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Anotacija

Promocijas darba pétjjuma objekts ir atkritumi ka efektivs resurss cela uz aprites
ekonomikas modeli. 2018.gada Eiropas Komisija (EK) apstiprindja Aprites ekonomikas
pakotni, no ka izrietgja sesu direktivu grozijumi, kas paredz&ja ambiciozus mérkus atkritumu
apsaimniekoSanas joma laika perioda Iidz 2035.gadam. 2019.gada decembra EK pazinojums
"Eiropas zalais kurss" un atbilsto$i tam 2020. gada 10. marta publiskotais Jaunais aprites
ekonomikas ricibas plans nosaka pasakumus aprites ekonomikas nostiprinasanai. Ir izveidota
vérieniga ricibas programma ar pasakumiem visa precu cikla garuma: no razoSanas un
patérina lidz atkritumu apsaimniekoSanai un otrreizgjo izejvielu tirgum. Saskana ar Aprites
ekonomikas pakotni ES dalibvalstim noteikti kvalitativi un kvantitativi meérki atkritumu
apsaimniekoSanas joma, taja skaita atkritumu apjoma samazinaSana un pardomata
apsaimniekosana, kas ir atkritumu politikas veidoSanas pamatprincipi. Par to, ka atkritumi ne
tikai var but vertigs resurss, bet tads ari ir, Sobrid vairs nevienam nav Saubu. Uzdevums cela
uz aprites ekonomikas modeli, ir mainit razoSanu un patérinu ta, lai atkritumu biitu arvien
mazak, bet esosie maksimali, cik iesp&jams, tiktu izmantoti ka resurss.

P&tfjumam izvirzita hipotéze ietver pienémumu, ka, lai panaktu, ka Latvija ilgtermina
klust par resursu efektivu valsti, kura Tsteno aprites ekonomikas modeli un nulles atkritumu
strat€giju (radito atkritumu apjoms samazinas un poligonos apglabajamo atkritumu apjoms
tuvojas nullei) ilgtspgjigaku rezultatu var sasniegt, lémumu izstrades un pienemsanas procesa
izmantojot zinatniskas pétniecibas metodes. Katrai atkritumu pliismai vai parstrades veidam
pielietojamas vairakas p&tniecibas metodes, ieveérojot datu un metozu atkalizmantojamibu, un
kas kopuma veido kompleksu pieeju un lauj izdarit pardomatas un ilgtsp&jigakas izvéles un
pienemt lémumus par izmantojamam atkritumu parstrades un regeneracijas tehnologijam,
1stenojamiem pasakumiem un finanSu avotiem. Metodes izmantojamas kombingjot, jo ne
visus aspektus iesp&jams izvert€t ar vienu metodi. P&tjjuma rezultati apstiprina izvirzito
hipotézi. Sada pieeja ievérojama gan naciondla limeni tautsaimniecibas procesos, gan ari
uzn€mumu Iiment.

Promocijas darbs balstits uz desmit tematiski saistitam zinatniskam publikacijam, kas
ir publicétas zinatniskajos zurnalos un pieejamas zinatnisko publikaciju datubazgs. P&tjjuma
vertéta vairaku dazadu pé€tniecibas metozu izmantoSana dazu atkritumu pliismu parstrades un
apsaimniekoSanas iesp&ju izvertéSanai un lémumu pienemsanai. Promocijas darbs izstradats
latviesu valoda. Peétfjuma ievada definéts p&tjjuma mérkis un darba uzdevumi, pamatota t€mas
aktualitate un sniegta informacija par rezultatu aprobaciju zinatniskajas konferencés un
publikacijas. Talak darba sniegts literatliras apskats un aprakstitas pétjjuma metodes. Darba
atspoguloti petijumu rezultati un sniegti secinajumi un rekomendacijas.



Abstract

The research subject of the doctoral thesis is waste as an efficient resource on the way
to a circular economy model. In 2018, the European Commission (EC) approved the Circular
Economy Package, which resulted in amendments to six directives, which provided for
ambitious goals in the field of waste management in the period up to 2035. The December
2019 EC announcement "European Green Deal" and the New Circular Economy Action Plan
published accordingly on 10 March 2020 determine measures to strengthen the circular
economy. An ambitious action program has been created with measures throughout the
product cycle: from production and consumption to waste management and the market for
secondary raw materials. According to the Circular Economy Package, EU member states
have set qualitative and quantitative goals in the field of waste management, including waste
volume reduction and thoughtful management, which are the basic principles of establishing
waste policy. There is no longer any doubt that waste can not only be a valuable resource — it
undoubtedly is. The task on the way to the circular economy model is to change production
and consumption so that there is less and less waste, while the existing waste is used as a
resource as much as possible.

