, ar Eiropas Komisijas delegéto lémumu (European Commission, 2019c) ir
papildinata atkritumu pamatdirektiva 2008/98/EK (2008), un ES ir noteikusi Iidz 2030. gadam
par 30 % samazinat partikas atkritumu daudzumu mazumtirdzniecibas un paterina liment, lai
butiski samazinatu ietekmi uz vidi un atbalstitu ilgtsp&jigas partikas sistémas. Tapat ES
dalibvalstim no 2020. gada ir pienakums nodro$inat partikas atkritumu mérfjjumus katra PPK
posma (European Commission, 2019¢; European Council, Council of the EU, 2025a). ST pieeja
ir butisks solis uzraudzibas un novertéSanas sisteémas izveide, lai iegltu salidzinamus un
ticamus datus turpmaku politikas [émumu pienemsanai.

Paraléli Eiropas Komisija 2020. gada izstradaja stratégiju “No lauka lidz galdam”
(European Commission, 2020a; European Council, Council of the EU, 2025b), kur pienemot
AE principus, mérkis ir nodro$inat ilgtsp&jigu primaro razosanu, stimulét ilgtsp€jigu partikas
parstrades, mazumtirdzniecibas, viesmilibas un &dinasanas pakalpojumu praksi, veicinat

ilgtspgjigu partikas pat€rinu, un samazinat partikas izSkérdesanu visa PPK, tadgjadi virzot
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pareju uz noturigu, taisnigu un ilgtspgjigu partikas sistemu (European Commission, 2020a;
European Council, Council of the EU, 2025b; Zou et al., 2023).

A1 Latvija ka ES dalibvalsti ir ieviesti vairaki valsts ITmena pasakumi, lai atbalstitu
globala un ES méroga iniciativas samazinat partikas izSk@rdeéSanu un veicinat ilgtsp&jigu
patérinu (European Commission, 2024; VARAM, 2021). Ilgtspgjas iniciativas ir integrétas
vairakos ilgtermina un vidgja termina stratégijas un politikas planosanas dokumentos un planos,
ka pieméram, “Latvijas llgtspéjigas attistibas stratégija lidz 2030.gadam” (Sustainable
Development Strategy of Latvia until 2030) (LR Saeima, 2010b), “Latvijas Nacionalais
attistibas plans 2021.-2027.gadam” (National Development Plan of Latvia for 2021-2027)
(Parresoru koordinacijas centrs, 2020) un “Ricibas plans parejai uz aprites ekonomiku 2020.-
2027.gadam” (Action Plan for the Transition to a Circular Economy 2020-2027) (VARAM,
2020b), kur prioritates ir ilgtsp&jigs dzivesveids, atbildigs patérins, klimata neitralitate un AE
principi (LR Saeima, 2010b; Parresoru koordinacijas centrs, 2020; VARAM, 2020b). Tadas
stratégijas ka “Strategija klimata neitralitates sasniegSanai lidz 2050. gadam” (Strategy of
Latvia for the Achievement of Climate Neutrality by 2050) (VARAM, 2020a) un “Nacionalais
energétikas un klimata plans 2021.-2030.gadam” (Latvia's National Energy and Climate Plan
2021-2030) (Klimata un energétikas ministrija, 2024), vél vairak norada uz nepieciesamibu
samazinat partikas zudumus un atkritumus ar mérktiecigu ricibu, pieméram, sabiedribas
informé@tibu, racionalu resursu izmantoSanu un izglitibas iniciativam (European Commission,
2024; VARAM, 2021). Tapat ir veikti Atkritumu apsaimniekosanas likuma (LR Saeima,
2010a) grozijumi, nosakot, ka no 2024. gada 1.janvara ir obligata biologisko atkritumu

SkiroSana.

1.2.  Aprites ekonomikas koncepts un loma partikas atkritumu samazinasana

Balstoties uz politisko ietvaru un stratégiskajiem mérkiem partikas atkritumu problémas
risinaSanai, AE ir atzita par spécigu konceptualu un politikas instrumentu virziba uz ilgtspgju
(Deksne, 2024; European Commission, 2020b; Skawinska & Zalewski, 2018; The Ellen
Macarthur Foundation, 2025), jo paSi partikas nozar€, kur partikas atkritumi ir pastavigs
izaicinajums (Ishangulyyev et al., 2019; Khatami et al., 2024; Rabbi & Amin, 2024).

Partikas vertibu kéde tiek uzskatita par vienu no galvenajam AE vértibu k&édém
(Diekmann & Germelmann, 2023; European Commission, 2020b; Khatami et al., 2024; Rabbi
& Amin, 2024; The Ellen Macarthur Foundation, 2019). Tas transformacija ir butiska, lai
samazinatu resursu pat€rinu, partikas atkritumu apjomus un negativo ietekmi uz vidi
(Diekmann & Germelmann, 2023). Veicinot ilgtsp&jigu razoSanas un paterina praksi, AE

merkis ir izveidot partikas sistému, kas nodro$ina, ka partika nav atkritumu avots, bet gan
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resurss, kas tiek atkartoti izmantots un ieklauts slégta aprites cikla (European Commission,

2020b; The Ellen Macarthur Foundation, 2019).

1.2.1. Aprites ekonomikas jédziens un evoliicija

Deksne, (2024) (III raksts) ir izpetijusi, ka AE jeédziens paradijas 20. gadsimta 70. gados
ka ideja par resursu pat€rina samazinaSanu riipnieciskaja razoSana, Ipasi energijas aizsta$anai
ar cilvéka darbu, uzsverot nepiecieSamibu aizstat neatjaunojamo resursu intensivu izmantosanu
ar ilgtsp&jigakiem procesiem (Khaw-ngern et al., 2021; Stahel, 2016; Stahel & Reday-Mulvey,
1981). Tambovceva & Titko, (2020) atklaja, ka 1990. gada tika izstradats jauns AE modelis,
kas balstijas uz termodinamikas principiem (Pearce & Turner, 1991), ko velak sikak izskaidroja
(Ciegis & Ciegis, 2008), petot ekonomiku ka nedalamu dalu no slégtas Zemes sistémas, kura
darbojas termodinamikas likumi, kas nosaka fiziskas robezas resursu izmanto$anai, atkritumu
parstradei un ilgtsp&jigas ekonomikas iesp&jam, tadgjadi nostiprinot AE teorgtiskos pamatus.

AE koncepts ir radies ka transformg&josa alternativa tradicionalajam linearajam razoSanas
un patérina modelim, kas balstas uz pieeju “razo—lieto—izmet” (Khaw-ngern et al., 2021,
Kirchherr et al., 2023). Misdienu pasaules apstaklos tas vairs nav piemerots, jo balstas uz
neatjaunojamo dabas resursu intensivu pat€rinu un to izsikSanu, ka arT veicina parmerigu
razoSanu, tad&jadi saisinot produktu kalposanas laiku un radot ievérojamu atkritumu daudzumu
(Sulich & Rutkovska, 2021). Atskiriba no lineara modela, AE péc savas bitibas ir atjaunojosa,
un tas meérkis ir pakapeniski atdalit izaugsmi no neatjaunojamo resursu patérina (The Ellen

MacArthur Foundation, 2019) (1.3. attéls).

Resursu
I ievade
Parstrada Nem
Lieto
Aprites Ekonomika

1.3. att€ls. Linearas ekonomikas modelis salidzinajuma ar aprites ekonomikas modeli
(Deksne, 2024), autores tulkojums
Pieaugosie ilgtspgjas izaicinajumi lika mekl@t jaunu, uz resursu apriti balstitu attistibas
modeli, ka rezultata tika izstradats AE koncepts, kas balstas uz slégta cikla pieeju “razo—lieto—
parstrada”, un zinatniskaja literattra tiek definéts ka "3R" stratégiju ietvars (Deksne et al., 2023;

Ghisellini et al., 2016; L. Liu et al., 2017).

32



ES AE pamatprincipi ir ciesi saistiti ar Atkritumu pamatdirektiva 2008/98/EK (European
Parliament & Council, 2008) noteikto atkritumu apsaimniekoSanas hierarhiju, kur galvenais
merkis ir noverst atkritumu raSanos, vai izmantot tos atkartoti ka resursus tada veida, lai
neraditu apdraud@umu cilvéku veselibai un videi (European Parliament & Council, 2008;
Khaw-ngern et al., 2021). Ari ES AE ricibas plana partikas atkritumu novérSana ir atzimé&ta ka
viena no prioritarajam jomam (European Commission, 2020b). Balstoties uz atkritumu
hierarhiju, AE koncepts tika paplaSinats uz "4R" stratégiju ietvaru, ar papildus principu “atgut”
(Recover) (European Parliament & Council, 2008), kas dazviet tiek definéts arT ka “atjaunot”
(Regenerate) (Kirchherr et al., 2017), akcent&jot energijas un resursu vértibas atgfiSanas un
dabas sistému atjaunosanas nozimi.

Deksne et al., (2023) (IV raksts) ir izp&tijuSas, ka nemot véra vispargjo nepiecieSamibu
pienemt aprites principus un praksi, pieeja AE ievieSanai ar laiku ir kluvusi niansétaka un
strukturétaka, un AE modelis ir attistijies lidz 10 strat€giju ietvaram, ko zinatniskaja literatira
defing ka “9R” vai “10R” (Holzer et al., 2023; Kirchherr et al., 2017; Potting et al., 2017) (1.4.
attels).

3R STRATEGIJU ATKRITUMU HIERARHIJA UN 9R/10R STRATEGIJU
IETVARS 4R STRATEGIJU IETVARS
IETVARS

Gudraka produktu izmanto$ana
un razosana

Circlar economy

RO/R1 - ATTEIKTIES
R1/R2 - PARDOMAT
R2/R3 — SAMAZINAT

SAMAZINAT
(NOVERST)

IZMANTOT
ATKARTOTI
pagarinasana
) PARSTRADAT ) =
R3/R4 —-IZMANTOT ATKARTOTI

R4/R5 -LABOT

Produktu un to dalu kalposanas laika

REGENERET R5/R6 — ATJAUNOT
R6/R7 - RAZOT ATKARTOTI
R7/R8 - IZMANTOT CITAM MERKIM

Linear economy

1.4. att€ls. AE stratégiju evolucija (Deksne, 2024), autores tulkojums

AE stratégiju evollcijas mérkis ir sistémiskas parmainas, lai novérstu atkritumus visa
PPK, un veicinatu SDGs sasniegSanu, pagarinot produktu dzives ciklu, nodrosinot resursu
maksimalu vértibas saglabasanu aprit€ un mainot patérina paradumus (Holzer et al., 2023;
Kirchherr et al., 2017; Potting et al., 2017).

Lai arT AE ka ilgtsp&jas sasniegSanas instruments, ir guvusi plaSu uzmanibu, tas definicija
joprojam ir nepilniga, un paredzams, ka AE koncepts un definicija nepartraukti attistisies

(Deksne, 2024). Esosas AE definicijas pilniba neaptver visus ilgtsp&jigas attistibas aspektus un
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parsvara ilustré petnieku un politikas veidotaju pasreizgjo izpratni par to (Deksne, 2024;
Kirchherr et al., 2017, 2023). Turklat, to mérkis galvenokart ir paléninat resursu izmantoSanu
un atkritumu veidoSanos, nevis pilniba parveidot ekonomikas sist€tmu (Suarez-Eiroa et al.,
2019). Tadgjadi lidzsingjais AE koncepts neaptver biitiskus socialos un ekologiskos aspektus,
kas ir neatnemama dala no ilgtspgjigas attistibas paradigmas. Lai pilniba realizétu tas
parveidojoso potencialu, AE koncepts butu holistiski jaintegré visos ilgtsp&jigas attistibas
aspektos un jaapliiko plasaka ilgtspgjigas attistibas sisttma. Saja konteksta visaptverosais

jedziens “Tlgtsp&jiga AE” ir paradijies ka vienojoSs jumta jédziens, kas apvieno resursu

racionalu izmanto$anu un slégta cikla sist€mas ar svarigiem socialas atbildibas un vides
aizsardzibas elementiem. Tas atspogulo paradigmas mainu uz holistisku un nepartrauktu pieeju
ilgtsp&jai, kur ekonomiska darbiba ir ciesi saistita ar socialas labklajibas saglabasanu un vides

aizsardzibu (Deksne, 2024).

1.2.2. Aprites ekonomikas loma partikas sistému transformacija

AE principu integréSana partikas sisteéma, aptverot visus PPK posmus no razosanas Iidz
patérinam, 1pasi koncentrgjoties uz partikas zudumu un atkritumu noverSanu, ir butisks
priekSnosacijums arT ES un globalo SDGs sasnieg$anai. Ka tika minéts ieprieks, ES stratégija
“No lauka Iidz galdam” (4 Farm to Fork Strategy) (European Commission, 2020a), uzsver
nepiecieSamibu veidot ilgtsp&jigu partikas sist€mu, vispusigi un holistiski risinot ilgtsp&jas
problémas un uzsverot savstarpgjo saistibu starp individiem, sabiedribu un planétu (European
Commission, 2020a; European Council, Council of the EU, 2025b; Zou et al., 2023). Tapéc
arvien vairak aktualiz&jas vajadziba péc ilgtsp€jigas partikas sistémas, kas sp&j ne tikai
nodrosinat cilvéku un plangtas vajadzibas, bet arT atjaunot un saglabat dabas resursus
nakamajam paaudzém.

Saja konteksta integréjot AE principus partikas sistéma, veidojas jauns modelis — aprites
partikas sisteéma, kas balstas uz optimalu dabas resursu izmantoSanu un parvaldibu, atbildigu
un ilgtsp&jigu partikas paterinu, kas ietver partikas atkritumu samazinaSanu un uztura paradumu
mainu (piemeéram, samazinot augsti parstradatu un dzivnieku izcelsmes olbaltumvielu produktu
patérinu), un atbildigu partikas atkritumu parvaldisanu (Rood et al., 2017). Aprites pieeja ir
1pasi svariga partikas pat€rina posma, kur paterétaju izveles un paradumi tiesi ietekme visu PPK
— partikas pieprasijumu, razoSanas praksi, resursu izmantoSanu, partikas atkritumu daudzumu
un kopgjo ietekmi uz vidi (Biresselioglu et al., 2023; Pais et al., 2023; Spiller et al., 2020;
Wintschnig, 2021). L1dz ar to paterétaju uzvedibas maina ir biitisks priek$noteikums parejai uz

ilgtsp€jigu partikas sistemu (Deksne et al., 2025a, 2025b; HLPE, 2017; Lonska et al., 2025),
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kur partikas izSkerdéSana tiek risinata ka dzili iesaknojusies sisteémiska probléma pasreizgjos
patérina modelos (Diekmann & Germelmann, 2023; Garcia-Herrero et al., 2019).

Ilgtsp&jigas partikas sisteémas izveidei ir nepiecieSama strukturéta, daudzlimenu holistiska
pieeja, integréjot mikro, mezo un makro Iimena ieinteres€tas puses visa partikas vertibu kede
(Diekmann & Germelmann, 2023; Kodors et al., 2024), lai vienlaikus risinatu vides,
ekonomiskas un socialas problémas un stiprinatu iedzivotaju veselibu, sabiedribas labklajibu

un plangétas ilgtsp&ju.

1.2.3. Aprites ekonomikas koncepts ka pamats bezatkritumu partikas patérinam skolas

Skolu &dinasanas programmu konteksta AE var but stratégiski piemérots instruments
iepriek§ mingto sistémisko problému risinasanai, Tpasi to, kas saistitas ar PEAT, kas &dinasana
arpus majas kluvusi par nozimigu ilgtsp&jas izaicinagjumu (Dhir et al., 2020). Ka minéts
ieprieks, AE stratégiju pamata ir atkritumu hierarhija, kas integréta no ES Atkritumu
pamatdirektivas. Hierarhijas augSgala ir atkritumu nove€rSana un samazinaSana (European
Parliament & Council, 2008; Khaw-ngern et al., 2021), kas veido teorétisko un praktisko
pamatu bezatkritumu edinasanas organizacijai skolas.

Partikas atkritumu novérSana tiek uzskatita par prioritaru ricibas virzienu ilgtsp&jigas
partikas sist€mas ietvaros, kas ir Tpasi svariga skolas, kur iespgjams ieviest un istenot vairakas
atbildigas prakses, kas ietver ilgtsp&jigu partikas patérinu un patérina uzvedibas mainu skolénu
vidii, tadgjadi uzlabojot nodroSinatibu ar partiku, samazinot ietekmi uz vidi un sniedzot
ekonomisku labumu dazadiem PPK dalibniekiem (Camilleri, 2021; Lopez et al., 2019). Turklat
ilgtsp€jigas AE koncepts paredz plasaku ilgtsp&jas principu integraciju, iezimgjot paradigmas
mainu uz visaptveroSu un ilgtermina noturigu pieeju, kas tiek skatita ka plaSa sociala
transformacija ar merki veidot tadu sabiedribu, kas razo$ana, paterina un parvaldiba ievéro AE
principus (Deksne, 2024). Skolu konteksta tas nozimé, ka sekmiga pareja uz bezatkritumu
partikas pat€rinu iesp&jama vien tad, ja tiek nemta véra partikas sistémas daudzlimenu strukttra
un tiek veicinata aktiva iesaiste visos mikro, mezo un makro Iimenos (Diekmann &
Germelmann, 2023; Vittuari et al., 2023). Visam iesaistitajam pus€m ir jadarbojas kopa, lai
veidotu atbildigu un ilgtsp&jigu partikas paterina kultiiru, kas parsniedz tehniskus risinajumus
un balstas uz lidzdalibu, sadarbibu un kopigu atbildibu par nakotni.

Tadgjadi ilgtspejigas AE koncepts $aja darba tiek izmantots ka teorétiskais pamats

praktiskajiem risinajumiem, kas versti uz partikas atkritumu noverSanu un mazinasanu skolas.
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1.3. Paterina posma nozime partikas sistemas parveide
1.3.1. Skolu édinasanas programmu loma partikas sistema

Skolu &dnicas ir dala no PPK p&dgja - paterina posma (Amicarelli & Bux, 2020; Derqui
etal., 2018; FAO, 2011; Garcia-Herrero et al., 2019; Ishangulyyev et al., 2019; Kasavan et al.,
2021; Wunderlich & Martinez, 2018). Atskaitot majsaimniecibas, skolas ir atzitas par btisku
partikas atkritumu avotu (Derqui et al., 2018; Qian & Xiong, 2022; Zhang et al., 2024).

Lai gan skolu &dinaSana sniedz butisku atbalstu vairaku SDGs sasniegSana, partikas
iz8kerdeSana mazina tas ietekmi un potencialu $aja joma. Daudzviet pasaule skolas tiek
nodrosinatas bezmaksas un uzturvertigas maltites, tomeér ne visi berni tas atbildigi patére
(Deksne et al., 2025a; Mauer et al., 2022). Vairaki p&tijumi apstiprina, ka skolas tiek radits liels
partikas atkritumu daudzums, kur lielaka dala ir PEAT (Derqui et al., 2018; Eriksson et al.,
2017; Lonska et al., 2022, 2025; Malefors, 2022; Vizzoto et al., 2021). Piem&ram, Zviedrijas
skolas, kur domingé paSapkalposanas (self-service) tipa €diena pasniegSanas modelis, 20-23%
pasniegta &diena nonak atkritumos (Eriksson et al., 2017; Malefors, 2022), Italijas skolas 20—
29% jeb 1/3 no pasniegta &diena tick izmesta (Garcia-Herrero et al., 2019). P&tijumos Latvijas
skolas, kur doming ieprieks servéta, pilniba vai dalgji porcionéta diena pasniegsana, ir lidzigas
tendences. Lauka pétijumos, kas veikti R€zeknes skolas, tika atklats, ka aptuveni 20% no
pasniegta &diena nonak atkritumos (Lonska et al., 2022, 2025). Abos p&tijumos tika atklats, ka
uz galdiem biezi paliek neskartas servétas maltites. Tas ir saistits gan ar neprecizu skolénu
skaita prognozesanu, gan skolénu personigo atticksmi, pieméram, neierodas uz pusdienam, vai
neéd pasniegto &dienu (Lonska et al., 2022, 2025). Sie atklajumi parada, ka partikas atkritumi
ir plasi izplatita un pastaviga probléma skolu &dinasanas procesa, un norada uz ievérojamu
resursu iz§keérdeéSanu un nepilnibam &dinasanas procesa organizesana.

Partikas izSkérdeSanu un atkritumu raSanos skolas ietekmé dazadi faktori. Balstoties uz
plasu literatiiras parskatu, tika identificeéti PEAT izraisosie faktori (I raksts - 1.tabula), ko
pétnieki iedalija argjos jeb objektivajos, kas ietekme skoléna €sanas uzvedibu no arpuses, un
ieksgjos jeb subjektivajos, kas izriet no paSa skoléna psihologiska vai fiziologiska stavokla
(Lonska et al., 2022; Zvaigzne et al., 2021). Papildus balstoties uz sistematisku literatiiras
analizi, tika identificétas astonas faktoru grupas, kas ietekmé& bezatkritumu partikas patérinu
skolas: demografiskie, politiskie, skolu partikas politika, vides, sociali ekonomiskie,
personigie, fiziskie un geografiskie faktori (Deksne et al., 2022) (Il raksts). Kopuma var secinat,
ka PEAT rasanos skolas ietekmé loti pla$s un daudzveidigs faktoru klasts, tapéc nepiecieSsama

pardomata un kompleksa pieeja $1s problémas risinasanai.
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Skolu &dinasanas programmas ir viens no plasakajiem risindgjumiem pasaules Itmeni cina
ar nevienlidzibu, nabadzibu, partikas trikumu un nepietiekamu uzturu (Howard, 2018; WFP,
2022, 2023). Saskana ar Pasaules partikas programmas (WFP, 2022) zinojumu 2022. gada
aptuveni 418 miljoni bérnu 176 valstls san@ma &dinasanu skola, kas ir par 30 miljoniem vairak
ka 2020.gada, un liecina par skolu €dinasanas programmu atjauno$anos un paplasinasanos péc
Covid-19 pandémijas. Diemzgl 153 miljoni bernu 79 valstis joprojam saskaras ar akiitu partikas
trikumu un badu. Saja konteksta skolu &dinaSanas programmam ir izkiro$a nozime, lai
nodro§inatu vismaz vienu &dienreizi diena, tadgjadi ne tikai mazinot badu un nevienlidzibu, bet
ar1 uzlabojot bérnu veselibu, uzturu un izglitibas rezultatus (WFP, 2022).

Pasaule skolu &dinasanas procesa organizacijas prakse ieverojami atSkiras atkariba no
katras valsts politikas, ekonomiskas situacijas un kultiiras tradicijam (Global Child Nutrition
Foundation, 2022; Storcksdieck et al., 2014). Daudzas valstis skolas pusdienas pilniba vai dalgji
finansg valsts (Guio, 2023). Lidzigi ka Latvija, ar1 Zviedrija un Somija ir ieviestas valsts m&roga
bezmaksas pusdienu programmas, tadejadi nodroSinot berniem vienu uzturvielam bagatu
maltiti diena (Mauer et al., 2022). Savukart Vacija tiek istenoti uz ienakumiem balstiti
finans€juma atbalsta modeli, kur valsts subsidétas maltites sanem tikai b&mi no
maznodro$inatam gimen&m (Nationale Qualititszentrum fiir Erndhrung in Kita und Schule
(NQZ), 2023; WBAE - Wissenschaftlicher Beirat fiir Agrarpolitik, Erndhrung und
gesundheitlichen Verbraucherschutz beim BMEL, 2020). Norvégija nav valsts [imeni regul&tas
skolu edinasanas programmas, un skoléni nem I1dzi €dienu no majam. Tomér, lidzigi ka Latvija,
Norvégija ir ieviesta valsts atbalsta programma, kas pamatskolu un vidusskolu skoléniem
nodroSina bezmaksas auglus, darzenus un pienu (Mauer et al., 2022; Waling et al., 2016).
Niderlandes skolas tradicionali nav pienemts nodrosinat &dinasanu skola, bet tiek veiktas
ieverojamas parmainas politikas Itment, lai ieviestu &dinaSanu skolas, primari to piedavajot
bérniem no maznodro§inatam gimeném (NL Times, 2023; Rongen et al., 2019; van Kleef et al.,
2020).

AT &dinasanas modeli skolas ievérojami atSkiras. P&tfjumos atklats, ka dominé divas
pieejas - paSapkalpoSanas jeb bufetes tipa &dinasana un pilniba vai dalgji iepriek§ porcion&tas
un pasniegtas maltites (Lonska et al., 2022, 2025; Zvaigzne et al., 2021). Bufetes tipa €dinasana
ir plasi izplatita ASV, ki arT vairakas Eiropas valstis, pieméram, Zviedrija un Somija. S1 pieeja
lauj b&rniem patstavigi izveleties gan &diena veidu, gan porcijas lielumu, pielagojot to
individualajam veélm&m un apetitei (Bucher et al., 2016; Malefors et al., 2022; Waling et al.,
2016). Tomer §1 pieeja prasa papildus uzraudzibu, lai nodroSinatu sabalansétu uzturu (Deksne
etal., 2025a). Savukart, I1dzigi ka Latvija, ieprieks porcion&tu un servétu maltisu pieeju izmanto
ar1 tadas valstis ka Francija, Italija un Brazilija (Boschini et al., 2020; Favuzzi et al., 2020;
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Sehnem et al., 2023; Vieux et al., 2013). Si pieeja ierobezo skolénu iespéjas izvéléties &diena
veidu un daudzumu, tacu nodroSina pusdienu maltites atbilstibu uztura standartiem (Deksne et
al., 2025a; Lonska et al., 2022, 2025; Zvaigzne et al., 2021). Lai arT bufetes tipa €dinasanas
modelim ir trikumi, Sobrid tas ir atzits par piem&rotako risinajumu, kas paaugstina skolénu
apmierinatibu ar skolas pusdienam, veicina atbildigu partikas pat€rinu un mazina partikas
iz8kerdesanu (Y. Liu et al., 2016; Lonska et al., 2022, 2025; Zvaigzne et al., 2021).

ES izglitibas iniciativam ir prioritara loma partikas atkritumu samazinaSana (Giordano et
al., 2020; Piras et al., 2023), un atbildiga patérina prakse ir pamats ilgtsp&jigas attistibas
veicina$anai (United Nations Department of Economic and Social Affairs, 2023). Saja zina
skolu vide ir pamata platforma, kur jau no mazotnes iemacit un ieaudzinat berniem veseligus
€Sanas paradumus un atbildigu partikas patérinu, veidojot izglitotus un atbildigus nakotnes
patérétajus, kuri sp&j pienemt apzinatas un videi draudzigas izvéles (Newsome et al., 2023).
Turklat skoléni darbojas ka parmainu agenti gan savas gimenés, gan plasaka sabiedriba,
veicinot ilgtsp&jigaku partikas paterinu (Fudla et al., 2022; World Health Organization, 2017),
kas v&l vairak izcel skolu vidi ka nozimigu pagrieziena punktu partikas sistémas parveidé un
ilgtspgjas veicinasana.

Edinasana skolas ir batiska skolénu &Sanas paradumu un atticksmes pret partiku
veidosana (Garcia-Herrero et al., 2019, 2021), lidz ar to skolam ir centrala loma sociali
atbildigas prakses veicinasana. Atbildigs partikas paterins un partikas atkritumu samazinasana
skolas var radit vides, ekonomiskos un socialos ieguvumus (Hamid et al., 2020; Leal Filho et
al., 2024). Ka pieméram, samazinat resursu paterinu un partikas sistémas radito ekologiskas
pedas nospiedumu, tadgjadi samazinot vides slogu, veicinot 12. un 13. SDGs sasniegSanu, ka
arT biologiskas daudzveidibas un dabas resursu saglabasanu (Aldaco et al., 2020; Anton-Peset
et al., 2021; Batlle-Bayer et al., 2020; UNEP, 2021; UNGA, 2015). No ekonomiska viedokla
partikas atkritumu samazinasana var optimiz&t izmaksas un resursu izmanto$anu visa PPK, ka
arT sniegt iesp&ju ietaupitos lidzeklus reinvestét &dinasanas kvalitates uzlaboSana vai citu
atbalsta iniciativu Tstenosana (Deksne et al., 2025a; Lonska et al., 2022). Atbildiga partikas
patérina prakse var uzlabot arT nodroSinatibu ar partiku, uztura dro§ibu, veicinat socialo
vienlidzibu un attistit pareju uz ilgtsp&jigu partikas patérinu (Canali et al., 2017; Lindgren et
al., 2018; Manzoor et al., 2024).

Ka tika mingts ieprieks, ES ir ieviestas vairakas iniciativas, kas ve@rstas uz partikas
atkritumu samazinaSanu patérina Iimeni, piedavajot praktiskus rikus un stratégijas partikas
atkritumu mazinasanai (European Commission, 2025). Ir atklats, ka jebkuras sekmigas partikas
atkritumu mazinaSanas programmas pamata ir sp&ja precizi izmerit un uzraudzit radito partikas

atkritumu apjomu (Kodors et al., 2024; Swannell et al., 2023; UNEP, 2021), tomer tiesi
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patérétaju limeni $adu datu trikums ir aktuala probléma, ko nosaka gan metodologiskas
nepilnibas, gan ar mérjjumiem saistitas augstas izmaksas (FAO, 2019; UNEP, 2024).

Saja konteksta skolu &dnicas ir unikala vieta, kur ar izglitibu un praktisku ricibu ir iespgja
tieSi ietekmét pateretaju attiecksmi un uzvedibu jau no bérnibas, kontrol&ta videé merit partikas
atkritumu apjomus, ka ari testét uz partikas atkritumu samazinaSanu vérstas intervences,
padarot to par idealu platformu partikas sisttmas parveides iniciativu Tsteno$anai un

uzraudzibai, ka ar uz pieradijumiem balstitas politikas izstradei.

1.3.2. Partikas sistéemas transformaciju ietekméjoSie faktori patérina posma

Partikas patérina posma tiek pienemti ikdienas Iémumi, sakot no partikas izveles, porciju
lieluma un &Sanas paradumiem, Iidz attiecksmei pret partikas atkritumiem, kas savukart tiesi
ietekm& visus pargjos procesus PPK, sakot no razoSanas lidz pat atkritumu apsaimniekosanai.
Saja konteksta patérina posms kliist par biitisku saskares punktu, kura patérétajs ienem centralo
lomu. Tiesi vina [émumi un riciba ietekme partikas sist€mas virzibu uz ilgtsp&ju (Deksne et al.,
2025b).

PPK posmi ir savstarpgji saistiti un atkarigi no dazadiem strukturaliem faktoriem, ka
pieméram, infrastruktiira, institucionalais reguléjums, pieejamie resursi, partikas kvalitate un
patérin$ (Abideen et al., 2021; Aday & Aday, 2020; Govindan, 2018), kur patérétaju uzvediba
ir viens no dinamiski mainigakajiem aspektiem S$aja sistéma. 1.5. att€la redzama partikas
sistemas struktiira, kas uzskatami ilustrg, ka paterétaju uzvediba veidojas mijiedarbiba ar
partikas vidi un personigajam izvélem. Tadejadi patérina posms kalpo ka galvenais ietekmes
punkts partikas sistémas parveide, kur saskanota riciba visos Iimenos, no individualiem
lémumiem lidz sistémiskam parmainam, var veicinat pareju uz ilgtsp&jigu bezatkritumu

partikas sistému.
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1.5. att€ls. Partikas pat€rina posms partikas sisteémas ietvaros (Deksne et al., 2025b), autores
tulkojums

Balstoties uz integrativu literatiiras parskatu, ka arT izmantojot bibliometriskas analizes
pieeju (VIII raksts), tika identificti galvenie aspekti patérina posma, kas ietekm& partikas
sisteémas parveidi uz ilgtsp&jigu modeli (Deksne et al., 2025b):

ePartikas atkritumi un to samazinasana. Partikas atkritumi ir centrala probléma
patérina posma, jo tie tieSi ietekm& visus ilgtsp&jas aspektus. To noverSana ir viens no
galvenajiem nosacljumiem pareja uz ilgtspg€jigu partikas sistemu.

e NepiecieSamiba mainit uztura modelus. Parmérigs galas un citu dzivnieku izcelsmes
produktu patérin$ butiski ietekm@ partikas sist€mas ilgtsp&ju, 1idz ar to pareja uz vairak augu
izcelsmes uzturu ir svariga gan vides ilgtsp&jai, gan sabiedribas veselibai, tomer pareju kave
socialie, ekonomiskie un kultiiras $kersli, ka ar1 $adu partikas produktu pieejamiba un cenas.

e SareZzgita pateéretaju uzvediba. Patérétaju lemumus, izveles un ricibu nosaka daudz un
dazadi ieks$gjie un argjie faktori, kas ietekmé pat€rétaju sp&jas, motivaciju un iesp&jas veidot
ilgtsp&jigu partikas patérinu. Uzvedibas mainu apgriitina nepietickamas zinasanas, paradumi,
kulttra un sisteémiskie trukumi, tap&c nepieciesama holistiska pieeja, kas apvieno izglitojoSus
pasakumus, skoleénu praktisku iesaisti un organizatoriskas izmainas €dinasanas sist€ma.

e Politiskais un normativais ietvars. Parejai uz ilgtspgjigu partikas pat€rinu ir
nepiecieSams stiprinat tiesisko regul&jumu, pienemt starpnozaru, daudzlimenu parvaldibas
pieeju, integr&jot AE principus, izglitibas iniciativas un ekonomiskos stimulus.

Vienlaikus tika secinats, ka galvenais parmainu virzitajs ir patérétaju uzvedibas maina,
kas ietver dzilaku uztveres un attieksmes mainu ilgtsp€jiga patérina apzinatai pienemsanai.

Tadel nepieciesama merktieciga un kompleksa pieeja, kas ietver uzvedibas mainas mehanismus
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un atbalstoSu politiku, lai veidotu tadu vidi, kur ilgtsp&jigs paterin$ klust par ikdienas
dzivesveida dalu (Deksne et al., 2025b).

Lai izprastu, ka sekmé&t parmainas paterétaju uzvediba, ir butiski zinat faktorus un
iemeslus, kas ietekmé€ vinu 1émumus, izvéles un ricibu (Pais et al., 2023). Zinatniskaja literatiira
patérétaju uzvediba tiek analizEta, izmantojot dazadas uzvedibas teorijas un modelus, kas
skaidro lémumu pienemsanas procesus un uzvedibas motivaciju. Analizgjot skoleénu partikas
patérina uzvedibai skolu &dinaSanas procesa, tika apliikotas uzvedibas teorijas, kas tiek
izmantotas partikas pat€rina un atkritumu mazinasanas konteksta.

Planotas uzvedibas teorija (Theory of Planned Behavior (TPB)) (Ajzen, 1985, 1991) tiek
pienemts, ka uzvedibu nosaka attiecksme pret konkréto ricibu, subjektivas socialas normas un
uztverta kontrole. Tomér TPB koncentr&jas galvenokart uz kognitiviem aspektiem un paredz,
ka, pieméram, partikas izSkerdéSana ir apzinata izvéle, tadgjadi ierobezo tas piemérotibu
netiSiem uzvedibas modeliem.

Normu aktivacijas modelis (Norm Activation Model (NAM)) (Schwartz, 1977),
izskaidro, ka morales normas, seku apzinasanas un personiga atbildiba ietekmé ricibu. Tas
parada, ka uzvedibu iesp&jams mainit, stiprinot cilvéka izpratni par problému un vina personigo
lomu tas risinasana.

MOA ietvars (Olander & Thegersen, 1995) uzsver, ka uzvedibu ietekmé ne tikai ieksgja
motivacija (attieksme, normas, noltiki), bet arT argjie apstakli (pieméram, resursu pieejamiba,
fiziska vide) un individualas sp&jas (zinasanas, prasmes). MOA ietvara priekSrociba ir ta spgja
vienlaikus nemt véra gan kognitivos, gan praktiskos un socialos faktorus, kas nosaka ricibu.
Vittuari et al., (2023) ir papildinajusi So ietvaru, analizgjot patérétaju uzvedibu no daudzlimenu
perspektivas — mikro (individs), mezo (majsaimnieciba, skola) un makro (politikas un tirgus
konteksts) (Vittuari et al., 2023).

Pamudindjuma jeb pavirziSanas teorija (Nudge theory) (Thaler & Sunstein, 2008) parada,
ka nelielas vides vai kontekstualas izmainas (pamudinajumi/pavirziSanas) var netiesi, bet
paredzami ietekmét lemumu pienemsanu, neierobezojot individa izvéles brivibu.

Turklat, papildus psihologija balstitam uzvedibas teorijam, arT uzvedibas ekonomika ir
vertigs instruments partikas patérina uzvedibas izpratnei. Atskiriba no tradicionalajam
ekonomikas pieejam, kas pienem cilvéka ricibu ka racionalu un logisku, uzvedibas ekonomika
uzsver psihologisko, socialo un emocionalo faktoru nozimi lémumu pienemsana (Cartwright,
2011, 2014; Ogaki & Tanaka, 2017). ST pieeja lauj padzilinati analizét, ka vide, kultiira,
identitate un pat individa labsajuta ietekmé vina izveles, taja skaita arT partikas izveli un

iz8kerdesanas uzvedibu (Ogaki & Tanaka, 2017). Uzvedibas ekonomika ir Ipasi noderiga

41



praktisku risinagjumu izstrad€, pieméram, izmantojot pamudinajuma jeb pavirziSanas tehnikas
(nudging techniques), lai neuzbaziga veida virzitu cilvéku uz ilgtsp&jigaku ricibu.

Promocijas darba ietvaros skoleénu skolas &diena pat€rina uzvediba tika analizéta,
izmantojot MOA ietvara pieeju (1.6. attels), izvert€jot vinu motivaciju, iesp&jas un sp&jas
samazinat partikas iz§kérdeésanu edinasana arpus majas, konkréti Rezeknes skolu vide (V un VI
raksts). Sada pieeja lava izprast uzvedibu daudzdimensionali un sasaistit ar strukturaliem un

vides faktoriem.
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1.6. att€ls. MOA ietvara un patérétaju partikas parvaldibas modelis patérinam majas un arpus
majam (Lonska et al., 2025), autores tulkojums

Partikas atkritumu samazinasana patérina posma prasa kompleksu, konkrétai darbibas
videi pielagotu pieeju, jo to ietekm& savstarp&ji saistiti uzvedibas, socialie un strukturalie
faktori. So faktoru daudzveidiba liecina, ka nav viena universala risindjuma, ka panakt
uzvedibas mainu un samazinat partikas iz§kérdésanu. Tapéc ped&jos gados gan ES, gan citur
pasaulé ir izstradatas un analiz€tas dazadas aktivitates jeb intervences partikas atkritumu
nover§anai un samazinasanai patérétaju ITmeni, taja skaita arT skolas (Lonska et al., 2025).
Balstoties uz plasu literattras parskatu (V raksts, 2.-5.tabulas) tika identificeti, apkopoti un
analizeti praktiski risinajumi, kas versti uz patérétaju uzvedibas mainu ar mérki samazinat
partikas izskérdesanu. Sis pieejas ietver informativas kampanas, izglitojosas aktivitates,
uzvedibas ietekméSanas mehanismus, tehnologiskos risinajumus, politikas instrumentus, ka ar
strukturalas izmainas édina$anas organizatoriskajos aspektos. IpaSa uzmaniba tika pievérsta
skolénu patérina uzvedibas mainai un partikas atkritumu noverSanai skolu &dinaSana.
Pamatojoties uz arvalstu pieredzi, eksperimenta organizesanai tika izveleti tr1s intervencu veidi,

kas bija optimalakie no organizatoriska viedokla, lai tos varétu istenot Rézeknes pilsétas skolas
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un notestet to efektivitati esosa skolu €dinaSanas modela (dal&ji porcionéts ieprieks serveéts
&diens) apstaklos (Lonska et al., 2025).

Tika atklats, ka vislabakie rezultati partikas atkritumu samazina$ana var tikt sasniegti ar
koordin&tu un stratégiski planotu ricibu dazados limenos, istenojot kompleksas un konkrétajam
kontekstam (skolas ekosistémai) pielagotas pieejas, kas vienlaikus ietver informétibas
veicinadanu, uzvedibas mainu un sistémiskas izmainas. Sadas mérktiecigas iniciativas var
nodros§inat bitisku ietekmi, tomeér to rezultati liela méra ir atkarigi no ievieSanas apstakliem,

ilguma un izvel&to intervencu veida (Lonska et al., 2025).

Balstoties uz teorétisko analizi (VIII raksts) tika atklats, ka PPK pat€rina posmam ir

stratégiski svariga loma partikas sist€émas parveidg, jo taja iesp&jams tieSi ietekmét patérétaju

uzvedibu un veicinat ilgtsp&jigu, bezatkritumu partikas paterinu (Deksne et al., 2025b). Skolu
edinasanas process tiek pozicionéts ka unikala vieta So parmainu istenoSanai, kur kontroléta
vide, apvienojot izglitibas procesu ar praktisku ricibu, ir iespgjams Istenot partikas sist€mas
parveides veicinosas iniciativas un uzraudzit to progresu. AE koncepts $aja promocijas darba ir
izmantots ka teor€tiskais pamats praktiskiem risinajumiem, kas versti uz bezatkritumu partikas
patérinu skolu &dinasanas procesa. Teor¢tiskais ietvars veido pamatu turpmakajai empiriskajai

izpetei, kura tiek veikts R&zeknes skolu &dinasanas procesa novertéjums AE ietvara.
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2. EDINASANAS PROCESA ORGANIZACIJAS NOVERTEJUMS REZEKNES
SKOLAS ILGTSPEJIGAS APRITES EKONOMIKAS IETVARA

2.1. Partikas izSkérdesana skolu édinaSanas procesa: pirmais pilotpétijums Rézeknes
skolas

Sis pétijums bija pirmais posms kopg&ja izpétes procesd, kas tika uzsakts ar mérki
identificet PEAT tendences septinas Rézeknes pilsétas skolas un izstradat ieteikumus
iesaistitajam pusém par to, ka samazinat PEAT apjomu, apvienojot novérosanu (tika novérots
&damzales izkartojums, &diena izvietojums uz Skivja, pasniegSanas veids, ka arT maltites
baudiSanas process un ilgums), fizisko PEAT svérSanu, dalgji strukturétas intervijas, ka ari
statistisko dispersijas analizi (Lonska et al., 2022) (I raksts). Nemot véra, ka Latvija ieprieks
nebija veikti plaSa méroga zinatniski p&tijumi par partikas atkritumiem skolu &dinasanas
organizeéana, §1 pétijuma rezultati palidzgja konstatét, ka PEAT ir pastaviga un nozimiga
probléma Latvijas skolas un kalpoja ka pamats turpmakajiem petijumiem.

Lauka pétijums tika veikts 2021. gada rudent septinas Rézeknes pilsétas skolas, aptverot
1. Iidz 7. klases, kuras tika nodroSinatas valsts un pasvaldibas finansétas brivpusdienas.
Petijums tika veikts vienu macibu ned€lu jeb piecas darba dienas, nodroSinot vienlaicigu datu
vaksSanu visas iesaistitajas skolas.

Pétijuma metodologiska prieksrociba bija vienota &dienkarte visas septinas iesaistitajas
skolas. Ta tika izstradata, balstoties uz dalgji strukturétu interviju ar skolu parstavjiem
rezultatiem un vinu &dienu novértéjumu, izmantojot SNW analizes metodi (The method for
analysis of strengths, neutrals and weaknesses). Intervijas piedalijas 11 personas — 7 skolu
&dnicu vaditaji, 3 &dnicu darbinieki un viena medmasa, kas bija iesaistita €dienkartes izstradg.
Visi respondenti sniedza pieredzg balstitu, dal&ji subjektivu informaciju par skolénu partikas
izveélém — par &dieniem, kas berniem garSo, negarSo un pret kadiem ir neitrala atticksme.
Rezultata tika identificéti pieci &dieni, ko parasti ap&da vairak neka 90% skolénu, pieci &dieni,
ko skoléni &da negribigi (mazak neka 20%), un pieci &dieni, pret kuriem skoléniem bija neitrala
atticksme (apméram 65%). Sada pieeja nodrosinaja datu salidzinamibu starp skolam, klasu
grupam un partikas kategorijam.

Datu vaksanu skolas veica projekta p&tnieki, kas darbojas peéc vienota protokola un ciesa
sadarbiba ar &dinasanas personalu. P&tljuma tika apvienotas kvantitativas un kvalitativas
metodes. Tika veikta PEAT tieSa svérSana pa partikas produktu kategorijam, kopa iegiistot
datus no 7064 pusdienu Skivjiem. Ka arT petfjuma laika p&tnieki dokument&ja &dinasanas
organizacijas procesu, tostarp veica fotofiksacijas (bez personu identifikacijas). Tika noveérots

€damzales dizains, &dienu izvietojums uz §kivja, pasnieg$anas veids, skolénu uzvediba &Sanas
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procesa un fikséts &Sanas laiks. Veikti ar nepiecieSamie sagatavoSanas darbi PEAT
kvantitativai mériSanai (trauku markeSana, porciju uzskaite utt.).

Kvantitativie PEAT dati tika analizeti, izmantojot aprakstoSo statistiku, un ANOVA
vienvirziena dispersijas analizi.

Rezultati atklaja, ka skolas rodas ievérojams PEAT apjoms. PEAT veidoja 28,75% no
kopgja pasniegta €diena svara, ieskaitot dz€rienus, t.i. - gandriz viena treSdala no pasniegta
€diena tika izmesta (2.1. tabula).

2.1. tabula

PEAT ipatsvars (%) no kop&ja pasniegta &diena svara Rézeknes pilsétas skolu &dnicas (pa
skolam) (Lonska et al., 2022), autores tulkojums

e . O Kopéjais pasniegta
Skola I;:::r?,agljnl;]sg; gd%enal)iv?rs,g PEAT ipatsvars, %
’ g/nedela*
S1 52578 145 970 36,02
S2 163 750 696 962 23,49
S3 197 674 629 858 31,38
S4 297 603 684 707 43,46
S5 71 131 305 503 23,28
S6 256 933 1122945 22,88
S7 216 630 783 191 27,66
Kopa: 1256299 4369 136 28,75

*Piezime: kopgjais pasniegta &diena svars (g/nedéla) tika aprékinats, pamatojoties uz edienkarté noradito &dienu
svaru (skatit I Rakstu - 3. tabulu), reizinot katru dienu pasniegto &dienu svaru ar taja diena parbaudito paraugu
skaitu un saskaitot rezultatus pa visam dienam un visam skolam.

Avots: Lonska et al., 2022 aprékini, kas balstiti uz lauka pétijuma rezultatiem.

Lielakais registrétais PEAT apjoms bija 44,08% (1.—4.kl. grupa) un 42,55% (5.-7.kl.
grupd). Vidgjais PEAT svars uz vienu skolénu bija 178 grami, ieskaitot dz&rienus. Jaunako
klasu skoléniem (1.—4. klas€) atkritumu bija nedaudz vairak (182g) neka vecako klasu (5.-7.
klas€) skoléniem (172g) (2.2. tabula). Tomér vienvirziena ANOVA tests neuzradija statistiski
nozimigas atSkiribas PEAT apjomos starp vecuma grupam (p = 0,678644).