The hypothesis put forward for the study includes the assumption that, for Latvia to
become a resource-efficient country in the long term and implement a circular economy
model and a zero waste strategy (the amount of generated waste decreases and the amount of
waste disposed of in landfills approaches zero), a more sustainable result needs to be achieved
and scientific research methods need to be applied throughout the decision-making process.
For each waste stream or type of waste processing, several research methods are applied,
respecting the reusability of data and methods, and which in general form a complex approach
and allow to make thoughtful and more sustainable choices and to make decisions about
waste processing and regeneration technologies to be used, measures to be implemented and
financial sources. The methods can be used in combination, because not all aspects can be
evaluated with one method. The results of the study confirm the proposed hypothesis. Such an
approach is notable both at the national level in the processes of the national economy, and
also at the level of companies.

The thesis is based on ten, thematically related scientific publications, which have
been published in scientific journals and are available in databases of scientific publications.
The study evaluates the use of several different research methods for evaluating the
possibilities of processing and managing waste streams and making decisions. The thesis is
written in Latvian. In the introduction of the study, the purpose and tasks of the study are
defined, the topicality of the topic is substantiated, and information is provided about the
approval of the results in scientific conferences and publications. Next, the work presents a
review of the literature and describes the research methods. The work reflects the research
results and provides conclusions and recommendations.
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IEVADS

Ekonomikai piedzivojot biitisku uzplaukumu, razosanas vajadzibam nepiecieSami arvien
jaunas izejvielas, un tam neizb&gami ir bitiska ietekme uz atkritumu apjomu pieaugumu.
Neracionals resursu patérins un pieaugoss atkritumu apjoms. Tas viss raksturo ierasto biznesu
modeli, kas visa pasaulé pielietots 20. un 21. gadsimta un defingjams ka lineara ekonomika.
Linearas ekonomikas modela pamats ir “resursu ieguve — razosana — izmantoSana — pelnas
guSana — preces par zemakam izmaksam - nepardomata atkritumu apsaimniekoSana", kas ir
izraisijis Tstermina lieto§anas produktu patérina pieaugumu un Iidz ar to ari strauju atkritumu
apjoma pieaugumu, kuri parsvara tiek apglabati. Industrializacijas attistibas rezultata
iedzivotdju blivuma pieaugums pilsétas laika no 1900.gada lidz 2015.gadam pieaudzis no 14
% lidz 54 %. Rezultata resursu patérina/ieguves pieaugums $aja pasa laika perioda pieaudzis
12 reizes. Attiecigi pieaudzis ari CO2 emisiju apjoms un 70 % no ta tiek radits pilsetas.
Plastmasas patérin$ kop$ pagajusa gadsimta piecdesmitajiem gadiem pieaudzis 20 reizes.
Turpina augt patrin$ un atbilstosi arT atkritumu apjoms, no kuriem dala ir neparstradajami.
Dabiska ekosistéma vienlaikus ir izejvielu avots un galamérkis cilvéku radito atkritumu
apglabasana, bet tas kapacitate ir ierobezota. lepriek§ mingtais lika domat par jaunu
ekonomisko sisteému, kas lautu resursus izmantot péc iesp&jas produktivak.

Eiropas Komisija pareju uz aprites ekonomikas modeli ka mérki izvirzija jau kops
2015.gada. Savukart 2019. gada 11. decembri Eiropas Komisija naca klaja ar pazinojumu
“Eiropas zalais kurss”, kura piedavaja jaunu izaugsmes strat€giju, kas tiecas Eiropas
Savienibu parveidot par taisnigu un particigu sabiedribu ar musdienigu resursu efektivu un
konkurétsp&jigu ekonomiku, kura ekonomiska izaugsme biitu atsaistita no resursu patérina.
Atbilstosi Eiropas zala kursa celvedim (1. att.) 2020. gada 10. marta EK publiskoja Jauno
aprites ekonomikas ricibas planu, kas nosaka pasakumus aprites ekonomikas nostiprinasanai.

Mobilizét pétniectbu un
sekmétinovaciju
Sagatavot ES

ekonomiku Tiekties uz nulles piesamojumu ar
ilgts ai mérki panakt no toksikantiem
g pel brivu vidi

Kapinat 2030.un
2050.gadam nosprausto ES
klimata mérku veérienu

nakotn

Eiropas
zalais
kurss

Paatrinat pareju uz ilgtspéjiguun
viedu mobilitati

Nevienu neatstat novarta
(taisnTga parkartoSanas)

Finansét parkartoSanos

ES ka globala

Eiropas
lidere

klimata pakts

1. att. Eiropas zala kursa virzieni [1].
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Tas ietver iniciativas visam produktu aprites ciklam - no izstrades un razosSanas Iidz
patérinam, remontam, otrreiz&jai izmantoSanai, parstradei un resursu atgrieSanai ekonomika.
Ta pasakumi vieno aprites ekonomikas un socialas ekonomikas mérkus, veidojot nosacijumus
jaunu darbavietu radiSanai, atbalstot zalo pareju un socialo ieklausanu [1].