2.2. tabula

Rézeknes pilsétas skolu &dnicas lauka petijuma konstatétais PEAT svars (pa skolam un klagu
grupam) (Lonska et al., 2022), autores tulkojums

Faktiskais
PEAT kopgjais pusdienu
svars (g/nedela) | dalibnieku skaits
(paraugu skaits)

S1 7 klase 52 578 234 225

Vidgjais PEAT
apjoms uz vienu
skolénu (g)

Skola | KlaSu grupa
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2.2. tabulas turpinajums

Faktiskais I
. PEAT kopégjais pusdienu Videjais PEAT
Skola | KlaSu grupa s . . apjoms uz vienu
svars (g/nedela) | dalibnieku skaits _
’ . skolénu (g)
(paraugu skaits)

2 1.-4. klases 99 397 677 147
5.-7. klases 64 353 450 143

33 1.-4. klases 109 544 603 182
5.-7. klases 88 130 421 209

4 1.-4. klases 180 518 663 272
5.-7. klases 117 085 447 262

35 1.-4. klases 15416 94 164
5.-7. klases 55715 399 140

36 1.-4. klases 190 644 1239 154
5.-7. klases 66 289 574 115

7 1.-4. klases 152 566 829 184
5.-7. klases 64 064 434 148

Kopa 1.-4. klas@s 748 085 4105 182
Kopa 5.-7. klas@s 508 214 2959 172

Analizéjot PEAT pa partikas produktu kategorijam, visvairak izSkerdeta partikas
kategorija bija dzérieni, kas veidoja 42,24% no kopgjiem PEAT, kam sekoja pamatédiens
(kartupeli, makaroni, 1isi) (28,38%) un gala (11,77%). Viszemakais PEAT Tipatsvars bija
darzeniem, augliem, maizei un biezpiena produktiem, piemeram, biezpiena sierinam. AtSkiriba
no citiem starptautiskiem pétfjumiem, kur dominé darzenu atkritumi, $aja petjjuma tie bija
salidzino§i zemi, ko varétu skaidrot ar nelielu svaigu darzenu apjoma ieklausanu skolu
&dienkartg, kas izriet no nepietiekama valsts un pasvaldibu finans€juma skolénu pusdienam,
kas ierobezo skolu iesp&jas dazadot €dienkartes ar plasaku svaigo produktu klastu.

Papildus tika veikta PEAT monetaras vértibas analize, kas atklaja, ka vidéjas izmaksas
par PEAT (iznemot dzerienus) vienam skolenam bija 0,236 EUR, kas uz to bridi veidoja 16,6%
no valsts un pasvaldibas finansgjuma 1,42 EUR par &diena porciju. Sargkinot izmaksas 5 dienu
perioda, zaud&jumi bija 1666,88 EUR jeb aptuveni 333 EUR diena, kas macibu ménesT (21
darba diena) biitu aptuveni 7000 EUR. Nemot véra cenu Itmena atSkiribas dazadas valstis,
nebija iesp&jams viennozimigi noteikt §1s summas vertibu, tomér vietgja konteksta zaudegjumi
bija ieverojami. Tika aprékinats, ka par brivpusdienu izmaksam 1,42 EUR apmera par porciju,
ar Siem zaud@umiem vartu apmaksat &dinasanu gandriz 5000 skoléniem menesT.

Saja pétijuma biitiska probléma bija arT servétas maltites, kas palika neskartas. Ta ka
PEAT svér$ana notika COVID 19 pandeémijas laika, bija sarez£iti prognozét skolénu skaitu, kas

apmekl€s pusdienas, jo beérni vargja peksni saslimt. Virtuves darbiniekiem biezi triika precizas
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informacijas, lai pielagotu maltiSu daudzumu, tadgjadi palielinot risku pasttit un sagatavot
partiku, kas palika pilniba neskarta.

Balstoties uz iegiitajiem lauka p@tfjuma rezultatiem tika izstradatas rekomendacijas
&dinasanas procesa organizacijas uzlaboSanai R&zeknes skolas, kas var biit pamats arT citu
Latvijas skolu &dinasanas procesa organizacijas uzlabosanai (Lonska et al., 2022):

1) Izstradat un ieviest skolas izglittbas un komunikacijas strat€gijas, kas vérstas uz
ilgtsp&jigu un veseligu partikas paterinu.

2) Aktivi iesaistit skolas vadibu un pedagogus ilgtsp&jiga partikas patérina veicinasana.

3) Planot &dienkarti, lai ta balstitos ne tikai uztura vadlinijas, bet nemtu véra art skolénu
pieprasijumu un vélmes.

4) Optimizet &dinasanas planosanu, precizi prognozgjot €diena daudzumu.

5) Pardomati planot pusdienu partraukumus un pielagot édamzales vidi.

6) Uzlabot &diena pasniegSanas veidu.

7) Nodrosinat modernas virtuves iekartas un profesionalu virtuves personalu.

Kopuma pétijums atklaja, ka eso$a €dinasanas procesa organizacija R€zeknes skolas nav
ilgtspgjiga, jo gandriz tresdala no pasniegtas maltites netiek ap&sta, radot buitiskus resursu un
finansialus zaud&jumus, taja skaita neefektivu valsts budzeta Iidzeklu izlietojumu. Tika
identificéti galvenie PEAT c&loni Rézeknes pilsétas skolu &dinasanas procesa - &dienkartes
neatbilstiba skolénu gaumei, ierobezotas izve€les iesp€jas, nepictickama skolénu iesaiste un
nepilnibas &dinasanas procesa organiz€$ana. Pamatojoties uz iegiitajiem rezultatiem, tika
izstradatas rekomendacijas, kas veérstas uz &dinaSanas procesa organizacijas uzlaboSanu,
skolénu informé&tibas paaugstinasanu un optimalaku resursu izmantoSanu. Tika secinats, ka
turpmakajos petijumos biitu nepiecieSams izstradat individualus ieteikumus skolu vadibai, ka

arT parbaudit to praktisko pielietojumu skolu &dnicas.

2.2. PEAT samazina$anas intervencu efektivitates noveértéjums: otrais pilotpétijums
Rézeknes skolas

Balstoties uz AE konceptualo ietvaru, nakoSaja pétniecibas posma tika planoti praktiski
pasakumi, ar mérki uzlabot &dinasanas procesa ilgtsp&ju un samazinat partikas atkritumu
apjomu skolu &dinasana, jo neskatoties uz AE un ilgtsp€jas principu un stratégiju integréSanu
politikas planosanas dokumentos un vispargjas rekomendacijas, joprojam triikst prakse
parbauditu risinajumu, kas biitu pielagoti Sai videi un kontekstam. ArT Latvija Iidz §im nebija
veikti petijumi, kuros praktiski izméginati pasakumi PEAT samazinasanai skolu &dinasana,

tade] kartgja petijuma ietvaros tika izstradats un testets pasakumu kopums, kas balstits gan uz
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pasaules labas prakses piemériem, gan uz vietgja konteksta situacijas analizi (Lonska et al.,
2025) (V raksts).

Eksperiments un lauka petfjumi tika veikti 2023./2024. macibu gada cetras Reézeknes
pilsétas skolas (S1, S2, S3, S4), aptverot 1.-7. klases, kuras tiek nodroSinatas valsts un
pasvaldibas finans&tas brivpusdienas. Lai novértetu uz PEAT samazina$anu vérstu intervencu
ietekmi, tris R&zeknes skolas tika ieviesti un eksperimentali parbauditi dazadi risinajumi,
savukart ceturta S4 bija kontroles jeb testa skola, kura intervences netika Istenotas, tacu tika
veikti PEAT mérfjumi.

S1 skola tika uzstadits PEAT izsekotajs (plate waste tracker) (Matomatic AB, Uppsala,
Sweden) (LOWINFOOD, 2022). Tas bija digitals riks - virtuves svari, kas savienoti ar
plansetdatoru, kura darbojas IpaSa programmatiira. Skoléni taja atzimg&ja PEAT iemeslus
(piem@ram, parak liela porcija, negarSoja u.tml.), un vienlaikus sanéma vizualu atgriezenisko
saiti par izmestas partikas daudzumu un kada ir §Ts iz8kerdeSanas ietekme.

S2 skola tika Istenota izpratnes veicinaSanas un izglitoSanas kampana, kuras laika skolas
€dnica tika izvietoti informativi plakati ar saukliem, kas mudina neizskeérdét partiku, galda
kartes ar interesantiem faktiem par dazadiem partikas produktiem, lai izraisitu skoléniem
interesi tos ap@st, ka arT tika novaditas macibu stundas par partikas atkritumu
problémjautajumiem. Papildus tika organizets radoso plakatu konkurss, kura iesaistijas skoleni
no 1. lidz 9. klasei, tadgjadi veicinot vinu lidzdalibu un uzvedibas mainu caur vienaudzu
pieméru.

Savukart S3 skola tika ieviestas organizatoriskas izmainas - lielaka diametra pusdienu
$kivji, pagarinats pusdienu partraukums Iidz 30 miniitém un katrai klasei nodro$inata uzraugosa
pedagoga klatbutne pusdienu partraukuma laika.

Lai novértétu intervendu ietekmi, PEAT meérfjumi tika veikti tris periodos: septembri
pirms intervenéu uzsak$anas, lai noteiktu PEAT apjomu sakumpunktd; tad decembri, lai
novertétu intervencu istermina ietekmi, un aprili, lai novertetu intervencu ilgtermina ietekmi.
Katra pétijuma posma PEAT tika mériti vienu macibu nedélu jeb piecas darba dienas,
nodrosinot vienlaicigu datu vak3anu visas iesaistitajas skolas. Arl $aja pétijuma PEAT
mérjjumu nedélas tika nodroSinata vienota &dienkarte visds Cetras iesaistitajas skolas, lai
mazinati argjo faktoru ietekmi uz eksperimentu un nodrosinatu PEAT datu salidzinamibu starp
skolam. Kopa trTs mérfjumu kartas tika iegfiti PEAT dati no 17144 $kivjiem (paraugu skaits):
5772 - 2023. gada septembr, 5751 - 2023. gada decembrT un 5621 - 2024. gada aprili.

Sakuma tika apréekinats kopgjais PEAT apjoms, ieklaujot visu pasniegto &dienu — gan
atseviski serveéto pamatedienu, gan koplietoSanas traukos pasniegtos &dienus, taja skaita zupu,

salatus un maizi. Soreiz dzérieni netika icklauti PEAT analizé (2.1. attéls).
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2.1. attéls. Kopgjais PEAT apjoms no pasniegta &diena, % (Lonska et al., 2025), autores
tulkojums

2.1. attéla ir redzams, ka PEAT apjoms sastadija no 14,4% lidz 23,6% no kop&ja pasniegta
&diena.

Ta ka dazu &dienu, piem&ram, zupas, salatu un maizes, pasniegSanas veids S4 skola
atSkiras no pargjam skolam, dati tika filtréti, lai nodro§inatu to salidzinamibu. S4 skola zupa,
salati un maize, kas tika pasniegti koplietoSanas traukos, netika papildinati p&c katra pusdienu
partraukuma ka pargjas skolas, bet tika izmesti p&c katra pusdienu partraukuma. Statistiskaja
analizg tika ieklauti tikai atseviski pasniegto pamatedienu, auglu, konditorejas izstradajumu un
biezpiena sierinu atkritumi. PEAT dati tika analiz&ti, izmantojot divus modelus — pa klasem (1.
modelis) un pa dienam (2.modelis), Tstermina un ilgtermina, ka ar1 pielietojot Vilkoksona rangu
testu, lai statistiski izvertétu izmainu nozimigumu.

Petijuma rezultati atklaja, ka neviena no Istenotajam intervencé€m nenodro$inaja biitisku

un noturigu PEAT samazinajumu. Lai ari stermina tika novérotas daZas pozitivas tendences,
ilgtermina PEAT apjoms atkal pieauga.

Istermina (2023.gada septembris—decembris), balstoties uz 1. modela (klasu griezuma)
datiem (2.2. attels), tika konstatéts, ka PEAT bitiski samazinajas tikai S1 skola, kur tika
uzstadits digitalais PEAT izsekotdjs. Saja gadijuma novérotais PEAT samazinajums ar
Vilkoksona rangu testa p vertibu=0,000<0,001 bija statistiski nozimigs, kas noradija uz pozitivu
skolénu uzvedibas mainu, iesp&jams, ieinteresétibas del. Savukart S3 skola, kur tika veiktas
organizatoriskas izmainas &dina$anas procesa, PEAT istermina statistiski nozimigi paliclinajas
(p=0,011<0,05). Ka iesp&jamais iemesls tika noteikts ilgakas pusdienu pauzes, kuru laika
skoléniem bija pietiekosi daudz laika iegadaties konkurgjoSo partiku skolas &dnica par maksu.
S2 skola, kur tika 1stenota izpratnes veicinaSanas un izglitojosa kampana, ka arT kontroles skola

(S4), istermina izmainas PEAT apjoma nebija statistiski nozimigas (S2: p=0,159; S4: p=0,095).
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2.2. attels. Filtreto PEAT datu analize Tstermina, g/skolénu, 2023. gada septembris—2023.
gada decembris (pa klas€m) (Lonska et al., 2025), autores tulkojums

Ilgtermina (2023.gada septembris—2024.gada aprilis) 1. modela dati (2.3. att€ls) balstoties

uz Vilkoksona rangu testa rezultatiem uzradija, ka neviena no skolam, iznemot S3, statistiski
nozimigas izmainas PEAT apjomos netika konstatétas: S1 (p-vertiba=0,107>0,05), S2 (p-
verttba=0,890>0,05), un S4 (p-vertiba=0,639>0,05). Savukart S3 skola PEAT apjoms

ilgtermina turpindja palielinaties, un atSkiriba bija statistiski nozimiga (p=0,004<0,01),

apstiprinot negativu tendenci jau noveroto Tstermina rezultatu konteksta.
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2.3. attéls. Filtreto PEAT datu analize ilgtermina, g/skolénu, 2023. gada septembris—
2024.gada aprilis (pa klasém) (Lonska et al., 2025), autores tulkojums

Balstoties uz 2. modela (dienu griezuma) datiem (2.4. un 2.5. atteli), ne Istermina, ne

ilgtermina netika konstatetas statistiski nozimigas atskiribas PEAT apjoma neviena no skolam.

Vilkoksona rangu testa rezultati visos gadijumos apstiprinaja, ka noverotas izmainas nav

statistiski nozimigas. Tas norada, ka neviena no Tstenotajam intervenc€m dienu griezuma nav

radijusi biitiskas izmainas skolénu partikas patérina uzvediba vai PEAT apjomos. Tomér
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jaatzime, ka S3 skolas gadijuma ilgtermina p-vértiba=0,063 bija tuvu statistiskds nozimes
robezvertibai 0,05, noradot uz iespgjamo PEAT pieauguma tendenci ilgtermina, tacu

apstiprinajumam nepiecieSama padzilinata analize.
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2.4. attéls. Filtreto PEAT datu analize Tstermind, g/skolénu, 2023. gada septembris—2023.
gada decembris (pa dienam) (Lonska et al., 2025), autores tulkojums
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2.5. attéls. Filtreto PEAT datu analize ilgtermina, g/skolénu, 2023. gada septembris—
2024.gada aprilis (pa dienam) (Lonska et al., 2025), autores tulkojums
Arf $aja lauka pétijuma tika atklats, ka skolas servétas maltites biezi palika neskartas. ST
situacija galvenokart saistita ar neprecizu skolénu skaita planosanu, jo informacija par bérnu
prombiitni ne vienmér laicigi nonaca pie virtuves darbiniekiem. Tpasi S2 un S4 skolas servéto
maltiSu skaits bija lielaks neka faktiskais skolénu skaits, kas piedalijas pusdienas. Lielako dalu
no tam dalgji apeda klases biedri (parasti apeda galas €dienu, bet piedevas tika atstatas uz $kivja)
vai pardeva vecako klasu skoléniem, tomér liela dala no tam tika izmestas atkritumos. Sadas

maltites veicinaja kopgjo PEAT pieaugumu un ietekm@&ja rezultatu svarstibas starp skolam.
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S pétijuma ietvaros skolénu partikas patérina uzvediba tika analizéta, balstoties uz MOA
uzvedibas modeli, kas lauj daudzdimensionali izvertét uzvedibas priekSnoteikumus un SkérSlus
ilgtspgjiga partikas paterina veidoSanai skolu vide. P&tljuma rezultati atklaja, ka neviena no
Tstenotajam intervencém viena pati nav pietiekama ka vienots risinajums PEAT samazina$anai
ilgtermina. Lai veicinatu skolénu uzvedibas mainu un efektivi samazinatu partikas
iz8keérdesanu, nepiecieSamas kompleksas, kontekstam un videi pielagotas stratégijas, kas
apvieno izglitosanu, praktisku iesaisti un sist€miskas parmainas skolu &dinasanas programmas.
Ipasi jaatzimé strukturalie $keérsli Latvijas skolu &dinasanas modeli, kur doming ieprieks pilniba
vai dal&ji porcionéts un individuali servets diens bez iespgjas skoleéniem izveleties €diena veidu
vai porcijas lielumu. Saskana ar MOA uzvedibas modeli, $ados apstaklos tiek ierobezotas
skolénu iesp€jas (Opportunities) rikoties atbildigi un samazinat partikas atkritumus, jo
ilgtsp€jiga patérina prakse iesp&jama tikai tad, ja tiek nodroSinatas visas tris komponentes —
motivacija, iespgjas un spéjas.

Intervenéu ietekmes rezultati pa skolam apstiprina, ka PEAT samazinaSana skolu
€dinasana ir daudzdimensionals izaicinajums un nav vienas universalas pieejas ta risinasanai.
Ilgtsp&jigu rezultatu sasniegSanai nepiecieSama kompleksa un kombingta pieeja, kas apvieno
parmainas &dinaSanas modell ar porciju un &diena izvéli, PEAT monitoringu un &dienreizu
planosanu, izglitojosam aktivitattm un skolotaju iesaisti. Turklat Istenotajiem risinajumiem
jabiit pielagotiem konkrétai darbibas videi un regulari japilnveido, balstoties uz noverteéjumu

un atgriezenisko saiti.

2.3.  Ilgtspéjigs partikas paterins skolu édinasanas procesa: skolénu izpratne un
vértejums

Ta ka skoléni ir galvenie partikas paterétaji skolu €dinasana, vinu personigais redz&ums
ir pasi nozimigs, izvertjot ilgtsp&jiga partikas paterina iespgjas skolas. Situacijas izverte&jums
no pasu skolénu skatu punkta var bt pamats mérktiecigu iniciativu un strat€giju izstradei
partikas atkritumu samazinaSanai. Tapéc, lai noveértétu skolénu izpratni un zinasanas par
partikas atkritumu problémam, vinu attieksmi pret skolas &dienu un pusdienu organizaciju, ka
ar1 identificétu subjektivos PEAT c€lonus, tika veikta skolénu aptauja Setras Rézeknes pilsétas
skolas (Deksne et al., 2025a) (VI raksts).

Aptauja tika organizeta divas kartas: pirms intervencu perioda 2023. gada septembrT un
pec intervencu laika 2024. gada aprilt vienlaicigi Cetras Rézeknes pilsétas skolas, aptverot
skolénus no 1.-7. klasei, kam tiek nodro§inatas valsts un pasvaldibas apmaksatas brivpusdienas.
Pirms aptaujas veikSanas, aptaujas anketa tika validéta 2023. gada maija, veicot klatienes

intervijas ar 28 skoléniem (pa vienam skolénam no katras klases katra no ¢etram skolam). S
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procediira lava novertét jautajumu skaidribu un atbilstibu skolénu vecumam un izpratnes
Iimenim. Tacu pirms intervencu aptaujas laika tika konstatéts, ka 1. klasu skolénu lasiSanas un
rakstiSanas prasmes tomer nav pietiekami labas, lai varétu pilnvertigi piedalities aptauja, jo
viniem bija nepiecieSams ilgs laiks, lai izprastu katru jautajumu, lidz ar to tika pienemts [émums
izslégt 1. klasu skolénus no aptaujas procesa. Ir jaatzimé, ka vairaku iemeslu dél pétijjuma
rezultatu analizei tika izmantoti p&€c intervencu, t.i. 2024. gada aprili organizétas aptaujas
rezultati, savukart pirms intervencu aptaujas dati tika ieklauti Spirmena korelacijas analizg, lai
izpilditu izlases lieluma prasibu.

Aptaujas anketa ieklautie jautajumi aptvera Cetras dimensijas:

I Respondentu demografiskais profils;

IT Vides dimensija - pamatzinaSanas par skolas &dienu, partikas produktiem un to
negativo ietekmi;

III Personiga dimensija - skolénu individuala attieksme pret partikas produktiem, un vinu
personigie partikas paterina paradumi;

IV Organizatoriska dimensija - skolénu viedokli par €diena sensoro kvalitati (garsa,
smarza, izskats, temperatiira) un vinu vertéjums par skolas €dnicas organizaciju un vadibu.

Anketa bija ieklauti gan atverta tipa jautajumi, gan strukturdti slégta tipa jautdjumi ar
atbilzu variantiem. Aptaujas anketas aizpildiSanai bija pieejamas papira un digitala forma: 2.—
4. klasu skoléni parsvara pildija papira anketas, savukart 5.—7. klasu skoléni - digitalas anketas.
Piekluve e-anketai tika nodrosinata, izmantojot projekta timekla vietni, ievadot paroli. ST pieeja
tika izveleta, nemot vera jaunako skoleénu digitalas prasmes, ka arT datorklasu pieejamibu
skolas.

Visi skoléni aptaujas anketas pildija sava skolotaja un projekta parstavja klatbutng, lai
nepiecieSamibas gadijuma biitu iespgja izskaidrot jautdjumu biitibu, it Ipasi sakumskolas
skoléniem.

Kopuma péc intervencu aptauja piedalijas 944 skoléni, kas veidoja 82% no generalkopas.
Respondentu sadaltjums visas kategorijas un grupas bija lidzsvarots (VI raksts - 1.tabula),
tadgjadi nodrosinot, ka izlase ir reprezentativa un aptaujas rezultatus nesamerigi neietekme
vienas grupas parsvars.

Aptaujas rezultatu analizei tika izmantotas statistiskas analizes metodes - aprakstosa
statistika, Kruskala-Valisa H-tests (Kruskal-Wallis H test), Manna Vitnija U tests (Mann—
Whitney U post hoc test), Spirmena korelacijas analize (Spearman’s correlation analysis).

Aptaujas II dimensijas rezultati atklaja, ka skolénu izpratne un zinaSanas par partikas
atkritumiem ir nepilnigas. Lielaka dala skolénu saistija partikas atkritumus ar sabojatu &dienu
(66,4%) un mizam vai kauliem (59,3%), tikai 45,4% atzina, ka arT neap&sts €diens uz $kivja ir
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uzskatams par partikas atkritumiem, turklat %3 skolénu tos asoci€ja ar partikas iepakojumu.
Neliela dala (14,6 %) skolénu uzskatija, ka skolas &diens nav veseligs, un 24,1% nezinaja atbildi
uz $o jautajumu. Attieciba uz vides aspektiem - 21,7 % respondentu nepiekrita viedoklim, ka
partikas atkritumiem ir negativa ietekme uz vidi, bet %3 nevargja atbildet uz So jautajumu. Ar1
ekonomiskie aspekti nebija pilniba skaidri, 18,7% (atbildes “N&” un “Drizak n&”) skolénu
nepiekrita, ka partikas iz§kérdeéSana nozime art naudas izskérdesanu, savukart 17,4% nevargja
atbildét uz So jautdjumu. Atklajas ierobezota izpratne un zinaSanas par partikas atkritumu
apsaimniekoSanu. Lielaka dala respondentu (43,9%) uzskatija, ka PEAT nonak atkritumos,
gandriz tikpat daudz skolenu uzskatija, ka PEAT tiek izbarots majdzivniekiem, 1/3 atzimégja,
ka nezina, kas notiek ar PEAT.

Kopuma rezultati atklaja, ka Rezeknes pilsétas skolu skoléniem ir nepilniga izpratne un
ierobezotas zina$anas par partikas atkritumu problematiku. Tika secinats, ka skoléniem trikst
skaidras izpratnes par partikas atkritumu jédzienu, to ietekmi uz vidi un ekonomiku, ka arT par
atkritumu apsaimniekoSanas iesp&jam. Lidz ar to butisks priekSnoteikums efektivai partikas
atkritumu samazinasanai skolas ir skolénu izpratnes veidoSana un zinaSanu par ilgtsp&jigu
partikas pat€rinu stiprinasana.

Analizgjot aptaujas III dimensijas rezultatus attieciba uz skolénu attieksmi pret partikas
atkritumiem un skola pasniegto &dienu, tika atklats, ka lielako dalu skolénu (65,4%) Rézeknes
pilsetas skolas neuztrauc partikas iz§kérdesana, tomér ' atzina, ka §1 probléma vinus uztrauc.
Analizgjot skolénu atbildes uz jautajumiem par to, cik daudz no pusdienas pasniegta &diena

parasti tiek apésts, atklajas biitiskas atSkiribas dazadu &dienu patérina (2.6. attels).
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2.6. att€ls. Respondentu atbilzu sadalijums uz jautajumiem par to, cik daudz no pusdienas
pasniegta €diena parasti tika ap@sts, % (Deksne et al., 2025a), autores tulkojums
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Datu analizes rezultati atklaja, ka deserts (saskana ar skolas &dienkarti tas parasti ir
smalkmaizite, kekss, biezpiena sierin$ vai faséts jogurts) ir vislabak patérétais &diens - 71,5%
respondentu noradija, ka to aped visu vai gandriz visu, tam sekoja pamatediens - 53,6%
atzimgja, ka to apéd visu vai gandriz visu, un maize, ko ap@d visu vai gandriz visu aptuveni
puse respondentu (46,8%). Savukart vissliktak patérétie €dieni bija darzenu salati - 32,5%
respondentu atzimgja, ka tos vispar ne€d. Ka art zupa, ko vispar ne&d 37,1% skolenu.

Tika secinats, ka Sada &dienu izveles disproporcija nenodrosSina pietickamu uzturvielu
uznems$anu un var negativi ietekmet skolénu ikdienas uztura kvalitati. L1dz ar to nepiecieSamas
visaptvero$as izmainas &dienkartes planosana, kas vienlaikus veicinatu darzenu un citu partikas
produktu pat@rinu, un arT nemtu vera ne tikai uztura prasibas, bet arT skolénu vélmes un &anas
paradumus. Sads lidzsvars lautu uzlabot gan &Sanas pieredzi skola, gan samazinat PEAT
apjomu.

Attieciba uz iemesliem, kap&c netiek ap@sts pusdiends pasniegtais €diens, aptaujas

rezultati atklaja galvenos PEAT c€lonus no skolenu skatu punkta (2.7. att€ls).

ZUPA (n=943) [120.0% 4617% 24.8% 9.4% l4.3%
PAM(‘:;EEZ’)IENS W7.7% 417% 20.4% 10.2% 13.9%
DESERTS (n=942) [08.3% 314% 16.0% 6.4% |3.6%
MAIZE (n=940) |5.4% 2.7% 11.4% 7.3% l4.1%
SALATI (n=943) H10.9% 4612% 12.8% 52% 13.3%

B Porcija ir parak liela
= Man negarSo pasniegtais édiens
Man nepietiek laika, lai apéstu pasniegto édienu
Pusdienas tiek pasniegtas parak agri, man vél negribas ést
u Tapéc, ka citi ta dara

2.7. attels. Respondentu atbilzu sadalijums uz jautajumiem par galvenajiem iemesliem, kapéc
vini neap@d vai ne&d pasniegto &dienu, % (Deksne et al., 2025a), autores tulkojums
Viens no galvenajiem iemesliem, ko atziméja gandriz puse respondentu attiectbauz zupu

(46,7%), salatiem (46,2%) un pamatedienu (41,7%), bija tas, ka skoléniem negarso pasniegtais

&diens. Otrs visvairak atzimé&tais iemesls bija nepietickams laiks €Sanai — 24,8% respondentu

So iemeslu atzimg&ja attieciba uz zupu un 20,4% - attieciba uz pamatedienu. Tapat 20%

respondentu atziméja parak lielas porcijas ka iemeslu PEAT attieciba uz zupu un 17,7% -

attieciba uz pamateédienu.
Interpretgjot rezultatus, tika secinats, ka katram iemeslam var buit dazadi kontekstuali un

individuali faktori — ierobezota pieredze ar konkrétiem &dieniem majas vide, personiga garsas
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uztvere, €Sanas paradumi, fiziologiskas vajadzibas u.d.c. Lidz ar to, lai veicinatu atbildigu
partikas patérinu un efektivi samazinatu PEAT, ir batiski nemt véra $o faktoru savstarp&jo
mijiedarbibu un skolénu individualas Tpatnibas, piedavajot elastigaku, skolénu v€lmém un
vajadzibam pielagotu &dienkarti.

Uz to norada arT aptaujas rezultati par to, ko skoléni dara ar &dinu, kas paliek neapésts.
Gandriz tresdala skolénu atzimg&ja, ka to atdod klasesbiedram, neliela dala (14,2%), to ko var
(auglis, maize, deserts) panem lidzi un apéd velak, bet lielaka dala respondentu (58,7 %)
atzim@ja, ka &diens tiek atstats uz $kivja. Sada izvéle liela méra ir saistita ar ierobezotajam
iesp&jam Reézeknes skolas, kur skoléniem faktiski netiek piedavatas alternativas, ko darit ar
neap@sto &dienu. Tapec, lai veicinatu uzvedibas izmainas, nepietiek tikai ar informé&Sanu,
izglitoSanu vai €dienkartes mainu. NepiecieSamas arl organizatoriskas izmainas, kas dotu
skoléniem izvéles iesp&jas attieciba uz &diena veidu un daudzumu. Sada pieeja varétu uzlabot
skolénu &$anas paradumus un samazinat PEAT apjomu skolu vide.

Analizgjot aptaujas IV dimensijas rezultatus par skolénu apmierinatibu ar skola pasniegta
€diena sensorajam ipasibam — garSu, smarzu, izskatu un temperatiiru — tika atklats, ka skolénu
vertejumi Sajas kategorijas ieverojami atskiras starp skolam, klaseém un dzimumiem. Tomér
kopuma iegiitie dati noradija, ka skolénu apmierinatiba ar &diena sensorajam Ipasibam
Re&zeknes pilsetas skolas ir relativi zema, un 1pasi zems novertgjums tika sniegts attieciba uz

€diena temperatiiru un smarzu (2.8. attels).

Izskats IR0 26,3 150 710

Garsa G 28,6 152 51

Smarza [IEZOZEEER24 00 26,9 19,7 92
Temperatara RO 7100 19,8 24,0

0% 10% 20% 30%  40% 50% 60% 70% 80% 90%  100%
B Vienmér = Biezi = DaZreiz * Reti ®Nekad
2.8. attels. Respondentu atbilzu sadalijums uz jautajumiem par apmierinatibu ar skola

pasniegta €diena sensorajam tpasibam, % (n = 944) (Deksne et al., 2025a), autores tulkojums

Tikai neliela dala skolénu noradija, ka vienm@r ir apmierinati ar €diena sensorajam
IpaSibam. Apvienojot atbildes "vienm@r" un "biezi", vislabak tika novertéts &diena izskats
(51,6%) un garSa (51,1%). Savukart vissliktak — &diena temperatiira (46,2%) un smarza
(28,9%).

Kopuma tika secinats, ka skola pasniegtais €diens lielakoties neatbilst skolénu uztverei

par kvalitativu maltiti. Tika noverotas arT vecuma un dzimuma atSkiribas — jaunako klaSu
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skoléni kopuma sniedza pozitivakus vert€jumus, kamér vecako klasu skoléni vairak pauda
neapmierinatibu. Tapat z&ni veértéja édienu pozitivak, savukart meitenes bija kritiskakas. Arf Sie
rezultati atspogulo Rezeknes skolu &dinasanas modela trikumus, jo &diens, kas tiek ieprieks
porciongts un servéts, [1dz &Sanas bridim biezi vien jau ir atdzisis, kas negativi ietekmé ar1 ta
garsu.

Lai noskaidrotu, vai pastav saistiba starp skolénu &diena sensoro Tpasibu novertgjumu un
PEAT apjomu, tika veikts Spirmena korelacijas tests, icklaujot pirms un péc intervenu perioda
datus (VI raksts — A1 tabula). Rezultati atklaja, ka nepastav statistiski nozimiga saistiba starp
skolénu apmierinatibu ar skolas &diena sensorajam ipasibam un PEAT (p>0,05), noradot uz
citiem ietekmes faktoriem, taja skaita €diena veida un porciju lieluma izveles iesp&jam.

Aptaujas rezultati atklaja, ka vairak ka puse skoleénu ir apmierinati ar butiskakajiem
edinaSanas organizacijas aspektiem. 55,2% skolénu pauda apmierinatibu ar pusdienu
pasniegsanas laiku, 56,8% — ar pusdienu partraukuma ilgumu un 60% respondentu atzina, ka
viniem patik, ka &diens jau ir servéts uz galdiem. Tome@r aptuveni 1/3 skolénu v&l&tos, lai
pusdienas tiktu pasniegtas agrak, biitu garaks pusdienu partraukums un iesp&ju pasSiem
izveleties &diena veidu un porcijas lielumu. Sie raditaji norada uz butiskam nepilnibam
pasreiz€ja &dinaSanas modeli. Tika secinats, ka nepiecieSami uzlabojumi &dinaSanas
organizacija, kas ietvertu ne tikai pusdienu laika un ilguma pielagosanu, bet ar1 elastigaku
pieeju porciju un &diena izvele, kas varetu veicinat lielaku skolénu apmierinatibu un vienlaikus
mazinat PEAT.

Lielaka dala skolénu pozitivi vérté gan &dnicas personala, gan skolotaju attieksmi un
iesaisti pusdienu laika. 74,7% respondentu noradija, ka €dnicas darbinieki vienmer vai biezi ir
laipni un izpalidzigi, 77,6% — ka skolotaji vienmer vai biezi palidz pusdienu laika, savukart
58,4% atzimgeja, ka skolotaji biezi vai vienmér &d kopa ar viniem pie viena galda. Tomér, lai
arT kopg€jais skolénu noveértéjums par €dnicas personala un pedagogu iesaisti pusdienu laika ir
pozitivs, jaatzim€, ka R&zeknes pilsétas skolas skolotaju iesaiste €dinasanas procesa biitiski
atskiras starp skolam un klasu grupam. Tika noverots, ka skolotaji visbiezak asiste tikai jaunako
klasu (1.-4. klase) skoleéniem. Latvija skolotaju iesaiste pusdienu laika ir brivpratiga un netiek
ieklauta oficialaja darba slodzg, Iidz ar to pedagogu motivacija piedalities $aja procesa ir
atkariga no vinu personigas iniciativas un atticksmes. Arvalstu prakses, pieméram, Zviedrijas
pieeja, kur skolas pusdienas ir integrétas izglitibas programma ka “pedagogiskas maltites” un
Sis darbs tiek apmaksats, ieviesana Latvijas skolu €dinaSanas procesa varétu biitiski uzlabot
pusdienu laika izglitojoSo vertibu, veicinot pozitivu un atbildigu partikas patérina uzvedibu

skolenu vida, ka ari potenciali samazinatu PEAT apjomu skolas. Skolotaju klatbiitne ne tikai
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nodroSina praktisku palidzibu, bet arT rada cieppilnu, droSu un koordin€tu &Sanas vidi, kas
ilgtermina var veicinat ilgtsp€jigakus &Sanas paradumus.

Aptaujas rezultatu analize MOA ietvara skaidri atklaja, ka paSreizgjais skolu &diena

pasniegSanas modelis Rézeknes pilséta nav orientéts uz ilgtspéju un PEAT mazinaSanu. Eso$a
ierobezojosa sistéma, kura &diens tiek iepriek§ individuali porcionéts un servéts, liedz
skoléniem vienu no butiskakajiem uzvedibas mainas elementiem — iespgjas rikoties, tadgjadi
patstavigi pienemt atbildigus l&émumus par &diena izvéli un daudzumu. Sis aspekts kavé
uzvedibas mainu ilgtsp&jiga partikas pat€rina virziena. Rezultati norada uz nepiecieSamibu
parskatit skolu &dinasanas organizacijas principus, nodrosinot lielaku elastibu, izveles iesp&jas
un skolénu lidzdalibu. Tikai tad bis iesp&jams izveidot ilgtsp&jigu, uz skolénu vajadzibam
orientetu €dinasanas modeli, kas sekme atbildigu partikas patérinu un palidz samazinat partikas

atkritumu apjomu ilgtermina.
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3. RISINAJUMI SKOLU EDINASANAS PROCESA
ORGANIZACIJAS UN PARTIKAS SISTEMU TRANSFORMACIJAI

3.1. Tehnologiskie risinajumi partikas atkritumu noveérsanai

Balstoties uz iepriek§&jos petijumu posmos iegiitajiem rezultatiem par PEAT apjomiem
un to c€loniem skolu &dinasana, ka ar1 identificétajam ar dinasanas organizaciju saistitajam
nepilnibam, tika secinats, ka nepiecieSama &dinasanas parvaldibas procesa optimizacija
Latvijas skolas ar mérki samazinat PEAT daudzumu. Tika atklats, ka $aja konteksta bitiska
loma ir tehnologiskajam inovacijam, kas visa pasaul€ tiek plasi izmantotas partikas atkritumu
samazinas$ana dazadas nozares (Kodors et al., 2024) (VII raksts). Teorétiska analize atklaja, ka
arT AE ietvara digitalie un tehnologiskie risinajumi ir butiski atkritumu novérSana un ilgtsp&jiga
resursu parvaldiba.

Lai risinatu identificétas problémas un veicinatu ilgtsp€jigu skolu €dinaSanas procesa
parvaldibu, tika izstradats uz zinasanam balstitas rekomendaciju sistémas (knowledge-based
recommendation system) prototips, kas darbojas uz maksliga intelekta bazes un ir paredzéts ka
praktisks Iemumu pienemsanas atbalsta riks skolu vadibai un personalam. Ta mérkis ir sekmét
lemumu pienem3anu par skolas ekosistémas sakarto$anu ta, lai samazinatu PEAT apjomu un
vienlaikus sekmétu atbildigu partikas pat€rinu, uzlabojot €dinasanas procesa organizaciju
skolas.

Rekomendaciju sist€émas prototips tika izstradats balstoties uz CDD pieeju, kas lauyj
sasaistit rekomendacijas ar skolas ekosistémas izm@ramiem parametriem, lai apmierinatu uz
datiem balstitas pieejas prasibas. Tas pamata bija ekspertu zinasanas, kas iegtitas E-mentors
projekta. Eksperti identificEja 26 galvenas rekomendacijas partikas atkritumu samazinasanai,
kuras tika saistitas ar konkrétiem izverté€Sanas kriterijiem, un kopuma tika izstradati 53
pasnovertéjuma jautajumi, kas aptver bitiskakos skolu &dinaSanas organizacijas aspektus un
lidz ar to lauj noteikt katras skolas aktualas problémas un sniegt visatbilstosakos ieteikumus.

Prototips tika veidots, ieklaujot tris funkcionalos komponentus:

e Audita moduli, kas nodroSina strukturétu paSnoveérte§juma celvedi skolu &dinaSanas
procesa izveértésanai. Sis modulis lauj lietotajiem atbildét uz jautajumiem, kas aptver
butiskakas ar edinasanas organizaciju saistitas jomas, un rezultati tiek att€loti vizuali,
veidojot pamatu ieteikumu sniegSanai.

e ZinaSanu bazi, kura ieklauti 53 pasnovert€§juma jautajumi un 26 digitali strukturétas
rekomendacijas, kas izstradatas, balstoties uz ekspertu diskusijam, literatiiras analizi un

Rézeknes skolu &dinasanas ipatnibam. Katra rekomendacija ir sasaistita ar vienu vai
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vairakiem izvert€Sanas krit€rijiem, kas lauj sisteémai sniegt pielagotus ieteikumus
atbilstosi konkrétas skolas situacijai.

e PEAT prognozésanas riku, kas integréts no E-mentors projekta izstradata simulatora.
Tas balstas uz skolu administrativajiem parametriem un skolénu aptauju datiem, laujot
modelét PEAT potencialos apjomus un sniegt datos balstttu pamatojumu rekomendaciju
piemerosanai.

Papildus So komponentu ietvaros eksperimentali tika parbaudita LLM klasifikatora
funkcionalitate, kura mérkis ir nodroSinat lietotajiem iesp&ju filtrét jautajumus un ieteikumus,
izmantojot briva teksta pieprasijumus. LLM tika apmacits ar pielagotiem datiem un testéts
dazados scenarijos, tom&r Sobrid $§1 funkcionalitate v&l nav pilniba integréta lietotajiem
pieejamaja prototipa. Lai nodro$inatu rekomendaciju digitalizaciju atbilstosi CDD pieejai, bija
nepiecieSama ekspertu iesaiste. Eksperti piedalijas ieteikumu parstrukturé$ana, sasaistot tos ar
izméramiem raditajiem un konkrétam audita pazimém, kas raksturo &dinaSanas procesa
organizaciju skolas. Turklat, lai novértétu rekomendaciju nozimigumu, tika izmantota
strukturéta paru salidzina$anas metode. Cetras ekspertes ar pieredzi partikas atkritumu
mazinasanas joma individuali izveért&ja katras rekomendacijas potencialo ietekmi uz PEAT
samazinasanu. Apkopotie rezultati lava noteikt to relativo svaru un klasificet tas tris prioritates
limenos — no visbiitiskakajam Iidz mazak nozimigajam. Ekspertu balsojuma rezultata
visaugstak tika novertétas $adas rekomendacijas: iesp&ja skoléniem izveleties starp diviem
&dieniem, bufetes tipa &dinasanas modela ievieSana, ka arT koordingta un savlaiciga
informacijas apmaina starp skolas un &dinasanas personalu, kas lauj precizi planot skolénu
skaitu un attiecigi — nepiecie$amo pagatavojama &diena daudzumu.

Ar izstradato rekomendaciju sist€émas prototipu ir iesp&jams:

veikt strukturétu skolu &dinasanas procesa pasnovertgjumu, aptverot 10 bitiskas
kontekstualas jomas (piem&ram, €édamzales vides organizacija, pusdienu laika grafiks,
&diena pasniegSanas veids u.c.);
e Dbalstoties uz konstatetajiem audita rezultatiem un identificetajiem riska faktoriem,
sniegt katrai skolai pielagotus ieteikumus partikas atkritumu samazinasanai;
e izmantot prognozésanas riku, kas, balstoties uz skolas parametriem un skolénu aptaujas
datiem, lauj novertét paredzamo PEAT apjomu;
e cksperimentali izmantot LLM klasifikatoru, kas lauj ar briva teksta pieprasijumiem
filtrét atbilstoSas rekomendacijas un audita jautajumus.
Zinasanas balstitas rekomendaciju sist€émas izstrade ir bitisks solis cela uz datos un
pieradijumos balstitu partikas atkritumu samazinasanu skolu &dinasanas procesa. Sads riks var

but praktisks atbalsts skolu &dinasanas procesa pasnoverte§jumam, ar kura palidzibu identificet
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biitiskakas problémas un sanemt individuali pielagotus risinajumus, lai merktiecigi virzitos uz
optimalaku resursu parvaldibu, atbildigaku partikas patérinu un uzlabotu €dinasanas procesa

kvalitati Latvijas skolas.

3.2.  Konceptuils ricibas plans bezatkritumu partikas patérina veicinasanai skolu
edinasanas procesa

Promocijas darba ietvaros veikto empirisko p&tijumu rezultati atklaja vairakus butiskus
aspektus, kas kave pareju uz bezatkritumu partikas pat€rinu Reézeknes skolu €dinasanas procesa.

Pamata tie ir saistiti ar esoSo &diena pasniegSanas modelis, kur skolu &dinasanas procesu
organiz€ un parrauga pasvaldiba. Pakalpojums tiek nodroSinats slégta tipa skolu €dnicas,
centralizéti parvaldot partikas iepirkumus, &dienkarSu planosanu un personala darbu.
Edinasanas organizacija balstas uz stingru normativo reguléjumu, kas nosaka obligatas uztura
normas, izcenojuma ierobezojumus, ka arT higi€nas un partikas drosibas prasibas. Lai arT Sie
nosacijumi ir bitiski skolénu veselibas aizsardzibai un nodro$ina pusdienu maltites atbilstibu
uztura standartiem, tie nav pielagoti vinu individualajam ipatnibam, vélm&m un apetitei, Iidz ar
to veicina partikas atkritumu veidoSanos (Deksne et al., 2025a; Lonska et al., 2022, 2025).

Ediens skolas tick iepriek$ servéts un ir pilniba vai dal§ji porcionéts, bez iespgjas
skoléniem izveleties porcijas lielumu vai &diena veidu. Nav vienotas sistémas, kas lautu
operativi pielagot porciju daudzumu faktiskajam skolénu skaitam, kas apgritina precizu
planoSanu. Pusdienu partraukumi tiek organizeti parak agri un ir 1si, kas ietekmé& gan €Sanas
tempu, gan v&lmi &st. Edienkartes tick sagatavotas bez skolénu vai vecaku iesaistes, ka rezultata
tiek gatavoti un pasniegti skolénu gaumei un vélmeém neatbilstosi &dieni. Tapat triikst vienotas
partikas atkritumu audita sistémas, [idz ar to nav preciza prick3stata par PEAT apjomiem, kas
ierobezo datos balstitu lemumu pienem3anu un efektivu stratégiju izstradi. Sie faktori samazina
&dinasanas procesa kvalitati, ierobezo skolénu patstavibu un neveicina atbildigu partikas
patérinu (Deksne et al., 2025a; Lonska et al., 2022, 2025).

Rezultati atklaj, ka pie $ada &dinaSanas organizacijas modela nav iesp&jama skoleénu
uzvedibas maina. Balstoties uz iepriek§ minéto MOA modeli - Rézeknes skolu skol€niem ir
ierobezotas sp&jas (Ability), trukst motivacijas (Motivation) un ir liegtas iespgjas
(Opportunities) atbildigi patérét partiku un noverst vai mazinat PEAT apjomu. Lielai dalai
skolénu ir ierobeZota izpratne un zinaSanas par partikas atkritumiem, to negativo ietekmi un
apsaimniekosanu. Skolas triikst sistematisku un kompleksu izglitojoSo aktivitasu, kas
aktualiz&tu Sos jautajumus un palidz&tu veidot atbildigus partikas patérina paradumus. Tapat
tika novérota zema personigas atbildibas izjlita un motivacija rikoties ilgtsp&jigi, jo partikas

atkritumu probléma skolas netiek akcentéta. Trikst arT pozitivu uzvedibas stimulu un nav
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lidzdalibas vai iesaistes iesp€ju, kas palidzetu veidot atbildigus patérina paradumus. Lidz ar to
skoléni neapzinas savu lomu partikas atkritumu samazina$ana, un vinu uzvedibu liela méra
nosaka argjie apstakli, nevis ieks$€ja motivacija. Ir liegtas iesp&jas izveleties ediena daudzumu
un veidu. Porcijas netiek diferencétas atbilstosi vecumam vai apetitei, ka arT netiek nodroSinata
iespgja panemt Iidzi neapésto &dienu. Sie strukturdlie un organizatoriskie ierobezojumi liedz
pat inform&tam un motivétam skolénam atbildigi rikoties un kavé uzvedibas mainu.

Ta ka $ads &diena pasniegSanas modelis ir izplatits arT citas Latvijas skolas, §1 gadijuma
izp@tes rezultati var tikt izmantoti ka pamats secinajumu un priekslikumu attiecinasanai plasaka
meroga.

Kopuma rezultati apstiprina H1 hipotézi par to, ka Latvijas skolas &diena pasniegSanas
modelis ar iepriek$ individuali servétam pilniba vai dalg&ji porcion&tam maltitém, neatbilst
ilgtsp&jigas AE principiem un neveicina bezatkritumu partikas paterinu.

Rezultati apstiprina arT H2 hipotézi par to, ka atseviski Istenotas intervences partikas
atkritumu mazinasanai nenodroSina ilgtermina ietekmi skolu &dinasanas procesa.

Lai sekmétu parmainas €dinasanas procesa organizacija skolas, nepiecieSams veidot tadu
sistému, kas vienlaikus stiprina skolénu zinaSanas un prasmes, attista motivaciju un nodrosina
realas iesp&jas atbildigi rikoties.

Lai risinatu eso$a &diena pasniegSanas modela ierobezojumus un nodro$inatu pareju uz
ilgtsp&jigu, bezatkritumu partikas paterinu skolas, tika izstradats konceptuals ricibas plans, kas

balstas uz ilgtspgjigas AE un ilgtsp&jigas partikas sist€mas principiem (3.1. attels).

ESOSA Izmainas politikas un
EDINASANAS likumdosanas limeni
PROCESA
ORGANIZACUA L] =
SKOLAS ‘ Ediena pasnieg$anas
A \& modela maina
§/, 4 G [ ]
/7 W2
* / W\ Skolénu patérina »
T e XN\ uzvedibas maina NODROSINATAS

. y IESPEIAS

A

Sadarbiba
starp

MOTIVACUAS
TROKUMS

SPEIAS

ARENIE FAKTORI AREJIE FAKTORI AREIIE FAKTORI AREIIE FAKTORI

3.1. attels. Konceptuals ricibas plans bezatkritumu partikas paterina veicinasanai skolu
€dinasanas procesa organizacija, balstoties uz ilgtspgjigas aprites ekonomikas un ilgtsp&jigas
partikas sistémas principiem (autores veidots)
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3.1. attela redzamais konceptualais ricibas plans ilustré parejas procesu no esosas,
ierobezojosas €dinasanas procesa organizacijas skolas uz ilgtsp&jigu, bezatkritumu partikas
patérina modeli. Tas veidots, balstoties uz MOA uzvedibas teoriju un atspogulo, ka konkréti
ricibas virzieni var nodroSinat &dinaSanas procesa organizacijas transformaciju.

Ricibas plana ieziméti tris galvenie parmainu virzieni:

Izmainas politikas un likumdosanas Iimeni. Balstoties uz esoSo stingro regulativo
ietvaru, skolas biezi vien ir spiestas mehaniski izpildit normativos aktus, nenemot véra realo
situdciju, ka ar1 skolénu veélmes un vajadzibas. Tadel ir nepiecieSamas izmainas speka esosaja
normativaja reguléjuma, lai nodroSinatu skolam lielaku ricibas brivibu un iesp&ju ieviest
konkrétajam kontekstam un darbibas videi piemérotus risindgjumus. Sadi risindgjumi varétu
ietvert, piemeram, porciju diferencé€Sanu atbilstosi skolénu vecumam un apetitei, edienkartes
pielagoSanu atbilstosi skolénu pieprasijumam vai neapésta ediena lietderigu izmantoSanu.
Tapat bitu japaredz iespgja izm&ginat alternativus uz €dinasanas procesa organizacijas
uzlaboSanu verstus risinajumus, nebaidoties no normativa parkapuma riska.

Ediena pasniegSanas modela maina. Ir nepieciesamas biitiskas izmainas ikdienas skolu
€dinasanas procesa, nodroSinot iesp&ju skoléniem izvéleties €diena daudzumu un veidu
atbilstosi savam vélmém un vajadzibam. Tapat japaredz iesp&ja panemt lidzi neapésto &dienu,
ka ari jaattista pasniegto porciju planosana, samazinot parprodukciju. STs izmainas palidzétu
samazinat PEAT apjomus un uzlabotu &dinaSanas procesa kvalitati un skolénu apmierinatibu.

Skolénu patérina uzvedibas maina, stiprinot skoleénu izpratni un zinasanas par partikas
atkritumu problémam un skolas &dienu, attistot personigo atbildibas izjiitu, radot motiv&josu
vidi un nodroSinot iesp€jas atbildigai un ilgtsp€jigai ricibai, ko var panakt ar kompleksam,
konkrétam kontekstam un darbibas videi pielagotam stratégijam, kas apvieno izglitojosus
pasakumus, skolénu praktisku iesaisti un organizatoriskas izmainas &diena pasniegSanas
modeli.

Ricibas plana centra ir uz sadarbibu balstita pieeja, kuras Tsteno$ana iesp&jama tikai tad,
ja visas ieinteres€tas puses, t.i., politikas veidotdji, skolu administracija, €dinataji, pedagogi,
vecaki un skoléni, darbojas saskanoti, apzinoties savu lomu un atbildibu parmainu procesa.
Tikai $ada pieeja var nodro§inat sekmigu pareju uz ilgtsp&jigu, bezatkritumu partikas patérina

€dinasanas procesa organizaciju skolas.

3.3.  Konceptualais ietvars uz paterinu balstitai partikas sistemas transformacijai

Promocijas darba noslédzosaja posma tika analizéts PPK patérina posms ka stratégiski
nozimigs pagrieziena punkts partikas sistémas transformacija uz ilgtspéjigu modeli. Saja
pétijuma skatijums ir paplaSinats no institucionala uz sistémisko Itmeni, ieklaujot plasakus
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partikas paterina aspektus. legiitie rezultati papildina promocijas darba teorétisko un empirisko
ietvaru, iezZim€jot plasakas iesp€jas veidot patérétajam pielagotas strat€gijas ilgtsp&jiga partikas
patérina veicinasanai un biit par pamatu mérktiecigdm parmainam (Deksne et al., 2025b) (VIII
raksts).

Balstoties uz bibliometrisko analizi un integrativas literatiiras parskatu, tika identificétas
Cetras galvenas tematiskas jomas, kas ietekmé pareju uz ilgtsp&jigu partikas patérinu: partikas
atkritumu daudzums un to mazina$ana, nepiecieSamiba mainit uztura modelus, sarezgita
patérétaju uzvediba un politiskais un normativais ietvars (Deksne et al., 2025b). Sie aspekti bija
pamats konceptuala ietvara izstradei.

3.2. attela ir redzams konceptualais ietvars, kura partikas patérina posma galvenas
problémas ir sasaistitas ar iesp&jamiem risinajumiem un atbalsta rikiem, kas veicina ilgtsp&jigu

partikas patérinu, tadgjadi parveidojot partikas sistemu.

PROBLEMAS RISINAJUMI i RIKI > REZULTATI >

izpratnes
veicinasanas un
izgitojosas
kampanas

+ socialas ietekmes

* uzvedibas
intervencesun
stimuli

+ uztura pratibas

o e . w w W W W W
SAREZGITA PATERETAJU } PATERETAJU UZVEDIBAS
UZVEDIBA MAINA
P g

i = o g

T iyt

N
. W W W W W W
UZTURA MODELU }
P MAINA
AN

* tehnologiskas
inovacijas

* ieintereséto

personu sadarbiba
Jitikas atbalst:

* samazinati partikas atkritumi
* ilgtspéjigs uzturs

. un cenas zind
|:> pienemamas ilgtspéjigas partikas

YWV WMWM W pieejamibas, . iesp&jas
RESURSIETILPIGI UN cenu korekcija finansiali + skaidrs * atbildigi patérina paradumi
NEILGTSPEJIGI UZTURA inansiali stimuli i ilgtspe] * atbalstoss tiesiskais regulgjums

MODELI
r o & & e o oy

<

reforma

olbaltumvielu

+ paterétaju |+ tehnologiskas ) + samazinita resursu izmantoZana
- PARTIKAS ATKRITUMU tzgitiba inovacijas |+ sadarbibaar + Klimatam draudziga un noturiga
phTICAS NovErSmaun | © e ¢ T | pabestenn | 1L
ATRRITUNL SAMAZINASANA « aprites « standartizéts | pusem ' G noliciska ERK pArvaldiba R,
ekonomiik markejums - ilgtspéjiba ekonomiskaj, socislaja

un vides dimensija

starpnozaru

daudzlimenu

parvaldiba

« holistiska
politikas

+ ekonomiskie
stimuli

+ merktiecigi

regulgjosie

izglitibas
iniciativas

« aprites
ekonomikas

SAREZGITS UN NEATBALSTOSS _ i
REGULATIVAIS IETVARS POLIMKASATBALSTS
PARADIGMAS MAINA
| pateRETAIUPRETESTIBA  [))] PATERETAIU AKCEPTS D>

3.2. att€ls. Konceptuals ietvars partikas sist€mas transformacijai caur partikas paterina posmu
(Deksne et al., 2025b), autores tulkojums

Pamatojoties uz teorétiskas analizes rezultatiem, konceptuala ietvara centra ir patérétajs,
kura 1émumi un uzvediba butiski ietekmé visus procesus PPK. Patérétaja ricibu nosaka mikro,
mezo un makro lItmenu faktori, ka arT motivacija, sp&jas un iespgjas, kas balstas uz MOA
patérétaju uzvedibas teoriju (Deksne et al., 2025b).

Ietvara tiek akcentgts, ka patérétaju uzvedibas mainu var panakt ar politikas atbalstu,
pieméram, izglitojosam aktivitatém, uzvedibas intervencém, tehnologiskam inovacijam,
finansialiem stimuliem u.c. rikiem. Patérétaju uzvedibas maina var bt katalizators plaSakam

parmainam partikas paterina posma. Tomer, lai notiktu paradigmas maina, ir nepiecieSama
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pareja no patérétaju pretestibas uz ilgtsp&jiga patérina pienemsanu. Tikai tad, kad ilgtsp&jigs
partikas patérin$ tiks pienemts ka ikdienas izvéle un dzivesveids, biis iesp&jama noturiga
partikas sist€émas transformacija. Lai panaktu $adas parmainas nepiecieSama kompleksa,
konkretai darbibas videi pielagota un uz paterétaju versta pieeja, kas apvieno mérktiecigas
aktivitates jeb rikus un politikas atbalstu, lai nodrosinatu pareju uz ilgtsp&jigu partikas paterinu,
kas talak veido ilgtspgjigu partikas sistemu, un sekm& ANO SDGs izpildi (Deksne et al.,
2025b).

Lai gan ietvars tika izstradats uz literatliras analizes pamata, arT promocijas darba veiktie
empiriskie petjjumi atklaja lidzigas problémas, kas norada uz ietvara aktualitati un praktisku
pielietojumu parmainu plano$ana un IstenoSana. Tas var tikt izmantots ka praktisks r1ks partikas
politikas planoSana un Isteno$ana, izglitibas joma un €dinasanas organizéSana, 1pasi skolas, kur
pastav unikala iesp&ja veidot patérina kultiiru, kas balstita uz izpratni, atbildibu un ilgtsp&ju.
Saja konteksta izstradatais ietvars ir ne tikai teorétiska sistéma, bet celvedis parmainu virzisanai
praksg, it Tpasi skolas, kur jau no mazotnes ir iespgjams veidot nakotnes patérétaju paradumus

un uzvedibu un ir vislielakais potencials paradigmas mainai.
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SECINAJUMI
Promocijas darba ieglitie rezultati apstiprina, ka partikas atkritumi ir globala,
daudzdimensionala un pastaviga probléma ar talejosam sekam, jo 1pasi PPK paterina posma.
Izp&tot AE konceptu, tika atklats, ka plasaks “ilgtsp&jigas AE” ietvars ir teor&tiski un praktiski
piemeérots pamats bezatkritumu partikas pat€rina TstenoSanai, jo primari ir versts uz atkritumu
noveérSanu, ka arm resursu apriti un paterétaju patérina paradumu mainu. Tas atspogulo
paradigmas mainu uz holistisku un nepartrauktu pieeju ilgtsp&jai, kur ekonomiska darbiba ir
ciesi saistita ar socialas labklajibas saglabasanu un vides aizsardzibu.
Balstoties uz teorétisko analizi, tika identificéts plass un daudzveidigs faktoru klasts, kas
ietekmé PEAT veido$anos un kavé bezatkritumu partikas patérinu skolu €dinasanas procesa.
Tos var iedalit argjos jeb objektivajos un ieksgjos jeb subjektivajos, ka arT plasakas faktoru
grupas, ka pieméram, demografiskie, politiskie, skolu partikas politikas, vides,
socialekonomiskie, personiskie, fiziskie un geografiskie. Lidz ar to nepiecieSami strat€giski
merketi, koordingti un sistematiski risinajumi $Is problémas risinasanai.
Empirisko pétijumu rezultati atklaja, ka €dinaSanas process ar ieprieks individuali servétam
pilniba vai dal&ji porcionétam maltit€m Re&zeknes pilsétas skolas nav ilgtspgjigs, jo aptuveni
20% no pagatavota €diena netiek apésti, radot butiskus resursu zaud&umus, taja skaita
neefektivu valsts budzeta lidzeklu izlietojumu.
Empirisko pétijumu rezultata tika identificéti galvenie PEAT céloni Rézeknes pilsétas skolu
€dinasanas procesa - edienkartes piedavajuma neatbilstiba skolénu vélmeém, ierobezotas &dienu
veidu un porciju lieluma izveles iesp&jas, nepietickama skolénu iesaiste un nepilnibas
€dinasanas procesa organizésana.
Skolu &dnicas ir unikala vieta, kur ar izglitbu un praktisku ricibu ir iespgjams tiesi ietekméet
patérétaju attieksmi un formét vinu uzvedibu jau no bérnibas, kontroléta vide merit partikas
atkritumu apjomus, ka arf testét uz partikas atkritumu novérSanu un samazinasanu verstas
intervences, padarot to par idealu platformu partikas sistémas parveides iniciativu istenoSanai
un uzraudzibai, ka arT uz pieradijumiem balstitas politikas izstradei.
Otra pilotpétijuma rezultati apstiprinaja, ka neviena no atseviski Tstenotajam intervencém nav
pietiekama ka vienigais risinajums PEAT samazina3anai ilgtermina. Digitalais PEAT izsekotajs
S1 skola (pa klasém) uzradija istermina statistiski nozimigu PEAT samazinajumu, tomér efekts
nebija noturigs. Savukart organizatoriskas izmainas S3 skola veicinaja PEAT picaugumu gan
istermina, gan ilgtermina. Tas norada, ka izmainas, kas nav balstitas konkréta konteksta un
darbibas vides analizg, var radit pretéju efektu. Intervencu ietekmes rezultati pa skolam
apstiprina, ka PEAT samazina$ana skolu &dinasana ir daudzdimensionals izaicindjums un nav

vienas universalas pieejas ta risinasanai. Ilgtsp&jigu rezultatu sasniegSanai nepiecieSama
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10.

11.

12.

13.

kompleksa un kombinéta pieeja, kas apvieno parmainas &diena pasniegSanas modeli ar porciju
un &diena izvéles pielago$anu skolénu pieprasijumam, PEAT monitoringu un &dienreizu
planoSanu, izglitojosam aktivitat®tm un skolotaju iesaisti. Turklat Tstenotajiem risinajumiem
jabut pielagotiem konkrétai darbibas videi un regulari japilnveido, balstoties uz skolénu
novert&jumu un atgriezenisko saiti.

Saskana ar MOA uzvedibas teoriju skolu €diena pasniegSanas modelis, kur doming ieprieks
pilniba vai dalgji porcion&ts un servéts &diens katram skolénam individuali bez iespgjas
izveleties €diena veidu vai porcijas lielumu, butiski ierobezo skolenu "iesp&jas" (opportunities),
kas savukart apgriitina uzvedibas mainu pat tad, ja skol€niem ir sp&jas (zinasanas, prasmes) un
motivacija (izpratne, attieksme) atbildigi un ilgtspgjigi patérét partiku.

Lai veicinatu uzvedibas form&Sanu, nepietiek tikai ar inform&Sanu, izglitoSanu vai &dienkartes
mainu. NepiecieSamas arl organizatoriskas izmainas, kas dotu skoléniem iesp&u pielagot
partikas patérina uzvedibu atbilstosi savam vajadzibam, nodroSinot elastigu &diena veidu un
daudzuma izvéli. Sada pieeja varétu uzlabot skolénu &anas paradumus un samaziniat PEAT
apjomu skolu vidg.

Aptaujas rezultati apstiprinaja, ka Rézeknes pilsétas skolu skoléniem ir nepilniga izpratne un
ierobezotas zinasanas par partikas atkritumu problematiku. Skoléniem triikst izpratnes par
partikas atkritumu jédzienu, to ietekmi uz vidi un ekonomiku, ka arl par atkritumu
apsaimniekosanas iespgjam. Lidz ar to butisks priekSnoteikums efektivai partikas atkritumu
samazinasanai skolas ir skolénu izpratnes veidoSana un zinaSanu stiprinasana par ilgtspgjigu
partikas paterinu.

Skolénu &Sanas paradumu novert§jums atklaja izteiktu €dienu veidu izvéles disproporciju -
salidzinosi lielu desertu (50% - aped visu) un zemu salatu un zupu (30-40% - ne€d vispar)
patérinu, kas nenodrosina pietieckamu uzturvielu uznemsanu un var negativi ietekmét skolénu
ikdienas uztura kvalitati.

Skolénu &dienu izveli nosaka dazadi kontekstuali un individuali faktori, piem&ram, ierobeZota
pieredze ar konkrétiem &dieniem gimenés, subjektiva garsas uztvere, ikdienas €Sanas paradumi,
fiziologiskas vajadzibas un daudzi citi. Lidz ar to, lai veicinatu atbildigu partikas patérinu un
efektivi samazinatu PEAT, ir bitiski nemt véra visu $o faktoru savstarp&jo mijiedarbibu un
skolénu individualas Tpatnibas, piedavajot elastigaku, skolénu vélmé&m un vajadzibam pielagotu
&dienkarti, bet nodroSinot atbilsttbu b&rmu uztura vadlinijam, saglabajot veseliga uztura
kvalitati.

Rezeknes skolas pasniegtais €diens lielakoties neatbilst skolénu uztverei par kvalitativu maltiti,
jo skolénu apmierinatiba ar &diena sensorajam Ipasibam R&zeknes pilsétas skolas ir relativi

zema, un 1pasi zems novertéjums tika sniegts attieciba uz €diena temperatiiru, ar ko reti vai
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14.

15.
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19.

nekad nav apmierinati 46,2% skolénu, un smarzu, ar ko nav apmierinata gandriz tre$a dala
skolénu. Tika noverotas arT vecuma un dzimuma atskiribas - jaunako klasu skoléni kopuma
sniedza pozitivakus vertgjumus, kamer vecako klasu skoléni vairak pauda neapmierinatibu.
Tapat zeni vertgja &dienu pozitivak, savukart meitenes bija kritiskakas. Arl Sie rezultati
atspogulo Rézeknes skolu &diena pasniegSanas modela trikumus, jo &diens, kas tiek ieprieks
porcionéts un servéts, 1idz €Sanas bridim bieZi vien jau ir atdzisis, kas negativi ietekmée art ta
garSu un citas sensoras Tpasibas.
Spirmena korelacijas rezultati atklaja, ka nepastav statistiski nozimiga saistiba starp skolénu
apmierinatibu ar skolas &diena sensorajam ipaS§ibam un PEAT (p>0,05), noradot uz citiem
ietekmes faktoriem, taja skaita porcijas lieluma un &diena veida izvéles iespgjam.
Skolotaju klatblitne pie pusdienu galda ne tikai nodroSina praktisku palidzibu, bet arT rada
cienpilnu, droSu un koordingtu &Sanas vidi, kas ilgtermina var veicinat ilgtsp€jigakus &Sanas
paradumus, tomer Latvija skolotaju iesaiste &dinasanas procesa ir brivpratiga un dazkart pasiva,
jo ir atkariga no vinu personigas iniciativas un atticksmes.
Zinasanas balstitas rekomendaciju sist€émas izstrade ir biutisks solis celda uz datos un
pieradijumos balstitu partikas atkritumu samazinasanu skolu €dinaSanas procesa organizacija.
Sads riks var biit praktisks atbalsts skolam &dinasanas ekosistémas auditam, ar kura palidzibu
identificet butiskakas problémas un sanemt individuali pielagotus risinajumus, lai mérktiecigi
virzitos uz optimalaku resursu parvaldibu, atbildigaku partikas patérinu un uzlabotu &édinasanas
procesa kvalitati skolas.
Skolu &dinasanai ka dalai no partikas pat€rina posma ir strat€giski nozimiga loma partikas
sist€mas transformacija, jo ta sniedz unikalu iesp&ju jau no mazotnes veidot skolénu izpratni,
attieksmi un uzvedibu atbildiga un ilgtsp&jiga partikas paterina virziena. Veidojot tadu skolu
&dinasanas vidi, kas vienlaikus attista zinasanas, motivaciju un nodroSina realas iespgjas
ilgtspgjigai ricibai, ir iesp&jams veicinat atbildigu un ilgtsp&jigu partikas patérinu un mazinat
PEAT apjomu.
Promocijas darba rezultati apstiprina, ka ilgtsp&jigas partikas sist€mas izveide nav iespgjama
bez strukturétas, daudzlimenu un holistiskas pieejas, kas ietver mikro, mezo un makro lIimena
ieintereséto pusu iesaisti visa partikas vértibu kédé. Sada integréta pieeja ir bitiska, lai
vienlaikus risinatu vides, ekonomiskos un socialos izaicinajumus un stiprinatu gan sabiedribas
veselibu un labklajibu, gan planétas ilgtsp&ju.
Promocijas darba rezultati apstiprina, ka pat€rétaju uzvedibas maina var but katalizators
plasakam parmainam partikas pat€rina posma. Tomér, lai notiktu paradigmas maina, ir
nepiecieSama pareja no patérétaju pretestibas uz ilgtspéjiga patérina pienemsanu. Saja
konteksta ir butiski, lai ilgtsp&jigs partikas patérin$ biuitu nevis ka pienakums, bet ikdienas
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20.

21.

22.

prakse un passaprotama izvéle. Tikai tad, ja Sada atticksme nostiprinasies jau no b&rnibas, bus
iespgjama noturiga partikas sist€mas transformacija. Lai panaktu S$adas parmainas ir
nepiecieSama kompleksa, konkretai darbibas videi pielagota un uz pateretaju versta pieeja, kas
apvieno mérktiecigas aktivitates jeb rikus un politikas atbalstu, lai nodroSinatu pareju uz
ilgtspgjigu partikas paterinu, kas talak veido ilgtsp&jigu partikas sistemu, un sekmé ANO SDGs
izpildi.

Empirisko petijumu rezultati apstiprinaja H1 hipotézi par to, ka Latvijas skolas &diena
pasniegSanas modelis ar ieprieks individuali servétam pilniba vai dalgji porcion&tam maltitem,
neatbilst ilgtsp&jigas AE principiem un neveicina bezatkritumu partikas paterinu.

Empirisko petjumu rezultati apstiprinaja H2 hipot€zi - atseviski Istenotas intervences partikas
atkritumu mazinaSanai nenodroSina ilgtermina ietekmi skolu &dinaSanas procesa.

Promocijas darba veikti vairaki pilotp&tijumi, kas ir pirmie $ada veida petijumi Latvija, tapec
turpmakie pétijumi bitu javeic plasakda méroga - citos regionos un valsts ITmeni. Nakotng
nepiecieSams noveértet kompleksu intervencu ietekmi ilgtermina, un testet digitalos risinajumus
praksg, lai novertétu to noturibu un efektivitati dazados kontekstos. Lietderigi biitu salidzinat

dazadus edinasanas modelus skolas.
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PROBLEMAS UN TO RISINAJUMI
Pirma probléma:

Skolu &dinasanas procesa rodas ievérojams PEAT daudzums. Veiktie petijumi Rézeknes

skolas apstiprina, ka aptuveni 20% jeb viena piekta dala no pasniegta diena tiek izmesti.

Priekslikumi problémas risinasanai:

1. Priekslikumi balstoties uz E-mentors projekta ietvaros izstradatajiem ieteikumiem (Lonska

et al.

1)

2)

3)

4)

5)

6)

7)

,2022):

Izglitibas un zinatnes ministrijai un pasvaldibam izstradat un ieviest skolas izglitibas un
komunikacijas stratégijas, kas veérstas uz ilgtsp&jigu un atbildigu partikas patérinu,
integrgjot partikas atkritumu problematikas un veseliga uztura t€mas macibu saturd un
skolu ikdiena.

Pagvaldibu izglitibas parvalzu vadibai panakt aktivaku skolu vadibu un pedagogu iesaisti
ilgtspgjiga partikas paterina veicinaSana, kas var biit par pieméru skoléniem un vinu
vecakiem.

Skolu vadibai un &dinatajiem planot &dienkarti, lai ta balstitos ne tikai uztura vadlinijas,
bet atbilstu arT skolénu pieprasijumam un v€lmém, regulari parskatot un dazadojot
edienkarti saskana ar skolénu velmeém.

risinajumus skolénu apmeklgjuma uzskaitei un planoSanai un savlaicigai informacijas
apmainai ar &dinatajiem, lai precizak prognozetu nepieciesamo partikas daudzumu.
Skolu un &dinasanas procesa vadibai pardomati planot pusdienu partraukumus un pielagot
€damzales vidi, izmantojot dazadas pieejas, piem&ram, nodro$inot iesp&ju pagarsot
&dienu pirms likt to uz $kivja (tasting spoons), Smarter Lunchrooms Movement stratégijas
elementu ievieSana - vienkar$i un izmaksu zina I&ti risindjumi (plakati, uzmanibu
piesaistoSie &dienu nosaukumi u.c.), kas rosina skolénu interesi par partiku, veicina
atbildigu partikas pat€rinu un noved pie partikas atkritumu samazinasanas.

Skolu vadibai un &dinatajiem uzlabot &diena pasniegSanas veidu, nodroSinot skoléniem
iesp€ju izveleties porcijas lielumu un &diena veidu, ka arT uzlabot €diena sensoras 1pasibas
un panakt ta &rtaku pat€rinu, pieméram, sakumskolas skoléniem pasniegt auglus un
darzenus nomizotus un sagrieztus nelielos, viegli apedamos gabalinos.

Izglitibas un zinatnes ministrijai, Zemkopibas ministrijai un pasvaldibam rast iespgju
nodrosinat finansialu atbalstu modernizet skolu &dnicu virtuves, iegadajoties miisdienigas

virtuves iekartas un tehniku, ka ar1 profesionala virtuves personala piesaistei.

2. Latvijas valsts valdibai integrét digitalo parvaldibu &dinaSanas procesa organizacija skolas

valsts méroga ilgtspEjas stratégijas nakoSajos periodos (péc 2027.gada), un Zemkopibas
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ministrijai nodrosinat vadliiju izstradi un sadarbibu ar paSvaldibam, lai veicinatu inovativu
tehnologisko risindgjumu ievieSanu skolu &dinaSanas procesa parvaldiba, pieméram, uz
zinasanam balstitu rekomendaciju sistému, kas lauj veikt skolas ekosistémas auditu un
pasnovertejumu, identificét problémas un sanemt personalizétas rekomendacijas PEAT
samazina$anai. Biitu ieteicams skolam ka obligatu prasibu noteikt vismaz vienu reizi gada veikt
pasnovertejumu ar sisteémas palidzibu, ka ar1 partikas atkritumu auditu. Balstoties uz rezultatiem
un piedavatajam personaliz&tajam rekomendacijam, izstradat ricibas planu nakamajam macibu
gadam PEAT apjoma samazina$anai un &dinasanas procesa kvalitates uzlabo3anai.

Otra probléma:

Ediena pasniegsanas modelis skolas ar pilniba vai dal&ji porcion&tam, ieprieks individuali
servétam maltitem neveicina bezatkritumu partikas patérinu, jo balstas uz stingru normativo
regulg&jumu un biitiskam nepilnibam &dinasanas procesa organizacija, kas liedz skolénu patérina
uzvedibas mainu.

Priekslikumi problémas risinasanai:

1. Atbildigajam ministrijam izveértét un mainit esoSo skolu &dinaSanas normativo ietvaru,
nodro§inot skolu &dinasanas procesa vadibai lielaku ricibas brivibu, kas biitu noteikta
&dinasanas procesa organizacijas vadlinijas:
e &dienkartes planoSanu balstit uz skolénu vélmém un pieprasijumu;
e iespgju drosa veida izmantot nepasniegto &dienu nakamaja diena citu &dienu
pagatavoSana;
e &diena pasniegSanas modelis, kas sniedz iesp&ju skoleéniem paSiem izveleties &diena
daudzumu un veidu;
e uz skolu &dinasanas procesa uzlaboSanu veérstu risinajumu Tsteno$ana, pieméram,
izm&ginot jaunas receptes, ievieSot bufetes tipa €dinasanas organizésanu u.c.
2. Pagvaldibam un &dinatajiem sadarbiba ar skolu vadibu katra skola izveidot Skolas partikas
padomi (Food Council - Zviedrija, Somija u.c.) vecaku, pedagogu un virtuves personala
sadarbibai ilgtsp€jigas €dinaSanas jautajumos ar mérki veicinat dialogu starp iesaistitajam
pusém par &dinasanas jautajumiem, veikt kvantitativu un kvalitativu partikas atkritumu auditu
un izvertét to c€lonus, veicinat praktisku risinajumu ievieSanu, pieméram, tematiskas &dienu
dienas, skolénu iesaiste €dienkartes planosana u.c., ka ar1 sekot Iidzi &dinasanas procesa
uzlabojumiem, nemot véra skolénu vajadzibas, pieprasijumu un atgriezenisko saiti.
3. Izglitibas un zinatnes ministrijai izstradat vienotu macibu saturu un metodiskos materialus,
kas ieklauj izglitojoSas aktivitates, informativas kampanas, skolénu lidzdalibu, uzvedibas
ietekme$anas mehanismus un digitalos risinajumus PEAT samazina$anai skolu &dinaSanas

procesa, lai attistitu un stiprinatu skolénu spgjas (zinasanas un prasmes), personigas atbildibas
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izjlitu un motivaciju ilgtsp&jigam partikas patérinam. Istenotic pasakumi regulari japilnveido,
balstoties uz skolénu novertéjumu un atgriezenisko saiti.

Tresa probléma:

Skolu &dinasanas programmas ir stratégiski butiska PPK patérina posma dala, tomér to
potencials mérktiecigu parmainu planosana un isteno$ana plasaka konteksta nav pilnvertigi
novertets un atzits.

Prieks$likums problémas risinasanai:

Atbildigajam ministrijam un pas$valdibam politikas plano$ana un stratégiju izstrade, kas
verstas uz tadu problemu ka partikas atkritumi, neilgtsp&jigi uztura paradumi un pat€rina
uzvediba, risinaSanu, ka pamata parmainu platformu izmantot skolu &dinasanas procesu. Ta ir
unikala vide, kur apvienojot izglitibu ar praktisku ricibu, ir iesp&jams ne tikai Tstenot partikas
sist€mas parveides iniciativas, bet arT panakt, novertet un uzraudzit to progresu. Ilgtspgjigas
partikas patérina uzvedibas forméSana jau no mazotnes var biit pamats plasakai paradigmas
mainai sabiedriba, veicinot pareju uz ilgtsp&jigu partikas sisteému ilgtermina.

Ceturta problema:

Partikas atkritumu samazinaSanu un pareju uz ilgtspgjigu partikas sistemu kave
nepietickama ieintereséto puSu sadarbiba un iesaiste problému risinasana makro, mezo un
mikro Iimenos.

PriekSlikums problémas risinasanai:

Nepieciesams Tstenot koordin€tus un merktiecigus pasakumus visos parvaldibas ltmenos:

e Atbildigajam ministrijam un pasvaldibam nepiecieSams nodrosinat skolu un sabiedribas
lidzdalibu ilgtsp€jigas €dinasanas procesa organizacijas ievieSana skolas un finansialu atbalstu
ilgtspgjas iniciativu IstenoSanai, ka ar1 veidot starpnozaru sadarbibu ar merki samazinat partikas
atkritumus, uzlabot uztura kvalitati un stiprinat sabiedribas veselibu.

e Edinatajiem, skolu un virtuves vadibai javeicina abpusgja sadarbiba divos virzienos, gan
ar skoléniem, vecakiem un pedagogiem, nodrosinot vinu aktivu iesaisti lémumu pienemsana,
&dienkartes izstrade, partikas atkritumu mazinasana un izglitojosas aktivitates, gan ar izglitibas
parvaldi un partikas piegadatajiem, nodrosinot &dinasanas procesa kvalitati.

e Skoléniem un vinu gimeném jabit aktiviem un atbildigiem dalibniekiem ilgtsp&jiga
patérina veicinasana. Ir jaiesaistas skolu &dinasanas procesa uzlabosana, izsakot savu viedokli
un ieteikumus un sadarbiba ar skolu vadibu un &dinatajiem, jaattista personiga atbildibas sajtita
un patérina paradumi ne tikai skolas, bet arT sava majsaimnieciba. Tapat ir biitiski paust savu
nostaju, aktivi iesaistoties sabiedriskas apspriede€s vai piedaloties sabiedriskas iniciativas, tada
veida ietekmgjot arT plasakus politiskos 1émumus valsts ITmenT un veicinot parmainas partikas
sistéma.
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Abstract: This research was conducted within the framework of a research project aimed at detecting
patterns of plate waste and developing recommendations for improving catering in seven schools in
Rezekne city (Latvia) by a combination of observation, physical weighing, semi-structured interview
approaches and statistical analysis of variance (ANOVA). We identified plate waste (including wasted
beverages), which remains after the lunch of schoolchildren in grades 1-7, examining a total of
7064 lunch samples. The originality of the research is due to the fact that a unified menu was
designed for the field study, which ensured the same field study conditions in all the schools. The
results of the research revealed that the average weight of plate waste per schoolchild reached 178 g,
and the total weight of plate waste accounted for 28.75% of the total weight of food served. No
significant differences in plate waste weight between various age groups and grades of schoolchildren
were found, which was also confirmed by a one-way ANOVA test. An analysis of plate waste by food
category showed that beverages accounted for the largest share of total plate waste (42.24%), followed
by staple food (28.38%) and meat (11.77%). An analysis of plate waste shares of food served (%) by
food category revealed a similar situation: the largest share of food served was made up of beverages
(37.56%), followed by staple food (36.48%) and meat (28.77%). An analysis of the monetary value of
food waste showed that the average cost of plate waste (excluding beverage) per schoolchild was
EUR 0.236, which represented 16.6% of the national and municipal funding of EUR 1.42 per portion.
Given the research results, the authors have concluded that in order to reduce the amount of plate
waste generated by Rezekne city schools, school menus should be based not only on the requirements
prescribed by relevant legal acts but also on cooking processes that meet the requirements of modern
consumers (learners), e.g., by following trends in cooking practices in society to make the learners
interested in consuming school food.

Keywords: food waste; plate waste; school menu; eating habits; eating behavior; school catering

1. Introduction
1.1. Food Waste and Sustainability

Every year, significant amounts of food are lost or discarded throughout the food
supply chain, from primary production to final consumption. Over the last 10 years, food
loss (FL) and food waste (FW) have become a global problem with a negative impact on sus-
tainable resource consumption, nature and the environment as well as on the development
of society [1-4].

Reducing FW is an important prerequisite for achieving the Sustainable Development
Goals set in 2015, namely SDG 2 (ending hunger) and SDG 12 (ensuring responsible
consumption and production patterns) by 2030 [5]. In 2019, according to the Food and
Agriculture Organization of the United Nations (FAO), 690 million people or 8.9% of the
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world’s population suffered from malnutrition, and this figure is projected to increase
significantly due to the negative impacts of the COVID-19 pandemic [6].

1.2. Theoretical Framework

Although there is no general definition of food loss and waste, the FAO [7] states that
food loss and waste are “the masses of food lost or wasted in the part of food chains leading
to edible products going to human consumption”. Therefore, food originally intended for
human consumption but later addressed to other non-food uses (e.g., animal feed, energy
recovery) must be considered as lost or wasted [8].

Kaur et al. (2021) distinguish FL from FW and refer to “food loss” as the food that
leaves the food supply chain at its initial stages, while “food waste” refers to the food that
is not consumed at the places of consumption [9].

Ishangulyyev et al. (2019) conclude that FL represents a decrease in the weight of
edible food at the first three stages of the food supply chain due to infrastructure constraints,
environmental factors and quality or safety standards. In contrast, FW is food that was
originally produced or processed for human consumption but was not consumed. FW also
includes food that is edible or spoiled at the time of disposal. FW occurs at the distribution
and marketing and consumption stages of the food supply chain (see Figure 1) [10].

HANDLING & DISTRIBUTION &
PRODUCTION > STORAGE > PROCESSING > MARKET > CONSUMPTION

\ A J
Y Y

Food Loss (FL) Food Waste (FW)

Y
Food Loss and Waste (FLW)

Figure 1. Framework of Food Loss and Food Waste definitions [10].

Falasconi et al. (2015) define FW as all foods that are removed from the food supply
chain but still retain their nutritional value and meet safety standards [11].

Papargyropoulou et al., (2014), developing a food waste prevention strategy, recom-
mend distinguishing avoidable food waste (foods or components of food that are generally
considered edible) from unavoidable food waste (includes foods that are not normally
edible, e.g., bones, fruit peel, etc.) [12].

FW at the consumption stage of the food supply chain could also be categorized
according to when the waste occurs. For example, FW produced during the purchase
and storage of food is considered to be “spoilage food waste” (or “storage waste” [13]);
“preparation food waste” occurs during cooking, i.e., due to peeling, cutting, as well as
overproduction or food surplus; “leftover waste” occurs when the prepared food is not
served to the consumer (unserved food); “plate waste” pertains to the food served to the
consumer but not eaten [14].

Garcia-Herrero et al., (2019), conducting a study on FW in Italian schools, divided FW
into the following categories: (1) preparation waste: the FW that occurs during cooking
(might be both avoidable and unavoidable); (2) serving waste: the food left on the serving
dishes and not served to the students in the canteen (avoidable FW); (3) plate waste: the
food left by students on their plates in the canteen (avoidable FW) [15].

Clarke et al. (2015) distinguish the following kinds of FW: (1) waste generated during
preparation and cooking, (2) discards due to preparation of too much food, (3) discards
due to expired use-by or open dates, (4) spoilage food waste and (5) plate waste [16].

A summary of the opinions available in the scientific literature on the kinds of FW at
the consumption stage of the food supply chain is presented in Figure 2.
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Food waste in the food supply chain at the stage of
consumption

Unavoidable food ]

Avoidable food waste

_______ I

i . f
1 Overproduction/ | Served food
cooked food !
1 leftovers
leftovers ,

’ h .
! Non-edible Waste from k Serving Plate waste
'\ food leftovers 7 waste

% ’
N i .
Vi Food preparation waste .

waste

Waste from

spoiled food /
Storage waste

Figure 2. Kinds of FW at the consumption stage of the food supply chain. Source: authors’ construc-
tion based on [11-16].

As shown in Figure 2, FW generated at the final stage of the food supply chain, i.e., the
consumption stage, can be both avoidable and unavoidable. Most of the FW generated at
the food consumption stage is avoidable food waste, which in turn consists of waste from
spoiled food (it is discarded due to changes in quality that make it undesirable and unfit for
human or animal consumption, as evidenced by signs of deterioration such as unpleasant
odor, changes in texture and appearance), plate waste (food served to consumers that
remains uneaten on the plate and is discarded), served food leftovers (food served but not
eaten (intact) and discarded) and waste from leftovers (food prepared in excess of what was
needed (overproduction) and not served go to waste). It should be noted that waste from
leftovers comprises food preparation waste together with non-edible food (unavoidable
food waste), which usually are not edible, e.g., peel of fruit or vegetables, bones, seeds, etc.

It should be mentioned that in 2019, at the distribution and marketing as well as
consumption stages of the food supply chain, approximately 931 million tons of FW were
generated, of which 61% were by the household sector, 26% by the catering sector and 13%
by the retail sector. This means that around the world, 17% of the total food production was
wasted (11% by the household sector, 5% by the catering sector and 2% by the retail sector),
thereby increasing environmental pollution and unnecessary pressure on nature [17].

In this research field, researchers have a common understanding of the term plate
waste, which refers to the amount of food served to consumers that remains uneaten on
their plates and is subsequently discarded.

Plate waste is the largest source of food waste in schools [18], followed by food
waste from serving lines [19]. It should be noted that most of the researchers working
on food waste analysis focus specifically on plate waste analysis [11,12,15,16,18,20-25].
Derqui and Fernandez (2017) have found that approximately 80% of research in this field
directly relates to plate waste analysis, without auditing FW at the entire stage of food
consumption, i.e., not considering the FW generated during cooking in the kitchen or the
FW from serving lines [19].

1.3. Literature Review

The plate waste generated in schools is influenced by multiple factors. The authors of
the present paper have analyzed a number of research papers focusing on this field with
the aim of summarizing the factors contributing to plate waste in schools (see Table 1).
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Table 1. Factors contributing to plate waste in schools referred to in the scientific literature.

Factor Explanation Source
Exogenous (objective) factors
The restrained position of the school administration and a lack of
interest in the implementation of a sustainable management policy, a
School administration position lack of responsible personnel, a lack of attention to the amount of food [26,27]

waste in the school canteen, etc., increase the irrational consumption of
food, which also indirectly affects schoolchildren’s eating behavior

Class schedule at school

A poorly planned schedule of classes leads to a lack of time for lunch;
due to the short lunch break, schoolchildren do not have enough time to
eat a full meal

[13,20,28-32]

Atmosphere and environment in
the dining hall

A lot of noise in the canteen, a large number of schoolchildren and
crowding put psychological pressure on the schoolchildren to finish
their meals faster

[18,26,33-39]

The incompatibility of the cooking technique with the kind of food can

Cooking techniques adversely affect the appearance and sensory properties of the food [23,30,34,40]
The way food is served (e.g., peeled and sliced fruit, etc.) is an essential
Way of serving food prerequisite for reducing plate waste: “The easier the food is to eat, the [27]
less plate waste is generated”
Cooking skills of kitchen Poor cooking skills of kitchen personnel and insufficient kitchen )
. . equipment can adversely affect the appearance and sensory properties [27,41]
personnel and kitchen equipment of food
Availability of competitive food from other sources (i.e., sweet/savory
Competitive foods snacks and beverages), including food brought from home, can also [20,25,34,42,43]
reduce schoolchildren’s appetite
The way catering is managed (e.g., portioned or buffet-style catering,
on-site cooking in the school kitchen or an outsourced service), a lack of
Catering service management and  flexibility to adapt the centrally planned menu to schoolchildren’s [11,23,26,27,30,44]
coordination policy needs, a lack of timely information on changes in the number of e
schoolchildren and other organizational aspects can lead to an
inadequate amount of food prepared, thereby creating leftovers
Non-involvement of supervisory The non—m\{olvement of supervisory or support persomel (e.g,a
or support personnel in the teacher or kitchen worker) in the catering process, which could [13,34,39]
catering process otherwise promote the schoolchildren’s healthy attitudes towards food e
&P and new tastes and help to reduce food waste
Inadequacy of food portions to The portion size of food served is not differentiated according to the age
schoolchildren’s age, appetite and  of schoolchildren (including their nutritional needs); consequently, the [20,26,41,45-49]

nutritional needs

schoolchildren are simply unable to eat the whole portion

Endogenous (subjective) factors

Schoolchildren preferences

Schoolchildren may refuse to eat or not eat all the food served to them
because they might not like the particular food or kind of food

[20,24,26,30,39,50-54]

Schoolchildren’s appetite level,
total daily nutritional energy
requirements and body

mass index

Schoolchildren might or might not eat the food served to them due to a
reduced appetite and /or need for nutritional energy

[20]

Appearance and sensory
properties of food

Schoolchildren might refuse to eat or not eat all the food served to them
if they are not satisfied with the appearance, taste, texture, color and
temperature of the food. This factor is partly subjective, as the
appearance and sensory properties of food also depend on the cooking
skills of kitchen personnel and kitchen equipment

[26,30,33,39,41,43,46,49,50,55-57]

Schoolchildren’s desire to

Schoolchildren might refuse to eat or not eat all the food served to them

socialize during free fime because they communicate with others at the table, or they might leave [28,38]
g the dining hall to meet their fellow students during the lunch break
. , Schoolchildren might refuse to eat or not eat all the food served to them
Schoolchildren’s unhealthy due to their unhealthy eating habits, which often come from [11,58]

eating habits

their families

Schoolchildren’s knowledge and
understanding of and attitude
towards food

Schoolchildren might refuse to eat or not eat all the food served to them
due to a lack of understanding of the negative effects of food waste on
the environment and the associated ethical and socio-economic
consequences, as well as of the sources and production of food

[27,37,58-60]
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The summary of factors influencing plate waste shown in Table 1 reveals that the
authors have divided the factors into exogenous or objective ones that do not depend on
schoolchildren’s (consumers’) subjective preferences and physiological condition, but tend
to influence their eating behavior externally, and endogenous or subjective factors arising
from the schoolchildren’s (consumers’) psychological and/or physiological condition.

Derqui et al. [27] point out that the catering sector is one of the largest sources of FW
generated by schools, which also provides an opportunity to improve the dietary habits
of the population and educate the public about sustainable resource consumption and
development, thereby affecting the food system in the future. According to a delegated
decision of the European Commission [61], from 2020 onwards, the measurement of FW
and leftovers needs to be carried out at each stage of the food supply chain. This also
applies to the FW generated by educational institutions, which has been little researched
in Latvia to date. Research on waste generated by an educational institution have been
conducted by some enthusiasts, whereas larger-scale research that would allow for drawing
overall conclusions and continuous science-based, qualitative research, has not been carried
out in Latvia yet.

1.4. Scope of Research

The purpose of this pilot study was to identify the patterns of plate waste in seven
schools of Rezekne city (Latvia) and to develop recommendations for stakeholders on how
to reduce the amount of plate waste by a combination of observation (the design of the
dining hall, the placement of food on a plate, the way food was served and the process
and time of enjoying the meal were observed), physical weighing and semi-structured
interview approaches, as well as statistical analysis of variance.

The novelty of the research stems from the fact that no research studies have been
conducted in Latvia that placed a focus on zero-waste food consumption, including plate
waste in schools, and although there are publicly available reports on this problem by
individual researchers, the reports are not considered scientifically relevant for further
research. The present pilot study provides a first sign of examining the normally ignored
amount of plate waste in Latvian schools. The authors believe that the results of this study
are a good basis for further analysis in this field, and can help to inform stakeholders
and policy makers in the field of education about the current situation in catering in
Latvian educational institutions. This study also aims to promote the implementation
of the recommendations developed (supported by the fact that the preliminary survey
results were discussed with the head of the Education Department of the Rezekne State
City and the observed schools’ representatives, as well as the fact that the research report
was submitted to the Ministry of Education and Science of Latvia).

The fact that we performed an analysis of plate waste instead of an analysis of all
food waste generated by school canteens could be considered to be a research limitation.
This was due to the insufficient capacity of human resources involved in the present
research. Otherwise, a comprehensive analysis of food waste would provide comprehensive
information on the amount of food wasted.

2. Materials and Methods
2.1. Sample Selection

A field study was conducted in schools of Rezekne city in the Latgale region of the
Republic of Latvia. Rezekne is the seventh largest city in the Republic of Latvia and the
largest eastern border city of the European Union, with a total population not exceeding
30 thousand (Figure 3). The field study was performed in 7 publicly funded schools (one
primary school, one gymnasium and 5 secondary schools). In all the schools, catering
was provided on-site and funded from the Rezekne city municipality budget and the state
budget. The selection of the surveyed schools was based on the fact that there were only
8 schools in the city, one school that was not surveyed was a school for children with special
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needs, and catering was managed differently in this school, therefore, it was excluded from
the analysis.

During the observations, emphasis was put on quantitative measurements of plate
waste by examining 7064 school lunch plates.

25 0 25 50 75 100 km

Figure 3. Map with the observation location; authors” construction.

Regarding the research methodology, the following plate-waste parameters were
identified by the field study:

e number and grades of schoolchildren;

e  work organization in school canteens or opportunities for a caterer to prepare food,
the way of serving food, the capacity of the dining hall and other factors;

e free lunches for schoolchildren (grades entitled to free lunches funded jointly by the
national and local governments were selected for the field study in Rezekne city
schools: grades 1-7).