Saskana ar vienu no vados$ajiem aprites ekonomikas principu attistitajiem Ellen MacArthur
Foundation [2, 3] aprites ekonomika sava biitiba ir atjaunojosa un regenergjosa, tas ietvaros
sabiedriba pastavigi tiecas saglabat produktus, komponentus un materialus to augstakaja
deriguma un vértibas pakapg, izskirot tehnologisko un biologisko ciklu. Aprites ekonomika
iezZimé€ celu uz sisteémisku valsts ekonomikas un sabiedribas parveidi.

Atkritumu apjoma samazinasana un pardomata apsaimniekoSana ir viens no aprites
ekonomikas pamatelementiem, un atkritumu hierarhija ir viens no atkritumu politikas
veidoSanas pamatprincipiem. Par to, ka atkritumi ne tikai var biit vertigs resurss, bet tads ari
ir, Sobrid vairs nevienam nav Saubu. Jaatzist, ka atkritumi nav tikai vides probléma, bet arT
zaud&jums tautsaimniecibai. Eiropa katrs iedzivotajs vidgji sarazo 481 kg sadzives atkritumu
gada. Taja pasa laika arvien vairak So atkritumu parstrada un arvien mazak tie nonak
apglabasanai atkritumu poligonos. Uzdevums cela uz aprites ekonomikas modeli, ir mainit
razosanu un patérinu ta, lai atkritumu biitu arvien mazak, savukart esosie maksimali, cik
iespgjams, tiktu izmantoti ka resurss (2. att.).

Linearas ekonomikas modelis

T s D WD

Aprites ekonomikas modelis

Sagatavo
atkartotai
izmanto$anai
Salabo
Parveido
Parstrada

2. att. Linearas ekonomikas un aprites ekonomikas modelu salidzinajums.

Aprites ekonomika piedava iesp&jas palielinat nodarbinatibu un cinities ar klimata
parmainam. Radito atkritumu apsaimniekoSanas galvenie virzieni ir parstrade un atkartota
lietosana, kas nozZimé pardomatu resursu patérinu un ilgtermina ieguvumus. Vienlaikus ir loti
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svarigi samazinat radito atkritumu apjomu, jo tadgjadi tiek samazinats pirmreiz€jo resursu
patérins un resursi ilgstosi paliek saimnieciskaja aprite. Tas prasa izmainas ne tikai patérétaju
uzvediba, bet vel vairak razoSanas pus€ Tpasi attieciba uz resursu ieguvi un materialu un
tehnologiju izveli. Lai sasniegtu noteiktos mé&rkus, ir butiski veikt atbilstoSas izvéles gan
izstradajot precu dizainu, gan veidojot atkritumu apsaimniekoSanas politiku, gan izvéloties un
attistot atkritumu parstrades tehnologijas katrai no plismam un izvértgjot kuram no atkritumu
plismam un tehnologijam nepiecieSams un pielaujams finansu atbalsts.
Veidojot globalu ricibas koaliciju, kas ir gan daudzveidiga, gan ieklaujosa, apvieno
uzpemumus, valdibas, NVO un zinatniekus, lai palielinatu sp&u apmierinat sabiedribas
vajadzibas un risinat problémas ilgtsp&jigi, kas nozimé, ka tiek saskanoti ekonomiskie,
socialie un vides mérki.

Aizverot cilpas, ir iesp&jams uzraudzit resursu plismu un identificét parstrades vai
ripnieciskas simbiozes iespgjas (3. att.) [4, 5, 6, 7].

Biomimikrijas
ievieSana

3. att. Pasakumi parejai uz aprites ekonomiku un nevienlidzibas samazinasanai.