During the research, the authors, based on a number of legal acts [62-64], as well as
after getting acquainted with the public food procurement situation in Latvia [65] and
requests for tenders to procure food and catering services placed on the website of the Pro-
curement Monitoring Bureau [66] and the Electronic Procurement System [67], concluded
that in Latvia, catering in educational institutions was organized in the following ways:

e Type 1. The municipality in whose territory the schools are located organizes cater-
ing for schoolchildren on its own, equipping canteens in the schools in accordance
with the requirements of safe food handling and creating special workplaces for
canteen personnel;

e  Type 2. Catering for schoolchildren is provided on an outsourced basis, i.e., the entire
service is purchased from catering companies, delivering the food to the schools and
serving it in accordance with the requirements stipulated in the procurement contract;

e Type 3. Catering for schoolchildren is provided as an outsourced service, provided
that the catering provider prepares the food on-site in the schools.

In all the schools covered by the field study, the catering process was organized in
closed-type canteens (hereinafter referred to as school canteens), which were provided by
the local government of Rezekne city (Type 1). This means that catering services are supplied
only to certain social groups—only to those who study, work or stay in the institutions
that have an operating catering facility. The local government of Rezekne city covers the
maintenance costs of school canteens, salaries of school canteen personnel, purchases of
food and other functions related to catering services (control of compliance with hygiene
requirements, monitoring of compliance with healthy nutrition requirements, etc.).

In accordance with the provisions of legal acts, including Cabinet Regulation
No. 614 “Procedures for Calculating, Allocating and Using Funding Provided from the
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State Budget for Catering to Learners” [68] and the Rezekne City Council’s Education
Board’s Order No. 197 of 3 September 2020 “On Catering for Learners” [69], in the schools
of Rezekne city, catering is provided free of charge for the following schoolchildren:

e grades 14, free lunches are funded by the national government;
e grades 5-7, free lunches are funded by the local government of Rezekne city.

Only schoolchildren in grades 1-7 were included in the field study sample, i.e., those
who were entitled to free lunch, and in this case, the schoolchildren had a specific lunch
menu (Table 2). It should be noted that school S1 was a state gymnasium that starts from
grade 7; therefore, only the schoolchildren in grade 7 were included in the sample of the
field study.

Table 2. Unified menu designed for the field study.

Placed/Portion/ Weight of Food Placed/Portion/ Weight of Food
Planned Served on a Plate Planned Served on a Plate
Weight in Grams in Grams Weight in Grams in Grams
Monday Thursday
Pasta 150 150 Stewed rice with carrots and corn 150 150
Pork goulash 50/50 100 Chicken cutlet 80 80
Fresh cabbage salad 50 50 Fresh tomato 30 30
Glazed curd cheese 1 piece 46 Lemon drink 200 200
Bread 25 25 Bread 25 25
Tea with sugar 200/10* 200 Apple 1 piece 95
Tuesday Friday
Pickled cucumber 25 25 Milk soup with pasta 125 125
Pork cutlet 75 75 Mashed potatoes 130 130
Mashed potatoes 130 130 Fish in breadcrumbs 60-65 63
Juice drink 200 200 Carrot salad with sunflower seeds 50 50
Bread (optional) 25 25 Juice drink 200 200
Banana 1 piece 160 Bread 25 25
Wednesday
Borscht (beet soup) with
fresh cabbage, sour cream 250/5* 250
Mashed potatoes 130 130
Stewed liver in cream 50/45 9%
sauce
Fresh cucumber 30 30
Juice drink 200 200
Bread 25 25

* Note: 10 g of sugar per 200 g of tea. ** Note: 5 g of sour cream is put in a common pot of soup, providing 5 g
per 1 child. The weight of soup in each plate is 250 g. Source: menu calculations performed by the Rezekne City
Council’s Education Board based on the research conducted by the authors.

2.2. Description of the Unified Menu and Catering Processes

Before performing plate-waste quantification, it was necessary to design a unified
menu for the field study week that would eliminate differences in food availability and
ensure laboratory conditions, thereby minimizing the impact of gastronomic distraction
on the study. In Rezekne city schools, menus are designed by the canteen employees of
each school together with the school nurse in accordance with Cabinet Regulation No. 610
“Hygiene Requirements for Educational Institutions Implementing General Primary Edu-
cation, General Secondary Education, Professional Basic Education, Vocational Education
or Professional Secondary Education Programmes” [70] and Cabinet Regulation No. 172
“Regulations regarding Nutritional Requirements for Learners of Educational Institutions,
Clients of Social Care and Social Rehabilitation Institutions and Patients of Medical Insti-
tutions” [62], which set dietary requirements and require that the lunch menu include a
second course and a soup or dessert. Cabinet Regulation No. 172 restricts the use of salt,
sugar and other flavor enhancers in school meals, bans unhealthy foods (e.g., French fries
and other foods cooked in o0il, mayonnaise, ketchup, tomato sauce, sausages with a meat
content of less than 90%, dried, smoked and salted meat and fish). Processed foods such
as dumplings and fish fingers may be included in the diet of schoolchildren no more than
once a week and only if meeting certain requirements (i.e., contain at least 70% meat or
60% fish; do not contain flavorings (E620-E650) and dyes, do not contain mechanically



Sustainability 2022, 14, 4046

8 of 26

separated meat, do not contain raw foods produced from genetically modified organisms,
contain less than 1.25 g of salt per 100 g of meat and 1.5 g per 100 g of fish) [62]. The menu
is agreed and approved by the head of the educational institution or an authorized person.

It should be noted that in the autumn of 2021, in order to reduce the spread of COVID-19
in schools, legislative amendments were made to reduce the number of learners staying
in the dining hall for a long time (i.e., food delivery and consumption time was reduced),
allowing for one main course instead of two dishes, while at the same time ensuring that it
complied with the nutritional requirements stipulated by Cabinet Regulation No. 172.

To design a unified menu, individual structured interviews were conducted with the
canteen managers and specialists of the Rezekne city schools with the aim of obtaining
information about school menus, schoolchildren’s preferences regarding the food served
in each school, the frequency of serving particular foods, the factors influencing whether
schoolchildren eat or do not eat the free lunch provided by school canteens, as well as
food-waste management. A total of 11 individuals took part in the interviews: 7 canteen
managers, 3 canteen specialists and a nurse who was also responsible for designing the
school menu. All the interviewed canteen managers and canteen specialists had the
professional qualification of a cook, they had at least 5-10 years working experience in
school canteen service and had a good understanding of children’s food preferences.

The Interview provided experiential, semi-subjective opinions of the personnel of
educational institutions and school canteens about the categories of food that children
liked, did not like or were indifferent to. During the interviews, the researchers identified
five foods that children preferred (i.e., more than 90% children ate them), five that they
ate reluctantly (i.e., only up to 20% preferred them) and five foods that children were
indifferent to (i.e., at least 65% preferred them). Based on the information obtained, the
responsible employee of the Rezekne City Education Board (a chief specialist in nutrition
who knew all the requirements for designing menus) prepared a unified menu for the field
study for all the schools, considering the nutrition requirements stipulated by Cabinet
Regulation No. 172 (Table 2).

The method for analysis of strengths, neutrals and weaknesses (SNW) was employed
to evaluate the dishes prepared at the Rezekne city schools and a typological group index
was calculated for the menu according to the equation [71]:

_ 1x5+40,55sN — 1xW
n

I 1)

where

I—typological group index (ranging from 1 to —1);
S, N, W—number of respective indicators;
N—number of respondent replies.

The typological group index calculated for the dishes prepared at the Rezekne city
schools, which showed the rating of 7 dishes prepared at the schools, was 0.47, i.e., mod-
erately high and positive. An analysis of the Rezekne city school menus showed that
schoolchildren were indifferent to a total of 351 dishes prepared at the schools, 82 dishes
they ate reluctantly, and 209 dishes they enjoyed (Table 3).

In all the Rezekne city school canteens, serving of the food partly takes the form of
self-service, and the food is partly served, i.e., shortly before the lunch break, the school
canteen personnel set a table reserved for each class. Only at school S1 is the food served at
the canteen distribution point (at the distribution counter) where the schoolchild is given
a tray with portioned food plates (except for fruit and glazed curd cheese), which are
available in shared dishes on the tables). At the other schools, canteen personnel serve
portions of a set meal on the tables (staple food and meats on a single plate), at some
schools, vegetables with a set meal could be served on a single plate (e.g., schools S1, 54,
S5 and S6), while at schools S2, S3 and S7 vegetables are served in shared dishes on the
tables for each class separately. Except for school S1, where soup is served on separate
plates for each schoolchild, at schools S2-S7 the soup is served in shared soup pans on
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the tables for each class (the amount of soup to be served is calculated according to the
number of schoolchildren in each class by applying standardized measures and serving
cups). A beverage is served in separate glasses for each schoolchild. Except for school
S1, where a piece of bread is given to each schoolchild individually on the tray, in schools
52-57 the slices of bread are placed on tables in shared containers according to the number
of schoolchildren in each class. At all the schools, fruits (whole unpeeled apples or bananas)
are placed on tables in shared containers according to the number of schoolchildren in
each class; the way of serving glazed curd cheese, which is served in packaging in shared
containers according to the number of schoolchildren in each class, is similar.

Table 3. Schoolchildren’s attitudes to the dishes prepared at the Rezekne city schools analyzed by the
SNW method.

Number of Dishes Enjoyed by Number of Dishes Eaten by at Number of Dishes Eaten by Typological
School More Than 90% Children, Least 65% Children, Less Than 20% Children, Grgu 1%1 dex
or the Strength (S) or the Neutral (N) or the Weakness (W) 4

S1 46 36 13 0.54
S2 21 70 5 0.53
S3 21 75 10 0.46
S4 12 62 5 0.48
S5 27 54 12 0.45
S6 53 30 22 0.44
S7 29 24 15 0.38
Total 209 351 82 0.47

Source: authors’ calculations based on the results of an interview with canteen personnel.

2.3. Data Collection

In the present research, the authors have considered plate waste as the amount of
food served to schoolchildren that remains uneaten on their plates and is subsequently
discarded. The total measured weight of plate waste includes uneaten food and beverages
that remain on plates and in glasses, bowls, etc., after free lunches for schoolchildren in
grades 1-7 in Rezekne city schools.

The field study was conducted in late September 2021. The field study was first tested
at school S1 from 13 to 17 September 2021, evaluating the process of catering management
in accordance with the unified menu, which was designed for the needs of the project,
including plate-waste weighing. In the period from 20 to 24 September 2021, the field study
was conducted simultaneously at schools S2, S3, 54, S5, S6 and S7. At each school, the field
study lasted for 5 working days, from Monday to Friday, except for school S1 (grade 7)
and school S7 (grades 5-7), where the field study lasted only for 4 days (from Monday to
Thursday) because on Friday all the schoolchildren went on study tours and did not have
Iunch at school.

Each school had a different lunch break schedule. The average lunch time for schoolchil-
dren in grades 1-4 was from 9:30 to 11:30, and for schoolchildren in grades 5-7 it was from
11:30 to 13:00. The researchers arrived at the schools at about 9:00 in the morning and finished
their work at about 14:00 (depending on the school) for 5 consecutive days of the field study.
Before the meal, the researchers identified the expected number of schoolchildren, considering
the number of schoolchildren in the classes examined, and during the lunch they noted the
number of schoolchildren who actually participated in the meal.

The research employed the following methods: observation, photography and direct
manual weighing of plate waste by food category and by grade of schoolchildren [15,38,41,72,73].
The authors of the paper observed the design of the dining hall, the interior, the ergonomics,
the table setting, the placement of food on a plate, the way food was served and the process
and time of enjoying the meal. During the field study, the schoolchildren were asked to
leave their dirty dishes on the tables (usually the schoolchildren had to bring their own
dirty dishes to a special place). When the schoolchildren had finished their lunch, the
researchers measured the plate waste by dividing the plate waste into the following food
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categories: soup, staple food, meat/fish, salad/vegetables, beverage, bread, fruit, curd
products (glazed curd cheese). Later, each bucket was weighed, and the data on the weight
of the waste were entered into a waste registration protocol. The following measurement
tools were used to quantify the plate waste: two kinds of high-density polymer buckets
(a large bucket with a capacity of 2 L, weight 61 g, and a small bucket with a capacity of
1L, weight 35 g; each bucket was marked with the food category and the number of the
class for which it was intended) and electronic kitchen scales (model—Clatronic KW3412,
art. No. 271680, measuring range—up to 5 kg, units of measurement—grams).

2.4. Data Analysis

All the survey data were analyzed using the data-processing program IBM SPSS
(version 26) and MS Excel.

The research employed a statistical analysis method—one-way ANOVA—to identify
the effect of an independent variable on the dependent variable, i.e., whether the average
plate waste, measured in grams per schoolchild, differed significantly across grades. The
independent variable was a qualitative variable representing several, at least three, cate-
gories; therefore, for the analysis of variance, the grades were divided into three groups:
grades 1-2, grades 3—4 and grades 5-7. An appropriate sample was selected for each of the
grade groups, and the metric values of dependent variables were recorded for the sample.

To determine the cost of plate waste, the research also calculated the monetary value of
waste (see equation No. 3) [19]. However, given that most of the waste consisted of liquid
waste (beverages), as well as the fact that the most important component of this food category
was water, the weight of plate waste excluding beverage waste per schoolchild and the cost of
plate waste excluding beverages were also calculated (see equations No. 4 and No. 5).

3. Results

In total, 7064 schoolchildren were involved in the field study; of the total, 4105 or
58.11% were in grades 14, and 2959 or 41.89% were in grades 5-7. The total number of
schoolchildren who actually ate lunch was equivalent to the number of portions of food
served (Table 4).

Table 4. Basic information on the 7 sample schools.

Actual Number of

School Grade Group Age Range ChilIc\lI;:li):rGo:a des NurS:e: ?fel:rl;:]ieskt;l dy Lunch Participants
ys P (Number of Samples) *
s1 Grade 7 13 (14) 76 4 234 234
Grades 14 (6) 7-10 176 5 677
s2 Grades 57 11-13 (14) 126 5 450 1127
Grades 14 (6) 7-10 150 5 603
s3 Grades 57 11-13 (14) 126 5 21 1024
o Grades 14 (6) 7-10 184 5 663 10
Grades 5-7 11-13 (14) 130 5 447
- Grades 14 (6) 7-10 206 5 94 193
Grades 5-7 11-13 (14) 147 5 399
Grades 14 (6) 7-10 314 5 1239
S6 Grades 5-7 11-13 (14) 165 5 574 1813
Grades 14 (6) 7-10 202 5 829
57 Grades 5-7 11-13 (14) 174 4 434 1263
Total: - 2176 - 7064

* Note: the sample of the field study included only the number of schoolchildren who actually ate lunch, which
might not correspond to the actual number of schoolchildren at school, as some schoolchildren did not eat lunch
during the field study due to illness or self-isolation because of COVID-19.
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It should be noted that the number of participants in the field study was significantly
affected by COVID-19. For example, in school S4, grade 3 (24 schoolchildren) was in
self-isolation throughout the week, and grade 7 (28) was in self-isolation from Tuesday. In
school 57, grade 6 (25) was in self-isolation throughout the week. The number of partici-
pants in the field study was most significantly affected by COVID-19 in school S5: from
Monday to Wednesday, 9 classes with a total of 212 schoolchildren, on Thursday 8 classes
with a total of 201 schoolchildren and on Friday 7 classes with a total of 177 schoolchildren
were in self-isolation.

The results of the interview with the personnel of the schools and their canteens
showed that no food waste sorting nor food waste inventory were performed in any of the
schools included in the field study. However, school S6 sorted food waste into fractions, i.e.,
solid and liquid food waste. At school S5, however, waste from vegetable preprocessing
was partially sorted.

This is because the local government of Rezekne city has not entered into contracts
with any waste-management company to dispose of FW generated by schools and pre-
school educational institutions, as Rezekne waste management companies do not provide
biodegradable waste-disposal services. Currently, such services are available only in the
regions of Riga and Pieriga. Sorting biodegradable waste needs to be introduced throughout
Latvia by the end of 2023. According to the principles of a circular economy, disposing of
food waste is the least desirable option. However, if this cannot be avoided, food waste
needs to be collected separately from other municipal waste. It should be noted that the
management of biodegradable waste, including the management and control of food waste,
is very poorly implemented in Latvia, which still makes the population overpay for the
service received and hinders the fulfillment of national commitments to achieve the goals
of the EU economy [74].

In the schools examined, some of the solid FW, e.g., cereals, potato, meat, etc., were
often used informally for pet food. If there was no one to give such FW to, it was disposed
of into general waste containers. However, beverage and soup waste were discharged
into sewerage.

The field study revealed that the average weight of plate waste per schoolchild per
day ranged from 142 g (school S6) to 268 g (school S4) (Table 5).

Table 5. Weights of plate waste identified by the field study at the Rezekne city school canteens (by
school and by grade group).

Total Weight of Average Plate Total Weight of Actual Number of Average Plate
School Plate Waste Waste per Grade Group Plate Waste Lunch Participants Waste per

(g/Week) Schoolchild (g) * (g/Week) (Number of Samples) Schoolchild (g)
S1 52,578 225 Grade 7 52,578 234 225
Grades 14 99,397 677 147
52 163,750 145 Grades 57 64,353 450 143
Grades 14 109,544 603 182
3 197,674 193 Grades 57 88,130 21 209
Grades 14 180,518 663 272
4 297,603 268 Grades 5-7 117,085 447 262
Grades 14 15,416 94 164
S5 71,131 144 Grades 5-7 55,715 399 140
Grades 14 190,644 1239 154
s6 25693 142 Grades 57 66,289 574 115
Grades 14 152,566 829 184
57 216,630 172 Grades 5-7 64,064 434 148
Total for grades 1-4 748,085 4105 182

Total: 1,256,299 178

Total for grades 5-7 508,214 2959 172

* Note: the average weight of plate weight per schoolchild (g) was calculated as the total weight of plate waste
divided by the actual number of schoolchildren [19]. Source: authors’ calculations based on the results of the
field study.
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As shown in Table 5, the field study identified differences in the average weight of
plate waste per schoolchild between the youngest schoolchildren (i.e., grades 1-4) and
older ones (i.e., grades 5-7) (except for school S1 that starts from grade 7). Higher weights
of plate waste were found for grades 1-4 in 5 out of the 6 schools (52, S4, S5, S5 and S7).
The average weight of plate waste per schoolchild registered in grades 1-4 exceeded that
registered in grades 5-7 by 10 g, or 5.81%.

To perform a one-way ANOVA test, the schoolchildren of the seven Rezekne city
schools were divided into three grade groups: grades 1-2, grades 3—4 and grades 5-7. The
analysis of variance showed that the average weight of plate waste per schoolchild, in
grams, was not affected by the grade which the schoolchildren were in (Table 6).

Table 6. Results of the ANOVA test for the average weights of plate waste per schoolchild, in grams,
identified at the Rezekne city school canteens.

Grade Group Count Sum Average Variance

Grades 1-2 22 4147.681 188.531 3670.868

Grades 34 27 4754.659 176.0985 2988.212

Grades 5-7 39 6830.969 175.1531 3965.215

One-way ANOVA
Source of variation SS df MS F p-value F crit
Between groups 2798.964 2 1399.482 0.389432 0.678644  3.103838661
Within groups 305,459.9 85 3593.646
Total 308,258.9 87

F < Ferit, = grades do not statistically significantly affect the amount of plate waste. Source: authors’ calculations
based on the results of the field study.

The share of plate waste (%) in the total weight of food served was calculated to
identify the share of the food served that went to waste.

The share of plate waste at the schools examined was on average 28.75% of the total
weight of food served, which means that on average almost one-third of the served food
went to waste (Table 7).

Table 7. Shares of plate waste (%) in the total weight of food served at the Rezekne city school
canteens (by school).

Total Weight of Plate Total Weight of Food

o %%
School Waste (g/Week) Served, g/Week * Share of Plate Waste, %
S1 52,578 145,970 36.02
S2 163,750 696,962 23.49
S3 197,674 629,858 31.38
S4 297,603 684,707 43.46
S5 71,131 305,503 23.28
S6 256,933 1,122,945 22.88
S7 216,630 783,191 27.66
Total: 1,256,299 4,369,136 28.75

* Note: the total weight of food served (g/week) was calculated based on the weight of food indicated by the
menu (see Table 3), multiplying the weight of food served each day by the number of samples examined that day
and adding up the results for all the days and all the schools. ** Note: the share of plate waste (%) in the total
weight of food served was calculated as the ratio of the total weight of plate waste (g) to the total weight of food
served (g) x 100% [19]. Source: authors’ calculations based on the results of the field study.

As shown in Table 7, a lower share of plate waste than the average was identified in schools
S2, S5, S6 and S7, while a higher share than the average was found in schools S1, S3 and S4.

The shares of plate waste in the total weight of food served were analyzed also by
grade group, revealing a 1.68%-point difference between grades 1-4 and 5-7: the average
for grades 14 was 29.46%, while the average for grades 5-7 was 27.78% (Figure 4).

Figure 4 shows that a higher share of plate waste in the total weight of food served
than the average for grades 14 (i.e., 29.46%) was found in two out of the six schools, i.e.,
school 54—44.08% and school S7—29.72%; in school S3 this coincided with the average of



Sustainability 2022, 14, 4046

13 of 26

50

30

20

10

36,02

Grade 7 Grades

S1

23,73

14

S2

29.46%; however, in three schools the figure was below the average, i.e., school 52—23.73%,
school 55—26.97%, school S6—24.79%. In the group of grades 5-7, a higher figure than the
average (i.e., 27.78%) was found in three out of the seven schools, i.e., school S1—34.89%,
school S3—34.16% and school 54—42.55%, whereas in four schools it was below the average:
school S2—23.14%, school S5—22.43%, school S6—18.72% and school S7—23.73%. It should
be noted that the largest share of plate waste in the total weight of food served among
grades 1-4 (44.08%) and grades 5-7 (42.55%) was found in school S4.

44,08 42,55

34,16
29,46 29,72
26,97
23,14 I 24 247 I 23,73
I I 18,72

Grades Grades Grades Grades Grades Grades Grades Grades Grades Grades Grades
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S3 sS4  Schools S5 S6 S7

Figure 4. Share of plate waste (%) in the total weight of food served at the Rezekne city school
canteens (by school and by grade group). Source: authors’ construction based on the results of the
field study.

The food served during the field study at the Rezekne city school canteens consisted of
the following food categories: soup, staple food, fish or meat, beverages, fruit, vegetables,
bread and curd products (glazed curd cheese). An analysis of the data obtained during
the field study on the weight of plate waste by food waste category revealed that in all the
schools, the largest share of plate waste in the total weight of plate waste was made up of
beverages at 42.24%, followed by staple food (potato, pasta)—28.38% and meats—11.77%
(Table 8). The authors of the paper note that in the present research, the plate waste analysis
involved beverages (because all of them contain calories), as this method was suggested
as the most comprehensive accounting of plate waste [75]. In some research studies, this
method is called tray waste measurement, as all foods and beverages on schoolchildren
trays are included in the total amount of food wasted [76].

Table 8. Breakdown of plate waste by food waste category at the Rezekne city school canteens, as
a % of the total weight of plate waste (by school).

Plate Waste by Food Category, School Total
Share of Total Plate Waste s1 S2 S3 sS4 S5 S6 S7
Soup 2.66 445 548 12.09 6.17 12.94 5.56 8.37
Staple food 19.21 29.90 2225 29.72 40.77 34.19 2224 28.38
Fish 0.00 171 0.75 133 0.96 1.97 1.00 1.28
Meat 12.55 13.25 12.97 10.03 16.22 14.53 7.00 11.77
Beverage 45.89 43.18 53.31 37.92 22.33 31.49 55.76 42.24
Fruit * 14.24 1.66 2.30 1.63 0.00 3.15 0.57 2.30
Vegetables 5.14 5.03 141 6.98 13.33 1.07 6.82 4.89
Bread 0.32 0.75 1.53 0.26 0.22 0.65 1.05 0.74
Glazed curd cheese 0.00 0.07 0.00 0.05 0.00 0.01 0.01 0.03
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

* Note: regarding fruit waste, it is difficult to draw any conclusion because the schoolchildren were given whole
bananas and whole apples during the field study, which they often took with them. For example, in school S5,
fruits were served in a box, which was usually taken to the classroom where the fruits were later consumed.
Source: authors’ calculations based on the results of the field study.
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As shown in Table 8, an analysis of plate waste shares by food waste category revealed
a similar situation, as the largest share of plate waste was represented by beverages,
followed by staple food and meat, which was found in three out of the seven schools: S2
(43.18%, 29.90% and 13.25%, respectively), S3 (53.31%, 22.25% and 12.97%) and S7 (55.76%,
22.24% and 7.00%). In two out of the seven schools, i.e., S5 and S6, the largest share of plate
waste was found for staple food (S5—40.77% and S6—34.19%), followed by beverages (S5—
22.33% and S6—31.49%) and meat (55—16.22% and S6—14.53%). In school S4, however,
the largest share of plate waste was found for beverages (37.92%), followed by staple food
(29.72%) and soup (12.09%). In school S1, the largest share of plate waste was found for
beverages (45.89%), followed by staple food (19.21%) and fruit (14.24%). Such shares of
plate waste by food category were directly related to the weight of food served by food
category, as beverages, staple food and meat had the largest share in the total weight of
food served. Therefore, it would be more correct to analyze the shares of plate waste by
food category by considering the weight of each food category served, using Equation (2):

Weight of Plate Waste by Food Category, g
Weight of Served Meal by Food Category, g

Share of Plate Waste by Food Category, % = x 100 2)

At the same time, the calculations also showed which categories of food served the
schoolchildren consumed the most and the least (Table 9).

Table 9. Plate waste shares of food served (%) at the Rezekne city school canteens by food category
(by school).

School  Soup Staple Food Fish Meat Beverage  Fruit Vegetables Bread  Glazed Curd Cheese

S1 7.99 30.84 0.00 32.52 51.56 50.18 34.32 2.85 0.00
S2 8.63 31.47 20.81 27.10 31.37 474 19.79 4.34 1.00
S3 14.76 31.07 10.93 36.32 51.46 8.59 7.30 11.83 0.00
S4 44.56 57.62 29.64 37.87 50.83 8.62 50.38 2.75 1.33
S5 12.40 42.44 15.29 31.32 16.11 0.00 53.62 1.25 0.00
S6 24.65 35.05 25.77 28.44 2231 8.43 4.15 3.70 0.20
S7 13.67 27.53 21.29 15.80 47.82 1.68 32.94 7.23 0.25
Total 20.45 36.48 21.64 28.77 37.56 7.65 23.90 5.26 0.49

Source: authors’ calculations based on the results of the field study.

As shown in Table 9, the largest share of plate waste in the total weight of food served
was represented by beverages at 37.56%, followed by staple food—36.48% and meat—
28.77% (see Figure 5). An analysis of the data by school revealed that there were categories
of food that the schoolchildren consumed less than 50% of, i.e., the share of plate waste
exceeded half of the total weight of food served, for example, in school S4, the share of
plate waste for the category of staple food reached 57.62%, in schools 5S4 and S5, the shares
of plate waste for the category of vegetables were 50.38% and 53.62%, respectively, and
for the category of beverages, the figures were the highest in schools S1 (51.56%) and S3
(51.46%), followed by school 54—50.83%.

The authors of the paper point out that in Latvia, the planning and management
of menus in educational institutions is conducted strictly in accordance with the dietary
guidelines stipulated by various legal acts. After analyzing the menus used in the Rezekne
city schools, the authors concluded that the menus were based on the government’s
recommendations on nutrition for children; however, given the large share of meat and
staple food in the total weight of food served during the field study, in this case compliance
with the dietary guidelines did not guarantee a balanced diet for children. The large
number of wasted beverages also indicated that the beverages given to the schoolchildren
did not taste good. In the Rezekne city schools, beverages were poured into glasses and
served on tables for each schoolchild individually. The observations during the field study
showed that the schoolchildren often did not even taste their beverages. Due to COVID-19
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Average Weight of Plate Waste excluding Beverage Waste per Schoolchild, g = Average Weight of Plate Waste per

Cost of Plate Waste, EUR =

restrictions, the intact beverages could not be given to other schoolchildren; therefore, they
went to waste.

The monetary value of plate waste [19] was calculated using Equation (3); the weight
of plate waste excluding beverage waste per schoolchild (see Equation (4)) and the cost of
plate waste excluding beverages (see Equation (5)) were also calculated:

Average Weight of Plate Waste per Schoolchild, g 1

Average Weight of Served Meal , g 42 ©®)

Schoolchild, g — Average Weight of Beverage Waste per Schoolchild, g @
Cost of Plate Waste excl. Beverage Waste, EUR
_ Average Weight of Plate Waste excl. Beverage Waste per Schoolchild,g % 1.42 ®)

Registered plate waste share of food served, by

food groups (%)

40

35

30

25

20

20,45

Soup

36,48

Average Weight of Served Meal , g

where EUR 1.42 is the cost of free lunch per schoolchild that is provided for learners in
grades 1-7 in Rezekne city schools and funded from the state and local government budgets
in accordance with the requirements of legal acts [68].

The calculation results by school and by grade group, as well as for the entire period
of the field study, are presented in Table 10.

37,56
28,77
23,9
21,64
7,65
5,26
0,49
Staple food Fish Meat Beverage Fruit Vegetables Bread Glazed curd
Food groups cheese

Figure 5. Shares of plate waste in the total weight of food served at the Rezekne city school canteens
(%). Source: authors’ construction based on the results of the field study.

After analyzing the costs of plate waste (excluding beverage waste) per schoolchild,
shown in Table 10, it could be concluded that the average cost of plate waste (excluding
beverage waste) per schoolchild was EUR 0.236 (EUR 1666.88/7064 samples). An analysis
by grade revealed that except for schools S3 and S4, the figure was higher in all the other
schools in the group of grades 1-4; in school S4, this figure was the same for both groups
of grades, while in school S3, the cost of plate waste (excluding beverage waste) per
schoolchild was lower in grades 14 than in grades 5-7. It should be noted that the highest
cost of plate waste (excluding beverage waste) per schoolchild was found in school S4 at
EUR 0.38. The average cost of plate waste (excluding beverage waste) per schoolchild found
in the group of grades 1-4 was EUR 0.243 (EUR 997.06/4105 samples), and in the group of
grades 5-7 it was EUR 0.226 (EUR 669.82 /2959 samples), which made up a difference of
EUR 0.017, or 7.5%. Given that the cost of plate waste for the period of the field study, i.e.,
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for 5 working days (in some schools for 4 working days), totaled EUR 1666.88, per day it
was about EUR 333.38, per month or on average 21 working days it was about EUR 7000.00.

Table 10. Weights (g) and costs (EUR) of plate waste at the Rezekne city school canteens (by school
and by grade group).
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S1 Grade 7 613 225 0.52 103 122 0.28 234 66.13
2 Grades 14 618 147 0.34 58 89 0.20 677 138.45
Grades 5-7 618 143 0.33 69 74 0.17 450 76.51
s3 Grades 14 618 182 0.42 94 88 0.20 603 121.93
Grades 5-7 618 209 0.48 116 93 0.21 421 89.96
S4 Grades 14 618 272 0.62 105 167 0.38 663 254.41
Grades 5-7 618 262 0.60 97 165 0.38 447 169.47
S5 Grades 14 618 164 0.38 34 130 0.30 94 28.08
Grades 5-7 618 140 0.32 32 108 0.25 399 99.01
6 Grades 14 618 154 0.35 52 102 0.23 1239 290.38
Grades 5-7 618 115 0.26 29 86 0.20 574 113.43
s7 Grades 14 618 184 0.42 98 86 0.20 829 163.81
Grades 5-7 624 148 0.34 92 56 0.13 434 55.31
Total for grades 14 4105 997.06
Total for grades 5-7 2959 669.82
Total 1666.88

Source: authors’ calculations based on the results of the field study.

4. Discussion
4.1. Comparison with Other Studies

The management of catering in the schools of Rezekne city differs significantly from
the approach applied in several European countries and the USA, where it mostly takes
the form of buffet-type catering. In Rezekne city schools, before each lunch break, tables
reserved for individual classes are set by placing portions of a set meal (staple food and
meats on a single plate) according to the expected number of lunch participants, while
vegetables can be served together with a set meal on a single plate or served in shared
dishes on tables for each class individually, while soup is usually served in shared dishes
on each table. The menus are designed based on government recommendations on child
nutrition and are agreed and approved by the head of each educational institution.

The results of the quantification of plate waste that was performed at the canteens of
the Rezekne city schools, examining the plate waste of 7064 school lunches for schoolchil-
dren in grades 1-7, showed that the average weight of plate waste per schoolchild reached
178 g: in the group of grades 14 it was 182 g, in the group of grades 5-7 it was 172 g. The
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share of the total weight of plate waste in the total weight of food served was 28.75%: in the
group of grades 14 the figure was 29.46%, while in the group of grades 5-7 it was 27.78%.

It could be concluded that the share of plate waste calculated by the field study ex-
ceeded that identified by previous research studies conducted in other European countries
and the USA. This could be due to the fact that in the present field study, the beverages
that were not consumed were also included in the weight of plate waste. Many plate waste
measurement studies considered only solid plate waste (excluding beverage waste), and
often the components of plate waste were not discussed in detail at all. Eriksson et al.
identified that 23% of food served in Swedish school canteens went to waste. Waste from
beverages was not recorded or quantified in this study [35]. A research study on Italian
schools by Garcia-Herrero et al. found that the average weight of food waste (excluding
beverage waste) per primary school pupil was 136 g, of which about 95% was plate waste
and about 5% was served food waste [15]. In an audit of food waste (excluding beverage
waste) in Spanish schools, Derqui and Fernandez (2017) found that the largest amount
of food waste came from plate waste, i.e., ranging from 21 g to 47 g per pupil per day
in primary schools and from 23.7 g to 88.0 g per student per day in secondary schools,
concluding that the plate waste tended to increase with the age of students [19]. This
observation showed the importance of taking measurements for the quantification of food
waste by age group. Conducting food waste research at three U.S. schools in Florida, Wilkie
et al. found that school A had the highest average food waste per pupil among all the three
schools, even though the kitchen did not generate a measurable amount of food waste.
This was due to the higher number of school-provided meals in school A and the number
of primary schoolchildren who were more selective, or the fact that they were served larger
portions than they could eat. In this research, the amount of wasted milk was measured
separately [37]. Buzby and Guthrie, and Niaki et al. also concluded that food waste tended
to decrease with the age of schoolchildren [20,48]. Steen et al., in contrast, found that the
amount of plate waste tended to increase with the age of schoolchildren [38]. The results of
our field study showed that no significant differences in the share of plate waste in the total
weight of food served were observed between the groups of grades; it was found that there
was a difference of 1.68 percentage points between the groups of grades 14 and 5-7: the
average for grades 1-4 was 29.46%, while for grades 5-7 it was 27.78%.

An analysis of plate waste by food category showed that beverages accounted for
the largest share of total plate waste (42.24%), followed by staple food (28.38%) and meat
(11.77%). An analysis of plate waste shares of food served (%) by food category revealed
a similar situation: the largest share of food served was made up of beverages (37.56%),
followed by staple food (36.48%) and meat (28.77%). The results of the present field study,
broken down by plate-waste food category, differed from the results of other research
studies conducted worldwide, which were as follows: in Italian schools, analyzing plate
waste by food category, it was found that about 22.4% pasta or rice, 31% livestock food
products and 43.6% vegetables were wasted [73]; in a research study conducted in Boston
schools, Cohen et al. (2013) found that students discarded about 19% of their food, including
47% fruit, 25% milk and 73% vegetables [24]; a research study of students in grades 3 to 8 in
four U.S. schools found that the share of vegetable waste reached 58.9% [77]; research
studies conducted in China found that vegetables accounted for the largest share of plate
waste, i.e., 42% [78] and 31% to 53% [41]. It could be concluded that vegetables were wasted
the most, and this was a very common situation all over the world [20,23].

The results of the present field study on vegetable plate waste were as follows: the
share of vegetables in the total amount of plate waste was only 4.89%, while the share
of discarded vegetables in the total amount of vegetables served was 23.90%, which was
the fourth largest plate waste food category. The authors of the paper attribute this to the
relatively small share of vegetables in the school menu (only fresh vegetables such as fresh
cucumbers, tomatoes, carrots and cabbage), which accounted for only 4-8% of the total
weight of food included in the school menu. This mostly depended on the insufficient
funding for free lunches (i.e., only EUR 1.42), which limited the possibility to introduce
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different kinds of vegetables to the menu. It is also necessary to consider the fact that
Latvia is located in Northern Europe, where fresh vegetables such as cucumbers, tomatoes,
peppers, etc. are mostly available at the end of summer when their prices are the lowest,
yet during the school year their prices increase significantly, which does not encourage the
diversification of the menu.

4.2. Monetary Value of Plate Waste

Regarding the monetary value of food waste, as noted by Derqui and Fernandez, such
a measurement was very seldom taken by researchers due to the fact that the research
objectives rarely related to costs [19].

The aim of the present research was not to perform a detailed analysis of the monetary
value of food waste. However, given the fact that in Rezekne city, lunches for schoolchildren
in grades 1-7 are funded by the national or local governments whose main source of revenue
is personal taxes, in this case it was worth calculating the monetary value of food waste. To
make the calculation of plate-waste costs as correct as possible, the weight of beverages
was deducted from the total weight of plate waste, as the authors of the paper believed
that the most significant component of any beverage was water, which was cheaper than,
for example, meat or vegetables. The calculations showed that the average cost of plate
waste (excluding beverage waste) per schoolchild was estimated at EUR 0.236 (or 16.6% of
the cost of a portion of free lunch at EUR 1.42).

Given that the cost of plate waste for the period of the field study, i.e., for 5 working
days (in some schools for 4 working days) totaled EUR 1666.88, per day it was about
EUR 333.38, and per month or on average 21 working days it was about EUR 7000.00. Due
to the different price levels across various countries, it is difficult to compare our figures
in terms of whether they are high or low. However, given that the cost of one free lunch
portion is EUR 1.42, almost 5000 schoolchildren a month could be provided with free lunch
for this funding. Additionally, this is a significant figure, considering that the number of
schoolchildren in grades 1-7 in Rezekne city schools was 2176: the monetary value of plate
waste would be enough to provide free lunch for schoolchildren in the grades for about
2 days a month.

4.3. Policy Recommendations

One of the research methods was observation. The researchers observed the atmo-
sphere in the dining halls of the school canteens, the interior, the table setting, the way the
food was placed on the plate, the way the food was served for lunch and the process and
time for enjoying the food. The plate-waste analysis was only one of the activities of the
research project that developed recommendations for several areas of school catering man-
agement: designing of school menus, organization of the catering process, assessment of
catering infrastructure and equipment, school canteen personnel, food waste management,
etc.; for example, one of the recommendations developed was as follows (1) designing and
implementing an education and communication strategy in schools, which is focused on sustainable
and healthy food consumption. This recommendation is based on the idea of education and
communication as the most effective approach to changing learners’ food-consumption
behavior [79]. Food waste in school canteens could be reduced by educating learners
and school personnel, thereby changing their behaviors [37,80,81], especially given that
childhood food consumption behaviors and habits tend to continue into adulthood [20]. An
awareness of food waste, healthy eating and waste needs to be raised among both learners
and school personnel (teachers, administrators, kitchen personnel) [27,82-84]. Often it is
one-way communication, through posters or table talkers, which conveys messages such
as “Eat as much as you can—but throw away as little as you can” [85]. In addition, schools
were recommended to integrate nutrition education and healthy food awareness into the
school canteen environment, using a competency approach to the curriculum.

The use of various digital tools to track plate waste also allows the responsible person-
nel to gain an understanding of why the meal is wasted, as well as providing food planning,
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which could have a positive effect on the amount of waste in the long term [85]. One of
the results of our research project was the development of a prototype of an e-mentor
tool that is able to predict the quantity of food required for educational institutions with
the aim of reducing food waste. The mathematical calculations for the prototype of the
e-mentor tool showed that if the lunch break was less than 20 min (considering also the
time it takes for schoolchildren to get to the canteen and go back to the classroom after the
lunch), the weight of plate waste increased exponentially. By means of the prototype of
the e-mentor tool, it is possible to predict not only the effect of the lunch break duration
on the amount of plate waste but also to identify the effects of other parameters such as
schoolchildren’s attitudes to certain categories of food and competitive food consumption
(e.g., food brought from home) [86]. The authors of the paper plan to develop the e-mentor
tool within future research projects so that it would be practically applicable in Rezekne
city schools.

The other recommendations developed pertain to:

(2) the focus of school administration on the sustainability of food resources, which means
that the more school administrators and teachers focus on sustainability, the larger the
potential for waste-reduction initiatives [27,87];

(3) diversification of school menus, including identifying learners” wishes for designing
a menu [11,27], as well as the revision of and improvement in nutritional guidelines
considering the changing demand for food by learners in today’s conditions, but based on
the consumption of healthy food. It is highly recommended to review the menu periodically
and to not include dishes that are not preferred by the learners [88];

(4) careful planning of the quantity of food to be prepared. Forecasting canteen attendance
can help canteens to identify the number of learners they need to provide catering for, i.e.,
plan the demand [89]. Derqui et al. (2018) point out that timely and fast communication
between the school administration and the kitchen about the actual number of learners is
needed in order to be able to adjust the quantity of food prepared [27]. Previous research
studies have shown that canteen attendance forecasting can reduce food waste and save
financial resources [82,89-91]. The authors of the paper concluded that in the Rezekne
city schools, due to external circumstances (mainly because of sick schoolchildren or the
COVID-19 pandemic), the number of schoolchildren participating in lunch on a given
day was variable. This is one of the risk factors in food waste, as from the organizational
perspective, the educational institution does not always have a system in place that allows
the catering provider to receive timely information on the actual number of schoolchildren
on a given day to avoid unnecessary food production;

(5) prudent planning of lunch breaks and dining hall environment adaptation. Several
research studies have examined the impacts of changes in the dining hall on food waste, e.g.,
the implementation of the Smarter Lunchrooms Movement (SLM) strategy [92] and its
impact on the consumption of fruit, vegetables and dairy products by learners [31,93,94].
Research studies show that the implementation of fruit and vegetable-oriented marketing
activities in schools significantly increase the consumption of the foods [95-97]. However,
an extensive research study by Cohen et al. on school food promotion strategies conducted
in 2021 showed that in the long term, the interventions yielded conflicting results, meaning
that not all school food promotion methods included in the SLM strategy actually worked.
The best results could be achieved by applying the holistic approach, e.g., giving students
an opportunity to choose meal components (especially fruit and vegetables), improving
the taste of food, offering cut fruit, allowing more time for lunch breaks (~30 min), limiting
access to competitive foods, etc. [98].

(6) the way the food is served. Liu et al. (2016) have concluded that it is buffet-type
catering that is more effective in serving food in schools, as it makes students more flexible
in relation to the food choice, taste and weight (compared with a way of serving food that
is of an oppressive nature) [78]. However, Simanovska points out that in some schools in
Latvia, the Food and Veterinary Service inspectors objected to the possibility for schoolchil-
dren to choose the components and size of the portion themselves, stating that this could
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be contrary to strict legal requirements concerning a certain amount of nutrients to be
provided to every schoolchild. Nevertheless, the official opinion of the National Food
and Veterinary Service states that it is acceptable for schoolchildren to choose their own
food and portion size if the average nutritional requirements for every child are met [99].
Methods of serving foods that make it practically difficult for schoolchildren to consume
them should be avoided [26]. The supply of unpeeled and uncut fruit to schoolchildren
significantly increases the amount of plate waste [100]. The size of plates also plays an
important role in placing the food in an attractive way for schoolchildren. The field study
found that in most of the schools examined, the plate size was too small, often the food
on the plate was placed in such a way that the components of each food were not visible,
which made a negative impact on the schoolchildren’s attitudes to the food;

(7) modern kitchen equipment and professional kitchen personnel. The amount of food
waste generated by schools is influenced by the diverse resources of their canteens, both
physical (facilities and infrastructure) and human (school and canteen personnel). Some
of the resources are structural, e.g., the size and equipment of the kitchen or canteen,
while human resources are more closely linked to the school administration’s focus on
sustainability [19,27]. The appearance and taste of food are influenced by factors such as
the cooking skills of kitchen personnel, the quality of the food, cooking equipment and the
storage of foods [27,41]. Despite the fact that 70.91% of school canteen personnel involved
in the field study had the required qualifications to perform the responsibilities of a cook, it
was recommended to develop a training plan for the school canteen personnel to acquire or
improve the skills and knowledge required for the job. Regarding improvements in school
canteen infrastructure, the schools were recommended to purchase modern technological
equipment to prepare food by applying newer, more food-friendly methods, e.g., convection
ovens or combination ovens. It is also necessary to consider the fact that the Rezekne school
canteens mainly used manual work; therefore, equipment was needed that could automate
many processes, e.g., a machine for portioning semi-finished foods, etc.

The authors of the paper believe that within the research project, significant work was
conducted and basic information about the management of catering in Rezekne schools
was obtained on which to build on future research. This future research would relate to
the implementation of individual recommendations for the management of catering, as
well as the improvement of the e-mentor tool with the aim of applying it in practice at
school canteens.

5. Conclusions

Within the research project “E-mentor as a Transformation tool for Ensuring Zero-
Waste Food Consumption in Educational Institutions” No. 1zp-2020/2-0115, funded by
the Latvian Council of Science, an analysis of plate waste was performed in seven schools
of Rezekne city, and recommendations for stakeholders on how to reduce the amount of
plate waste were developed. It should be noted that, to date, no research studies have
been conducted in Latvia placing a focus on zero-waste food consumption, including plate
waste generated by educational institutions.

The distinguishing feature of the present research was that during the week of the
field study, a unified menu was introduced into all the schools examined, which eliminated
differences in food availability and ensured the same research conditions, thereby reducing
the impact of factors influencing gastronomic choices on the study.

The research results showed that in Rezekne city schools, the average weight of plate
waste per schoolchild reached 178 g. The weight of plate waste accounted for 28.75% of
the total weight of food served. The figures were higher than those obtained by earlier
research studies conducted worldwide, and the authors of the paper explain this by a
different methodology for measuring plate waste—the present field study also took into
account beverages because all of them contain calories, and this method is considered
to be the most comprehensive accounting of plate waste. The field study did not find
significant differences in the average weight of plate waste between different age groups of
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schoolchildren: in the group of grades 14 it was 182 g, in the group of grades 5-7 it was
172 g. Regarding the share of plate waste in the total weight of food served, in the group
of grades 14 the figure was 29.46%, while in the group of grades 5-7 it was 27.78%. A
one-way analysis of variance showed that the average weight of plate waste per schoolchild,
in grams, was not affected by the grade which the schoolchildren were in.

After analyzing the amounts of plate waste by food category, the authors of the paper
found that the results obtained differed from those of previous research studies conducted
worldwide, which found that vegetables were wasted the most. In the schools of Rezekne
city, the largest share of plate waste in the total weight of plate waste was made up of
beverages (42.24%), followed by staple food (28.38%) and meat (11.77%). An analysis of
plate waste shares of food served (%) by food category revealed a similar situation: the
largest share of food served was made up of beverages (37.56%), followed by staple food
(36.48%) and meat (28.77%). The authors of the paper explain this via the relatively small
share of fresh vegetables in the school menu, which, in the opinion of the authors, depends
on insufficient national and municipal funding for school lunches, which does not allow
the schools to diversify their menus with a variety of fresh vegetables.

The aim of the present research was not to perform a detailed analysis of the monetary
value of food waste. However, given the fact that in Rezekne city, lunches for schoolchildren
in grades 1-7 are funded by the national or local governments whose main source of revenue
is personal taxes, in this case it was worth calculating the monetary value of food waste. To
make the calculation of plate waste costs as correct as possible, the weight of beverages was
deducted from the total weight of plate waste. The calculations showed that the average
cost of plate waste (excluding beverage waste) per schoolchild was estimated at EUR 0.236,
or 16.6% of the cost of a portion of free lunch at EUR 1.42.

Given the research results, the authors conclude that in order to reduce the amount
of plate waste generated by Rezekne city schools, school menus should be based not
only on the requirements prescribed by relevant legal acts but also on modern learners’
understanding of nutrition, their perception of food consumption and whether it is in line
with their understanding of a “modern” and self-evident process. It is necessary to ensure
that the schools” cooking processes meet the requirements of modern consumers (learners)
by introducing cooking techniques that are understandable and familiar to them (e.g.,
offering smoothies). By following the trends in cooking practices in society, it is possible
not only to increase the consumption of school food but also to make the learners interested
in consuming school food.

Nowadays, children’s eating habits have changed significantly. Many dishes that are
preferred by school menu makers and children’s parents are not aligned with children’s
understanding of a delicious and healthy diet. The observations made by the authors of
the paper revealed that in relation to competitive foods, children often chose a food that
they consider healthy, and its physical volume was smaller than the volume of free lunch
food. Most often, a competitive food chosen by learners did not meet the requirements
of a healthy diet. The authors of the paper believe that serving school food in a modern
way could change learners’ attitude to the food offered. For example, packed small carrots,
chopped peppers or cucumbers placed in disposable snack dishes allows schoolchildren to
take the vegetables with them and eat them later. Expanding schoolchildren’s choices of the
kinds of free lunch dishes could reduce the amount of plate waste. The authors recommend
that schoolchildren be provided with food choices (e.g., pre-ordering or organizing buffet
meals). The authors further recommend reviewing and improving the dietary guidelines
by considering changes in the demand for food by learners in today’s world, while also
ensuring the guidelines remain based on healthy food consumption.
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Abstract

The research aims to identify the factors affecting food waste and waste generation in schools and, consequently,
barriers to zero-waste food consumption based on a systematic review of literature for the period 2015-2022.
The research employed qualitative methods: systematic literature review, analysis and synthesis, as well as the
monographic method. The literature review examined 1702 research papers and the abstracts. Using a PRISMA 2020
flow diagram, 54 papers were selected from the ScienceDirect, Scopus and Google Scholar databases for an in-depth
analysis. Based on the literature review, 8 groups of factors that affected the generation of food waste in schools in the
consumption process were identified: demographical, political, school food policy, environmental, socio-economic,
personal/human, physical/human and geographical. The factors identified and aggregated might provide a basis for
further discussions on zero-waste food consumption and food waste reduction in schools, as well as specific actions

to optimize school food consumption and promote effective food and food waste management.
Key words: zero-waste, food consumption, factors, food waste.

Introduction

Everyyear, one third of the food produced forhuman
consumption worldwide is lost or wasted at some
stage in the food supply chain, totalling approximately
1.3 billion tonnes of food, which causes significant
economic, social and environmental damage (Massari
et al., 2021). To protect the planet and contribute to
prosperity, in 2015 the UN developed the Sustainable
Development Goals for 2030. Goal 12 involves
ensuring responsible consumption and production
patterns — it is necessary to halve global food waste
per capita at the level of retailers and consumers, as
well as reduce food losses in production and supply
chains, which could help to ensure food security and
shift to a more resource-efficient economy (UNDP,
2022).

In developed countries, raising awareness of food
waste and loss is particularly important at the stage of
consumption, which is the main source of food waste.
In this respect, public school canteens create a unique
environment that shows eating habits and the way the
available resources are managed (Garcia-Herrero et
al., 2019). School canteens, where sustainable food
consumption habits need to be passed on to future
generations, produce a lot of food waste. There is
a need to find a solution to the conflict between
education on best practices and schoolchildren
behaviour through incorporating school catering into
a sustainability strategy (Garcia-Herrero et al., 2021).

To date, the factors affecting food waste in schools
in the consumption process have not been extensively
researched in Latvia; therefore, the research aims to
identify the factors affecting food waste and waste
generation in schools and, consequently, barriers to
zero-waste food consumption based on a systematic
review of literature for the period 2015-2022. To
achieve the aim, the following specific research
tasks were set: to make a systematic literature review

to identify the factors that hinder zero-waste food
consumption in schools; to summarize the results and
draw conclusions.

The zero-waste approach has been introduced not
only in several industries of the economy but also
in educational institutions (Munguia et al., 2018).
Food consumption and food waste reduction is a
social responsibility of every educational institution;
therefore, food waste management requires a holistic
approach to sustainable resource use and waste
management (Hamid et al., 2020). Food waste relates
to the final consumption stage and is a consequence
of consumer behaviour (Principato et al., 2018);
therefore, it is important to identify the factors that
affect food waste and food waste generation in schools
in order to optimize food consumption and promote
effective food and food waste management.

Materials and Methods

The research employed qualitative methods:
systematic literature review, analysis and synthesis, as
well as the monographic method. The literature review
examined 1702 research papers and the abstracts.
Using a PRISMA 2020 flow diagram, 54 papers were
selected from the ScienceDirect, Scopus and Google
Scholar databases for an in-depth analysis.

Results and Discussion

Systematic literature reviews could be defined as a
kind of research synthesis that is conducted to identify
and obtain international evidence or practices and
answer a specific question (Munn ez al., 2018).

The research question is as follows: what factors
affect food waste and food waste generation in
schools and are therefore a barrier to zero-waste food
consumption?

The process of selecting and synthesising the
relevant literature is shown in Figure 1, i.e. a PRISMA
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Figure 1. PRISMA 2020 flow diagram for new systematic literature reviews.

Source: authors’ construction based on (Page et al., 2021).

2020 flow diagram, which was developed to help
the researchers to clearly represent the process of
literature selection (Page ez al., 2021).

To select the most relevant literature, it is important
to choose the right keywords (Linnenluecke, Marrone,
& Singh, 2020; Tseng et al., 2019). Since food
consumption closely relates to food waste, the authors
chose the keywords ‘food consumption in schools’,
‘food waste in schools’, ‘plate waste in schools’ for
the selection of research papers. Using the keywords
and selecting the period of 2015 to 2022, several
thousand papers were initially found, of which 1702
were selected using the advanced search technique
(ScienceDirect — 624, Scopus — 879, Google Scholar —
199). Of the total, 269 overlapped and 1070 were
excluded because of their titles. At the next step, 363
papers were left for screening, which were evaluated
by the abstract, and 214 were left for reading. After
analysing the papers, another 99 papers were excluded
because they did not answer the research question.
Finally, 54 out of the 115 most relevant papers were
selected for further analysis.

Based on the literature review, 8 groups of factors
that affected food waste in schools in the consumption
process were identified.

Demographical factors. The amount of food
waste in schools is significantly affected by the age
of schoolchildren (Derqui & Fernandez, 2017; Park,
Choi, & Kim, 2015). However, no unambiguous
conclusions could be drawn based on the available
research studies due to conflicting research findings
that younger schoolchildren waste more than older
ones (Niaki et al., 2017) and that the amount of
food waste in educational institutions increases with
age (Steen er al., 2018), and adolescents have a
negative attitude towards school food (Tuorila ez al.,

2015). Based on the findings, children at the age of
6-7 years begin to form their food waste behaviour;
therefore, environmentally friendly interventions
aimed at reducing food waste should begin at this age
(Sorokowska et al., 2020). Food consumption is also
affected by gender (Park, Choi, & Kim, 2015; Qian et
al., 2022a). It has been observed that boys tend to eat
more food and are even willing to eat someone else’s
uneaten portion, thus producing less food waste than
girls do (Moreno-Black & Stockard, 2018; Painter,
Thondhlana, & Kua, 2016), whereas girls prefer
fruits and vegetables, thus wasting less food of this
category (Cerrah & Yigitoglu, 2022; Moreno-Black
& Stockard, 2018). It is emphasized that the level of
education also shapes food consumption behaviour
(Chen & Chen, 2018; Qian et al., 2021; Qian et al.,
2022a), i.e. the lower the level of education, the more
food is wasted (Wu et al., 2019).

Political factors. School catering is governed by
laws, regulations and policies at several levels, which
must comply with a number of standards: hygiene,
health, etc., as well as international standards and
various regulations regarding procurement, waste
management, etc. (Derqui, Fernandez, & Fayos,
2018; Priefer, Jorissen, & Brautigam, 2016), not
focusing on nutrition or taste issues (Gobel ef al.,
2015). In addition, the rigidity and inflexibility of
procurement specifications in adjusting various foods
(Falasconi et al., 2015) and issues related to catering
policies and school catering management plays
some role (Boschini ez al., 2020). It has been found
that changing school dietary guidelines reduced the
amount of food waste of plant origin by up to 28%,
and it is suggested that a healthy diet could be part
of strategies to reduce food waste (Reynolds ez al.,
2019). Schoolchildren comments and feedback from
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the school kitchen are equally important, which helps
to develop appropriate food waste reduction measures
(Malefors, Eriksson, & Osowski, 2017). Often the
main barrier to reducing food waste is inappropriate
and unsupportive school policies, e.g. food is not
allowed to be shared or taken away (Panizza et al.,
2017; Zhao et al., 2019), which could relate to the old
and common but ineffective habits (Persson Osowski
et al., 2022). Schoolchildren’s eating habits vary from
school to school, yet the habits are strongly linked to
school management priorities and positions regarding
waste management and nutrition education for
schoolchildren (Derqui & Fernandez, 2017; Torres-
Pereda et al., 2020). Education, training, additional
activities and awareness about nutrition, as well as
the negative impacts of wasteful behaviour and food
waste have been identified as key success factors in
reducing food waste in schools (Chen & Chen, 2018;
Schanes, Dobernig, & Gozet, 2018).

School food policy. Catering providers could have
different strategies for planning and managing the
catering process (Boschini ez al., 2020; Pirani & Arafat,
2016). A lot of food waste is generated after cooking or
serving the food, as well as because the food is not
consumed before the expiry date (Ishangulyyev, Kim,
& Lee, 2019). Canteen employee professional skills
(Heikkild et al., 2016) to cook well or reuse leftovers
are also important (Pires ez al., 2022). The menu and
designing it are also considered to be important factors,
as the reduction of food waste requires a change
in practices, in particular improved planning and
management based on past experience (Silvennoinen,
Nisonen, & Pietildinen, 2019), as the cause of
additional food waste from school meals is associated
with the composition of the menu, e.g. non-standard
food (Prescott et al., 2019), the presence of alternative
foods (Falasconi et al., 2015) or special diets in schools
(Eriksson et al.,2017). Food leftovers could be reduced
by providing enough time to eat (Kodors et al., 2022;
Painter, Thondhlana, & Kua, 2016), as the amount
of food waste is affected by the duration of lunch, a
sense of urgency and a lack of time to eat (Burton et
al., 2022; Painter, Thondhlana, & Kua, 2016; Qian et
al.,2021; Silvennoinen, Nisonen, & Pietildinen, 2019).
Several research studies emphasized the role of a lunch
supervisor as crucial, as a lack of control over food
leftovers made by schoolchildren is a major source of
food waste (Derqui & Fernandez, 2017; Martins et al.,
2020). Teachers should be encouraged to have lunch
with their schoolchildren, as they play an important
role in shaping long-term eating habits (Martins et
al., 2016). The different and unequal availability
of resources in schools, e.g. kitchen facilities and
human resources, can affect the amount of food
waste generated (Derqui & Fernandez, 2017; Derqui,
Fernandez, & Fayos, 2018). Too large portions are also

one of the most important factors in food waste (Betz
et al., 2015; Boschini et al., 2020, Pires et al., 2022;
Shanks, Banna, & Serrano, 2017; Steen et al., 2018;
Talwar ef al., 2021), and reducing food waste could
be achieved by simply reducing portions (Visschers,
Gundlach, & Beretta, 2020) or by offering portions of
different sizes (Vizzoto, Testa, & Iraldo, 2021). The
size and shape of the plate also significantly affects
the food waste generated (Betz ef al., 2015; Priefer,
Jorissen, & Brautigam, 2016; Richardson, Prescott,
& Ellison, 2021), with larger plate sizes generating
more food waste per schoolchildren per meal (Qian et
al., 2022a), which could be prevented by introducing
smaller oval plates in catering establishments (Gwozdz
et al.,2020), or by changing the size of the plates from
large to small (Ravandi & Jovanovic, 2019). The
design of food (Falasconi ef al., 2015; Gwozdz et al.,
2020) and the serving dishes are not less important
(Talwar et al., 2021).

Environmental factors. There are many reasons
for consuming and wasting food, including the
environment in which schoolchildren eat (Shanks,
Banna, & Serrano, 2017). The amount of food waste
increases with the capacity of the dining hall, which
is associated with increased levels of stress and noise
(Steen et al., 2018). The availability of food at the
school snack bar also increases food waste, which
encourages schoolchildren to eat more than they can
(Priefer, Jorissen, & Brautigam, 2016). Schoolchildren
waste less food if there is a positive atmosphere in the
dining hall (Elnakib ez al., 2021).

Socio-economic factors. Several researchers have
pointed out that food waste is affected by the family’s
socio-economic status and income level (Park, Choi, &
Kim, 2015; Qian ef al., 2021; Qian et al., 2022a; Wu
et al., 2019). The family’s socio-economic status also
affects schoolchildren’s attitude to food, as it has been
found that primary school children from families with
lower socio-economic status associate healthy food
with something tasty rather than tasteless, thus wasting
less healthy food (van der Heijden ef al., 2020).

Personal/human factors. The amount of food
waste generated by school canteens is also affected
by schoolchildren’s eating habits (Shanks, Banna, &
Serrano, 2017) and dietary choices (Moreno-Black
& Stockard, 2018; Wu ef al., 2019). It has been
observed that food brought from home and breakfasts
in the classroom generate less food waste in the
school canteen (Farris er al., 2019); however, the
schoolchildren who ate snacks high in saturated fat or
calories in the morning, which cause loss of appetite at
noon, were more likely to waste lunch food (Falasconi
et al., 2015; Martins et al., 2020). School lunch food
is adequate for schoolchildren’s daily diet and is
generally more nutritious than other foods, including
those taken from home (Pagliarino, Santanera, &
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Falavigna, 2021). Schoolchildren eating habits are
extremely different, as it could be associated with the
regularity of meals, the kind of breakfast, even the age
at which schoolchildren start smoking (Park, Choi,
& Kim, 2015), as well as their appetite (Martins et
al., 2016; Wu et al., 2019), as food is wasted more
when the schoolchildren are not hungry (Betz et al.,
2015) or are not satisfied with the taste of the food
served (Qian ef al., 2021; Talwar et al., 2021) or other
sensory properties of the food (Tuorila et al., 2015;
Martins et al., 2020). It has been found that most of the
schoolchildren discarded uneaten food from school
Iunch (60%), and much fewer did that at a restaurant
(8%) (Mitchell & Prescott, 2020), which indicates
that it is acceptable to discard unwanted food, but it
is not acceptable to discard wanted food (Zhao ez al.,
2019). In addition, stress (Philippe et al., 2021), peers,
pressure from others and the presence of other people
during lunch (Qian ez al., 2021; Qian et al., 2022a) can
increase food waste. The behaviours of teachers and
schoolchildren also affect food consumption (Blondin
et al., 2018). In China, it is believed that the only
child in the family is more likely to waste food than
someone who has siblings (Qian ez al., 2022a). People
often blame other individuals for food waste and
waste generation or mention other conditions that they
cannot influence or control; therefore, knowledge and
an in-depth understanding of food waste and personal
attitudes could reduce the effects but not completely
eliminate them (Malefors et al., 2022; Qian et al.,
2021; Visschers, Gundlach, & Beretta, 2020).

Physical human factors. Food consumption is
affected by body weight (Park, Choi, & Kim, 2015),
metabolism (Shanks, Banna, & Serrano, 2017), as well
as the body mass index (BMI); it was found that the
lower the BMI, the higher the probability of food waste,
and various tests showed that the slimmest participants
tended to waste more food (Qian ef al., 2022b).

References

Geographical factors. Attitudes to food waste
vary from culture to culture (Qian et al., 2022a).
The development of a menu and the wishes of
schoolchildren are also associated with the region
where the school is located; therefore, food waste
differs for each kind of menu (Bustamente, Afonso, &
De los Rios, 2018).

The results show that a very wide range of factors
affect food waste in schools in the consumption
process, what should be taken into account developing
effective strategies to reduce food waste in schools.

Conclusions

Comprehensive research studies on the problem of
food consumption and waste in schools is available
in the scientific literature. Using a PRISMA 2020
flow diagram and applying the systematic literature
review method, 54 most relevant research papers were
selected to answer the research question. Based on the
literature review, 8 groups of factors were identified:
demographical, political, school food policy,
environmental, socio-economic, personal/human,
physical/human and geographical, which affected food
waste and food waste generation in schools and were
therefore a barrier to zero-waste food consumption.
The factors identified and aggregated might provide
a basis for further discussions on zero-waste food
consumption and food waste reduction in schools,
as well as specific actions to optimize school food
consumption and promote effective food and food
waste management.
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Abstract. Climate change, depletion of natural resources, social
inequality and poverty, a lack of food resources, etc. issues
related to world inable develop has become
increasingly relevant in the last 50 years, negatively affecting
people's opportunities, and living standards in various countries.
Despite these problems, the average level of wealth of the
population in the world is gradually increasing over time.
Considering forecasts on population growth by the end of the 21st
century, it must be admitted that the current world-dominant
linear economic model is fully unsustainable in resource
consumption, as there is a natural barrier to economic growth.
The aim of the present research study is to explore the potential
of the circular economy as a tool for achieving sustainable
development, based on a theoretical framework. This paper was
built based on a broad literature review to examine the limitations
and conceptual gaps of the circular economy concept as a tool for
achieving inable devel It has been concluded that
the circular economy concept undeniably has huge potential to
promote sustainability within planetary boundaries as well as it
can be implemented to decouple economic growth from the
utilization of finite resources. However, a broader analysis of the
circular economy concept allows us to assert that to date, a clear
and effective approach for the transition to this economic model,
affecting all areas of inable develop t (e
environmental, economic, social) has not been developed. In
addition, the circular economy concept is still evolving, there is a
tendency to view the circular economy concept holistically,
covering various sub-concepts of the circular economy under the
common Sustainable Circular Economy concept's umbrella.

Keywords: circular economy, planetary boundaries, resource

¢

consumption, inable develop

1. INTRODUCTION

The sustainable development (SD) framework
encompasses strategies and practices aimed at reducing our
ecological footprint while fostering development rooted in
principles of social justice and equality. The three core
dimensions of sustainability are economic, environmental,
and social. True sustainability is attained only when there is

an equilibrium or a careful trade-off among these three
aspects [1], [2], [3].

Since the creation of a definition of SD in the 1980s,
many stakeholders still seek workable solutions to
achieving SD at the macro (local and national
government) and micro (entrepreneur and consumer)
level. However, it is a complex process affected by
various external factors. The United Nations (UN)
Department of Economic and Social Affairs forecasts
that the world population will increase by at least 2
billion people by 2100 [4], while World Bank data
indicate an increase in the wealth of nations and the
proportion of the middle class since 1995 [S], [6].
Although overall the changes can be viewed positively,
it simultaneously raises concerns about the risks of
resource overconsumption and social inequality: the
populations of Global South countries lack equal access
to education, health care and balanced diets, on the other
hand the overconsumption of resources by the people of
Global North countries causes the depletion of world
resources, increases the greenhouse effect and
environmental pollution, thereby contributing to an
increase in social inequality in the world [7], [8], [9],
[10]. Teixido-Figueras et al. [11] argue that the top 10%
of global income earners contribute to 25-43% of the
environmental impact. At the same time, the bottom 10%
of income earners worldwide are responsible for only
approximately 3-5% of the environmental impact.
Obviously, the current levels of consumption by most
people in the Global North, in most cases
overconsumption, is unsustainable, unethical or unjust
on a global scale.

UN Environment Programme data show that
resource extraction has more than tripled since 1970,
including a fivefold increase in the use of non-metallic
minerals and a 45 percent increase in fossil fuel use; by
2060, global material use could double to 190 billion
tonnes (from 92 billion), while greenhouse gas emissions

Print ISSN 1691-5402
Online ISSN 2256-070X
https://doi.org/10.17770/etr2024voll.7954

© 2024 Juta Deksne. Published by Rezekne Academy of Technologies.
This is an open access article under the Creative Commons Attribution 4.0 International License.

102



https://doi.org/10.17770/etr2024vol1.7954
https://creativecommons.org/licenses/by/4.0/

Juta Deksne. Circular Economy as a Tool for Sustainable Development: A Theoretical Perspective

could increase by 43 percent; the extraction and processing
of materials, fuels and food contribute to half of total global
greenhouse gas emissions and over 90 percent of
biodiversity loss and water stress [12]. Given that the
current world-dominant linear economic model is inherently
unsustainable, it is obvious that it is necessary to change the
paradigm of existence and development of society through
eco-economic decoupling.

It should be noted that there is a lack of specific
management models or tools for putting the SD framework
into practice. Among different management models used in
the 21% century, the model (concept) of the circular economy
(CE) is the one meeting the prerequisites for SD in the most
accurate way [13].

In contrast to the ‘take-make-use-waste’ linear model, a
CE is regenerative by design and aims to gradually decouple
growth from the consumption of finite resources [14] (see
Fig. 1).

Circular Economy

Fig. 1. Linear Economy model vs Circular Economy model (compiled
by the author based on [2], [14], [15], [16], [17])

However, some authors criticize the CE for a lack of real
definition, arguing that the goals and ways of
implementation thereof are still unclear and inconsistent,
and the limited conceptual basis thereof does not provide an
idea of how the CE can contribute to SD [2], [15], [16], [17].

The research problem: despite the fact that the CE has
emerged as a potential solution to achieving SD, there are
still concerns and uncertainties about the implementation of
the CE model, ignoring one or the other dimension of SD.
Therefore, the main question of the research study is: could
the CE be a tool for SD?

The research hypothesis: the dominant CE concept,
which is primarily focused on resource efficiency, does not
apply a holistic approach to linking economic growth, social
justice and  responsible  environmental resource
consumption. A theoretical analysis reveals the need for a
more detailed CE concept to effectively integrate the above-
mentioned dimensions, thus fostering SD.

II. MATERIALS AND METHODS

The research methods applied: scientific literature
review, reports and research papers by various organizations
in the research field for comprehensive coverage of relevant
research studies pertaining to the research question, logical
construction for making judgments and analysis of results,
the synthesis method for combining elements into a unified
system for researching the concepts of SD and CE, the
monographic method for an in-depth examination of
specific scholarly works and comprehensive studies related
to the research question.

103

III. THE EVOLUTION OF THE SD CONCEPT

Historically, the concept of sustainability referred to
the constraints of natural resources and economical use
thereof, considering the need therefor in the long term
and the future.

TABLE 1 TIME PERIODS AND TURNING POINTS IN THE
FORMATION OF THE SD CONCEPT (COMP[LES BY THE AUTHOR
BASED ON [1], [18], [19], [20], [21]. [22]. [23]. [24]. [251. [26],
[27], [28], [29], [30], [31])

Time periods and turning points in the formation of the SD
concept

First period: before 1972

1798: predictions by Thomas Robert Malthus about a lack of food
resources due to the constant growth of the population;

1864: George Perkins Marsh’s articles on the risk of human
extinction due to interference with the natural environment;

Turn of the 18" and 19" centuries: the idea of sustainability
appeared during the industrial revolution;

19" century: there were two factions within the environmental
movement: conservationists who advocated the responsible use of
natural resources and preservationists who advocated the protection
of nature from use;

1950-1970: negative environment impacts of rapid economic
growth, leading to concerns about sustainability;

1972: the Club of Rome report The Limits to Growth - a warning
that the growth of population, industrialization, resource depletion
and pollution in the next century could exceed the capacity of the
Earth.

Second period: 1972-1987

1972: The UN Conference on the Human Environment in Stockholm
was the beginning of a global change agenda introducing the
concept of SD, which emphasizes the alignment of human
development with environmental constraints; under the slogan
‘Only One Earth’, a declaration and action plan for environmental
conservation was published; the United Nations Environment
Programme (UNEP) was launched;

1983: the Brundtland Commission report “Our Common Future”
defined SD as development that "meets the needs of the present
without compromising the ability of future generations to meet their
own needs"; the basic principles of SD include satisfying human
needs while considering certain environmental constraints; a
transition to a global socio-economic policy, with SD becoming a
key aspect in environmental management and other areas of human
activity.

Third period: 1987 — present

1992: the Earth Summit in Rio de Janeiro developed Agenda 21 -
an action plan for creating a global partnership to solve
environmental problems; the social dimension was integrated into
the SD concept: the three dimensions of SD were considered to be
the economy, society, and the environment; a holistic approach to
solving SD problems;

2000: the UN Millennium Summit defined a set of the Millennium
Development Goals (MDGs) as a globally accepted framework to
shape development and cooperation in countries over the next 15
years;

2012: the Earth Summit "Rio +20" in Rio de Janeiro adopted "The
Future We Want" declaration on SD and the green economy,
recognizing poverty as the main challenge to humanity and defined
a set of Sustainable Development Goals (SDGs) beyond 2015;

2015: the UN Sustainable Development Summit assessed the
implementation of MDGs and adopted “Transforming our World —
the 2030 Agenda for Sustainable Development” (includes a set of
17 SDGs to be met by 2030, which are accompanied by specific
targets — 169 in total), thus emphasizing coordinated economic,
social and environmental development towards sustainability.

Shi et al. [18] and Klarin [19] have distinguished
three historical periods in the evolution of the SD
concept: (1) The Embryonic Period (Before 1972, or the
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first period); (2) the Molding Period (1972-1987, or the
second period), and (3) the Developing Period (1987—
Present, or the third period) (see Table 1).

As shown in Table 1, initially, the concept of
sustainability was mainly viewed in terms of lack of natural
resources (environmental dimension of sustainability), yet
over the course of two centuries, there has been a paradigm
shift in the evolution of the SD concept, applying a holistic
approach and integrating the social dimension into the SD
framework.

IV. THE MAIN DIMENSIONS OF SD

SD involves approaches and methods that reduce human
environmental impacts and foster development based on
social justice and equity. To achieve sustainability, it is
necessary to harmonize the three dimensions of
sustainability: economic, environmental and social, or at
least reach a trade-off between them. There are several
models that seek to conceptualize SD, and each of them
provide a different interpretation of the three dimensions.
The models could be represented in different ways, e.g. as
"pillars", as concentric circles, or as interlocking circles
(Fig. 2). As a result, the ambiguities have complicated the
perception and understanding of the SD concept, which vary
across literature sources [32].

Society

Environment

Sustainable

E]
£
H
E
£
8
=
s

Fig. 2. Three dimensions of SD [3]

The recent reviews suggest replacing the environmental,
economic and social dimensions with satisfying human
needs, ensuring social equity and respecting environmental
limits [33]. Despite this suggestion, it is widely recognized
that in the context of SD, progress in one dimension should
not come at the expense of the other two dimensions, and it
is important to maintain a balance and take equal account of
economic, environmental and social aspects in order not to
harm overall sustainability [2], [34].

However, the widely used Brundtland definition [27]
focuses on meeting global needs and ensuring
intergenerational equity. According to research studies on
SD, for an approach to be considered compatible with the
principles of SD, it should not limit opportunities for future
generations to live in conditions that are available to the
current generation [35]. Accordingly, it could be concluded
that the developments that disrupt or impede the ability of
future generations to meet their own needs will not allow SD
to be achieved if the three dimensions are not in harmony

[2].
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V. THE ESSENCE AND DEFINITION OF CE

Tambovceva & Titko [36] have found that the CE
concept was introduced by Pierce and Turner in 1990,
developing a new economic model based on the
principles of thermodynamics. Later this idea was
explained by Ciegis and Ciegis [37].

The modern understanding of the CE is based on the
principles of industrial ecology, the environmental
economy and the green economy with the aim of
reducing environmental pressure in industrialized
nations [38], [39].

The basic principles of CE strategies are “reduce”,
“reuse” and “recycle”, which are defined in the scientific
literature as "3R" [38], [40], [41]; however, the European
Union (EU) Waste Framework Directive refers to “4R”,
with “recover” being the fourth R [42], as several
definitions were found to refer to “regeneration” [43].
This framework has evolved into a framework of 10
strategies, with some authors referring to it as the “9R”
[43], [44], or the “10R” (see Fig. 3).

The waste hierarchy and
«R» framework

The «9R/10R» framework
Smarter product use and manufacture
RO/R1-REFUSE
RI/R2 - RETHINK
R2/R3 - REDUCE

The «3R» framework

Extend the lifespan of the product
and its parts

R3/R4 - RE-USE

R4/R5 - REPAIR

RS/R6 — REFURBISH

R6/R7 - REMANUFACTURE

:| R7/R8 - REPURPOSE

seful application of materials
R8/R9 - RECYCLE
3| RY/R10-RECOVER

Fig. 3. Evolution of CE strategies (compiled by the author based on
[381] [41], [42], [43], [44])

As regards the definition of CE, Millar et al. [2] have
pointed out that no universal and generally accepted
definition of CE has been proposed to date. The CE has
gained momentum in the past decade, primarily through
the approach of practitioners such as the Ellen
MacArthur Foundation and often the CE is generally
understood by the business world as “a systems solution
ramework that tackles global challenges like climate
change, biodiversity loss, waste, and pollution. It is
based on three principles, driven by design: eliminate
waste and pollution, circulate products and materials (at
their highest value), and regenerate nature” [14]. The
CE concept as an alternative model that can promote
production and consumption with lower environmental
impact while promoting economic growth has been
accepted in academic, policy-making and business
circles [46], [47], [48]. The author points out that this
widely accepted definition of CE does not include the
social equity dimension, which is important if accepting
the CE as a tool for achieving SD.

It should be noted that different definitions of CE
have increasingly appeared in the scientific literature in
recent years. In 2017, after analysing 114 definitions of
CE available in the last decade, Kirchherr et al. [43]
proposed defining the CE as “an economic system that
replaces the ‘end-of-life’ concept with reducing,
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alternatively reusing, recycling and recovering materials in
production/distribution and consumption processes. It
operates at the micro level (products, companies,
consumers), meso level (eco-industrial parks) and macro
level (city, region, nation and beyond), with the aim to
accomplish SD, thus simultaneously creating environmental
quality, economic prosperity and social equity, to the benefit
of current and future generations. It is enabled by novel
business models and responsible consumers”. It could be
concluded that this definition covers all the three dimensions
of SD (environmental quality, economic development,
social equity). According to Kirchherr et al. [43], of the total
CE definitions analysed, only 11 percent referred to SD as a
principal aim.

In 2023, after re-analysing the recent CE definitions,
Kirchherr et al. [49] concluded that all the three dimensions
of SD were mentioned more frequently in the new set of
definitions — a threefold increase compared with the 2017
study —, pointing out that fewer authors agreed that
economic prosperity should be an aim of the CE. Kirchherr
et al. [49] also pointed out that the largest shift since 2017
has been within CE enablers who are not only consumers
and producers but also policymakers and scholars.

However, the most important conclusion made by
Kirchherr et al. [49] is that considering the continually
changing landscape of technology, environmental factors,
and economic and socio-political contexts, the definitions of
CE are expected to undergo a continuous evolution and “the
development of a ‘final’ and consensus definition of CE is
elusive”, and all current attempts to define the CE simply
“illustrate where the academic field currently sits in its own
understandings of CE” [49].

VI. THE CE AS A TOOL FOR SD

Millar et al. [2] argue that numerous contradictions and
knowledge gaps exist regarding how the CE can improve
social equity, promote economic growth and permanently
reduce the rate of extraction of raw materials by closing
material loops. And there have been no reviews that
explicitly (i.e. by covering all the three dimensions of SD)
analyse how the CE can serve as a tool for achieving SD.

To be able to answer the main question of the present
research study, the limitations of the CE should be analysed,
as pointed out by sceptical scholars who do not have a
consensus about the contribution of the CE to sustainability
[15], [50], [51]; therefore, the CE is viewed as simply a more
environmentally sustainable model than the “linear”
economy.

Despite the growing interest, the progress of the CE
concept towards SD has not yet been formally identified.
There are CE concepts that focus only on the reduction of
raw materials and waste, the preservation of resource value
and the reintegration of products [52], thereby indicating
that the social dimension of SD is missing and creating
potential limitations to achieving sustainability.

Limitations of the CE concept.

To be able to examine the limitations of the CE in more
detail, the author of the study divided them into SD
dimensions: economic, social and environmental, and also
analysed the limitations of CE implementation (see Table 2).
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TABLE 2 LIMITATIONS OF THE CE CONCEPT IN SD
CONTEXT (COMPILED BY THE AUTHOR BASED ON [2], [16],
[39], [43], [53], [54], [55], [56], [57], [58], [59], [60], [61],

[62], [63], [64], [65], [66], [67], [68])

SD
dimen-
sions

Limitations

Environmental dimension

- The CE as a closed-loop system is not practically or
theoretically possible due to the second law of
thermodynamics, which states that the continuous need for
energy in recycling processes inevitably creates waste and
by-products, ultimately leading to resource depletion,
pollution and waste generation;

- The CE is seen as a potentially more environmentally
sustainable tool than the linear economy. However, it could
still lead to similar consequences of environmental
degradation, albeit at a slower pace;

- The "rebound effects" challenge arises in the CE model,
where improved secondary production efficiency reduces
costs, potentially leading to increased consumption; this
could offset the initial environmental benefits gained from
enhanced efficiency;

- There is no evidence that secondary production in the CE
model could fully replace primary production, as
technological limitations prevent the breakdown of certain
wastes and the treatment of certain liquids;

- Extending product lifetimes proposed by the CE to reduce
dependence on continuous extraction of finite virgin
materials, poses uncertainties about its impact on material
flows, threatening long-term sustainability and challenging
the assumption that it is a better alternative to the current
linear model.

Economic dimension

- Due to increasing consumption, achieving a closed loop
in CE is not possible: "if demand is growing, the circle
cannot remain closed”. The CE could be feasible only if
global demand for products in terms of both volume and
composition stabilizes;

- Information resources on the CE do not emphasize the
importance of changing consumption patterns: if the
current unsustainable economic paradigm is not changed
and consumption patterns are not revised, the CE may
remain only a technical tool without enabling
sustainability;

- There is no certainty that the CE can stimulate economic
growth without endangering the environment.

Social dimension

- Whilst the CE has the potential to benefit society, there is
a lack of the social aspect being integrated into the current
framework, especially with regards to issues of
governance, justice, and cultural change;

- The lack of social indicators, which prevents the
evaluation of the impact of the CE on social aspects, which
raises doubts about the ability of the CE to promote social
equality;

- The CE concept does not illustrate the ways in which the
social equity on the intra-generational (between the Global
North and South) and the inter-generational (between the
current and next generations) levels could be promoted;

- Limited extraction of natural resources proposed by the
CE could be considered antisocial for developing
economies that are still growing resource stocks to build
infrastructure that are essential for well-being.
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SD
dimen-
sions

Limitations

- There are still challenges in the implementation of SD
strategies and tools, which suggests that the
implementation of the CE could face similar problems:
both “top down” (commonly characterized as
implementation enforced by government institutions or
their equivalents) and “bottom up” (generally identified as
initiatives advanced from the individual level) approaches
face conflicts with other stakeholders;

- SD is a society objective concept defined at the macro-
level (“top down™ approach) while the CE approach is
mainly defined at the micro-level (“bottom up™) through a
model of consumption and production; it is not clear if they
meet mid-way;

- There is a lack of comprehensive global overviews of CE
implementation and its alignment with SD goals;

- There are conflicting motivations among CE stakeholders
that need to be aligned and combined for successful
implementation;

- There is a deficiency in collaboration among
policymakers, governmental bodies, manufacturing
industries, and consumers, along with an overall lack of
vision on how they implement the CE; without the sharing
of knowledge and responsibilities among stakeholders,
there are no guarantees of enhancing the success of
implementing the CE as a tool for SD;

Implementation aspect

- The CE introduces a range of tools that can be utilized for
sustainable purposes, yet the ultimate objective appears
unclear and decidedly more limited than that of SD;

- Implementation of the CE is always associated with extra
cost as long as the benefit is greater than or equal to the
cost.

After analysing Table 2, it can be concluded that the CE
implementation within the environmental dimension faces
significant challenges to achieving a fully closed-loop
system. While the CE is seen as a potentially more
environmentally sustainable economic model, concerns
about rebound effects, technological limitations, and
uncertainties regarding the extension of product lifetimes
underscore the complexity of implementing it as a superior
alternative to the current linear model.

Regarding the economic dimension, the feasibility of a
closed loop in the CE is hindered by constantly increasing
consumption, necessitating the stabilization of global
demand for products in terms of both volume and
composition. The lack of emphasis on changing
consumption patterns and without addressing the
unsustainable economic paradigm, the CE may merely
function as a technical tool without achieving sustainability.
Additionally, uncertainties persist regarding the potential of
the CE to stimulate economic growth without posing risks
to the environment.

The social dimension of the CE is also debatable.
Obviously, the CE holds societal potential, but its current
framework lacks integration of different social aspects as
well as the absence of social indicators raises doubts about
the CE's ability to promote equality and address global and
intergenerational disparities. Additionally, the CE's
proposed limited resource extraction may be considered
antisocial for developing economies reliant on resource
growth for vital infrastructure.

To effectively implement the CE as a tool for SD,
addressing challenges is crucial. This involves reconciling
conflicts between “top-down” and “bottom-up” approaches,
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clarifying the alignment between micro-level CE and
macro-level SD, and resolving conflicting motivations
among stakeholders. Enhancing collaboration, providing
comprehensive global overviews, and establishing a
clear vision for CE implementation are vital steps toward
ensuring success. Despite the introduction of tools for
sustainable purposes, the overarching objective of the
CE remains uncertain, and the potential extra costs
associated with implementation need careful
consideration in the pursuit of SD.

VII. RESULTS AND DISCUSSION

The potential of the CE to foster economic growth
while concurrently safeguarding the natural environment
and enhancing social equity for current and future
generations remains uncertain, challenging the validity
of this assertion.

Undeniably both SD and the CE rely on the
decoupling of resource exploitation from economic
growth. Although the SD concept prioritizes people,
emphasizing economic prosperity as a path to fulfilling
lives in harmony with nature, the CE remains focused on
technological solutions, the implementation of which is
driven by a promise of traditional economic growth [17].

To view the CE as a tool to accomplish
sustainability, the full integration of the CE with SD
is crucial. This requires a comprehensive reassessment
of the CE, expanding its focus beyond closed-loop
recycling and immediate economic benefits. Instead, the
shift should be towards a transformed economy that
strategically manages resource access to uphold or
enhance social well-being and environmental quality.

The concept of the CE should address inquiries such
as whether it is possible for individuals to genuinely
replenish natural capital, especially critical natural
capital, while promoting high quality of life and well-
being. Determining the size of our resource economy
without depleting natural capital and the planet's
absorptive capacity, as well as evaluating the resource
intensity of a service-based economy, are also essential
questions to be considered.

The CE concept should be transformed towards
regenerative socio-economic structures that align with
the Earth's system boundaries. This transformation can
address the CE's current shortcomings, particularly its
insufficient consideration of the social dimension and the
need for system-wide thinking regarding entropy and
biophysical limits [38], [69], [70], [71].

The CE should focus on a set of environmental,
social and economic values, in which the economy
becomes a means to reorganize society and the
environment and not an end in itself [17].

The model of the Doughnut Economics (DE)
developed by Kate Raworth [72] was proposed as a
framework for the enhancement of the CE concept,
providing a comprehensive and integrated approach that
incorporates not only the efficient use of resources but
also a strong emphasis on social equity, justice, and
environmental sustainability. The model of the DE
shows the minimum and maximum limits that humanity
must respect in order to develop [72] (see Fig. 4).
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Fig. 4. Simplified version of the doughnut: a safe space within social and
environmental limits [72]

The inner ring of the doughnut represents the social
foundation (basic needs that everyone should have access
to), the outer ring of the doughnut represents the ecological
ceiling (planetary boundaries), between social and planetary
boundaries lies an environmentally safe and socially just
space in which humanity can thrive [72].

By aligning the principles of the DE with CE practices,
it is possible to create an economic system that operates
within a safe and just space for humanity, simultaneously
meeting the essential needs of all individuals while
respecting the ecological boundaries of the planet. This
collaborative integration seeks to foster a regenerative and
equitable economic paradigm, reinforcing the broader vision
of SD and responsible resource management. DE mainly
focuses on rethinking the purpose and goals of economic
activity by applying holistic and systemic thinking to
various domains and scales. It is a conceptual and normative
model that offers a vision and a direction for achieving
social justice and an ecological balance.

Friant et al. [15] classify the DE as one of a set of new
holistic circularity views. In recent decades, the original
concept of the CE has constantly developed and
transformed, absorbing new holistic and transformational
views on circularity such as the Blue Economy [73], the DE
[72], the Spiral Economy [74], Transition Degrowth [75],
Post-growth [76], the Permacircular Economy [77], etc.
Limited attention has been given to transformational views
of circularity and alternative concepts from the Global
South, such as "ubuntu" [78], "ecological swaraj" [79], and
the "Buddhist middle path" [80], which emphasize values
and principles that promote a sustainable and harmonious
relationship between humanity and the environment [15].

Friant et al. [15] identify two overarching trends within
the CE concept: the first involves reformist discourses
operating within the boundaries of the capitalist system,
while the second encompasses transformational discourses
aiming for a comprehensive overhaul of the socio-economic
structure. Both types of discourse address concerns related
to planetary boundaries, the rebound effect, social justice,
and good governance. However, they differ in their
perspectives on the ability of capitalism to surpass resource
constraints and separate ecological degradation from
economic growth. The term circular society is proposed to
distinguish discourses that go beyond market-based
solutions and economic considerations and view circularity
as a holistic social transformation (see Fig. 5).
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Fig. 5. Conceptual differentiation between the Circular Economy and
a Circular Society [15]

According to Fig. 5, a circular society encompasses
discourses with a vision of circularity where not only
resources circulate in sustainable loops but also wealth,
knowledge, technology, and power are circulated and
redistributed throughout the society. These discourses,
therefore, inclusively embrace the three pillars of
sustainability and perceive circularity as an all-
encompassing transition, addressing issues of
political empowerment and social justice. In contrast,
the CE concept primarily focuses on the circulation of
resources, predominantly dealing with circularity
through a technical lens of ecological and material
efficiency alone [15].

VIII. CONCLUSIONS

The current concept and application of the CE does
not fully cover all aspects of sustainability, as it may
focus mainly on resource efficiency or waste reduction
but may not sufficiently consider social issues. The SD
framework establishes goals to be achieved to solve the
problems and their consequences, whereas the CE is a
tool to address some of the causes of these problems.

It can be concluded that the concept and definition of
the CE are anticipated to wundergo continuous
transformation. It is acknowledged that all current
attempts to define the CE merely serve to illustrate the
present state of the academic field's understanding of this
concept.

The concept of the CE should be viewed through
the framework of SD, recognizing the synergy between
economic  practices, social  well-being, and
environmental conservation. This synergy would further
enhance the holistic approach to achieving lasting global
sustainability goals by addressing resource efficiency,
social equity, and environmental stewardship within a
unified framework.

Within the broad views of CE conceptualizations and
adaptations, the overarching concept of the Sustainable
Circular Economy emerges as a unifying umbrella
concept. It synthesizes the multifaceted dimensions of
circularity, encapsulating not only resource efficiency
and closed-loop systems but also incorporating the
crucial elements of social responsibility and
environmental stewardship. The Sustainable Circular
Economy concept signifies a paradigm shift towards a
holistic and enduring approach to sustainability, where
economic activities are intricately interconnected with
the preservation of social well-being and the
conservation of the environment.

The Sustainable Circular Economy thus represents a
comprehensive evolution that acknowledges the
interconnectedness of  economic, social, and



Environment. Technology. Resources. Rezekne, Latvia

Proceedings of the 15" International Scientific and Practical Conference. Volume I, 102-110

environmental factors in the pursuit of a resilient and
regenerative global system.
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Abstract.

Purpose and aim of the study: As the transition to a circular economy (CE) and the
reduction of food waste is a priority strategic goal for policy planning at global and
European Union (EU) level, but food waste in catering has become a major sustainability
issue, the aim of the paper is to identify CE strategies to reducing food waste in schools
based on a systematic literature review.

Design / Methodology / Approach: The research employed qualitative methods: five-step
systematic literature review methodology by Denyer & Tranfield, (2009), analysis and
synthesis, as well as the monographic method. The literature was selected using the
databases Google Scholar, MDPI, ScienceDirect and Scopus.

Main Findings: Based on the systematic literature review, approaches for implementing
CE strategies to reduce food waste in school canteens were discovered.

Originality: This study provides a new perspective on the implementation of CE “R
strategies” to reduce food waste in schools.

Implications: The results of the study can be a basis for school and canteen administration
to implement CE policies and waste management practices that will promote responsible
food consumption and support sustainable food consumption and waste reduction
strategies, and create added value for school canteens, the environment and society in
general.
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Introduction

Since 2011, questions about zero-waste food policy in the EU Member
States were increasingly considered on the EU agenda at all political levels.
In 2015, the group of Ministers of Finance and Governors of Central Banks
of G20 Countries (hereinafter G20) announced that "the reduction of food
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losses and wastes is a good goal for G20 collective actions" (European Court
of Auditors, 2016), and the UN General Assemblies adopted the Sustainable
Development Programme for 2030 (or Agenda 2030), which includes 17
sustainable development goals (hereinafter SDGs) and 169 related goals
that should be achieved by 2030. In relation to the author's theme, Goal 12
envisages responsible consumption and production - halving the amount of
global food wastes per capita at the retailer and consumer level, as well as
reducing food losses in production and supply chains, which can help to
ensure food security and move towards a resource-efficient economy
(UNGA, 2015).

Food waste from out-of-home dining has become a major sustainability
issue (Dhir et al,, 2020), therefore, hospitality businesses, including school
canteens, must follow responsible practices and consider sustainable
production and consumption behaviours to reduce food wastes (Camilleri,
2021). It has been found that food service businesses can pursue a number
of responsible practices by implementing preventative measures and
recycling practices to limit food losses and waste, as well as reduce
environmental impacts (Camilleri, 2021; Lopez et al,, 2019). That is why the
food industry can become one of the main areas to apply the CE model, yet
the current level of CE implementation in the food system makes it difficult
to combine theory and practice (Fassio & Tecco, 2019).

CE is currently being popularized all over the world. Issues such as
food security and environmental impacts such as resource depletion and
greenhouse gas emissions associated with food wastes are the focus of local,
national, and European policy makers, as well as international
organizations and researchers from various sectors (Schanes et al., 2018).

The transition to a CE requires innovative solutions in all value chains
(Holzer et al., 2022), and food is one of the main CE product value chains.
The CE concept aims to create a food system that ensures that food does not
create waste. (Ellen MacArthur Foundation, 2022).

Catering in schools is essential in shaping students' eating habits and
attitudes toward food (Garcia-Herrero et al., 2019; 2021), so it is important
for school management to plan and organize the catering process in such a
way that it promotes responsible food consumption and supports
sustainable food consumption and waste reduction strategies.

Therefore, the aim of the research is to identify the CE strategies to
reducing food waste at schools based on a systematic literature review.

The tasks of the research are to perform a literature analysis on CE
strategies in reducing food waste and to identify how they could be used in
the catering process in schools.
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This research used the five-step systematic literature review method
by Denyer & Tranfield (2009), analysis, and synthesis, as well as the
monographic method.