Viens no pédgja laika izaicinajumiem noteikti ir Covid-19 pandémija, kas ir
akcent&jusi tadus satricinajumus pasaules socialekonomiskajam un finansu sistémam, kadus
més neesam piedzivojuSi. Tapéc gan politikas veidotdjiem, gan finanSu dev&jiem, gan
uznémgejiem, kas strada vai vélas stradat atkritumu apsaimniekoS$anas joma, ir svarigi saprast
kadas izveles izdaramas, kadas vertéSanas metodes izmantojamas 1@mumu pienemsanai, lai
veiksmigi Istenotu pareju uz aprites ekonomikas modeli, mazinatu nevienlidzibu un padaritu
efektivaku resursu izmantoSanu, ievérojot to, ka dala no tiem ir neatjaunojami un pieejami
ierobezota daudzuma

Promocijas darba izvertéti atseviski aprites ekonomikas aspekti un zinatnisko
pétniecibas metozu izmantosana izvelu izdariSanai un l€mumu pienemsanai resursu efektiva
izmantosana, ilgtspg&jiga atkritumu apsaimniekoSanas sist€mas attistiba un atkritumu apjoma
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samazinasana, lai ilgtermina Latvija kltu par valsti bez atkritumu poligoniem, kuros apglaba
atkritumus, respektivi valsti, kas Tsteno nulles atkritumu stratégiju.

TEMAS AKTUALITATE

Eiropas Komisija jau 2015.gada naca klaja ar pazinojumu par pareju uz aprites
ekonomiku. Savukart, 2018.gada EK apstiprinaja Aprites ekonomikas pakotni, no ka izrietgja
sesu direktivu grozijumi, kas paredzgja ambiciozus mérkus atkritumu apsaimnieko$anas joma
laika 1idz 2035.gadam. 2019.gada decembra EK publicgja pazinojumu “Eiropas zalais kurss”,
un atbilstosi tam 2020. gada 10. marta EK publiskoja Jauno aprites ekonomikas ricibas planu,
kas nosaka pasakumus aprites ekonomikas nostiprinasanai. Ar aprites ekonomikas paketi tiek
istenots ES ricibas plans parejai uz aprites ekonomiku. Ir izveidota vérieniga ricibas
programma ar pasakumiem visa precu cikla garuma: no razoSanas un patérina lidz atkritumu
apsaimniekosanai un otrreizgjo izejvielu tirgum.

Saskana ar Aprites ekonomikas pakotni ES dalibvalstim noteikti kvalitativi un kvantitativi
mérki atkritumu apsaimniekosanas joma, taja skaita izcelot specifiskus mérkus atseviskam
atkritumu plismam, piem&ram:

1) 2035. gads - poligonos apglabato sadzives atkritumu Ipatsvars ir ne vairak ka
par 10 % no kopgja radito sadzives atkritumu daudzuma;

2) 2035. gads - sadzives atkritumu parstrades apjoms vismaz 65 % p&c masas;

3) 2023. gada 31. decembris — janodro$ina, ka biologiskie atkritumi, kas veido
gandriz 40 % no sadzives atkritumu apjoma, ir vai nu atdaliti un parstradati
raSanas vietd, vai savakti daliti (nav sajaukti ar citiem atkritumu veidiem);,

4) 2025. gada 1. janvaris - izveidota dalitas savakSanas sistema
tekstilmaterialiem;

5) 2024. gada 31. decembris - izveidota dalitas savaksSanas sistema bistamajiem
sadzives atkritumiem.

Specifiski mérki ir noteikti ari tadam atkritumu plismam ka bivniecibas atkritumi,
izlietotais iepakojums, partikas atkritumi un zudumi, elektrisko un elektronisko iekartu
atkritumi, baterijas un akumulatori u.c.

Raditaji, kas ir svarigi darba konteksta, saistiti vienota c€lonsakaribu virkng (4. att.).

rada ta

problému? eEEEE ietekmi ta

rada?

to risinat?

4. att. Raditaju vienota célonsakaribu virkne.
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Raditajiem jabut:
1. ticamiem un zinatniski preciziem;
par noteiktu laika posmu un regionu;
parbaudamiem un salidzinamiem;
viegli uztveramiem un saprotamiem;
ar standartizétam metodikam ieglitiem un standartiz&étas mervienibas izteiktiem;
savstarpgji nedubl&josiem;
lietotajam nepiecieSamiem;
jutigi reag€josiem uz izmainam;

© PN R W

. Istenojamiem par sapratigam izmaksam.