Research results and discussion

To achieve the goal, the present research was carried out using a five-
step systematic literature review methodology (Denyer & Tranfield, 2009):
1) question formulation; 2) locating studies; 3) study selection and
evaluation; 4) analysis and synthesis; 5) reporting and using the results.

The research question is as follows: how can a CE approach be used to
reduce food waste in schools?

Using the keywords “circular economy” and the name of the relevant R
strategy, “in school catering”, the literature was selected using the
databases Google Scholar, MDPI, ScienceDirect and Scopus.

Based on the titles of the papers, abstracts, keywords in the text, the
most relevant papers were selected, from which those that answered the
research question were chosen and analysed. The results are reported
below.

The CE is a new concept that emphasizes various strategies (e.g.,
reduce, reuse and recycle) to decouple resource use from economic growth,
reduce wastes and emissions, and keep the highest utility throughout the
product life cycle (Holzer et al., 2022). Various CE strategies can be used to
prevent excessive and rapid environmental degradation and social
inequality, both locally and globally. The main purpose of the CE is to
eliminate waste. If waste is unavoidable, it should be adequately controlled
to be safe for human health and the environment (Khaw-ngern et al., 2021).

In the scientific literature, the main fundamental principles of the CE
on which CE strategies are based are “reduce”, “reuse” and “recycle”, which
are defined as the “3Rs” (Ghisellini et al., 2016; Liu et al., 2017). But since
the food supply chain plays a vital role in increasing economic,
environmental, and social sustainability issues, focusing on the 3Rs is no
longer enough in the context of the CE (Vlajic et al., 2021), and over time
they have evolved to the framework of 10R strategies (Table 1), described
by the authors Holzer et al. (2022) and Potting et al. (2017).

The authors analysed the strategies indicated in Table 1 in reverse
order from bottom to top, because according to the authors Holzer et al.
(2022) and Potting et al. (2017) studies, the strategies shown in Table 1 are
based on the waste hierarchy of the waste framework directive (European
Commission, 2008), which was adopted to reduce environmental impact by
increasing the extent of circularity, thereby strategies that promote
sustainable product production and use (e.g., a product as a service, product
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sharing) are preferred over product life extension, as the need for natural
resources is determined. Based on priorities set in the food waste hierarchy,
prevention should be regarded as the first strategy against food waste,
considering re-use or recycling of food waste only where prevention is not

possible (Cicatiello et al., 2020).

Table 1 The 10R Framework (Holzer et al,, 2022; Potting et al., 2017)

Strategies Explanation
Make the product redundant by abandoning the function
R1 Refuse or by performing the same function by a radically
Smarter .
different product
product use - ;
. Make product use more intensive (e.g., through products
and R2 Rethink . : :
or by placing multi-functional products on the market)
manufacture y ;
Increase efficiency in the manufacture or use of products
R3 Reduce . .
by consuming less natural resources and materials
Re-use by another consumer of a discarded product that
R4 Re-use is still in good condition and performs the original
function
Extend the RS Repair Repair and maintenance of defective products so they
lifespan of P could be used for their original function
the product |R6 Refurbish [Restore an old product and bring it up to date
and its parts |R7 Use parts of a discarded product in a new product to
Remanufacture |perform the same function
Use a discarded product or its parts in a new product
R8 Repurpose with different function
Usef.u] . R9 Recycle Process materlal_s to have the same (high grade) or lower
application of (low grade) quality
materials R10 Recover |Incineration of materials for energy recovery

The useful applications of materials. This group’s strategies for
recycling and recovery are more concerned with the recycling of materials
and their incineration with energy recovery; however, they can be
attributed to the catering sector like recovering and recycling wasted food
through donation, salvaging, processing, industrial reuse and composting
(United States Environmental Protection Agency, 2016; 2023).

R10 Recover. The scenarios of this strategy are very modern and
technological, but the authors believe that in the future they could also be
used in school canteens because FW is a carbon-rich waste stream that
could be used for the recovery of a wide range of energy and materials,
from fuels/energy to chemical components to bio-plastics (Santagata et al,,
2021), for example, use of microbial fuel cells (MFCs) due to their ideal
approach in the generation of electricity and parallel treatment of organic
food wastes. The MFCs are significant as an innovative approach using
microorganisms and oxidizing organic food wastes into bioelectricity
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(Kumar et al., 2022a). The so-generated commodities show various benefits
such as reduced environmental impacts, deriving from the avoided disposal
and the avoided extraction of natural resources, and the reduced economic
cost of FW as a feedstock (Santagata et al,, 2021).

R9 Recycle. This includes options such as recycling food wastes for
animal feed (Ali, 2020), using a traditional technology (composting) and a
radical innovative one (insects as feed) (Borrello et al., 2017). The recycling
of food by-products, which can also be used in animal and human nutrition,
is also mentioned in the context of this strategy (Jackowski et al., 2020).

Extend the lifespan of the product and its parts. The purpose of this
group's strategies is to retain goods and their parts in the economy as long
as possible, while at the same time maintaining or improving their value
(Morseletto, 2020). The European Parliament (2016) underlines that the
longer life of products means that it is necessary to take appropriate
measures to combat planned obsolescence and increase consumer rights by
improving product information. The authors believe that to effectively
implement these strategies, it is required to strengthen the waste
management policy of school canteens, where FW is not thrown away, but
collected and transferred to implement other strategies.

R8 Repurpose. This strategy can be applied using food waste and by-
products as a resource (Kumar et al.,, 2022b), for example, by using tallow
for biodiesel production, capturing methane produced in the onsite
wastewater treatment system for electricity generation, using tallow to
generate the remaining electricity needs and using biomass for thermal
energy generation (Colley et al, 2020), or using food waste to produce
building blocks for use in bioplastic production (Visco et al., 2022).

R7 Remanufacture. This strategy is intimately linked with the
revalorization of by-products for the generation of high-revenue bioactive
compounds (Montone et al.,, 2021).

R6 Refurbish. Literally restoring spoiled food and bringing it up to date
is impossible, but this strategy can be applied as the management of food
products that have not been served for various causes and are thus destined
to be discarded and moved to landfill, thereby representing only a cost
(Giuseppe et al., 2014).

R5 Repair. Food repair is a relational practice that links an eating body
with organic matters, producers and farmers, soils, supermarkets, modes of
preservation and packaging, as well as kitchen technologies, food
preparation, cooks, and other eaters (Abrahamsson, 2019). The author
Abrahamsson (2019) articulates the various, different skills and resources
that are used when food gets repaired with the following examples:
individuals collecting and eating discarded food from dumpsters; collective
dinners to eat foods that have expired their due date; and people growing
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and eating food in communal gardens in a city. In the context of school
canteens, this strategy could be applied by donating uneaten food, or food
that has expired but has not yet been spoiled.

R4 Re-use. In scientific literature, this strategy is mentioned in context
of food management practices such as “food freezing” or “reuse leftovers for
new recipes” (Principato et al.,, 2022), also valorise food losses into animal
feed to contribute to a reduced environmental and climate footprint of
animal products and food waste avoidance (Pinotti et al,, 2021).

Smarter product use and manufacture. From the CE point of view,
these are the most circular strategies. The food industry is under growing
pressure to produce high-quality and minimally processed foods by using
sustainable approaches and ingredients, as well as increasing demands to
replace animal products with plant-based products (Mahony & van
Sinderen, 2022). Besides, the challenge of persuading people to change
their eating habits to more environmentally friendly food consumption
patterns become more and more relevant (Vermeir et al.,, 2020); therefore,
it is necessary to improve the availability and price of sustainable food, as
well as to promote a healthy and sustainable diet among consumers. The
key elements are improving consumer information, strengthening
sustainable food procurement, and promoting the introduction of fiscal
measures supporting sustainable food consumption (European
Commission, 2023).

R3 Reduce. Strategic opportunities to reduce food loss and waste,
sustainable use of resources in the food supply chain (Iagaru et al.,, 2023;
Lemaire & Limbourg, 2019; Reynolds et al,, 2019) and reduction in the
carbon footprint throughout the chain of food supply (Bhatia et al., 2023).

R2 Rethink. Rethink is mainly focused on rethinking the behaviour and
perception of the CE by consumers and organizations (Sitadewi et al,
2021). Rethink comes first as individuals consider and question their habits
(Mak et al., 2021). It has been studied that educational, skills-based school
interventions to decrease food waste by encouraging schoolchildren to be
more involved at home in choosing and/or preparing food to take to school
can lead to food waste behaviour change to the good side (Boulet et al.,
2022).

R1 Refuse. This strategy can be applied by excluding from the menu
recipes that children do not like (Pagliarino et al, 2021). Most of the
establishments do not have menu alternatives, consumers can only decide
whether to order the food offered. In order to increase the amount of food
actually eaten, it would be desirable to remove less-liked dishes from school
catering menus (Téth et al., 2023), and it is also highly recommended to
periodically review the menus and not include in them the foods that
schoolchildren do not want (Ellison et al,, 2019), because school menus
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should be based not only on the requirements of the relevant legislation but
also on modern students' understanding of nutrition (Lonska et al., 2022).

The results show that “R strategies” in transition to a CE are the most
widely described strategies in the scientific literature (Khan & Haleem,
2021), and they can be widely used in various industries, including the food
sector (Morseletto, 2020; Khaw-ngern et al., 2021).

Conclusions and suggestions

As the transition to a CE and the reduction of food waste is a priority
strategic objective in policy planning on the global and EU scale, and food
waste in catering has become a major sustainability issue, school catering
businesses could implement responsible practices by introducing
preventive measures and recycling practices to reduce food losses and
wastes, and the impact on the environment.

The systematic literature review results show CE “R strategies”
implementation approaches to reducing food wastes at school canteens.

The results of the research could serve as a basis for school and
canteen administration to implement CE policies and waste management
practices that will promote responsible food consumption and support
sustainable food consumption and waste reduction strategies, and create
added value for school canteens, the environment and society in general.
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Abstract: Food waste (FW) threatens food security, environmental sustainability, and
economic efficiency, with about one-third of global food production lost or wasted. Schools
play a crucial role in addressing FW, representing lost resources and missed educational
opportunities. The present research assessed three interventions to reduce plate waste
(PW) in Rezekne City schools, namely (S1) a plate waste tracker, (S2) an awareness and
educational campaign, and (S3) organizational changes, including larger plates, extended
lunch breaks, and teacher supervision. Implemented in three schools with a fourth as a
control, PW was measured at three intervals, at pre-intervention, short-term, and long-
term post-intervention. The PW data analysis utilized two models (day view and class
view) and a Wilcoxon signed-rank test. While the plate waste tracker initially reduced
PW, sustained impact required continuous reinforcement. The awareness and educational
campaign alone proved insufficient, highlighting the need for complex strategies. The
organizational changes unexpectedly increased PW, underscoring FW’s complexity. The
research has concluded that reducing FW requires tailored and multi-faceted approaches.
According to the MOA framework, the school catering model in Rezekne City lacks essential
“Opportunities” for effective FW reduction, as students have limited flexibility in portion
sizes and food choices, which hinders the interventions’ effectiveness. Future research
should explore adaptable FW-reducing interventions suited to specific school contexts.

Keywords: food waste; plate waste; school catering; food waste-reducing interventions

1. Introduction

High FW levels are attracting global attention, and FW reduction is one of the targets
within the sustainable development framework developed by the United Nations [1]. Over
the last ten years, food loss (FL) and FW have become a global problem. FW is not only an
ethical and economic issue but also an environmental one; environmentally, FW contributes
to the unnecessary use of resources such as water, energy, and land, which harms our soil,
air, and water quality; economically, it represents a significant loss, driving up costs and
reducing efficiency in the food supply chain; socially, FW increases food insecurity, as good
food is thrown away while many people go hungry [2-5]. The European policy report on
food loss and waste [6] calls for a more unified approach to address these issues. It suggests
that reducing FW can play a key role in making our food system more sustainable. This
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would improve food security and public health, help to restore the environment, protect
biodiversity, and maintain the value and quality of food.

Globally, approximately a third of all food produced for human consumption is lost or
wasted [2]. According to the UNEP Food Waste Index (2024) [7], around 1.05 billion tons of
FW were wasted across three sectors in 2022 (or 132 kg per capita)—60% of which came
from households (79 kg per capita), 28% from food services (36 kg per capita, including
ISIC 85 sector “Education”, specifically canteens and other places for the preparation and
consumption of food associated with educational settings), and 12% from retail (17 kg per
capita). This amounts to one-fifth (19%) of food available to consumers being wasted at the
retail, food service, and household levels. In high-income countries, the composition of FW
varies slightly, at 81 kg per capita in households, 21 kg per capita in food service, and 13 kg
per capita in retail.

In the EU, over 58 million tons of FW are generated annually [8], with associated costs
estimated at EUR 132 billion [9]. According to the latest EU data, 70% of total FW arises at
consumption and retail, with households generating more than half of the total FW in the
EU (54%) [8]. Addressing consumer FW is crucial to achieving Sustainable Development
Goal 12, Target 12.3, of halving per capita global FW at the retail and consumer level by
2030 [1].

The recent EU strategies [10-13] include some measures to reduce FW. The European
Commission intends to set legally binding FW reduction goals throughout the EU as well
as to incorporate food loss and waste prevention targets into other EU policies [12].

Reducing FW requires all food system actors to work together—this is where ed-
ucational institutions have an important role to play in raising students” awareness of
the importance of preventing and reducing FW. Schools play a crucial role in providing
information on healthy and sustainable food consumption, which can help to shape the
habits of the new generation, including those related to FW. Some foreign researchers [14]
point out that the school catering sector is one of the largest sources of FW at the food
service stage, and at the same time, this also provides an opportunity to improve the dietary
habits of the population and educate the public about sustainable resource consumption
and development, thereby affecting the food system in the future.

The present research focuses on managing the school catering process in four selected
schools in Rezekne City (Latvia) that provide free lunches for students. The purpose of
this pilot study is to assess the impacts of interventions aimed at reducing the amount of
PW in three schools with a fourth as a control. The subject of the research includes both
individual PW and discarded served food from common containers after free lunches. The
research explores the hypothesis that implementing targeted interventions to reduce PW
can effectively decrease the quantity of uneaten food, thereby promoting more sustainable
food consumption practices. During the research, multiple pre-intervention and post-
intervention PW quantifications were made to statistically test the impacts of interventions
on reducing the amount of PW.

This study provides a significant contribution to the field of FW research by focusing
on interventions to reduce PW in school canteens—a largely underexplored area in Latvia.
Unlike previous studies conducted in countries with buffet-style catering systems, this
research addresses the challenges of a partly pre-portioned catering model, which is widely
used in Latvian schools. By experimentally testing three targeted interventions—a plate
waste tracker, an awareness campaign, and organizational changes—this study highlights
the processes of transferring, adapting, and evaluating international best practices within
a Latvian context. The findings underscore the importance of tailoring interventions to
specific organizational settings, offering practical insights for policymakers and school
administrators aiming to reduce FW and foster sustainable consumption habits among
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students. Moreover, the application of the Motivation-Opportunities-Abilities (MOA)
framework provides a structured approach to understanding the behavioral prerequi-
sites of FW, making this research a valuable reference for both academic and practitioner
communities seeking scalable solutions to FW challenges in schools.

The structure of this paper is as follows: Section 2 provides an in-depth review of the
relevant literature on existing FW-reducing interventions at the FSC consumption level,
particularly in school catering. Section 3 outlines the materials and methods employed by
the research, focusing on the interventions applied in Rezekne City schools to reduce PW.
Section 4 presents a data analysis and the results, detailing the short- and long-term impacts
of the interventions across the participating schools. This section also includes statistical
tests, including a Wilcoxon signed-rank test used to assess intervention effectiveness.
Finally, Section 5 offers a discussion of the findings, while Section 6 concludes the research,
addressing potential implications for policy and recommendations for future research on
sustainable FW reduction in schools.

2. Theoretical Background and a Literature Review
2.1. Food Waste at the Consumption Stage

Academics categorize FW based on the stages of waste generation, such as pre- and
post-consumer FW [15]. Pre-consumer waste occurs at the food supply chain (FSC) primary
production and distribution levels, and pre-consumer FW is often called food loss, while
post-consumption waste occurs at the consumption level [16]. This research focuses on an
analysis of FW and measures to reduce it at the consumption level (see Figure 1).

= - 2 Ss s S
/ Primary production v Distribution % [ Consumption ‘I
\ ! i
! o i 0
: o T !
H : ' Retail : 1 Households |
! . ! H ' 1
9 A_grlculturg, Handling and ! H Processing and \ 1 |
i | @il famiing storage i | manufacturin : !
i| and fisheries € ] 1 g : e i !
H
i i i Wholesale H 1 estaurant_s b X
! ] ' ! | food services 1
: Pt ; 1
\ Pre-harvest Post-harvest ’,' v /' ! 1
R, S N . \\ ______ .

Figure 1. Stages in the FSC at which food might be lost or discarded (based on [17]).

Consumers are the primary contributors to FW across the food supply chain in high-
income countries, accounting for an estimated 53% [18]. Given that a significant portion of
this waste could be avoided, it is evident that there is an urgent need to change consumer
behavior [19].

The European Commission, through its Farm to Fork strategy [12] and its broader
European Green Deal policy [20], commits to ambitious food systems objectives, which can
be achieved by driving a step-wise, learning-focused policy transformation at the global,
EU, national, regional, and local levels [21]. Some of the barriers to the reduction in FW are
referred to, such as (1) food operators and consumers do not have adequate information on
how much they waste (consumers often underestimate the amount of food they waste),
nor on the possible options to reduce FW and (2) a lack of willingness of actors to adopt
FW-reducing innovations among consumers [22]. As one of the enablers of change, the
following solution is mentioned: (1) to improve action design, monitoring, evaluation,
and knowledge sharing regarding FW prevention interventions and (2) to integrate FW
reduction in school education and professional training, both in the public and private
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sectors, thus promoting the value of food and working to shift social norms so that wasting
food is no longer acceptable, etc. [22].

In addition, the UN Environment Program notes that accurate, traceable, and compa-
rable FW measurement is a key starting point for national FW strategies and policies to
deliver the 50% reduction in consumer FW targeted in the 12th SDG Target 12.3 [23]. It is
necessary to measure FW as accurately as possible; therefore, weight measurements are
considered the gold standard in FW measurements [24].

According to the Latvian Waste Prevention Plan developed by the European Environ-
ment Agency, in 2018, the total amount of FW generated in Latvia reached 319 thousand
tons, with primary production accounting for 5% (16 thousand tons); processing and man-
ufacturing 37% (117 thousand tons); and trade < 1% (two thousand tons). Most of the FW,
i.e., 57% or 185 thousand tons, ended up in municipal solid waste, and a part was mainly
discharged by households and food services. As not all producers of FW and surpluses
are obliged to report the amount of waste generated, the information summarized above
is indicative [25]. Arina et al. [26] estimated that in 2020 in Latvia, 157 thousand tons (or
83 kg per capita) of FW was generated by the household sector, while 11 thousand tons (or
almost 6 kg per capita) by restaurants and food services [26].

In 2021 in Latvia, according to Eurostat, the total FW per capita averaged 130 kg, close
to the EU average of 131 kg per capita [8]. Table 1 presents the amounts of FW reported by
the EU Member States (average amount) and Latvia for the reference year 2021, measured
in tons of fresh mass and as a % share of the total amount by sector of activities.

Table 1. FW in the EU and Latvia by sector of activities, 2021 (based on [8]).

Retail and Other Restaurants

Sectors of Activities Total FW anal:y Processing a.nd Distribution of and Food Households
Production Manufacturing R
Food Services

tons 58,400,000 5,100,000 12,400,000 4,200,000 5,400,000 31,000,000
EU! % 100 8.7 21.2 7.2 9.2 53.1
kg per capita 131 114 27.8 94 121 69.6

tons 245,442 30,592 32,518 16,765 28,617 136,950

Latvia 2 % 100 125 132 6.8 11.7 55.6
kg per capita 130 16.3 17.2 8.8 15.2 723

12020 data presented; 2 definition differs for some figures.

As shown in Table 1, most of the FW is generated at the food consumption stage
both in the EU as a whole and in Latvia, i.e., by restaurants and food services, as well as
households: in the EU, on average, it is 62.3% or 81.7 kg per capita, while in Latvia, it is
67.3% or 87.8 kg per capita. It could be concluded that the amount of FW reported by Latvia
is 6.1 kg higher than the EU average at the food consumption stage. The data clearly point
to the need to actively promote FW reduction at the consumer level.

2.2. Complexity of School Food Consumption Behavior

Consumer behavior related to FW generated in schools is influenced by a combination
of internal and external factors, making it essential to understand the various influences
that drive individual decision-making. While Lonska et al. [27] emphasize the role of
both exogenous and endogenous factors in shaping school food consumers’ behaviors,
it is equally important to explore how these factors interact within broader behavioral
frameworks. At the FSC consumption stage, this interplay becomes particularly relevant, as
interventions targeting FW reduction must account for these complexities through robust
theoretical approaches.

One of the earliest and most frequently applied frameworks is the theory of planned
behavior (TPB). However, the TPB primarily focuses on cognitive drivers, treating FW as an
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intended behavior, which limits its scope [28,29]. To address this limitation, the Motivation—
Opportunities—Abilities (MOA) framework has been suggested as a more comprehensive
approach to classify the drivers, levers, and interventions related to consumer FW [30,31],
which has been used in FW research in both academic and practitioner settings. The
MOA framework broadens the analysis beyond cognitive aspects by incorporating the
Motivation element, which includes attitudes, intentions, and norms as outlined in the TPB,
and adding Opportunities and Abilities elements, which extend the framework beyond
cognitive boundaries. Unlike the TPB, the MOA framework views FW not as a solely
intended behavior but as an unintended consequence of a series of decisions and behaviors
associated with food management practices both inside and outside the home. These
practices are influenced by both internal (individual) and external (social and societal)
factors [29,32-35].

Motivation to prevent FW refers to an individual’s willingness to take actions that
minimize the occurrence or quantity of FW. Key factors influencing motivation include
attitude, awareness, and social norms. Opportunities to prevent FW involve the availability
and accessibility of the necessary materials and resources to reduce FW, for instance, time
management or a daily schedule, available food infrastructure and technologies, and
food policies. Abilities involve the skills and knowledge required to carry out a behavior
successfully. The MOA framework emphasizes that in order for consumers to successfully
act on a FW reduction, there must not only be a strong motivation to do so but also an
absence of barriers that might obstruct their efforts. These barriers often include factors that
lead consumers to believe they are incapable of reducing FW. Even if someone is motivated
to reduce FW, without the necessary skills or knowledge—such as understanding proper
food storage techniques—they might find it difficult to achieve their goals [33,34].

According to the MOA framework, effective behavior change, such as reducing FW,
occurs when these three elements—motivation, opportunities, and abilities—are aligned.
When all three are present, simple interventions such as informational reminders might be
enough to sustain the desired consumer behavior. However, if any of these elements are
lacking, more targeted interventions are required. For instance, if motivation is low, strate-
gies such as regulatory incentives, nudging, competition, or social influence campaigns
might be necessary. If abilities are lacking, educational campaigns providing practical tips
can help. And if opportunities are limited, introducing new products or services could cre-
ate the necessary prerequisites for behavior change. The MOA framework highlights that
achieving and maintaining behavioral change, such as reducing FW, requires addressing
all three components. Without a balanced approach, individuals are likely to revert to their
previous behaviors once the interventions are removed [32].

The MOA framework allows us to analyze in-home and out-of-home consumer food
management. It is important for the present research to apply the MOA framework to
analyze consumer food management in school canteens (see Figure 2).

As shown in Figure 2, motivation, abilities, and opportunities to engage in FW preven-
tion affect the amount of consumer FW generated. Under the out-of-home consumer food
management model, food is being moved from provisioning to consumption, passing (all)
intermediate stages. In the case of school catering, students as food consumers can only
affect the amount of FW at the ordering/serving and consuming stages, i.e., the differen-
tiation of portion sizes, the choice of a food type, and the eating behavior of students are
important at these stages.
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Figure 2. MOA framework and the consumer food management model for in-home and out-of-home
consumption (authors’ modification based on [29]).

2.3. Overview of Interventions to Reduce Consumer Food Waste

In European countries, various initiatives or interventions aimed at reducing consumer
FW have been launched over the last 10-15 years. Next, a number of EU-level and project
reports are reviewed to identify and classify the most commonly implemented interventions
to deal with consumer FW in Europe.

Wunder et al. [36], in the policy report on consumer FW “REFRESH: Consumers and
Food Waste”, highlight the complexity of consumer FW, influenced by the consumers’ de-
sire for convenience, taste preferences, and cost-saving behaviors such as bulk buying and
promotions. It should be noted that the report also covered FW mitigation interventions
that can influence food consumer behavior at the retail stage, which, as shown in Figure 1,
belong to the FSC distribution level. The authors categorize policy instruments into infor-
mation campaigns, regulation, economic measures, nudging, and voluntary agreements
(see Table 2).

The report concludes that informational and awareness-raising campaigns alone are
often ineffective in significantly reducing FW but prompts, skill training, social norm
campaigns, and feedback mechanisms show more promise. A systematic, integrated
approach involving collaboration with the retail and hospitality sectors and a thorough
assessment of the effectiveness of interventions is essential for impactful FW reduction [36].

The European Commission has developed a series of action plans and regulatory
measures to deal with FW in the EU. One of the most important steps was the implementa-
tion of the ECFWF (European Consumer Food Waste Forum) project [37], which provided
practical tools and recommendations to reduce FW at the consumer level. The ECFWF
evaluated 78 consumer-level FW measures, revealing the varying effectiveness of different
approaches. The interventions evaluated were classified as follows (Table 3):
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Table 2. Interventions to reduce consumer FW (based on [36]).

Category Policy Option Description
Information and Public campaigns to educate consumers about the impacts of FW and encourage
awareness-raising campaigns  behavior changes
. . Campaigns that leverage social norms to influence consumer behavior by showcasing what
Social norm campaigns -
others are practicing to reduce FW
Education/skill training Programs to eqhzfnce consumers’ skills in meal plamlng, food storage, and creative cooking to
reduce FW. This includes school programs and public workshops
Information Visual or verbal reminders placed in strategic locations (e.g., refrigerators, shopping lists) to
Prompts .
encourage behaviors that reduce FW
Providing consumers with information about the amount of food they waste, potentially
Feedback . . . .
through apps or smart bins, to increase awareness and drive behavior change
. Encouraging consumers to make public pledges or commitments to reduce FW, enhancing
Commitment s . R ;
accountability and consistency in behavior
Apps and ICT tools Dlgltal tools that provide mfprmahon_, tips, and incentives to reduce FW, such as apps offering
recipes for leftovers or tracking food inventory
Regulation on date marking Standa_rdlzmg and clarifying date labels (e.g., “use by” vs. “best before”) to reduce consumer
confusion and unnecessary waste
Promotions, product Regulating promotional activities (e.g., banning “Buy One Get One Free” offers) and requiring
Regulation presentation, and packaging appropriate portion sizes and packaging that reduce overbuying and waste
Influencing consumer Adopting regulations that indirectly affect consumers, such as relaxing marketing standards
behavior through regulation for cosmetically imperfect produce, increasing the availability of surplus food products, and
targeted at other actors prohibiting supermarkets from discarding edible food
Implementing pay-as-you-throw schemes that charge households based on the amount of
Fees and taxes . A X
waste they produce, incentivizing FW reduction
. Providing financial incentives for activities that reduce FW, such as subsidies for food donation
E : Subsidies
conomic programs
Instruments N . ) . . .
Penalties for supermarkets Imposing fines on supermarkets that discard edible food, encouraging better food
wasting food management practices
Flnanslal incentives for Offering tax breaks or other financial benefits to businesses that donate surplus food
donating food
. Altering food placement in Strategically placing food items in stores (e.g., at eye level) and adjusting serving sizes in
Nudging and stores and dining facilities dining facilities to encourage the purchase and consumption of appropriate amounts
Choice
Architecture Changing serving sizes and Introducing smaller portion sizes by restaurants and canteens to reduce the likelihood of food
portion control leftovers and waste
. . . Collaborative efforts between the government and private sector stakeholders to implement
Public-private partnerships . .
FW reduction practices
Voluntar i i i i
A y Industry-led initiatives YOluntary commitments by busmgsses to adopt practices that reduce FW, such as improved
greements inventory management and offering surplus food for sale

Non-binding guidelines and
strategies

Developing and promoting best practice guidelines for reducing FW, which businesses and
organizations can choose to adopt

It is evident that in the EU, FW reduction interventions are being implemented at the

macro (local and national government), meso (trade associations, producer groups, NGOs),

and micro (entrepreneur and consumer) levels, e.g., by schools or restaurants. The key
findings made by the ECFWF highlight that the interventions tailored to local contexts and
involving community and stakeholder collaboration are more successful. Disruptions to

daily routines promise to reduce household FW, and highly personalized interventions

yield positive outcomes, especially if consumers participate voluntarily. However, no single

intervention proves universally effective, indicating that a multifaceted strategy combining

various interventions is necessary to significantly reduce consumer FW [38].
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Table 3. Types, subtypes, descriptions, and examples of the consumer FW prevention interventions (based on [38]).

Type Subtype Description Examples
Interventions, including digital tools, physical aids, and informational campaigns, Food trainer app test (United Kingdom) [39]
Tools and prompts for food desiened to help individual food ffoctively red d
storage and preparation e51g.ne . 1to elp in V1 uals manage food more effectively, reduce FW, and promote Use It Up Tape—a visual prompt for leftover
sustainable consumption consumption (Australia) [40]
Interventions that use strategies like social influence, feedback, awareness campaigns, FW calculator (Finland) [41
Other nudges for household and innovative tools to raise awareness and encourage behavior change, aiming to ¢ )L .]
FW reduce FW at the household level across various stages Study on eco-feedback device (Canada) [42]
Nudges Day-on-date label (United Kingdom) [43]

Labeling and visual cues on

Interventions aimed at reducing FW by improving consumer understanding of
expiration dates and promoting better food handling through stickers, time temperature

Evaluation of date labeling campaign

food packaging indicators, and storage advice encouraging consumers to look-smell-taste
(Canada) [44]
. . . . N . . Nudging strategies in school canteens
Interventions targeting FW reduction and sustainable behaviors in public spaces like (Spain) [45]
Nudges out of the home schools, restaurants, and hotels; primarily target serving and consumption stages, aiming pa -

to influence behaviors like portion control and food storage

Posters displaying social norms (France) [46]

Education and
training

School programs

Interventions engaging students, teachers, and parents in activities like food preparation,
creative projects, and using teaching materials to reduce FW and promote sustainable
practices in schools and households

Food and nutrition education program
(Netherlands) [47]

Green Chef—a youth-targeted competition
(Portugal) [48]

Training for food business
personnel

Interventions educating food industry employees to reduce FW, improve food
management practices, and promote sustainability through tailored strategies like menu
design, storage optimization, and consumer education

PENNY apprenticeship program
(Germany) [49]

Zero-waste restaurant (Portugal) [50]

Coaching for households

Interventions aiming to reduce FW in households by improving food management skills
through workshops, thematic challenges, personalized guidance, and community
networks, focusing on planning, shopping, cooking, and storage practices

Cooking classes and workshops
(Germany) [51]

Tailored intervention with personalized
coaching (USA) [52]

Awareness raising

Local initiatives

Community-focused interventions aiming to reduce FW through door-to-door visits,
cooking workshops, awareness campaigns, and school or business engagement,
emphasizing in-person interaction and collaboration with local stakeholders

Reduce FW, save money (Canada) [53]

West London FW prevention campaign
(United Kingdom) [54]

Large-scale initiatives

Interventions take the form of broad awareness campaigns aimed at reducing FW by
promoting behavior change through tools such as media outreach, exhibitions, and
partnerships with retailers

FW-free week (Netherlands) [55]

Great taste, no waste (United Kingdom) [56]
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Table 3. Cont.

Type

Subtype

Description

Examples

National programs

Large-scale interventions raising awareness of FW through media campaigns,
educational materials, and stakeholder collaboration, promoting sustainable practices
and systemic impacts by fostering partnerships and regional initiatives

Project Wasteless (Hungary) [57]

Life FOODprint (Cyprus) [58]

Interventions uncovering new drivers

Interventions identifying new drivers of FW and testing innovative approaches, focusing
on behaviors like overprovision during special occasions and poor planning,
highlighting cultural contexts and social interactions

Education and leveraging social influence in
school environments (Italy) [59]

Study on domestic food practices (Italy) [60]

Out of scope

Measurement

Redistribution

Interventions aim to track and reduce surplus food through measurement or redistribute
it to consumers and charities, minimizing FW via apps or food banks

Gladsaxe measurement (Denmark) [61]

Copenhagen municipality (Denmark) [62]

Olio app (51 countries globally) [63,64]

Munch app (Hungary, Czech Republic,
Slovakia, Romania) [65]
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A literature review conducted by Caldeira et al. [66] showed that there was a notable
lack of studies dealing specifically with the evaluation of FW prevention actions. In this
report, 91 actions were collected through a survey and individually assessed to test the
evaluation framework developed. Most (58) were implemented at the FSC food service
and household stages. The classification is presented in Table 4.

Table 4. Classification of FW prevention actions implemented by food services and households

(based on [66]).
Type Sub-Type Description
FOOD SERVICES
Innovating processes within food service establishments to increase efficiency and
Process innovation  reduce waste. This includes implementing new technologies and improving current
practices related to food handling and storage
Providing training and guidelines for food service personnel to reduce FW, focusing
Supply chain Training and on areas such as inventory management, portion control, and food preparation. This
efficiency guidelines includes internal personnel training sessions and the development of best practice
guides
Integrating FW prevention criteria into public procurement processes for food
Public services. This can include specifying requirements for waste reduction practices, such
procurement as sourcing locally to reduce transport losses and adopting sustainable food service
practices
Consumer Awareness/ Implementing campaigns to educate and raise awareness among consumers and
behavior change educational personnel about the importance of reducing FW. This includes digital tools, school
8 campaigns programs, and public campaigns aimed at changing FW behaviors
Surplus food Redistributing surplus food to charities or other organizations to ensure it is
Food redistribution prus foc consumed rather than wasted. This includes collaboration with local food banks and
redistribution .
other non-profits to handle excess food.
Establishing voluntary agreements among stakeholders within the food service
Voluntary industry to commit to reducing FW. The agreements often involve setting shared
agreement goals, monitoring progress, and reporting on outcomes to ensure collective action
toward FW reduction
FW prevention Regulatory Develo.ping anc% implgm?nting regulato¥y fFameworks or Policies that n.'landate Fw
. reduction practices within the food service industry. This includes requirements for
governance framework/policy . ; - . .
waste tracking, targets for waste reduction, and incentives for compliance
. Coordinating national programs that involve multiple stakeholders from the food
National FW L. X . .
revention service industry, the government, and non-profits to implement comprehensive
pro am strategies for FW prevention. This includes public awareness campaigns, support for
prog innovation, and funding for waste reduction initiatives
HOUSEHOLDS
Launching educational initiatives to inform consumers about FW and provide
Awareness/educationgiractical tips for reducing waste at the household level. This includes workshops,
campaigns digital tools, and media campaigns focused on planning food purchases, proper
storage, and utilizing leftovers
Implementing educational programs in schools to teach students about FW and
Consumer School programs encourage waste reduction behaviors that they can practice at home. The programs

behavior change

aim to build a culture of waste reduction from a young age

Digital tools for
behavioral change

Developing and promoting apps and online platforms that provide consumers with
tips and strategies for reducing FW, tracking their food consumption, and planning
meals more effectively. This includes mobile apps that remind users of expiration
dates and suggest recipes based on available ingredients

Implementing initiatives to improve date marking on food products to help

Inn i f .
rogzac?s(f;ate consumers better understand “best before” and “use by” dates. Examples include the
fnarking introduction of labels such as “Best before . .. often good after” to encourage

consumers to use their judgment before discarding food
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Type Sub-Type Description
HOUSEHOLDS
Supply chain Innovation of Innovating packaging solutions to extend the shelf life of food products, thus reducing
o ff?c}i)ezc products— the likelihood of food spoilage and waste at the household level. This includes
y packaging creating more effective and sustainable packaging materials and technologies
Establishing voluntary agreements among various stakeholders, including consumers,
Voluntary retailers, and local authorities to commit to reducing FW. The agreements involve
agreement setting targets, monitoring progress, and reporting outcomes to ensure collective
FW prevention action toward FW reduction
governance . Coordinating national programs that involve multiple stakeholders from households,
National FW . . . .
revention the government, and non-profits to implement comprehensive strategies for FW
g rogram prevention. The programs typically include public awareness campaigns, support for

innovation, and funding for waste reduction initiatives

This report highlights that effective FW prevention relies on a multifaceted approach
at the food consumption stage. The assessment of FW prevention actions revealed that
most of the initiatives focused on consumer behavior change, food redistribution, and
improving supply chain efficiency. These actions demonstrated varying levels of success,
with some effectively reducing FW through awareness campaigns and redistribution efforts,
while others highlighted the need for better design and implementation strategies. The
analysis underscored the importance of setting clear objectives, monitoring progress, and
adapting approaches to local contexts to enhance the effectiveness and sustainability of FW
prevention measures at the food consumption stage [66].

Cooperation between all food system actors is essential to reduce FW, with educational
institutions playing a key role. By providing information on healthy and sustainable diets,
schools can shape the habits of the next generation and affect the future food system, as
school meals are one of the largest sources of FW. It is undeniable that responsible food con-
sumption in schools can contribute to reducing FW at the FSC consumption stage; therefore,
it is important to identify and classify FW-preventing interventions addressing students’
behavioral change, which could be implemented in schools (see Table 5). FW prevention in
school and school canteens could set a positive example for children and young people and
inspire them to do the same at home. Understanding the nature of various interventions
aimed at reducing FW in schools, policymakers and school administrators could develop
and adapt food resource efficiency strategies.

Table 5 presents various effective interventions to reduce FW in schools through be-
havioral and attitudinal changes among students. Visual nudging interventions, such as
posters and signs, can raise students” awareness of FW problems. Participatory nudging
interventions involve students in activities such as FW audits and cooking workshops.
Educational nudging interventions integrate food sustainability topics into the curricu-
lum, which can have a positive impact on the students’ food consumption habits. Food
choice architecture involves designing and presenting food options to effectively influence
students to make more efficient consumption choices, using strategic placement and pre-
sentation to reduce waste. Altering the dining environment, e.g., extended lunch breaks or
modifying the dining setting and conditions to encourage students to make sustainable
food choices and practice responsible consumption, are aimed at creating a more pleasant
and quiet dining experience. Feedback ensures continuous improvement. The mentioned
multifaceted interventions, tailored to the local context, can significantly reduce FW in
schools and promote a culture of sustainability.
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Table 5. FW-preventing interventions addressing students” behavioral change.

Htiiv[)efn tion Category and Description Examples
Using posters and signage to provide students with detailed
information about the negative environmental, economic, and
Awareness raising: Implementing social impacts of FW [14,15,67-71]
campaigns and visual tools to raise Displaying strategically placed posters and signs that encourage
students’” awareness about FW issues students to take only the food they intend to eat [72]
Visual nudging  and providing tips to adopt less Displaying posters that evoke negative social emotions associated
interventions wasteful behavior. The interventions with wasting food to discourage wasteful behavior [73]
often involve visual aids and the Placing visual reminders such as table talkers in dining areas to
strategic placement of information to inform students about healthy food choices and/or the negative
influence students’ decisions. impact of FW [74,75]
Utilizing posters highlighting social norms and peer behaviors
regarding FW reduction to influence student choices [76]
Involving students in FW audits to assess the amount of waste
generated and identify key areas for improvement [14,77]
Involving students in menu planning to make them more likely to
adopt and advocate for waste-reducing behaviors [78,79]
Organizing interactive activities where students participate in FW
reduction challenges or competitions, making them more
conscious about the amount of food they waste [14,80,81]
Encouraging students to lead campaigns and create content (e.g.,
videos, posters) about FW, fostering a peer-driven approach to
Interactive activities: Engaging behavpl: change [71] . . .
students in hands-on, practical, or Orgamm’ng fooFl coolfmg workshops in school ca.nteens to gain
- . . students’ practical skills and a better understanding of how their
Participatory mteract.u{e experiences and choices impact FW, promoting more sustainable behaviors [14,82]
nudein competitive events focused on Installing digital b, Tletin boards with interacti tent th t,
nudging reducing FW. The activities encourage nstalling digital bulletin boards with interactive content that
interventions educates students about FW and encourages them to take quizzes

active participation and often involve
a peer-driven approach to behavior
change.

or participate in games related to food sustainability [83]
Introducing mobile apps that allow students to track their FW and
receive personalized tips and goals for reducing waste [83]
Involving students in “food rescue programs” where leftover
untouched food is collected and donated to local shelters or food
banks, teaching them about food redistribution and community
support [84,85]

Installing interactive digital displays and touch-screen kiosks
with quizzes and games related to food sustainability [86]

Using color-coded waste bins with clear signage to guide students
in sorting their waste correctly, making them more aware of how
much food is being wasted [87]
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Table 5. Cont.

Htiiv[)efn tion Category and Description Examples
e  Educating students about the entire food system, from production
to consumption, and deepening their understanding of and
Educational activities: Promoting personal commitment to reducing FW [14,88-90]
responsible food consumption e Developing a comprehensive curriculum that includes lessons,
through various pedagogical discussions, and assessments focused on FW and sustainability,
Educational approaches designed to foster ensuring that students encounter the topics across various
nudging long-term behavior change among subjects [14,68,90,91]
interventions students. The interventions focuson o Inviting guest speakers such as local farmers, chefs, or

integrating food sustainability
education into the curriculum and
extra-curricular activities.

environmentalists to talk about food sustainability and waste
reduction, providing real-world insights and inspiration [81]

e Organizing field trips to farms, food processing facilities, or waste
management centers to give students a first-hand understanding
of the food production and waste process [92,93]

Food choice

Designing food choices: Designing
and presenting food choices in a way
that subtly influences students to
select and consume their food more

e Allowing students to choose their food items rather than being
served pre-determined portions ensures they take only what they
plan to eat [14,94,95]

e  Positioning items that are commonly wasted in more prominent
locations, for example, placing vegetables at the beginning of the
serving line so students are more likely to take and consume
them [96-100]

e Offering fruits and vegetables in pre-sliced, ready-to-eat portions
to encourage students to finish their servings, as these are more
convenient and appealing than whole items [98,100]

architecture efficiently. This can involve the N N i .
strategic placement and presentation Usq\g attractive names and pre:.;e.ntatlons for healthier food
of food items to promote healthier options to make them more enticing [98,100,101]
and less wasteful choices. e  Introducing themed food days that focus on specific types of food
(e.g., “Veggie Day”) to highlight and promote the consumption of
particular food groups, reducing waste of those items [102-104]
e Organizing taste test events where students can sample small
portions of different foods (e.g., “tasting spoons”) before deciding
on their meal, reducing the likelihood of taking larger portions
they might not finish [74,82]
e  Extending the duration of lunch breaks to provide more time for
students to eat slowly, thereby reducing FW and fostering
responsible consumption [105-107]
e Changing plate sizes and shapes: when students serve
themselves, offering smaller plates and different shapes can
Dining environment changes: promote serving smaller portion sizes, thereby reducing the
Altering the dining environment and likelihood of plate waste; however, if the food is pre-served, using
its conditions to encourage students larger size plates is beneficial, as it allows students to clearly see
Environment to make sustainable food choices and and understand the ingredients of the food being served (more
altering practice responsible food engaging for younger students) [27,108,109]

consumption. The changes aim to
create a more pleasant and quiet
dining experience.

e Altering dining spaces by improving lighting, reducing noise
levels, adding comfortable seating, and creating a pleasant
atmosphere can make the dining experience more enjoyable,
thereby encouraging students to appreciate and finish their
meals [101,110]

e Establishing school gardens where students can grow their own
fruits and vegetables and then use these in the school canteen,
thus creating a direct connection between growing and
consuming food [111,112]
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Table 5. Cont.

Type of

Intervention Category and Description Examples
Implementing feedback systems where students can report on
their FW habits and suggest improvements, potentially using
Feedback and iteration: Regularly digital tools to collect this feedback and iterating on strategies
gathering feedback and insights from base?l (?n the da.ta collected [42,113] X
Continuous students on their food-wasting Providing real-time feedback on FW levels in the canteen, such as
improvement behavior and food preferences to through charts or digital displays, to raise students” awareness
through refine and improve the interventions. about the environmental impact of their FW and to set goals to
feedback This approach involves iterative reduce it, thus allowing students to track progress and adjust their

processes to continuously enhance
strategies based on collected data.

behavior accordingly [74,114-116]
Regularly conducting surveys and polls to gather student
opinions on menu items and dining experiences, using these data

to make informed adjustments to the menu and dining
environment [77,117,118]

It is clear that there is a need for a multi-faceted approach to reducing FW at the FSC
consumption stage, especially in schools. The variety of interventions aimed at reducing FW,
ranging from visual and participatory nudging to educational activities and environmental
change, highlight the complexity and multidimensional nature of effectively addressing
FW. By implementing these actions toward sustainability, schools can influence students’
food consumption habits, thus contributing to a culture of responsible consumption among

the younger generation.

3. Materials and Methods
3.1. Scope of Research

This pilot study aimed to evaluate the impacts of interventions designed to reduce PW
in three schools with a fourth as a control in Rezekne City, Latvia, to promote smart and
responsible food consumption. The underlying hypothesis was that targeted interventions
in these schools could effectively lower PW levels, thereby fostering sustainable food
consumption practices. To assess the impacts of the interventions, PW quantities were
measured multiple times before and after the implementation to provide a statistical basis
for evaluating PW reduction.

The total measured weight of PW included uneaten food left on individual plates and
discarded food in common bowls and pots following the free lunches provided to students
in grades 1-7 in the observed schools (see Section 3.4).

The novelty of our pilot study lies in the fact that no national-level research has
previously been conducted in Latvia to verify the effectiveness of interventions made
by foreign researchers aimed at reducing FW in the Latvian school ecosystem. This is
particularly important, considering that the management of catering services in Latvian
schools is significantly different from foreign practices.

Within our previous research study, a comprehensive literature review was performed,
and a large number of research studies on factors contributing to PW in schools were
reviewed [27]. An experiment by the Swedish University of Agricultural Sciences with the
aim of testing interventions related to reducing FW in school catering could be mentioned as
the most relevant research on the research problem [74]. The following interventions were
examined during the Swedish experiment: (1) tasting spoons; (2) an awareness campaign;
(3) a plate waste tracker; (4) a forecasting system; and (5) a reference group. However, the
management of catering in Swedish schools and the level of public awareness of responsible
food consumption, as well as the socio-economic culture, are significantly different from
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those in Latvia. For example, in Latvia, self-service (buffet-style) catering is rarely practiced
in schools for those schoolchildren whose catering expenses are covered by state/municipal
funding, and it is not possible to choose the type of food, as the food is already served
following all the dietary guidelines regarding the amount of food served, calories, and
nutrients. This means that schoolchildren cannot choose the size of the portion themselves
(smaller or larger, depending on the feeling of hunger or age). We can also observe similar
differences in many other research studies conducted outside Latvia [14,119-123].

Consequently, a natural question arises as follows: can foreign experience be effec-
tively transferred to Latvia? Based on the fact that no scientific research in this field has
been conducted in Latvia to date, we decided to assess how effectively certain interventions
examined by the Swedish University of Agricultural Sciences (awareness campaign and
plate waste tracker) worked in Latvia. However, given the specifics of the management of
catering in Rezekne City schools (there is no buffet-style catering), it was not possible to
transfer all interventions proposed by the Swedish colleagues; therefore, the 3rd interven-
tion component (using larger diameter plates for serving food, holding longer lunch breaks,
and ensuring the presence of a supervising teacher during the lunch break) was chosen
based on the recommendations we proposed in our previously implemented “E-mentor”
project [124] after analyzing global best practices. All the interventions proposed were
coordinated with the administrations of the selected schools, receiving their support. We
also contacted colleagues from the Swedish University of Agricultural Sciences about the
possibility of using their plate waste tracker in our research and localizing its functionality
for the region of Latvia. After summarizing the above, it could be found that the novelty of
our project involves experimentally testing foreign best practices aimed at PW reduction in
Latvia, as well as making cross-cultural comparisons of the results, which is essential when
continuing to implement interventions in the long term.

3.2. Research Methodology

The research intends to use the scientific findings made in our previous research,
thereby resulting in the development of a set of recommendations (interventions) for
stakeholders to be implemented to reduce the amount of PW in Rezekne City schools [27].
PW accounts for the majority of FW in schools [125]. It should be noted that most of the
researchers working on FW analysis focus specifically on PW analysis [121,125-133]. Derqui
and Fernandez [91] have found that approximately 80% of research in this field directly
relates to PW analysis without auditing FW at the whole stage of food consumption, i.e., not
considering the FW generated during cooking in the kitchen or the FW from serving lines.

Of the 6 schools in Rezekne City offering free lunches to students in grades 1-7,
4 were selected based on the willingness of school principals to collaborate, ensuring
smooth coordination and effective implementation of the interventions. All schools operate
under a similar catering model with partly pre-served meals, providing a uniform context
for evaluation. The schools represent urban Latvian schools, where free lunches are
provided to students in grades 1-7 through state and municipal funding. The student
populations in grades 1-7 across the schools are similar, ensuring comparable sample sizes
and demographics. While limited to Rezekne City, the findings offer valuable insights for
similar school settings across Latvia with analogous catering systems.

During our previous research, we found that there was a need for interventions that
could reduce the amount of PW in Rezekne City schools. Thus, we decided to implement
several of the proposed interventions in three schools (a test group). One more school
participated as a reference group for PW quantification, yet no special interventions aimed
at reducing PW were planned. Malefors et al. [74] used the reference group to examine
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Sept’23

whether the test interventions reduced FW or whether reductions were due to other trends
and ambitions that would have happened in any case.
The research comprised the following main steps (see Figure 3):

Pre-intervention
quantification of PW in
all four schools

Oct’23 — Apr'24 Dec’23 Apr'24
Implementation . 1st pOSt,_ i 2nd posF—
of interventions intervention lnter\(entllon
in the test quantification of quant'lflcatlon of
group schools PW in all four PW in all four
schools schools

Figure 3. Timeline of the pilot research.

Statistical analysis was applied to verify the impact of our interventions. The null
hypothesis “PW is equal in the pre- and post-intervention periods” was tested. The
following laboratory conditions were organized in all four schools: (1) similar classes
participated in the survey and (2) a unified menu design was applied in pre- and post-
intervention PW measurement weeks. The unified menu for the field study was developed
for one working week within our previous research (for details, see Lonska et al. [27]).
As a result, the paired method was applied for statistical analysis; for Model 1 (class
view), the average PW g/student data were calculated per class. In schools, classes were
divided into sections A, B, and C. Therefore, each school had 15-20 pairs for comparison
depending on the school, and for Model 2 (day view), the average PW g/student data
per day were calculated for each school. Additionally, a comparison between 5 days for
PW and g/student for each school was performed to exclude the impact of the menu. A
Wilcoxon signed-rank test was performed to test each intervention within both models.

3.3. Description of the Implemented Interventions

The following interventions aimed at a reduction in PW were tested: School 1 (S51)—a
plate waste tracker; School 2 (52)—an awareness and educational campaign; and School
3 (S3)—a set of organizational changes, including larger diameter plates used in the can-
teen, longer lunch breaks, and the presence of the supervising teacher during the lunch
break. The interventions were implemented from 1 October 2023 to 30 April 2024. The
capability of the interventions to reduce PW in school canteens was tested against both the
baseline before implementation and a reference School 4 (54), in which no intervention was
implemented. The objective was to identify the interventions that could be scaled up so
that school canteens can achieve larger-scale reductions in PW necessary for a sustainable
food system.

3.3.1. Plate Waste Tracker

As part of the research study in S1, a plate waste tracker was installed (Matomatic AB,
Uppsala, Sweden) [134]. The plate waste tracker is a kitchen scale connected to a tablet
computer running dedicated software that interacts with canteen visitors, showing them
how much food they are wasting and the impact of this waste. The tablet computer allows
the canteen visitors to respond to why they wasted food, with some predefined alternatives,
such as “I did not have enough time to eat”, “The portion size was too large”, “I did not like
it”, and “I am full” [74]. The device was adapted for use in Latvia by installing the Latvian
language. However, because only one device was installed at the school, we encountered
a situation where long lines of students formed during the lunch break, as they had to
dispose of their PW on the tracker scales. Additionally, this process was slowed down by
the fact that some primary schoolchildren did not yet read quickly; therefore, providing
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their feedback took extra time. At the beginning of the intervention, we observed that
some students lacked the time to throw away their PW during the lunch break. We solved
this problem by hanging the possible reasons for PW, as provided by the tracker, on the
wall right next to the tracker. The students could then tell the school personnel operating
the device why they did not eat all the food, and the personnel would enter the students’
answers into the tracker (see Figure 4).

Figure 4. Plate waste tracker installed in the S1 canteen.

3.3.2. Awareness and Educational Campaign

In S2, an intervention to reduce PW was implemented through a combination of
awareness and educational campaigns [14,68,71,120,135-137]. Preventive measures aimed
at reducing FW during the FSC consumption phase emphasize several key approaches
to educate consumers and alter behaviors to minimize waste. The approaches include
public awareness efforts, educational programs in schools, and waste reduction initiatives
in cafeterias and restaurants [138]. Such educational interventions typically highlight the
significance of reducing FW and offer practical tips, such as portion control and proper
food storage techniques. The initiative was based on the idea that increasing awareness
and education about FW issues would lead to less waste. School environments play a vital
role in raising awareness and imparting knowledge about food to younger generations.
Incorporating FW into specific curricula offers long-term benefits and can be integrated
with other food-related subjects [139]. The awareness campaign utilized one-way commu-
nication methods, such as posters and table talkers, to inform canteen visitors about the
negative aspects of FW and to nudge students to consume food more responsibly. The
school conducted educational class lessons for its students, focusing on the ecological
consequences of FW, its environmental impact, the scarcity of food resources, and the
importance of responsible food consumption. This comprehensive approach aims to raise
students” awareness and positively influence their eating habits [14,120,136].

This process was implemented in the form of class lessons (at least 2 h per academic
year in each class from 1st to 7th grade). At the same time, 16 (12 + 4) informative posters
were placed in the school canteen, indirectly nudging students toward the responsible
consumption of school food. In the school canteen, table talkers were changed every
2 weeks with interesting facts about various school food products (see Figures 5 and 6).
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Figure 5. Informative posters were placed in the S2 canteen with slogans like “STOP wasting food!”,
“Save the world”, “Be responsible—say no to food waste”.
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Figure 6. Table talkers were placed in the S2 canteen, featuring nutritional information and interesting
historical facts about the origins of food products such as apples, eggs, and carrots.

Additionally, to intensify the impact of the awareness and educational campaign, a
creative poster competition was organized in the school for 1st- to 9th-grade students on the
following topics: “I am what I eat”; “Eat responsibly: think before throwing away”; “Iam a
healthy eating agent”; and “Spare the planet, do not waste food!”. Participatory nudging
interventions for FW reduction encourage students to lead campaigns and create content
(e.g., videos, posters) about FW, fostering a peer-driven approach to behavior change. As
a result of the competition, four drawings were selected and used to create informative
posters, which were then placed in the school canteen.

3.3.3. A Set of Organizational Changes

In S3, the implementation of organizational changes in the provision of catering
services included the use of larger diameter plates for serving food, longer lunch breaks,
and the presence of a supervising teacher during the lunch break. The chosen interventions
were based on the results of our previously implemented research, as it was observed that
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a school selected used plates of an insufficient diameter, which did not allow students to
place the food ingredients in such a way that they did not mix (for example, meat sauce was
placed on top of pasta along with vegetables), resulting in spoiling the visual appearance
of the food on the plate, which could be one of the factors contributing to PW, especially in
primary school. Researcher observations have shown that often the food is mixed during
serving, and the schoolchildren refuse it because they do not understand the ingredients
of the food. Schoolchildren could refuse to eat or not finish eating the food offered to
them if they are not satisfied with the appearance, taste, texture, color, and temperature
of the food [123,140-142]. Larger diameter plates would allow food to be placed more
transparently and be more visually appealing to the schoolchildren, thereby encouraging
the acceptance of food by them. The use of larger plates in the intervention relates to school
catering in Rezekne City, as the main course is served to each student before the lunch
break, and they cannot choose the type and quantity of food.

Regarding the extension of the lunch break, several research studies have concluded
that an insufficient lunch break length might be a factor contributing to PW, as a short lunch
break does not give the schoolchildren enough time to eat a full meal [136,143-145]. Based
on the analysis performed within our previous research using artificial intelligence, it was
concluded that an optimal lunch break reduces the amount of PW by 20% [106]. Extending
the lunch break to at least 30 min and reviewing the school timetable, avoiding the lunch
break too early (i.e., until 11:00 a.m.), could contribute to a reduction in PW.

The decision on the presence of the supervising teacher during the lunch break was
taken into consideration because the non-involvement of supervisory or support personnel
in the catering process (e.g., a teacher or canteen personnel), which could otherwise promote
the schoolchildren’s healthy attitudes toward food and new tastes and help to reduce PW,
is referred to as one of the factors in PW [123,136,140]. The intervention we proposed is the
presence of a class teacher during the lunch break to help and encourage children to eat
and try new foods, as well as to stimulate teachers to act as role models, teach the children
how to behave in the canteen, and discuss food and nutrition during meals.

3.4. Description of the Catering Management and Unified Menu

In all Rezekne City schools, the catering process is organized in closed-type canteens
(referred to hereafter as school canteens), supervised by the municipal school board, en-
suring compliance with hygiene and healthy nutrition standards, and funded by the local
government of Rezekne City. School canteens are equipped to follow safe food handling
regulations, and specialized workstations are provided for canteen staff.

In all the school canteens included in the field study, food was partially pre-served on
tables designated for each class. Just before the lunch break, canteen staff placed individual
portions of the main dish (consisting of staple foods and meats) on plates at the assigned
tables. In S4, vegetables with the main dish were served on the same individual plate
for each student, while in S1, S2, and S3, vegetables were served in common dishes on
the tables for each class separately. In all the schools, the soup was served in common
soup pans on the tables for each class, with the amount calculated based on the number of
students in each class using standardized measures and serving cups. Slices of bread were
placed on tables in common containers according to the number of students in each class.
Beverages were served in separate glasses for each student. Fruits (usually whole unpeeled
apples, pears, or bananas) were placed on tables in common containers according to the
number of students in each class. Similarly, glazed curd cheese was served in its packaging
in common containers according to the number of students in each class.

This means that for those students whose catering expenses were covered by the
state/ municipal budgets, it was not possible to choose the type of food, as the food was
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already served following all the guidelines regarding the amount of food served, calories,
and nutrients. In addition, students could not choose the size of the portion themselves
(smaller or larger, depending on their feeling of hunger or age). In all the schools of Rezekne
City, catering is provided free of charge for the following students: grades 1-4, for whom
free lunches are funded by the national government and grades 5-7, for whom free lunches
are funded by the local government of Rezekne City.

Only students in grades 1-7 were included in the field study sample, i.e., those who
were entitled to free lunch. During the PW measurement weeks, students in all the schools
were fed according to a unified lunch menu, designed for the PW measurement week that
would eliminate differences in food availability and ensure laboratory conditions, thereby
reducing the influence of external factors on the students’ individual food preferences
(see Table 6). The development of the unified menu was based on the results of the
previous project, including dishes that students generally liked, disliked, or had a neutral
attitude toward. During the PW measurement weeks, the schools ensured that the menus
were repeated and the food offered to the students was the same in all the schools. The
development process of the unified menu is described in detail in our previous study [27].

3.5. Data Collection

Measuring FW is a crucial component of a strategic intervention to reduce FW. It
helps to assess the effectiveness of interventions and tracks progress in reducing FW. Addi-
tionally, measurement provides consumers with tangible information about the quantity,
composition, and cost of the food [38].

In total, PW measurements were taken three times during the school year and per-
formed simultaneously in all four schools, and the students were fed according to a
unified menu.

The pre-intervention quantification of PW took place on 25-29 September 2023 in all
four school canteens to establish a baseline level of PW. The aforementioned interventions
for PW reduction were introduced in three schools after the pre-intervention measurements
were taken. On 11-15 December 2023, the first post-intervention quantification of PW was
performed to track the effects of the interventions in the short run. It should be noted that
PW quantification was also carried out in a control group in S4, where no interventions
were implemented. This allowed us to examine whether the test interventions reduced PW
or the reductions were due to other trends and factors that would have occurred regardless.
The second post-intervention quantification of PW in all four schools was performed on
15-19 April 2024 to track the long-term effects of the interventions.

Each school had a different lunch break schedule. The average lunchtime for grades
1-4 was from 9:30 to 11:30, and for grades 5-7, it was from 11:30 to 13:00. The researchers
arrived at the schools at about 9:00 in the morning and finished their work at about 14:00
(depending on the school) for 5 consecutive days of the measurements.

Before the meal, the researchers identified the expected number of students based on
the number of main dishes served on the table. During lunch, they registered the actual
number of students who participated in the lunch.

The research employed the following methods: observation, photography, and direct
manual weighing of PW by food category and by grade of students.

During the PW measurement, the students of the same age group were observed
across all schools (grades 1-7), and the amount of PW was identified separately for each
class. All the observed schools are located within the same geographical region, specifically
in Rezekne City, indicating that the children belonged to the same ethnic group. Pre- and
post-intervention PW measurements in all the schools were conducted simultaneously
three times over one week (five working days).
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Table 6. A unified menu designed for the field study.

Placed Portion Weight of Food Placed Portion Weight of Food
Planned Weightin  Served on a Plate, Planned Weight, Served on a Plate,
Grams Grams Grams Grams
Monday Thursday
Borscht (beet soup)
Pasta 130 130 with fresh cabbage 200/5* 205
and sour cream
Pork goulash 50/50 100 Chicken cutlet 80 80
Pickled cucumber 25 25 Stewed rice with 100/5 105
carrots and corn
Cinnamon roll 1 piece 60 Fresh cucumber 30 30
Bread 25 25 Bread 25 25
Tuesday Friday
Rice soup with .
. Fish in
chicken meat and 150/22/5* 177 60-65 63
breadcrumbs
sour cream
Pork cutlet 50 50 Mashed potatoes 130 130
Mashed potatoes 130 130
Fresh tqmatQ salad 50 50 Carrot salad with 50 50
with oil sunflower seeds
Bread (optional) 25 25 Glazed curd cheese 1 piece 46
Banana 1 piece 175 ** Bread 25 25
Wednesday
Pork chop 60 60
Mashed potatoes 130 130
Fresh cabbage
salad with carrots 50 50
Bread 25 25
Cupcake 50 50
Apple 1 piece 140 **

* Note: 5 g of sour cream is put in a common pot of soup, providing 5 g per 1 child. The weight of soup in each
plate is 250 g. ** Note: average weight of 1 piece of banana and apple.

During the PW measurements, the students were asked to leave their dirty plates on
the tables (usually, the students had to bring them to a special table near the canteen’s
dishwashing room). When the students finished their lunch, the researchers gathered the
PW into buckets, dividing it into the following categories: soup, staple food, meat/fish,
salad/vegetables, bread, fruit, and curd products (glazed curd cheese). The PW measure-
ments were taken separately for each class.

Individually served portions of a main dish (staple food and meats/fish on an indi-
vidual plate) were not weighed before the lunch break. To calculate the number of main
dishes served, the researchers relied on the meal weight indicated in the menu per student
(see Table 6). A different approach was applied to measure the amount of soups, salads,
and bread served in common bowls and pots for each class separately. In S1, S2, and S3,
the researchers recorded the weight of each pot/bowl with soup/salad /bread before the
lunch break (gross amount) and the weight of an empty pot/bowl to calculate the net
amount of served soup/salad/bread for students. If any soup/salad/bread was left in
the common pot/bowl after the lunch break, the pot/bowl was replenished for the next
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class. The remaining soup/salad /bread in common pots/bowls was discarded only after
the final lunch break (see Figure 7). According to the legislation of the Republic of Latvia,
school meals are not intended for reheating or reuse the next day. It should be noted that
primary school students often took leftover bread to class to consume later.

Food served in common

Individuall d
pots/bowls for each class nividualy serve

portions of a set meal

A common pot/bowl of A common pot/bowl of food
food served to 20 students served after the lunch break

£

g 20 x 150 15/20

2 g students — S.

s\ =3000g 4

2 attended

3 15x150g=2250g

A common pot/bowl of food /\‘;3 2

served to 25 students: -
0%~
25x150g = 3750 g 13/ 27 A common pot/bowl of food
-

after the final lunch break (N
7508 \ .~ 53'5
leftovers 23/25 S’L,
)

+3000 g students —> ’
added attended
23x150g=3450¢g

Lunch break

Figure 7. Scheme of the PW generation process in 51, S2, S3, and S4 (an example).

The situation regarding serving soup in common pots was different in S4. The common
soup pots in this school were not replenished for the next classes. Instead, the remaining
soup in the pots was discarded immediately at the end of each lunch break, as per the
decision of the canteen manager due to hygiene concerns (see Figure 7). The situation was
similar with leftover bread in common containers; however, in this school as well, primary
school students often took bread with them to class. As mentioned, salad in this school was
served to each student individually on main dish plates.

Considering the specifics of catering management in the schools observed, in this
study, we define PW as the amount of food served to students that remains uneaten on
their individual plates, as well as discarded food leftovers in common bowls and pots. The
total measured weight of PW includes uneaten food left on individual plates and discarded
food in common bowls and pots following the free lunches provided to students in grades
1-7 in the Rezekne City schools observed.

After each lunch break, all buckets with the PW were weighed, and the data were
entered into a waste registration protocol. The following measurement tools were used to
quantify the PW: two kinds of high-density polymer buckets (a large bucket with a capacity
of 2 L, weight 61 g, and a small bucket with a capacity of 1 L, weight 35 g; each bucket was
marked with the food category and the number of the class for which it was intended and
electronic kitchen scales were used (model—Clatronic KW3412, art. No. 271680, measuring
range—up to 5 kg, units of measurement—grams, producer Clatronic International GmbH,
Kempen, Germany).

4. Data Analysis and Results

All of the data analyses were performed using the statistical software R and MS Excel.
The research employed a statistical analysis method, the Wilcoxon signed-rank test, using
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the R method “wilcox.test” to test the null hypothesis and verify sufficient differences
between two paired groups, namely pre-intervention and post-intervention groups.

In total, 17,144 plates (number of samples) were surveyed in three PW measurements,
with 5772 in September 2023, 5751 in December 2023, and 5621 in April 2024. The distribu-
tion of the number of surveyed samples by school is shown in Figure 8.

1425 1337

1317
1641 |
1506
‘ | 1245 TR
1627 1437 1300 1408

School 1
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D Sept'23 [ Dec'23 Apr'24

Figure 8. Distribution of the number of samples by school at each PW measurement (i.e., the actual
number of students who participated in lunch breaks).

4.1. Data on Total Food Served and PW

Initially, the total amount of PW was calculated as a ratio of the food served, expressed
as a percentage, including soup, salad, and bread served in common pots/bowls (see
Table 7 and Figure 9).

Table 7. Data on the amount of food served and total PW registered.

September 2023 December 2023 April 2024
PW, % PW, % PW, %
Food PW, PW, g of the Food PW, PW, g of the Food PW, PW, g of the
School Served, 1 per Served, 1 per Served, 1 per

Total g Total g Stud. * Food Total g Total g Stud. Food Total g Total g Stud. Food

: Served Served Served
S1 639,522 150,959 93 23.6 619,794 130,261 79 21.0 590,944 121,851 79 20.6
S2 587,279 129,006 90 22.0 577,767 117,347 78 20.3 593,915 117,555 82 19.8
S3 525,541 76,427 59 145 507,082 73,643 59 145 543,887 78,057 59 144
S4 653,534 152,481 108 233 627,717 109,991 81 175 615,617 131,764 99 21.4
Total 2,405,876 508,873 88 21.2 2,332,359 431,242 75 185 2,344,363 449,227 80 19.2

* Based on the actual number of students who participated in lunch breaks.

An analysis of pre- and post-intervention total PW as a % of the food served did not
allow us to draw conclusions on the impact of the interventions, as the total amount of
food served in the communal dishes varied significantly from week to week, especially
that of soup. It was therefore important to express PW in grams per student so that the
values were comparable (see Figure 10).
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Figure 9. Total PW as a % of the food served.
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Figure 10. Total PW, g/student (based on the actual number of students who participated in lunch
breaks).

An analysis of the obtained PW results in grams per student revealed that the highest
PW was registered in S4. This could be justified by the fact that the way of serving soup
and salads in S1, S2, and S3 differed from that in S4 (see Figure 7), i.e., in S1, S2, and S3, the
common soup pot/salad bowl was replenished after each lunch break for the next classes,
while in 54, the remaining soup in the pots was discarded immediately at the end of each
lunch break and the common soup pots were filled again for the next classes; additionally,
in 54, salad was served on the individual plates to each student.

However, a more detailed analysis of the data on the amount of food served—
particularly soup in common pots—revealed that the quantity served in some schools
(notably S1 and S2) often differed significantly from the amount specified in the menu per
student. In some cases, the difference between classes during the same lunch break was
as much as double. This imprecision in food serving can significantly affect the relative
amounts of PW (as a % of the food served). Conversely, in 54, no measurements were made
of the soup served in common pots, as in this school, the serving waste was discarded after
each lunch break.
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4.2. Data Filtering

To eliminate the impact of different approaches to serving food in common pots/bowls,
data analysis was conducted using data filtering. This involved excluding soup, salad, and
bread waste, as well as intact discarded portions from the statistical analysis and including
only PW data on the main dish (staple food with meat/fish), fruits, pastry items, and glazed
curd cheese.

It is also important to note that in all the schools, some portions of food served
remained intact on the tables, and some of the intact portions were eventually discarded.
This was mainly owing to inaccurately planning the expected number of students, as
information from parents about their children’s absences did not always reach the canteen
administration in time. As a result, surplus portions were prepared and served based on an
incorrect estimate of the expected number of students. Some children might not have liked
the food and might not have touched their portions. The surplus portions were sometimes
partially eaten by classmates, sold to senior students, or discarded, especially toward the
end of the day. We excluded such intact discarded portions from both the amount of food
served and the amount of PW to ensure the accuracy of the data analyzed. The PW data
obtained were then expressed in grams per student by dividing the total amount of PW by
the actual number of students who participated in lunch breaks (or the number of samples).

By filtering the PW data, we focus on the more consistent and comparable elements of
the meal, providing a clearer picture of waste patterns. Measuring soups can be complicated
due to their varying properties, such as significant differences in viscosity, ingredient
composition, and portion sizes, which make accurate comparisons across different meals
and schools challenging. It should also be taken into account that soup consumption could
be highly variable among students due to personal preferences [146-148].

The filtered data on food served and PW after excluding soup, salad, bread, and intact
and thrown-away portions from the analysis are available in Table 8 and Figures 11 and 12.

Table 8. Filtered data on food served and PW.

September 2023 December 2023 April 2024
9 9 9
shool  Food  pwofne  TWE Fod gy e TS R4y oihe  PWs
Total g Total g Si(:':r)g d Stud. Total g Total g Sl::_:,): d Stud. Total g Total g Slt::::d Stud.
S1 475,057 90,922 19.1 56 475,666 76,428 16.1 47 450,681 80,395 17.8 52
S2 458,281 82,240 17.9 57 452,556 79,467 17.6 53 465,013 80,052 17.2 56
S3 363,520 43,679 12.0 34 356,514 53,644 15.0 43 377,378 57,233 15.2 43
S4 426,388 62,883 14.7 45 415,085 52,770 12.7 39 402,718 57,723 14.3 43
Total 1,723,245 279,723 16.2 48 1,699,821 262,309 154 46 1,695,790 275,403 16.2 49

An analysis of the filtered PW data in grams per student revealed that in S1, S2, and S3,
the PW decreased in the short run, whereas in the long run, a slight increase was observed.
In contrast, in S3, we could observe a PW increase in the short run that remained unchanged
in the long run.

Part of the reason for the long-run result was that in 52 and 54, a significant problem
arose with catering management related to serving the exact number of portions according
to the expected number of students who were going to participate in the lunch break on
a given day. It should be noted that no digital tools were used in any school to collect
information about the expected number of students and pass it to the canteen. Usually,
the key persons receiving and passing the information were the class teachers who were
informed about the schoolchildren’s absences by the parents, and then the class teacher
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Figure 12. Filtered PW data, g/student.

If the information about the expected number of students is incorrect, then surplus
portions that exceed the actual number of students are served on the tables. Usually,
surplus portions are (partially) eaten by classmates, most often eating only the meat dish,
and leaving the side dish on the plate, which goes to waste. If such surplus portions are
intact, they can be given to senior students or sold to students/school personnel. Some
of the surplus portions also end up in the garbage. Considering the number of surplus
portions recorded in S2 and S4 (see Table 9), it obviously affected the PW fluctuations.

Table 9. Data on surplus portions served.

S1 S2 S3 S4

September 2023 1 133 0 103
December 2023 0 60 0 97
April 2024 0 182 0 78
Total 1 375 0 278
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4.3. Class View and Day View Analysis Models

To draw unambiguous conclusions on the results of interventions, the filtering of PW
data allowed us to apply two analysis models, namely Model 1 (class view), to analyze
the pre- and post-intervention filtered PW data per student for each school and each class
over a total of five days and Model 2 (day view), to analyze the pre- and post-intervention
filtered PW data per student per day for each school for all classes combined.

Model 1 (class view) allows us to analyze the pre- and post-intervention filtered PW
data, g/student, for each class in the short run (September 2023-December 2023) and in the
long run (September 2023-April 2024). For each class, the filtered PW data, g/student, make
a statistical pair, with September 2023-December 2023 and September 2023-April 2024.

There were 15 pairs for S1, 17 for S2, 16 for S3, and 15 for S4. To identify the impact
of the interventions, the null hypothesis “pre- and post-intervention filtered PW data,
g/student, remain unchanged” was tested. The rows represent classes (1a, 1b, 2a, etc.),
while the columns represent filtered PW g/student datasets (September 2023-December
2023 and September 2023-April 2024) (see Tables 10 and 11). The hypothesis was tested
individually for each school. A Wilcoxon signed-rank test with a confidence level of 95%
was performed.

Table 10. Data on filtered PW in the short run, g/student, September 2023-December 2023 (class
view).

S1 S2 S3 S4
Grades
Sept. Dec. Sept. Dec. Sept. Dec. Sept. Dec.
la 59 51 53 64 29 50 64 45
1b 63 53 61 63 33 33 33 39
1c X X 84 72 X X X X
2a 67 53 63 68 32 49 42 31
2b 62 57 56 58 58 56 59 45
2c X X 65 56 X X X X
3a 48 38 47 56 32 52 57 49
3b 75 56 44 44 38 37 52 39
3c X X 53 54 X X X X
4a 53 49 64 45 22 38 39 39
4b 55 46 54 56 52 39 44 49
4c X X X X 58 56 X X
5a 59 35 57 28 32 54 56 38
5b 63 55 73 62 12 23 35 20
5¢ 39 32 X X X X 46 49
6a 49 38 62 51 36 41 30 32
6b 53 40 58 57 42 52 38 40
7a 42 45 50 44 28 40 49 25
7b 45 40 26 22 15 44 25 36
7c X X X X 19 22 X X

p-value = 0.000 p-value = 0.159 p-value = 0.011 p-value = 0.095
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Table 11. Data on filtered PW in the long run, g/student, September 2023—-April 2024 (class view).

S2 S3 S4
Grades
Sept. Apr. Sept. Apr. Sept. Apr. Sept. Apr.
la 59 52 53 53 29 39 64 56
1b 63 74 61 66 33 25 33 23
1c X X 84 91 X X X X
2a 67 58 63 76 32 48 42 34
2b 62 67 56 51 58 52 59 54
2c X X 65 69 X X X X
3a 48 56 47 67 32 46 57 56
3b 75 51 44 55 38 43 52 61
3c X X 53 51 X X X X
4a 53 54 64 44 22 31 39 30
4b 55 52 54 68 52 64 44 39
4c X X X X 58 74 X X
5a 59 50 57 34 32 43 56 32
5b 63 52 73 59 12 34 35 32
5¢ 39 28 X X X X 46 69
6a 49 40 62 43 36 38 30 40
6b 53 41 58 71 42 63 38 46
7a 42 52 50 48 28 39 49 34
7b 45 39 26 27 15 36 25 40
7c X X X X 19 9 X X
p-value = 0.107 p-value = 0.890 p-value = 0.004 p-value = 0.639

Model 1 (class view) results: In the short run for S1, a Wilcoxon signed-rank test with
a p-value = 0.000 < 0.001 indicated that there was a statistically significant difference in
the filtered PW data, g/student, between September 2023 and December 2023, thereby
indicating a significant change in PW in the case of the plate waste tracker intervention.
Figure 13 shows that the plate waste tracker intervention reduced PW in the short run.
Statistically significant differences in PW were also found for S3 (p-value = 0.011 < 0.05),
where several organizational changes in the catering process were introduced; yet, in this
school, the opposite was observed, i.e., an increase in PW (filtered data, g/student) in the
short run (see Figure 13). In the cases of S2 (p-value = 0.159) and S4 (p-value = 0.095), there
was not enough evidence to reject the null hypothesis, and it was assumed that for these
schools, the permanent difference in PW was not statistically significant in the short run.

In the long run (September 2023-April 2024), however, the Wilcoxon signed-rank test
showed that in the cases of S1 (p-value = 0.107 > 0.05), S2 (p-value = 0.890 > 0.05), and S4
(p-value = 0.639 > 0.05), there was no statistically significant difference in PW (filtered data,
g/student), which means that the plate waste tracker intervention in S1 and the awareness
and educational campaign intervention in S2 did not have a significant effect. 54 was the
control, with no interventions implemented, thereby having no significant effect of external
factors on the result (e.g., seasonality). In contrast, in the case of S3, a significant difference
in PW (filtered data, g/student) (p-value = 0.004 < 0.01) was found, with the PW increasing
(see Figure 14). The results for S2, S3, and S4 were consistent with the short-run results,
while in the case of S1, the result changed. The intervention in S1 showed a decrease in
PW (filtered data) in the short run but not in the long run, as the result was statistically
insignificant (p-value = 0.107 > 0.05).
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Figure 14. Analysis of filtered PW data in the long run, g/student, September 2023-April 2024 (class

view).

Model 2 (day view) analyzed the pre- and post-intervention filtered PW data per day
for each school for all classes combined. In this case, the rows represent the days of the
week (Monday-Friday) and the average PW, g/student, at all the schools. For each school,
there were five data pairs in the short run (September 2023-December 2023) (see Table 12)
and in the long run (September 2023—-April 2024) (see Table 13). The null hypothesis was
the same: “pre- and post-intervention filtered PW data per student remain unchanged”. A
Wilcoxon signed-rank test with a confidence level of 95% was performed.

Model 2 (day view) results: In the short run, as well as in the long run, the Wilcoxon
signed-rank test indicated that there were no statistically significant differences in PW
(filtered data, g/student) between all the schools, meaning that the interventions imple-
mented did not have a significant effect on changes in PW. However, it is important to
note that in the case of S3 in the long run, the p-value = 0.063, which was close to the
threshold of 0.05, meaning that there was probably some PW difference, but the evidence
was not strong enough. As shown in the boxplot short run diagram (see Figure 15), the
post-intervention case in S3 indicates a tendency toward increasing PW. A similar situation
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is seen in the long-run diagram (see Figure 16); however, the S3 long-run p-value = 0.063 is

more significant than the short-run p-value = 0.188.

Table 12. Data on filtered PW in the short run, g/student, September 2023-December 2023 (day

view).
S1 S2 S3 S4
Sept. Dec. Sept. Dec. Sept. Dec. Sept. Dec.
Monday 49.83 47.49 47.24 39.94 21.35 35.22 29.08 37.43
Tuesday 31.97 39.92 50.94 43.64 24.26 31.18 40.49 34.56
Wednesday 49.19 44.76 55.59 48.74 33.65 33.92 49.36 44.80
Thursday 94.50 60.29 84.97 72.67 51.21 79.22 53.59 42.70
Friday 53.62 40.36 52.79 58.19 36.98 32.98 50.04 35.20
p-value = 0.313 p-value = 0.125 p-value = 0.188 p-value = 0.313
Table 13. Data on filtered PW in the long run, g/student, 23 September-24 April (day view).
S1 S2 S3 S4
Sept. Apr. Sept. Apr. Sept. Apr. Sept. Apr.
Monday 49.83 41.06 47.24 47.93 21.35 34.65 29.08 39.22
Tuesday 31.97 55.52 50.94 63.32 24.26 45.83 40.49 41.12
Wednesday 49.19 51.80 55.59 56.02 33.65 36.10 49.36 44.85
Thursday 94.50 66.70 84.97 62.32 51.21 62.03 53.59 49.71
Friday 53.62 46.53 52.79 52.27 36.98 38.10 50.04 41.05
p-value = 0.813 p-value = 1.000 p-value = 0.063 p-value = 0.813
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Figure 15. Analysis of filtered PW data in the short run, g/student, September 2023-December 2023

(day view).
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Figure 16. Analysis of filtered PW data in the long run, g/student, September 2023-April 2024 (day
view).

5. Discussion

In the short run (September 2023-December 2023), Model 1 (class view) revealed that
the PW reduction intervention was effective in S1, where a plate waste tracker was installed,
as the amount of PW (consisting of the main dish (staple food with meat/fish), fruits, pastry
items, and glazed curd cheese) (filtered data, g/student) significantly decreased. In the case
of S3, a significant difference in PW (filtered data, g/student) was also found; however, it
cannot be concluded that the intervention had a positive effect because the PW, g/student,
increased. In this case, the impact of external factors such as competitive food cannot be
excluded because with the extension of the lunch break, students who do not like free
lunches have enough time to buy and eat other food in the school canteen that is available
for money outside the free lunch menu, meaning that in this case, the free lunches served
are more likely to be thrown away. No in-depth analysis of the S3 situation was performed
to unequivocally conclude the factors in the increase in PW (filtered data). It should be
noted that the earlier 20 min lunch break was restored in S3 after the end of the field study in
the study year 2024/2025. The statistical analysis showed no statistically significant change
in PW (filtered data, g/student) after the awareness and education campaign intervention
in S2. S4 was the control, and no effect of external factors was observed there.

In the long run (September 2023—April 2024), the statistical analysis did not show
statistically significant changes in PW (filtered data, g/student) after the interventions in
S1 and S2. The exception was S3, where according to Model 1, the opposite effect was
observed, i.e., an increase in PW (filtered data, g/student). 54 was the control, indicating
the absence of relevant external factors that could have influenced the experimental results.

Model 2 (day view) showed no statistically significant differences in the amount of
PW (filtered data, g/student) for all the schools in the short run and the long run (see
Tables 12 and 13).

After summarizing the results provided by Model 1 and Model 2, it should be noted
that a significant difference between Model 1 and Model 2 was the number of statistical
pairs to be analyzed, which tended to affect the accuracy of the analysis results (the higher
the number of pairs, the higher the accuracy). In the case of Model 1 for S3 in the long run,
the p-value = 0.004 was more accurate, and if corrected for accuracy under Model 2, the
p-value = 0.063 for S3, which was close to 0.05, suggesting that there was still a statistically
significant difference between the pre- and post-intervention PW (filtered data, g/student)
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in the long run. In the case of S1, a similar correction is doubtful, since in the short run for
S1, the p-value = 0.000 under Model 1 and the p-value = 0.313 under Model 2.

What is the semantic difference between Model 1 and Model 2? Under Model 1 (class
view), a particular class was the subject of observation, which was therefore more precise
in terms of both data and methodology. In contrast, Model 2 (day view) considered the
statistically average student deciding to eat or not to eat the school food served according
to the free lunch menu. Analyzing the responses of 13,584 students (which, according to
approximate calculations, account for 30% of the total number of students who participated
in lunch breaks during the intervention period) provided through the plate waste tracker
regarding the reasons for PW, the most frequently mentioned reason was “Iam full” (44.3%),
followed by “I did not like it” (38.8%), “I did not have enough time to eat” (9.6%), and
“The portion size was too large” (7.3%). Combining the responses “I am full” and “The
portion size was too large”; it is evident that the primary reason for PW (in 51.6% of cases)
is directly related to the quantity of food served. The second significant reason for PW is
students’ preferences and dislike of the menu (38.8%). Given that Model 2 dealt with a
menu that changed daily, it can be concluded that in the case of S1 in the short run, there
was a high probability of being affected by factors arising from students’ food preferences.
Most likely, the short-term reduction in PW was driven by the installation of the plate waste
tracker and its associated psychological effects on students and their desire to reduce PW.
However, in the long run, the inability to choose the size and type of food supported the
hypothesis about the absence of a sustained impact of the plate waste tracker intervention.

In the case of S3 under Model 2, if corrected for accuracy and assuming that there was
still a change in the amount of PW (filtered data, g/student) in the long run, it could be
concluded that there was a probability of an effect of the student food preference factor
on the result. It could be assumed that during the S3 intervention, with the longer lunch
break of 30 min, if a student did not like the free lunch, they had enough time to purchase
other foods outside the free lunch menu, which might explain the S3 anomaly with higher
amounts of PW (filtered data, g/student) in the short run as well as in the long run. For
example, a previous research study found that 41.6% of the students decided to reject food
if they did not like it. However, competitive food in schools affects students’ satiation in
21-42% of cases, and they eat at best 1/3 of the portion served [106]. The effect of external
factors such as food seasonality was unlikely, as no significant difference was observed for
S4; therefore, it was more likely that the increase in PW (filtered data, g/student) in S3 was
due to an in-school factor.

The results obtained in the study should be interpreted through the prism of the MOA
framework (Figure 2) to better understand the prerequisites of students’” FW behavior.
In the out-of-home catering model, FW is primarily determined by activities related to
ordering/serving and consuming. In school catering, students” impact is limited to these
stages, where factors such as portion size differentiation, the choice of a food type, and
eating behavior significantly influence the amount of FW produced. It is important to
provide students with opportunities to consume school meals responsibly, which involves
tailoring portion sizes to their needs based on appetite level and physiology, food choice
options, and a takeaway option for uneaten food. By projecting this model onto the
catering organization in Rezekne City schools, we can conclude that in this case, the model
lacks the Opportunities element, because first- to seventh-grade students are served free
lunches according to the same menu without the option of choosing the type of food,
without differentiating the size of the portions depending on their age and appetite, as
well as without providing the possibility to take away uneaten food. Even though the
student is motivated to consume food responsibly, and they can do it by having appropriate
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knowledge and skills (in-home circumstances), they do not have opportunities to act
responsibly with food in the school canteen.

This conclusion also represents the result observed in the schools surveyed. The inter-
ventions implemented in S1 and S2 could not produce a full effect, as the catering model
in Rezekne City schools was not adaptable to students’ food preferences, age, appetite,
physiology, etc. However, many authors point out that it is important to take into account
children’s food preferences through the implementation of new menus that have been
designed based on the results of student food satisfaction/food preference questionnaire
surveys [149]. PW in school canteens is influenced by students” menu preferences, shaped
by individual and contextual factors [140]; therefore, more proactive menu management by
developing more appealing menus can be an effective strategy to boost food consumption
and reduce PW [99,150,151]. For instance, the present research found that the amount
of waste consistently spiked on Thursday, with the average amount of PW (filtered data,
g/student) being 37% higher than the average for all three measurements. This increase
was largely due to a side dish “stewed rice with carrots and corn” that was not preferred by
the students because of the vegetables added to the rice. A FW analysis by component can
help to identify foods with the highest PW, allowing for their improvement or modification
in menus [89,151,152].

Several studies on the reasons for PW in schools with a similar pre-served meals
catering model confirm that the amount and type of food served are among the main
contributors to PW. For instance, Sehnem et al. [153], analyzing FW in seven schools in
Brazil with a pre-served set meals catering model, found that approximately one-fifth (20%)
of the food remained uneaten on plates. Boschini et al. [119], in their analysis of 78 primary
schools across three regions in Italy with pre-served set meals, found that PW increased
with larger portion sizes. They identified a threshold of 370 g/day per capita for served
portions, above which PW grew significantly. Also, Favuzzi et al. [154] found that the
weight of the food served influences FW. It should be noted that in the study by Favuzzi,
as in our study, all children were served a standard portion size using a standardized
graduated ladle [154].

If catering is organized in the form of pre-serving or pre-portioning (as was the case
mainly in the schools surveyed), it is important to adapt the amount of food served to
the physiology of students; if it is not possible to serve food according to their appetite
level, at least their age needs to be considered. Currently, any school menu is designed
for students of all grades entitled to free lunch and the weight of the food is the same for
all, regardless of age. The present research did not analyze differences in PW, g/student,
between students of different ages; however, even without any further statistical analysis, a
difference in PW (filtered data, g/student) between primary and upper secondary school
students could be identified. The latter had a lower average amount of PW, g/student,
which we plan to analyze in the future. Some researchers note that the sex of the child also
tends to influence the amount of FW, e.g., Favuzzi et al. [154] found that meal judgment
is not the only factor contributing to FW, identifying larger amounts of FW, particularly
among females in primary school, even when they expressed a positive opinion about
the meal, and they concluded that the increase in FW could be attributed to the surplus
portions served to female students.

Steen et al. [155] found a positive correlation between the amount of FW (both plate
and serving waste) and the portion size regardless of gender, especially when older stu-
dents take more food on their plates than they can eat. Often, this is the case of food
overproduction (and therefore also overserving) due to the lack of information about the
daily number of diners [155]. Our research observed that in S2 and 54, the expected number
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of students was often larger than the actual one; therefore, surplus portions were served,
and some of them were discarded, leading to higher PW amounts.

Referring to the implementation of FW interventions in schools, it should be noted
that in our case, the interventions did not work for several reasons. First, two schools tried
single interventions, namely the plate waste tracker in S1 and an awareness and educational
campaign in S2.

Malefors et al. [74,114] found that the plate waste tracker intervention in Swedish
schools was effective in significantly reducing both PW and serving waste. This tool
provided real-time feedback to students on the amount of food they wasted, which not
only decreased PW by 37% but also led to a substantial 62% reduction in serving waste
as a spillover effect, demonstrating its impact on overall waste reduction in school can-
teens [74,114]. The installation of the plate waste tracker in 12 schools in Sweden and
Germany, featuring a buffet serving style, effectively reduced PW by 17%, significantly
lowering environmental impacts and nutrient losses while demonstrating long-term sus-
tainability and cost-efficiency [156]. Undeniably, the research studies by Swedish colleagues
clearly revealed the plate waste tracker as a disruption in daily routine [38] and the effect
of nudging on the food consumption behavior of students, as the students had such an
opportunity because it was self-service catering (buffet meals) in the schools observed. In
our research, the effectiveness of the plate waste tracker was short-lived, largely due to
the unadaptable catering organization model in S1. This lack of flexibility significantly
limits the potential of the plate waste tracker to influence student behavior in the long term.
While the initial introduction of the tool may have created a psychological impact, encour-
aging students to reduce PW temporarily, the inability to align portions with individual
needs ultimately undermined its sustained effectiveness. This limitation highlights the
importance of integrating adaptable catering practices, such as allowing portion customiza-
tion or offering self-service options, to fully leverage the benefits of interventions like the
plate waste tracker. If this obstacle is overcome, further actions to enhance the tracker’s
effectiveness include installing multiple devices in canteens to avoid bottlenecks, reducing
queues, and ensuring younger children can interact with the tracker without feeling rushed.
Simplifying the interface with child-friendly visuals can make feedback more engaging and
accessible. Gamified elements, such as class competitions rewarding waste reduction, could
further motivate participation. Regular monitoring and feedback loops are essential, while
integrating tracker insights into lessons on sustainability and healthy eating can deepen
students’” understanding and foster mindful food consumption.

Favuzzi et al. [154] did not identify a strong impact of educational intervention on the
amount of waste generated in school canteens, indicating that a single educational effort,
regardless of its complexity, is insufficient to produce significant changes because after
just one educational intervention, both parents and children tend to revert to their habits
afterward, which might explain the slight and insignificant difference in waste observed
before and after the intervention.

A comparison of two interventions to reduce PW in university canteens by Visschers
et al. [137] revealed that providing information about FW alone did not lead to any reduc-
tion in waste. However, when smaller servings were offered alongside the informational
campaign, PW was reduced by 20%. This suggests that portion control, combined with
awareness efforts, is more effective in minimizing FW.

In turn, Liz Martins et al. [157], analyzing PW changes after a 6 h children’s nutrition ed-
ucation intervention in three primary schools in Portugal with a pre-served catering model,
observed a significant reduction in PW in the short term (one week after the intervention),
particularly for soups and main dishes. However, the effect diminished in the medium term
(three months after the intervention), highlighting the need for ongoing reinforcement.
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In our case, due to the specifics of the research project, it was not possible to implement
an intensive educational campaign in S2; therefore, only two lessons were delivered per
school year in each class from first to seventh grade, which was insufficient. For instance, in
Italy, three classes spent four hours per week for five weeks on a comprehensive awareness
program, creating posters on FW, and exploring related topics such as climate change and
biodiversity through follow-up activities [158]. In Bari, for the educational intervention
targeting children, a flipped classroom method was employed during one month. In total,
361 students in 12 schools first engaged in autonomous learning at home, followed by
applying their new knowledge in the classroom under teacher guidance [154]. In our study,
the allocation of only two hours of teaching per school year represents a significant research
limitation. Such limited exposure was likely insufficient to foster sustained behavioral
change, as highlighted by the existing literature that underscores the necessity of compre-
hensive and continuous educational efforts to effectively influence food waste reduction
behaviors. The short duration of the intervention may have made it harder for students to
absorb the key messages, which is important for building long-term habits. This limitation
likely contributed to the lack of statistically significant reductions in PW in S2, emphasizing
the need for more intensive and recurrent educational initiatives to achieve meaningful
and lasting outcomes in future interventions.

However, 16 posters with slogans for responsible food consumption and reducing FW
were displayed in the S2 canteen as a nudging intervention. Whitehair et al. [159], in their
study of 19,046 trays in a university dining operation, concluded that a simple to-the-point
prompt-type message reduced FW by 15%. It should be noted that unlike students in our
research, university students were able to adjust the amount of food they put on their
plate, so they could change their food consumption behavior influenced by nudging. In
our research, the students did not have this possibility; therefore, we expected that they
would simply start eating better under nudging, but this did not happen because it was
impossible to force a child to eat all the food offered if they did not like it, had no appetite,
or the portion was too large. Another nuance that should be noted is FW messaging on
posters. Nisa et al. [160] assessed FW messaging for households and found that more
forceful messages (e.g., “stop waste” or “don’t waste”) on posters might be ineffective and
potentially counterproductive, as they were more likely to trigger psychological resistance
compared to softer persuasive messages like “reduce waste”, which were perceived as
less controlling and authoritative. Of the 16 posters displayed in S2, six had the following

1,

slogans: “Be responsible—say no to food waste”; “Use food responsibly! Don’t throw it
in the garbage!”; “School food is healthy and tasty. Say no to food waste”; “Don’t waste,
respect food, respect nature, save money”; “STOP wasting food”; and “Respect food. Say no
to food waste!”. We assume that in this case, there might be a trigger effect on the students.