Nepieciesamiba Tstenot ilgtspgjigas attistibas politiku, paaugstinat resursu efektivitati un
atsaistit tautsaimniecibas attistibu no primaro resursu patérina, pariet uz aprites ekonomikas
modeli un no ta izrietoSie mérki ir nostiprinati Latvijas nacionalajos politikas planosanas
dokumentos, no kuriem galvenie $Saja joma ir Nacionalais attistibas plans 2021. - 2027.
gadam, Ricibas plans parejai uz aprites ekonomiku Latvija 2021. - 2027. gadam un
Atkritumu apsaimniekoSanas valsts plans 2021. - 2028. gadam (turpmak - atkritumu
apsaimniekoSanas plans). Valsts Tstenota politika iezim€ jaunos izaicinajumus un celu, ka tos
parvérst par iespgjam atkritumu apsaimniekosanas joma un efektiva resursu izmantoSana,
vienlaikus paredzot arT pasakumus atkritumu apjoma samazinasanai un noversanai. Atkritumu
apsaimniekoSanas plana ir noteikts pasakumu kopums, kas veicams veiksmigai mérku
sasniegSanai, aprékinats nepiecieSamais investiciju vajadzibu apjoms atkritumu
apsaimniekosanas sistémas attistiba un identificéti finans€juma avoti. Taja pasa laika ir dazadi
veidi un metodes, ka atkritumus var parstradat vai regenerét un svarigi ir izdarit izvéles, kuras
lauj noteiktos mérkus sasniegt visefektivak. Izvéles ir saistamas ar atkritumu ka potencialo
izejvielu (izmantojamo materialu, ko parvers otrreizgjas izejvielas, no kuram razo jaunu
produktu vai ieglist energiju, kura talak tiek izmantota tautsaimnieciba) novértgjumu, lai
saprastu kuriem atkritumu sagatavoSanas un izmanto$anas veidiem ir butiskaka loma
atkritumu apsaimniekoSana un resursu izmantoSana. Novertg§jumam bitiska loma ir arl
investiciju piesaisté un ierobezota finansgjuma pieejamibas gadijuma tas lauj izvél&ties
optimalaku un atbilsto§aku metodi un tehnologiju, ko finansét. Sis jautajums ir aktuals gan
nacionala limeni, gan uznémumu limeni. Atkritumu apsaimnieko$anas plismu tehnologijas
izvértéSanas process saistams ar $adiem butiskajiem aspektiem: tehnologiskajiem,
ekonomiskajiem, socialajiem, un vides un klimata. Jebkuru sistému maksimali efektivu var
padartt tad, ja tas izstrade un TstenoSana balstas uz vairakiem stirakmeniem (pilariem):

1) juridiskais ietvars, no kura izriet vispargjie nosacijumi, prasibas sist€émai kopuma un

tas elementiem;

2) administrativie nosacijumi, kas atbilstosi normativajam regul&jumam tiek noteikti

konkrétam subjektam noteiktos apstaklos, vieta un vidg;

3) tehnologiskie risindgjumi un labakie pieejamie tehniskie panémieni;

4) vides aspekti (darbibas ietekme uz vidi un pasakumi So ietekmju samazinasanai un
noversanai);
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5) veicamo darbibu ietekme uz klimata parmainam;

6) ekonomiskie instrumenti, kas motivé pienemt pardomatus un ilgtsp&jigus Iémumus un

izdarft atbilstoSas izveles, taja skaita veicina paradumu mainu;

7) socialie aspekti;

8) sabiedribas izglitiba un informétiba.

Juridiskais ietvars atkritumu apsaimniekosanas sist€émas TstenoSanai un attistibai ir
noteikts gan ES, gan nacionalaja Itmeni. Savukart administrativie nosacljumi izriet no
normativa regulgjuma. Atkritumu apsaimniekoSanas sist€émas ietvaros izmantojamie
ekonomiskie instrumenti dazadas valstls izstradati p&c vienotiem principiem, tie ir
salidzinami, tacu nav unificéti. Latvijas gadijuma butiskakais ekonomiskais instruments
atkritumu apsaimniekosana ir dabas resursu nodoklis, kas motivé pienemt pardomatus un
ilgtsp€jigus lémumus un samazinat gan atkritumu apjomu, gan apglabajamo atkritumu
apjomu. No otrreizgjam izejvielam razotu precu izvéles veicinasanai izmanto zalo publisko
iepirkumu.

Klimata parmainu politika, kuras pamata ir ilgtspgjigas attistibas merki (IAM), ir
iedvesmas avots daudziem uznémgjdarbibas veidiem, kas apvieno vértibas radisanu ar vides
aizsardzibu un socialo aizsardzibu. Ekonomisko procesu dalibniecku domasana un izpratne
ietekmé to, cik lielu uzmanibu vini pievér§ ieceréto aprites biznesa modelu aprites
potencialam. Lai sagatavotu inovacijas dalibniekus eksperimentiem un palielinatu vinu sp&ju
pardomat savus dzives pienémumus, tiek piedavats principu kopums [8, 9].

Uznémumi mekle veidus, ka attistities konkurences vidé ar inovativiem uznémeéjdarbibas
modeliem, vienlaikus respekt&jot sabiedribu un izvairoties no darbibam, kas kaité apkartgjai
videi un tas kvalitatei. Tadi virzieni ka aprites ekonomika, godiga tirdznieciba, dalita
ekonomika ir dazas no jaunajam uznémgjdarbibas pieejam, kas risina So problému, tacu
joprojam pastav plaisa starp teorétiskajiem argumentiem un vides un socialas ilgtspgjibas
Itmeni, kas tiek realiz&ts prakse [10].

Aprites ekonomiku vargtu raksturot ka mazaku aprites ekonomiku tiklu, kur galvena
attisttba notiek vietgjas teritorijas, pieméram, pilsétas vai regionos, aktivi iesaistoties
teritorialajam ieinteresétajam pusém. Socialo uznémgju aktiva loma parejas atbalstiSana
regionos uzsver lielo izaicinajumu dazadibu, ar ko tie saskaras, izstradajot vietgjos
uznémgjdarbibas modelus tehnologiska, sociala un politikas ITmeni [11]. Izmainas sabiedribas
limenT un socialekologisko sistému sarezgitiba prasa holistisku pieeju un talredzibu stratégiju,
politikas un programmu izstrade [9]. Svarigi uzsvert ari socialas uznéméjdarbibas lomu, jo ta
ir Eiropas daudzveidigas socialas tirgus ekonomikas neatnemama sastavdala. Socialo
uznémumu veicinaSanai ipasi svarigi sociala uznémuma ikdienas darbibas ieviest aprites
ekonomikas elementus.

Bitiska sadala ir dazadu finanSu avotu izmantoSana atkritumu apsaimniekoSanas sistemas
attistiba, izvéloties un ievieSot parstrades un regenerdcijas tehnologijas un metodes. Sobrid
Latvija nav vienotas pieejas izvelu izvert€Sanai un izmantojamam pétniecibas metodeém.
Janem véra, ka ES dalibvalstis (DV) nav vienotas pieejas $im atkritumu apsaimniekosanas
aspektam, kas saistams ar DV atskirigo situaciju apsaimniekoSanas sistému attistiba, kas
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saistits ar valsts ekonomisko un geografisko stavokli (reljefs, resursu pieejamiba un
daudzveidiba, iedzivotaju skaits un blivums), apsaimniekoSanas sistemas attistibas pakapi,
iedzivotaju paradumiem, prasmém un zinasanam.

DARBA MERKIS UN UZDEVUMI

Promocijas darba merkis ir izvertet atseviSkus aprites ekonomikas aspektus resursu
efektiva izmantoSana, ilgtsp&jiga atkritumu apsaimniekoSanas sisteémas attistiba un atkritumu
apjoma samazinasana un izstradat rekomendacijas l€mumu pienemsanai politikas
veidotajiem, finanSu devg€jiem un uzné€méjiem, kas strada vai vélas stradat atkritumu
apsaimniekoSanas joma, lai Latvija ilgtermina klutu par valsti bez atkritumu poligoniem,
kuros apglaba atkritumus, respektivi valsti, kas Isteno nulles atkritumu stratégiju (5. att).

Vides izglitiba

‘ Klimata

Vides
‘7

Apglabasana Tehnologiskie

RaZoSana 2 Socialie
‘—

RaZzo$ana 1

h 4

Razo%ana 3 Ekonomiskie

i Administrativie
> =

Produktu lietotaji Juridiskie

5. att. Ilgtspg&jigas atkritumu apsaimniekoSanas sist€mas attistiba virziba uz nulles atkritumu
strategiju.

Viens no promocijas darba uzdevumiem ir izveértét dazadu pétniecibas metozu
pielietosanu prioritaro tehnologiju izvélei atkritumu apsaimnieko$ana atseviskam atkritumu
plismam Latvija. Batiski ir noveértét, vai un kadas zinatniskas pétniecibas metodes
izmantojamas atkritumu ka potencialo izejvielu un tehnologiju izvértéSana, lai gan naudas
devgji, gan naudas sanéméji var€tu izdarit pardomatas un pamatotas izvéles. P&tijumam
izvéletas atkritumu plismas, par kuram ir pieejami pietiekami dati un kuru apsaimniekoSanas
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attistibai Latvija ir Tpasi svariga loma ES mérku sasniegSana — papirs, dz€rienu iepakojums,
tekstilizstradajumi, biologiskie atkritumi un atkritumu izmantoSana energijas ieguvei, kas ir
pasi aktuali energoresursu krizes apstaklos. Palielinot atkritumu parstrades un regeneracijas
apjomus, tiek atbilstosi samazinats apglabajamais atkritumu daudzums poligonos.