The organizational changes implemented in S3, including the use of larger plates,
extended lunch breaks, and the presence of a supervising teacher during meals, did not
yield the expected results; on the contrary, filtered PW g/student amount increased. We
are inclined to associate the anomaly of PW increase with the S3 lunch break extension to
30 min, which may have allowed students to buy other food outside the school’s free lunch
menu, which caused the free lunches served to end up in the garbage.

Despite the fact that one of the widely used FW reduction interventions in out-of-home
catering is smaller plates so that food consumers can put less food on their plates [33,161],
it should be noted that it is useful under the self-service catering organizational model.
However, in Rezekne City schools, including in S3, students are given pre-served main
dishes; therefore, using larger plates is beneficial, as it allows students to see clearly
and understand the ingredients of the food being served (more engaging for younger
students) [27,108,109].
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It was difficult for researchers to assess the impact of supervising teachers during
mealtimes in S3. The SKOOL report emphasizes that those who supervise students during
meals are key to reducing waste, making it essential to provide them with the necessary
skills. While it might seem simple, motivating all personnel to participate is challenging.
Supervisors need the knowledge and resources to guide students in reducing waste while
understanding their preferences and encouraging them to try new foods [158]. School
principals, canteen supervisors, and teachers play a crucial role in facilitating, designing,
and implementing waste minimization interventions, with the human factor emerging as
the most significant element in reducing FW. The lower FW amounts were observed in areas
where students had greater awareness, driven by two key factors, namely the integration
of sustainable eating behaviors into their routines and the strong focus on sustainability by
school managers and teachers [14]. In Liz Martines’ study [157], an intervention focused
on educating teachers about FW and encouraging their active presence during lunch,
implemented in a Portuguese school with a pre-served catering model, demonstrated
a better impact in the medium term. It led to a slight but consistent reduction in PW
over time, indicating that teacher-focused interventions had more sustained effects in the
medium term. During the three months following the start of the intervention, teachers
were encouraged to be present during lunchtime as much as possible and to promote waste
reduction among students actively.

In our study, the supervising teachers during lunch were class teachers who had not
received any prior training on the issue of FW. This could also be regarded as a limitation
of our research, which may have limited the effectiveness of the intervention, as the class
teachers were not equipped with strategies to reduce FW or encourage sustainable eating
habits. Without proper guidance, they may have missed opportunities to influence student
behavior, such as promoting the acceptance of new foods or reducing waste. This highlights
the need for targeted training and clear protocols for supervisors in future interventions to
ensure consistency and maximize impact.

The International Food Waste Coalition report “School Kitchen Organization Optimiza-
tion Learning (SKOOL report)” has admitted that collaborative efforts are more effective in
reducing FW than single ones. For instance, educating students about FW and teaching
them simple ways to reduce it in the canteen will yield limited results if meal organization,
portion sizes, and recipes remain unchanged [158].

Complex FW-reducing interventions are often seen as more effective than single ones,
as FW is influenced by various factors. However, evidence is mixed, with some studies
showing positive results from combined messages but lacking clarity on which specific
element was effective [33]. To drive significant FW change, a combination of targeted
interventions, informed by models such as the MOA framework, should be employed to
address specific consumers’ behaviors [35].

6. Conclusions

The interventions tested in the present research provide valuable insights into strate-
gies for reducing PW in school canteens, particularly within the Latvian context. The
findings demonstrate that specific targeted actions can lead to meaningful reductions in FW,
though the effectiveness of the interventions can vary depending on the type of intervention
and specific conditions under which they are implemented.

The plate waste tracker intervention in S1 resulted in a statistically significant reduction
in PW in the short run, highlighting the potential of technology-driven solutions as a
means of nudging students’ food consumption behavior through disruptions in their daily
routines. The short-term effect can be attributed to the initial curiosity sparked by the
installation of the device in the school canteen, which motivated students to try not to leave
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uneaten food on their plates. However, the long-term data indicate that this reduction
is not sustained, suggesting that while such tools can create immediate impacts, their
effectiveness might diminish over time without continuous reinforcement or additional
complementary measures.

In S2, the awareness and educational campaign showed mixed results. While this
intervention is crucial for fostering long-term behavioral change and raising awareness
about the importance of reducing FW, the lack of a statistically significant reduction in PW
in both the short and long run suggests that awareness educational efforts alone might not
be enough. This finding aligns with previous studies indicating that awareness-raising
activities need to be part of a broader, more intensive, and complex approach to be effective.

The intervention implemented in S3, stemming from the specific catering organization
model used in Rezekne City schools, included organizational changes such as using larger
plates, extending lunch breaks, and involving supervising teachers. However, these changes
did not yield the expected reductions in PW. On the contrary, an increase in PW was
observed in both the short and long run, and the significance of this difference increased
over time, as noted in the cases of both Model 1 and Model 2. This outcome underscores
the complexity of FW behaviors and suggests that while changes to the dining environment
and schedule are important, they must be carefully designed and monitored to avoid
unintended consequences.

We cannot conclusively state that the increase in PW in S3 was caused by the imple-
mented intervention, as this is an internal factor, and the experiment would need to be
replicated in other schools to generalize the effect to other schools in Latvia that have a
similar free school meal catering model. A similar situation applies to the plate waste
tracker intervention in S1, which had a positive impact in the short run, but the experiment
should be replicated in several other schools with similar catering models before widely
implementing this device.

Reducing PW in Rezekne City schools requires a combination of targeted interventions
and structural adjustments. Flexible approaches to portion sizes are essential, as rigid,
pre-determined servings often result in increased waste. Customizable portioning practices
that account for students’ age and appetite can help address this issue. Transitioning to self-
service or semi-self-service catering models could reduce the mismatch between servings
and consumption by giving students greater autonomy in portion selection. Digital tools
for meal planning could enhance efficiency by allowing students or parents to pre-select
meals, helping canteens better anticipate demand and minimize surplus food. Comprehen-
sive educational campaigns—such as interactive workshops, farm-to-table programs, and
competitions—can foster sustainability awareness and encourage responsible consumption
among students. The active involvement of teachers and staff is crucial. Training programs
can equip them with strategies to promote sustainable eating habits and model responsible
behavior during meals. Enhanced monitoring and feedback systems can track trends
in PW, guide menu adjustments, and reinforce waste reduction efforts through regular
communication with stakeholders.

Overall, the research has confirmed that reducing FW in schools is a multifaceted
challenge that requires a combination of interventions tailored to specific contexts. The vari-
ability in results across the schools suggests that a one-size-fits-all approach is unlikely to be
effective. The research also highlights the need for further studies to explore the long-term
sustainability of the interventions and their adaptability to different cultural and opera-
tional contexts. By continuing to refine and test the approaches, stakeholders can develop
more effective strategies for reducing FW in schools, thereby contributing to broader efforts
to promote sustainable food consumption and achieve the global sustainability goals.
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Abstract: A fundamental step to foster a sustainable future is enhancing students” aware-
ness of responsible food consumption. The present research study assessed students’
awareness of food waste (FW) issues, attitudes towards school catering and lunch manage-
ment, and the reasons for plate waste (PW) in Rezekne city schools, Latvia. A survey was
conducted in April 2024 involving 944 students in grades 2 to 7 across four selected schools
(51, S2, S3, and S4), provided with state and municipality-funded free lunches. Statistical
analysis methods (Mean + SD, Kruskal-Wallis H test, Mann-Whitney U post hoc test, and
Spearman’s correlation analysis) were used to analyze the results. The findings revealed
limited awareness and knowledge of students about FW issues, and generally indifferent
attitude towards FW and school meals. In addition, significant dissatisfaction with the
sensory qualities of meals was observed, yet sensory satisfaction did not correlate with FW
levels, pointing to broader issues within the catering model. The restrictive pre-served por-
tion system was found ineffective in reducing FW and fostering responsible consumption.
A sustainable catering model should empower students to independently choose the type
and quantity of food, combining their abilities and motivation with practical actions. These
findings provide a basis for strategies aimed at reducing FW and promoting responsible
and sustainable food consumption in Latvian schools.

Keywords: student awareness; responsible food consumption; consumer behaviour; food
waste; plate waste; student survey; school catering; sustainability

1. Introduction

FW is a global problem having major implications for environmental sustainability,
economic efficiency, and social equality [1,2], thereby exacerbating hunger, overexploiting
natural resources, and contributing to greenhouse gas emissions [3]. According to the World
Food Programme (WFP) [4], approximately a third (1.3 billion tonnes) of food produced
annually for human consumption, with a monetary value of USD 1 trillion, is lost or wasted
in the food supply chain (FSC). This quantity of food could potentially feed 2 billion people,
which is twice the current number of undernourished people worldwide. In addition, FW
is a major contributor to carbon dioxide emissions [4].

Food loss and FW in the FSC are distinguished based on the stage at which they
occur. Food loss occurs during the first three stages of the FSC—production, handling
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and storage, and processing—due to infrastructure limitations, environmental factors, and
quality or safety standards, resulting in a reduction in the weight of edible food. In contrast,
FW occurs in the final two stages—distribution and consumption—when food originally
intended for human consumption is discarded, whether still edible or spoiled at the time of
disposal [5-8].

The amount of FW in the FSC varies from country to country and is affected by factors
such as income levels, urbanization, and economic growth [7,9]. In developing countries,
FW is a major problem at the production and distribution stages [10,11], whereas in devel-
oped countries it is produced mostly at the consumption stage, including households and
food service providers [7,11-14]. The European Union (EU) produces almost 57 million
tonnes of FW annually, representing an economic loss of EUR 130 billion annually [15,16].
Research findings for the period 2019-2021 showed that 46% of FW in the EU was pro-
duced at the consumption stage [17-19]. In 2021 in the EU, according to Eurostat [16],
FW per capita was 131 kg, with households (70 kg/capita) and food service providers
(12 kg/ capita) accounting for the largest share, totalling 63% of the total FW in the entire
FSC [16]. In 2022 in the EU, FW from households accounted for 54% (32 million tonnes
of fresh mass), while from restaurants and food service providers—11% (below 7 million
tonnes of fresh mass) [16], which indicates the need to focus waste reduction efforts on the
consumption stage.

To foster sustainable food systems, in 2015 the United Nations (UN) set the Sustainable
Development Goals (SDGs) for 2030, of which Goal 12 focuses on responsible production
and consumption, with Target 12.3 aimed at halving per capita FW at the retailer and con-
sumer stages by 2030, while reducing food losses at the production and supply stages. This
initiative is expected to increase food security and contribute to a more resource-efficient
economy [20,21]. FW is perceived very seriously in the EU, and the EU Member States are
committed to achieving UN Goal 12 [22]; however, the progress has been hampered by
the lingering effects and devastating impacts of the COVID-19 pandemic, environmental
pressures from the climate crisis and geopolitical tensions, so that the world is seriously off
track in its efforts to halve FW and food losses per capita by 2030 [23].

Encouraging responsible consumption practices is key to sustainable development
(SD) [23], which indicates the need to develop such practices in individuals from an early
age, and, in this respect, educational initiatives play a key role in reducing FW in the
EU [24,25]. In this sense, schools are catalysts for shaping the habits and behaviours of
future generations [26]. The schools are a place not only to provide nutrition education and
promote healthy eating habits but also to lead by example through school meals [27,28].

Schools have the potential to deal with societal challenges by educating students
who can act as agents of change at home and in society [29,30]. Raising awareness about
FW and promoting sustainable consumption practices can help to change consumer be-
haviour [31]. In recent years, FW at school has received much attention, with current
research focusing mainly on quantifying the amount of FW, e.g., measuring PW [32-34],
assessing environmental impacts, and identifying nutrient losses in school meals [35],
analyzing factors influencing food and PW in schools [33,36,37], testing interventions and
prevention strategies of FW and PW [34,38,39], developing and testing various tools to
prevent FW and PW [40—42] and, while less common, there is more research on students’
knowledge and perceptions of FW issues and how they influence their behaviour [43—-45].
However, while problems with FW and its reduction and the role of consumers in tackling
them have been widely researched and documented globally, the authors believe that
there is a lack of relevant national research. Tackling a global problem, e.g., FW, requires a
deep understanding of its aspects in different contexts, including geographical locations
and consumption patterns. Such research is important to gain a deeper understanding of
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the particular context so that patterns and actions can be identified which can ultimately
contribute to tackling the problem on a broader, global scale.

As an EU Member State, Latvia is involved in EU-scale initiatives to reduce FW in
all industries and, just like the EU, under Sustainable Development Goal (SDG) 12, Target
12.3, is committed to halving per capita FW by 2030 [46]. In this respect, a number of
activities have been implemented at the national level so far, including the adoption by the
Government of the Action Plan for the Transition to a Circular Economy by 2027 [47], the
mandatory sorting of organic waste as of 1 January 2024 [48] as well as global education or
education for SD have been set as an important aspect of development and cooperation pol-
icy of Latvia, thereby supporting activities that promote public awareness of sustainability,
including responsible consumption [46].

In addition, Latvia is also implementing a number of initiatives to reduce FW, including
raising public awareness about reducing FW, e.g., the international Eco-school Programme
implemented by the Environmental Education Foundation, which has successfully im-
plemented FW reduction initiatives in many Latvian educational institutions, as well as
the association Green Liberty, which launches and participates in various waste reduction
projects (both food and industrial) and develops initiatives to improve the environment
and the quality of life [49], research is performed on FW and PW in schools [38,40,50], as
well as ICT solutions are being developed to tackle the FW problem in schools [40,41], etc.;
however, no specific research has been conducted in Latvia to assess students’ understand-
ing and knowledge of FW issues. Existing research in Latvia primarily focuses on broader
institutional or household levels [51-53], leaving a gap in understanding students’ role in
FW reduction. Studies from other countries have explored student perspectives on FW,
including survey-based assessments of awareness and behaviour among university stu-
dents in China [43] and Indonesia [54], attitudes and self-reported food waste habits among
Polish students [55], and factors influencing FW behaviours in educational settings [45,56].
However, the extent to which Latvian students are aware of and knowledgeable about
FW remains unexplored. Such research is important to establish the foundational baseline
for addressing the issue, as children play a key role in shaping future attitudes and habits
towards food consumption and sustainability. Assessing their awareness and knowledge
can help to develop more effective initiatives and strategies that can promote responsible
food consumption behaviour from childhood, contributing to long-term FW reduction in
schools and beyond.

The present study aims to identify and assess students” knowledge and awareness
of FW issues, their attitudes towards school catering and lunch management, as well as
identify the reasons for PW in city schools in Rezekne, Latvia. The study put forward the
following hypotheses: H1. Students from Rezekne city schools have insufficient knowledge
and understanding of FW and its impact on sustainability; H2. The current catering
model in Rezekne city schools is unsustainable and does not promote responsible food
consumption by students.

The structure of the manuscript is as follows. Section 2 presents a literature review,
outlining key theoretical and empirical insights into school catering management, FW
in schools, students’ awareness of FW, and the role of behavioural economics in food
consumption. Section 3 details the materials and methods, focusing on catering man-
agement in Rezekne city schools and the student survey. Section 4 presents the results,
structured across four dimensions of the questionnaire. Section 5 discusses the findings of
the existing literature and policy implications. Finally, Section 6 concludes the study by
summarising key insights and offering recommendations for improving FW management
in school catering.
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2. Literature Review
2.1. Management of Catering in Schools

According to a UN report, more than 1 billion people worldwide suffer from obesity:
650 million adults, 340 million adolescents and 39 million children [57], while 828 million
people suffer from hunger [58], and more than 42 million people in the EU cannot afford a
quality meal every day [15,16,59].

School catering plays a crucial role in contributing to the health, education and overall
development of children, especially in vulnerable and marginalised communities [60].
According to a WEP report [61], which compiled data from 176 countries, 418 million
children received school meals in 2022, an increase of 30 million compared with 2020,
whereas 153 million children, unfortunately, struggled with hunger in 79 countries; in
low-income countries, the number of children receiving school meals decreased by 4% [61].
In some countries, school meals not only reduce unequal access to food but also help to
fight hunger [62], and in the context of current global crises, governments around the world
have made school catering programmes a top priority, as they are considered a highly
effective and affordable solution to prevent hunger among children and ensure access to
education, health and nutrition for them, especially for those from vulnerable families [60].

The management of school catering varies considerably between countries, as each
country has its own set of regulatory frameworks and policy documents to ensure that
school catering meets health standards and cultural expectations while also addressing
food safety problems [63,64]. Therefore, the process of management of school catering
tends to vary, as some components of catering might vary, e.g., the way food is served,
the menu, food placement on the plate, portion size, nutritional value of the meal and
even the time of the lunch break. The dominant approaches to managing the catering
process in schools are self-service and pre-portioned meals. The self-service approach,
which is common in countries such as Sweden and Finland, allows students to choose the
ingredients and portion size of the meal according to their preferences [34,65,66]. It has
been found that if giving students choice, this approach reduces the amount of PW and
satisfies their diverse nutritional needs, preferences, and appetites [33,67-69]. However,
this approach also requires close supervision by teachers or kitchen personnel to ensure
that students consume a balanced diet and appropriate portion sizes. The pre-proportioned
meal approach, which, like in Latvia, is common in countries such as Brazil, Italy and
France, ensures that each student is served a certain portion before the lunch break [70-73].
This approach ensures that meals meet the strict nutritional requirements and are the same
for all students [67]; however, it limits the students” autonomy in choosing the type and
quantity of food, which affects their overall satisfaction with the meal and thus increases
PW [12,74].

Funding models for school catering also vary across European countries—some coun-
tries provide free meals for all students, while others combine public support and parental
contributions [75]. Some countries implement income-adjusted support programmes,
e.g., the Education and Participation Package in Germany [76,77]. Similarly to Latvia,
some countries, such as Sweden and Finland, have introduced a national free lunch pro-
gramme [78]. In Norway, in contrast, school catering is not regulated, and it is common for
students to eat food brought from home, with bread being the key component; however,
like Latvia, Norway has a state-funded support scheme for fruit, vegetables, and school
milk in primary and secondary schools [66,78]. Dutch schools are still transitioning from
eating lunch at home to eating lunch at school to provide an opportunity to increase the
quality of nutrition for children [79,80].

Several research studies confirmed that the role of school catering goes beyond simply
providing nutrition and is crucial in promoting healthy behaviours and shaping long-term
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habits, as the children spend a lot of their time at school [69,81]. Some research studies have
found that if students eat meals together with their peers and teachers, it develops and
strengthens their socialisation skills, builds their experience in table culture, and reinforces
their positive behaviours throughout the day [82].

2.2. Food Waste in Schools

Although school catering provides significant support for the educational process,
thereby contributing to healthy nutrition and fighting hunger, its effectiveness is un-
dermined by FW. While free and quality meals are provided in schools in many parts
of the world, not all students consume them responsibly, thus producing significant
amount of FW [78]. School canteens are part of the last stage of the FSC, i.e., food
consumption [7,12-14,83-85], which involves households, restaurants, and food services
(including school canteens) and which produces the most FW.

The problem of FW in schools is receiving more attention worldwide [25,33-35,38,43,86].
In the last decade, school canteens have also gained significant public and research in-
terest as a unique setting where education and catering come together, as food is served,
consumed, and wasted, thereby revealing consumer behaviour and resource manage-
ment [13,87]. Schools are recognized as a significant source of FW [74,88,89]. Several
research studies have found that schools produce a large amount of FW, with the largest
source of waste being PW [12,33,34,90,91]. The research conducted has confirmed that
solutions are needed to reduce FW in schools, which would result in economic, social,
and environmental benefits, as responsible food consumption and waste reduction are the
social responsibility of every educational institution [92,93].

School catering programmes play an important role in the global food system [94];
therefore, combating FW in schools can provide multiple benefits in overall efforts towards
SD and the achievement of the SDGs [95].

From the SD environmental perspective, decreasing FW in schools can reduce the
consumption of resources such as water, electricity, and land that are needed to produce,
transport, and dispose of food and reduce the total ecological footprint [27,96,97]. Therefore,
reducing FW in schools contributes to achieving SDG 12 (Ensure sustainable consumption
and production patterns) and SDG 13 (Take urgent action to combat climate change and its
impacts) [21], while decreasing the environmental burden caused by food systems as well
as preserving biodiversity and natural resources [98].

From the economic perspective, FW in schools causes significant economic losses
for all FSC actors [7], resulting in inefficient use of state and local government funding
that covers free school lunches. Several research studies have found that relatively large
economic losses arise from wasting school lunches, e.g., in the Swedish catering industry,
approximately 20% of the food served ends up in waste [34], in Italian schools, 20-29%
or 1/3 of the food served is wasted, and FW accounts for 6-11% of the total cost [13]. In
Latvia, a study conducted in 2020 revealed that 29% of the total amount of food served in
schools in Rezekne city ended up in waste, which in monetary terms was approximately
EUR 84,000 per year [33], thereby negatively affecting the economic aspect of sustainability.
By reducing the amount of waste, the saved resources could be used to increase the quality
of meals or support other initiatives.

FW also significantly impacts the social aspects of SD, as a large amount of food is
wasted worldwide, including in schools. Accordingly, reducing FW can improve food secu-
rity, promote social equity, and develop sustainable and healthy consumption practices [95].

The problem of FW in educational institutions is multifaceted, yet schools play a vital
role in addressing the complex relationship between FW and nutrition by offering essential
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nutrition through school meals, educating young consumers and influencing future habits
regarding healthy eating and sustainability [99].

2.3. Students’ Awareness of Food Waste

Some research studies have found that students lack understanding and knowledge
of FW issues, which is the cause of a lack of responsible food consumption, thereby not
contributing to the reduction in FW [15,100-102]. Based on an extensive literature review,
Lonska et al. [33] have established that students skip meals because they are unaware of the
environmental damage caused by FW, as well as the associated ethical and socioeconomic
consequences, and this behaviour might be facilitated by a lack of knowledge about the
origin of food and food production [33]. In this respect, schools as educational institutions
are the primary place where students can develop sustainable habits and behaviours from
an early age, thus increasing their awareness of FW and the need to reduce it. By educating
students about healthy and sustainable food practices, schools can serve as an important
tool in creating and reinforcing values that promote responsible consumption and inspire
the students to apply the practices beyond schools, thus also influencing their families and
the wider community [12,103].

It has been found that various initiatives aimed at reducing FW and PW can in-
crease students’ awareness and knowledge of the FW problem. For example, education
and awareness campaigns like the “Food Education and Sustainability Training (FEAST)
Programme”, which was designed to promote sustainable food practices and nutrition edu-
cation in schools, focusing on increasing fruit and vegetable consumption by children, while
improving their food-related knowledge, behaviour and skills, including their awareness
of FW [104], the “Clean dish, clean conscience!”, which was a cheap and simple campaign
to increase consumer awareness about PW, highlighting the link between FW and personal
behaviour [105], the “Clean Your Plate”, which is widespread in Chinese universities, with
the aim of motivating students to eat as much as possible and suggesting that wasting food
is bad [43], etc. Interventions aimed at reducing FW have been found to be particularly
effective in primary and secondary schools, and if integrated, for example, into lessons on
the SDGs [106]. However, some research studies have found that interventions aimed at
reducing FW in primary and secondary schools can be effective in the short term, thereby
increasing the students’” awareness and changing their behaviour immediately after the
intervention, yet the interventions need to be regularly reviewed and integrated into the
learning environment to maintain the long-term effect [25,38]. Limited resources, e.g.,
funding and expertise, which need to be considered when designing educational initiatives,
can also be an obstacle to the successful implementation thereof [106]. Awareness and
understanding of FW issues is an emerging area of research with significant potential
for shaping future consumption patterns and promoting sustainability because educating
students and the public has a much broader impact, as consumers have an opportunity
to evaluate and review their consumption habits and make more sustainable choices after
becoming aware of the problem of FW [107].

2.4. Behavioural Economics: Understanding Food Consumption

Consumer behaviour has been researched and analyzed for over 50 years. Research
on responsible food consumption at schools is based on a variety of theoretical frameworks
that give unique insights into the factors and causes that influence FW behaviour. The
earliest foundational theories include the Norm Activation Model (NAM), developed by
Schwartz [108] with the aim of examining how personal moral norms activate awareness
of consequences and a sense of responsibility [108], and the Theory of Planned Behaviour
(TPB), developed by Ajzen [109,110], which initially aimed to understand and predict
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behaviour in various areas, while later to explain how beliefs, attitudes, and behavioural
intentions influence an individual’s actions [109,110]. Over time, theoretical frameworks
have evolved, thereby revealing an increasingly complex and nuanced understanding of
the various interrelated factors that influence individual behaviour, e.g., the Nudge Theory,
introduced by Thaler and Sunstein [111], that focuses on how to influence individuals’
behaviour in a predictable way without restricting their freedom of choice [111]. Simi-
larly, the Motivation-Opportunity—-Ability (MOA) framework, introduced by Olander and
Thegersen [112], reveals that individuals’ food consumption behaviour is influenced not
only by their motivations but also by their abilities as well as opportunities available in their
environments, and used appropriately [112]. This framework suggests a comprehensive
approach to understanding behaviour by examining the interaction of three main compo-
nents (motivation, opportunity, ability) [113,114]; as concerns consumer FW, motivation
refers to an individual’s willingness to take actions that reduce FW, which is influenced
by internal factors such as awareness and attitude and external factors like social norms,
while opportunity involves the availability and accessibility of resources and materials
necessary for FW prevention, including infrastructure, technologies, time, schedule, etc.
And ability represents the skills and knowledge required to perform actions related to FW
prevention [113]. Both models are widely used nowadays, thereby giving valuable insights
into behavioural changes.

Behavioural economics is a valuable tool for understanding food consumption be-
haviour, because unlike traditional economic models that recognise rational consumer
behaviour, behavioural economics emphasises the role of psychological, cognitive, social,
and emotional influences in decision-making [115-117]. Ogaki and Tanaka [117] believe
that behavioural economics goes beyond the traditional structure by incorporating insights
from related subfields, including neuroeconomics, cultural and identity economics, and the
economics of happiness, thus allowing for a deeper understanding of how environmental,
cultural, and psychological factors shape economic decisions [117]. In the context of food
consumption, one of the main priorities is to promote responsible and sustainable consump-
tion behaviour and change habits to reduce FW [12,118,119]. However, to influence and
change the behaviour of consumers, including students, it is first necessary to understand
the factors and reasons that influence their decisions, including those leading to FW. In
this regard, a student survey is one of the tools providing critical insights into students’
perceptions, attitudes, and habits related to school meals.

Some research studies on responsible food consumption highlight the complexity of
FW behaviour [54,120-123], and, according to Mganga et al. [54] and Quested et al. [121],
there is no framework or system that can fully explain this concept as a unified sys-
tem [54,121], as it is affected by several factors, including the environment in which a
particular behaviour occurs, individuals” knowledge about FW, personal attitudes, habits,
societal norms, ability to control one’s actions, etc. [54,121,124]. Either way, the amount
of FW in schools relates to consumer (student) behaviour and habits [125,126] and is pri-
marily considered a behavioural problem, determined by several interrelated and often
contradictory factors significantly affecting behavioural outcomes [120,122,123].

Based on theories on individual behaviour, consumers can change many of their habits
that contribute to FW, e.g., making smaller meals [103], yet changing consumer behaviour
is challenging, especially in the field of food consumption where established routines,
habits and cultural norms play a key role [25]; in addition, the ability to reduce FW is also
affected by various external factors, including policy frameworks and lifestyles [103]. FW
is, therefore, the final result of a complex decision-making process centred on individual
resource consumption [127]. For the above reasons, interventions during school years
when values and habits are still being shaped are likely to be more effective than in
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later adulthood, thus highlighting the important role of education [25,128]. Therefore,
reducing FW requires cooperation between all actors in the food system, with educational
institutions playing a central role in promoting responsible consumption behaviour from a
young age [94,103].

3. Materials and Methods

3.1. Case Study Background
3.1.1. Food Waste Research Projects in Rezekne, Latvia

Since 2021, the RTA research team has been addressing the issue of FW in school
catering. The research project “E-mentor as a Transformation Tool for Ensuring Zero-
Waste Food Consumption in Educational Institutions” (No. 1zp-2020/2-0115) (E-mentor),
funded by the Latvian Council of Science, analyzed PW in seven schools in Rezekne. The
findings led to recommendations for stakeholders on how to reduce this waste. Notably,
prior research in Latvia had not specifically focused on zero-waste food consumption
in educational institutions, particularly in relation to PW. This was the first attempt to
understand how much PW is generated by Rezekne city schools. The research study
revealed that a significant amount of PW was generated in the surveyed schools: an average
of 178 g per student per day, or 28.75% of the food served (including beverages) [33]. After
the E-mentor project, it became clear that research in this area needs to be continued, and
future research studies should focus on practical activities aimed at reducing FW.

At the beginning of 2023, a second research project “Testing Interventions and De-
veloping a Knowledge-based Recommendation System to Reduce Plate Waste in School
Catering in Latvia” (No. 1zp-2022/1-0492), funded by the Latvian Council of Science, was
launched. The primary aim of this project was to implement and evaluate interventions
designed to reduce PW in Rezekne city schools. Three interventions were implemented:
S1—a PW tracker, S2—an awareness and educational campaign, and S3—organizational
changes (larger plates, extended lunch breaks, and teacher supervision during the lunch
breaks). S4 served as a control school. PW was measured at three intervals: pre-intervention,
short-term post-intervention, and long-term post-intervention [38]. In parallel, a survey
was conducted among 2nd-7th grade students (excluding 1st graders due to their insuf-
ficient reading skills) to explore the subjective causes of PW, investigate students’ eating
habits, and collect feedback on the school catering process. The survey was designed to
offer valuable insights into students’ perspectives, helping to understand better the factors
contributing to PW in schools. The general research steps can be seen in Figure 1.

Oct’23 - Apr'24 Dec’23 Apr'24

Pre-intervention

four schools

Pre-intervention survey;

quantification of PW in all

2nd post-

Implementation of Ist post- intervention
interventions in the in‘te‘zrve_ntion qyantlflcatlon of PW
test group schools quantification of PW inall four scho?ls;
in all four schools Post-intervention
survey

Figure 1. Overview of the research steps (compiled by the authors).

3.1.2. Management of the Catering Process in Rezekne City Schools

Following legal norms, such as the Cabinet regulation No. 614 Procedure for Calculat-
ing, Allocating, and Utilizing State Budget Funding for Student Meals [129], along with
the annual directive from the Rezekne City Council’s Education Board on student catering,
students in grades 1-7 in Rezekne city schools (Latvia) receive free lunches funded by the
state (grades 1-4) and the local municipality (grades 5-7).
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In the school canteens in Rezekne, the distribution of free lunches is partially self-
service. Shortly before lunch, school canteen personnel prepare tables for each class with
portioned meals according to the expected number of students. This includes placing
main courses (a combination of staple foods and meat) on individual plates and drinks in
separate glasses for each student. In some schools, vegetables are served on individual
plates, while in others, they are provided in shared dishes for each class. Soups are served
in common pots at the tables, with portions determined based on the number of students
using standardized serving sizes. Bread and glazed cottage cheese are also provided in
shared containers, portioned according to the number of students [33,38,41].

3.2. Survey Questionnaire

A structured survey was conducted among students in grades 2-7 in the four schools
involved in the project to identify and assess their knowledge about the negative impact
of FW, attitudes towards healthy eating habits, opinions on the sensory qualities of food
served in the school canteens, and evaluations of the management of catering in the school
canteens, as well as to receive feedback for improving the catering process.

The survey method is considered the backbone of social science research, as it is one
of the most commonly used methods in all fields of social science research [130]. This
method allows a large number of respondents to be questioned simultaneously, as well as
to obtain information in a format that makes it easy to make statistical aggregations and
calculations [131].

A questionnaire was designed by the project researchers, which included questions
covering four dimensions:

I The demographic profile of respondents.

I The environmental dimension—basic knowledge about school food, FW and its
negative impacts;

I The personal dimension—students” individual attitudes toward FW and their personal
food consumption habits;

v The organizational dimension—students’ opinions on the sensory quality of food
(taste, smell, appearance, temperature) and their assessment of the organization and
management of the school canteen.

The questionnaire included both open-ended questions, allowing respondents to give
free-form answers, and structured closed-ended questions with multiple-choice answers.

To assess the appropriateness of the questions and answer options, the questionnaire
was validated by face-to-face interviews with 28 students (7 per school from each grade) in
May 2023. Each question was discussed with the students to identify whether the target
respondents understood the questions and answer options and determine the time required
to complete a questionnaire. As a result of these interviews, some questions were slightly
paraphrased for clarity, but no significant structural changes were made. Additionally, it
was decided to exclude 1st grade students from the study, as their reading and writing
skills were not yet sufficiently developed. This required extensive explanations for each
question, which significantly increased response time and resource usage.

A pre-intervention survey of students was conducted at the end of September 2023.
Students in grades 2—4 completed paper questionnaires, while those in grades 5-7 com-
pleted digital ones. Access to the e-survey was provided via the project website by entering
a password. This approach was selected considering the digital skills of younger students
as well as the availability of computer labs in the schools. A post-intervention survey was
conducted in April 2024. To avoid potential data errors, e.g., inconsistencies between digital
and paper formats, identical and detailed instructions for questionnaire completion were
given to all the participants, regardless of the format of the questionnaire, and the structures
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of the digital and paper questionnaires were designed exactly the same, including the order,
format, and answer options of the questions. This approach ensured that the data from both
groups were comparable and reliable, no notable differences in response rates or answer
completeness were observed between the two questionnaire formats.

The pre-intervention survey data, collected at the beginning of the school year, were
not included in the main analysis because the students, particularly those in lower grades,
lacked sufficient experience with school meals after the summer holidays and were unable
to provide informed evaluations. While conducting the surveys, researchers observed that
many students expressed uncertainty and hesitated in their responses, often stating that
they were unsure how to answer certain questions. The post-intervention survey data,
collected during the second half of the study year, provided more reliable insights, as
the students had gained sufficient experience with school catering during the study year.
However, pre-intervention survey data were included in the correlation analysis to meet
the sample size requirement for Spearman’s correlation.

3.2.1. Sample Selection

The survey sample consisted of students aged 7-16 in grades 2-7 from four selected
schools in Rezekne city. The selection of schools was based on data on the school catering
ecosystem and the amount of PW identified by the E-mentor project [67]—the selected
schools were of equivalent quality to ensure the quality of the experiment, i.e., all the
schools operated under a similar catering model with partly pre-served meals, providing
a uniform context for evaluation, as well as the willingness of school administrations to
cooperate was taken into account. The selection of classes was based on the fact that in
Rezekne city, free lunches for grades 1-7 were funded by the state and the municipality.
As mentioned above, the survey did not include 1st graders because it was found that
during the validation of the questionnaire, their reading and writing skills were not yet
good enough, and they needed a long time to understand each question.

All the students completed the questionnaires in the presence of their teachers and
project representatives so that they could explain the nature of the questions, if necessary,
especially for primary school students.

3.2.2. Ethical Considerations

The heads of the schools involved in the project informed parents of the students
about the project and their anonymous and voluntary participation in the experiment
and survey via the online school management system “E-class”. Due to the fact that no
personal data from the students were collected and processed during the project and their
participation was completely anonymous, the students were not exposed to any physical or
emotional risk during the experiment, and due to the fact that the school administrations
agreed to participate in the project and gave permission for the implementation of the
project activities, no written consent was required from the parents for their children’s
participation in the project activities. All ethical aspects of the research study were reviewed
and approved by the Scientific Council of the Research Institute for Business and Social
Processes at the Rezekne Academy of Technologies (excerpt from the minutes of meeting
No. 9, dated 25 April 2023).

3.2.3. Data Analysis

Microsoft Excel and IBM SPSS v.29, a predictive analytics and statistical analysis
software package, were used to process the survey data and results. Descriptive statistics
and statistical analysis were employed to analyze the survey results.

To assess whether there were significant differences in opinions on the different issues
between the different student groups, the answers were measured on a 5-point Likert
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scale, and both a descriptive statistics test (Mean £ SD) and a Kruskal-Wallis H test were
conducted. The descriptive statistics test provided an overview of the central tendency and
variability in student answers, while the Kruskal-Wallis H test evaluated the significance of
differences between the groups. This nonparametric test is appropriate in cases where data
do not meet normality assumptions and comparing more than two groups is necessary. A
Kruskal-Wallis H test operates on ranked data rather than raw scores, which means that
all responses are first ordered from lowest to highest across groups, with ranks assigned
accordingly. By summing the ranks within each group, the Kruskal-Wallis test determines if
observed differences are statistically significant [132], making it well-suited for Likert scale
responses. For the groups that showed significant differences in the Kruskal-Wallis test
(p < 0.05), a Mann-Whitney U post hoc test was additionally performed to make pairwise
comparisons and identify specific pairs of groups with significant differences [132]. By
examining the pairwise differences, it was possible to better understand which groups
of students had different opinions on the issues. To maintain the statistical accuracy and
control of the overall Type I error rate, significance values were adjusted by the Bonferroni
correction for multiple tests.

Spearman’s correlation analysis was used to determine a relationship between FW
and students’ satisfaction with meal sensory properties. This test was performed because
the data analyzed represented PW in grams per student, and student Likert scale (1-5)
answers were expressed in mean value (Appendix A, Table A1). The PW data were filtered
by excluding waste data on soup, salad, and bread served in common containers, as well
as untouched meal portions due to differences in catering management (S1, S2, S3 differed
from S4, see Figure 2).

Food served in common

Individually served
pots/bowls for each class g

portions of a set meal

A common pot/bowl of A common pot/bowl of food
food served to 20 students served after the lunch break

15/20
students —>
attended
15x150g=2250 g

20x150¢g
=3000¢g

Lunch break

A common pot/bowl of food 5\‘»‘ A

served to 25 students: z
25x150g=3750¢ 1693” A common pot/bowl of food
-

= after the final lunch break (N
7508 "\ .~ 53'9
leftovers 23/25 < S’)_,

+3000 g students—>
added attended
23x150g=3450¢g

Lunch break

Figure 2. Example of PW generation in S1, S2, S3, and S4 (developed by the authors [38]).

The respondents” answers to the questions were grouped by school and by grade.
Each answer was given a rating: Always—>5, Often—4, Sometimes—3, Rarely—2, and
Never—1. Next, the mean rating was calculated. Since the Likert scale data represented
ranked categories rather than continuous measurements and might not follow a normal
distribution, Spearman’s correlation was more suitable for analyzing non-parametric rela-
tionships [132,133]. This method allowed authors to examine the association between the
students’ perceptions of meal sensory characteristics and the amount of PW. Correlation
analysis involves hypothesis testing to identify a relationship between two variables. The
initial assumption or null hypothesis indicates that there is no significant relationship
between the variables [132,133]. The strength of a correlation is indicated by the correlation
coefficient (r), which is between —1 and 1, and although the value expressed might vary
slightly, depending on the test coefficient, it is generally accepted thatr > 0.5 0orr < —0.5
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indicates a strong relationship, between 0.3 and £0.5 a medium relationship, and between
+0.1 and +0.3 it shows a weak relationship [132]. Statistical significance (p-value) was also
determined. If the p-value is below the significance level (p < 0.05), the null hypothesis is
rejected and the variables are correlated [133,134].

4. Results
4.1. I Dimension. The Demographic Profile of the Respondents

On 1 September 2024, the total number of students in grades 2 to 7 in the four Rezekne
city schools was 1150. A total of 944 students took part in the survey, which represented
approximately 82% of the general population, which meant that the results could be
confidently generalized to the entire population of grades 2 to 7 students in the schools.
The demographic profile of the respondents is presented in Table 1.

Table 1. Distribution of the total respondent sample, n and %, (n = 944) (compiled by the authors).

Category Group Rl::;?)?lilzzis % of Respondents
Female 453 48%
Gender Male 191 52%
2 172 18%
3 158 17%
4 150 16%
Grade 5 176 19%
6 134 14%
7 154 16%
7 5 0.5%
8 117 12.4%
9 173 18.3%
10 154 16.3%
Age 11 151 16.0%
12 162 17.2%
13 137 14.5%
14 38 4.0%
15 6 0.6%
16 1 0.1%
School 1 293 31%
School 2 239 25%
School School 3 196 21%
School 4 216 23%

Table 1 data show that the distribution of the respondents was fairly balanced across
all the categories and groups, thereby ensuring that the sample was representative and that
the survey results were not disproportionately affected by the disproportionate dominance
of any group.

4.2. I Dimension. Knowledge and Awareness (Environmental Dimension)

To identify students” awareness and knowledge about school food, FW, and its negative
impacts, the following questions were included in the questionnaire (see Table 2).
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Table 2. Survey questions and answer options about food waste and school food (compiled by

the authors).
Qu;sotlon Question Answer Options
(1) Food packaging
Q1 What do you think food waste is? (it was possible to  (2) Food that has spoiled
mark multiple answers) (3) Peels, bones
(4) Food that remains uneaten on the plate
Q2 Do you agree that school food is healthy? (1) Yes
3 Do you agree that food waste has a negative impact (2) Rather yes
on the environment? (3) I don’t know
Q4 Do you agree that school lunches cost money? If you () Eather no
don’t eat them, the money is “thrown away”? (5) No
(1) The canteen personnel take it home
(2) It is thrown in the trash or down the drain
Q5 Where do you think the plate waste goes? (it was (3) It is fed to pets

possible to mark multiple answers)

(4) It is fed to ducks by the Rezekne River

(5) It is used to produce bioenergy
(6) I don’t know

An analysis of the respondents” answers to Q1 “What do you think food waste is?” is
available in Figure 3.

Food that has spoiled
(n=627) 66.4
Peels, bones (n=560) 59.3
1 What remains uneaten on 45.4
the plate (n=429) 345
OFood packaging (n=326)
0% 20% 40% 60% 80% 100%

Figure 3. Distribution of respondent answers to Q1 “What do you think food waste is?”, % (n = 944)
(compiled by the authors).

As shown in Figure 3, the students mainly associated FW with food that had spoiled
(66.4%) and inedible food parts such as peels and bones (59.3%), almost half (45.4%) of
the students associated uneaten food that remained on their plates with FW, and about
1/5 associated FW with food packaging.

An analysis of the respondents’ answers to Q2 “Do you agree that school food is
healthy?” is available in Table 3.

The data in Table 3 show that more than half of the respondents (61.3%, Yes + Rather
yes) believed that school food was healthy, a quarter could not answer this question, and a
small proportion (14.6%) believed that school food was unhealthy.

A descriptive statistics test (Mean = SD) and a Kruskal-Wallis H test were performed
to test whether there were significant differences in opinions on whether school food
was healthy between different groups of students. The results revealed that there was a
significant difference between boys and girls; the boys had a higher belief that school food
was healthy and that there were statistically significant differences (p < 0.001) in answers
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between classes. Therefore, an additional Mann-Whitney U test was performed to identify

pairs with significant differences (Figure 4).

Table 3. Analysis of the respondents” answers to Q2 “Do you agree that school food is healthy?”,
(n = 944) (compiled by the authors).

Question Multiple Choice Values Distribution of Respondent
Answers Answers, % (n = 944)
5
Yes 5 ) : 27.1 s
Rather yes 4 .
Doyousgre Baehodl  nino : >
y: Rather no 2 2 1 8.7
No 1 1 w59
Variables Mean + SD Kruskal-Wallis H test Statistical significance
p-value
School 1 3.67 £1.12
School 2 3.79 +£1.08 p > 0.05 Group results are not
School School 3 359+124 0.39 statistically significantly different
School 4 3.64 £ 1.14
2 419 £1.02
3 3.94 +0.98
4 375+ 113 p < 0.05 Group results are statistically
Grade 5 3.63 +1.13 <0.001 significantly different
6 3.07 £ 1.05
7 335+£1.15
Male 3.79 £1.17 p < 0.05 Group results are statistically
Gender Female 3.56 £ 1.08 <0.001 significantly different
2 3
(599.85) (527.97)
4 5
(494.58) (459.34)
7 6
(394.92) (325.37)

Adj. Sig. — =020

s >= 0.05

Figure 4. Pairwise comparisons of the responses to question Q2 “Do you agree that school food is

healthy?” in a group of grades using Mann-Whitney U test results (compiled by the authors). Each

node shows the grade and sample average rank of grade.

The Mann-Whitney U test results (Figure 4) revealed several pairs of classes with

statistically significant differences. It should be noted that the answers of students in grades

2 and 3 were significantly different from those of students in grades 6 and 7. The younger
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grades were more confident that school food was healthy, while the older grades were
more sceptical.

An analysis of the respondents” answers to question Q3 “Do you agree that food waste
has a negative impact on the environment?” is available in Table 4.

Table 4. Analysis of the respondents’ answers to question Q3 “Do you agree that food waste has a
negative impact on the environment?”, (n = 944) (compiled by the authors).

Question Multiple Choice Values Distribution of Answers of the
Answers Respondents, % (n = 944)
5 25.
Do you agree that food Yes 5 >
wa>:;te hags a negative Rather yes 4 : #25
. 8 I don’t know 3 3 30.5
impact on the
; Rather no 2 2 12.9
environment? N. 1
© 1 8.8
Variables Mean + SD Kruska}l;vwaz;:ll;s H test Statistical significance
School 1 335+1.21
p > 0.05 Group
School gzﬁggig gii’ i };i 0.285 results are not statistically
School 4 3' 43+ 1'23 significantly different
2 349 +1.34
3 3.67 £1.14
4 356 + 1.29 p <0.05 Group
Grade 5 3' 49 + 1'21 <0.001 results are statistically
’ ’ significantly different
6 328 +1.11
7 3.02+1.21
p > 0.05 Group
Gender Fle\z/[rilnele gg i }Z 0.990 results are not statistically
) ’ significantly different

The data in Table 4 show that although almost half of the respondents (47.8%,
Yes + Rather yes) agreed that FW had a negative impact on the environment, a signifi-
cant proportion (21.7%) disagreed, and an even larger proportion (30.5%) could not answer
this question. This indicated the different levels of awareness and knowledge of the
respondents about the environmental impacts of FW.

A descriptive statistics test (Mean & SD) and a Kruskal-Wallis H test were performed
to test whether there were significant differences in opinions between different groups of
students on whether FW had a negative impact on the environment. The results showed that
there were no statistically significant differences in opinions on the negative environmental
impact of FW between the schools and between the genders. However, the opinions
differed significantly between classes (p < 0.001); therefore, an additional Mann-Whitney
U test was performed to identify pairs of classes with statistically significant differences
(Figure 5).
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Figure 5. Pairwise comparisons of the responses to survey question Q3 “Do you agree that food
waste has a negative impact on the environment?” in a group of grades using Mann-Whitney U test
results (compiled by the authors). Each node shows the grade and sample average rank of grade.

As shown in Figure 5, the answers of grade 7 students to Q3 were statistically sig-
nificantly different from those of grades 2, 3, 4, and 5. The data in Table 4 show that the
students in younger grades overwhelmingly answered in the affirmative to this question
compared with those in grade 7.

An analysis of the respondents” answers to question Q4 “Do you agree that school
lunches cost money? If you don’t eat them, the money is “thrown away”?” is available in
Table 5.

Table 5. Analysis of the respondents” answers to question Q4 “Do you agree that school lunches cost
money? If you don’t eat them, the money is “thrown away”?”, (n = 944) (compiled by the authors).

Question Multiple Choice Values Distribution of Answers of the
Answers Respondents, % (n = 944)
5 37.0
Do you agree that school Yes 5 4 2.9
lunches cost money? If Rather yes 4 :
you don’t eat them, the I don’t know 3 3 174
money is “thrown Rather no 2 2 8.4
away”’? No 1
1 10.4
Variables Mean + SD Kruskal-Wallis H test Statistical significance
p-value
School 1 379 +1.31
School 