Otra uzdevuma ietvaros tika vértéta dazadu pétniecibas metozu pielietoSana
alternativu izvelei un l@émumu pienemsanai par atkritumu apsaimniekosanas ekonomiskajiem
un socialajiem aspektiem cela uz aprites ekonomikas mérku sasniegSanu, taja skaita vertgjot
argjo apstaklu - Covid-19 pandémija - ietekmi pareja uz aprites ekonomiku.

TreSais pétniecibas uzdevums ir saistits ar zalo uzp€mumu, zalo darba vietu un
sabiedribas zalo aktivitaSu lomas un vietas novértéSanu atkritumu apsaimniekos$ana, ievérojot
atkritumu apsaimniekoSanas hierarhiju un akcentgjot atkritumu apjoma samazinasanu un
raSanas noversanu.

Promocijas darba ir apskatita sociala uznéméjdarbiba tekstilizstradajumu joma, jo ta ir
atkritumu plisma, kurai ir izvirziti jauni 1pasi mérki, un ta ir japarvalda ilgtspgjigaka veida
neka [1dz Sim.

Pétniecibas darbs attiecas uz Latvijas atkritumu apsaimniekosanas sisttmu un veikts,
ievérojot ES un nacionalos politikas planoSanas dokumentus un normativo aktu prasibas un
izmantojot citu valstu pieredzi. Bitisks aspekts ir arT p&tijumu datu parvaldiba, kas ietver datu
planosanu, izveidi, apstradi, analizi, saglabasanu, kopigosanu un atkartotu izmantosanu.

Izvertgjot jaunos izaicinagjumus un iesp&amas atkritumu apsaimniekoSanas metodes, to
izveli, tika nemta vera atkritumu apsaimniekosanas hierarhija, Eiropas Savienibas nospraustie
mérki un prioritates atkritumu apsaimniekos$anas joma laika periodam Iidz 2035.gadam,
klimata politikas mérki SEG samazinasanai.

ZINATNISKA NOVITATE

Pétniecibas jauninajums ir dazadu metozu lieto$ana tehnologiju, krit€riju, ricibas virzienu
un pasakumu izvélei atkritumu apsaimniekoSanas sisteémas attistibai un optimizacijai pareja uz
aprites ekonomikas modeli savstarpgji saistitu aspektu ietvaros: nozares politiskais un
tiesiskais regul&jums, ekonomiskie instrumenti, sociala ieklauSana un ietekmes uz vidi un
klimata parmainam, sociala dimensija.

Darba jaunievedums ir vairaku akadémisko pétniecibas metozu izmantoSana vienkopus
efektivai atkritumu apsaimniekoSanas sist€mas attisttbai un rekomendacijas aprites
ekonomikas TstenoSanai Latvijas tautsaimniecibas nozarés mikro, mezo un makro Iiment.

Darba novitati nosaka tas, ka Latvija triikst vienotas pieejas izvélu izvertéSanai un tam, vai
un ka izmantot zinatniskas petniecibas metodes dazadu finanSu avotu piesaistei un
izmanto$anai atkritumu apsaimniekoSanas sist€mas attistiba, izv€loties un ievieSot parstrades
un regeneracijas tehnologijas un metodes un pienemot 1émumus par pasakumiem parejai uz
aprites ekonomiku. Jaatzimg, ka ne Latvija, ne arT Eiropa nav veikti p&tfjumi un novert&jumi
par zalo uzpémégjdarbibu, zalajam darbavietam, to attistibu motivEjoSiem aspektiem un
pieejam un to vecino$am sabiedribas iniciativam atkritumu apsaimniekoSanas joma, lai
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samazinatu resursu patérinu, radito atkritumu apjomu un palielinatu otrreiz&jo izejvielu
izmantos$anu tautsaimnieciba.

Jauna pieeja ir ari zalas uznémeéjdarbibas, zalo darbavietu, to attistibu motivéjoso aspektu
un to vecino$o sabiedribas iniciativu noveértéjums atkritumu apsaimniekosanas joma Latvija,
lai samazinatu resursu patérinu, radito atkritumu apjomu un palielinatu otrreizgjo izejvielu
izmantos$anu tautsaimnieciba, izmantojot zinatniskas p&tniecibas metodes.

HIPOTEZE

Pétijumam izvirzita hipotéze ietver pienémumu, ka, lai panaktu, ka Latvija ilgtermina
kliist par resursu efektivu valsti, kura Tsteno aprites ekonomikas modeli un nulles atkritumu
strat€giju (radito atkritumu apjoms samazinas un poligonos apglabajamo atkritumu apjoms
tuvojas nullei), ilgtsp&jigaku (ietver ekonomisko, socialo un vides aspektus) rezultatu var
sasniegt, lémumu izstrades un pienemsanas procesa izmantojot zinatniskas petniecibas
metodes. Katrai atkritumu pliismai vai parstrades veidam pielietojamas vairakas pétniecibas
metodes, ieverojot datu un metozu atkalizmantojamibu, kas veido kompleksu pieeju un lauj
izdarit pardomatas un ilgtspgjigakas izvéles un pienemt l€émumus par izmantojamam
atkritumu parstrades un regeneracijas tehnologijam, stenojamiem pasakumiem parejai uz
aprites ekonomiku un finanSu avotiem, jo ne visus aspektus iesp&ams izvertét ar vienu
metodi. Sada pieeja tautsaimniecibas procesos biitu piemérojama gan nacionala limeni, gan
arT uznémumu ltment.

PETIJUMA STRUKTURA

Promocijas darba pamata ir desmit zinatnisko publikaciju kopa, un uzmaniba akcentéta uz
atsevisku atkritumu plismu apsaimniekoSanas metozu izveles un lémumu pienemsanas
izvérteéSanu. Darbs izstradats uz publikaciju pamata, tapéc atsauces uz tam netiek atseviski
liktas.

Promocijas darba gaita: (I) veikts parejas uz aprites ekonomiku makroekonomisks
novertejums; (II) veikta savstarpgji saistito politikas un atkritumu savaksanas, parstrades un
regeneracijas inZeniertehnisko risinajumu analize tadam atkritumu plismam ka izlietots
papirs; (III) veikta multikrit€riju analize atkritumu izmantoSanai energijas ieguvei; (IV) veikts
zalo darba vietu lomas izvértgjums atkritumu apsaimniekosanas sistémas ietvaros pareja uz
aprites ekonomiku (IV). Jautdjumam nepiecieSama vairaku dimensiju un metodologiju pieeja.
Promocijas darba ietvaros tika izmantotas daudzkritériju analize, TOPSIS analizes metode,
statistikas datu vakSana un turpmaka analize, salidzinos$a analize un izmaksu un ieguvumu
analize, intervijas un ietekmju modeléSana. Darba vértéta ilgtspgjigas atkritumu
apsaimniekoS$anas posmi, uzdevumi un darbibas, atkritumu ietekme uz vidi un klimata
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parmainam, socialie aspekti, atkritumu apsaimniekoSanas politika izmantojamie ekonomiskie
instrumenti un argjo faktoru ietekme (Covid-19 pandémija).

Vertejot aprites ekonomikas aspektus resursu efektiva izmanto$ana, atkritumu apjoma
samazinaSana un pardomata apsaimniekosana, atbilstoSi atkritumu apsaimniekoSanas
hierarhijai §3 darba gaita tika izmantotas dazadas metodes (6. att.; 1. tab.).

Adtkritumi uz
poligoniem
Administra- | >
= o 2020 2050 2100
tivais o
Juridiskais Petijumu metodes:

1. Statistiska analize

2. Daudzkritériju analize

3. Intervijas

4. NT ENMR001
informacijas ieguve u.c.

6. att. Dazadu pé&tniecibas metozu pielietoSana alternativu izvélei un lémumu pienemsanai.

1. tabula

Promocijas darba metozu un publikaciju parskats, veicot novertgjumus efektivako atkritumu
parstrades/regeneracijas tehnologiju/metozu alternativu un apsaimniekoSanas alternativu
izvelei dazadam atkritumu plismam lémumu pienemsanai

Izmantotaju Metode Pub- Publikacijas Sasaiste
Iimenis lika- nosaukums
cija

Globals un Statistikas datu 1 Towards efficient Priek$noteikumi parejai uz

nacionals apkopSana un waste management in | aprites ekonomiku, resursu
atkritumu Latvia: an empirical | efektiva izmantoSana un
sastava assessment of waste atkritumu apjoma
noteikSanas composition samazinasana.
metode NT
ENVIR 001
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1. tabulas turpinajums

Nacionals, nozaru | Daudzkriteriju Paper Waste 1. Parstrade un regeneracija.
analize Recycling. Circular 2. Resursu paterins un
Economy Aspects ilgtermina ieguvumi.
Nacionals, nozaru | TOPSIS Circular Economy 1. Parstrade un regeneracija.
daudzkriteriju analysis. Ranking of | 2. Resursu pat&rin$ un
analize energy resources from ilgtermina ieguvumi.
waste
Nacionals, nozaru | Statistikas datu Analysis and 1. Atkartota lietoSana.
vakSana un Economic Evaluation | 2. Atkritumu parstrade un
analize, of Deposit Refund regeneracija.
saltdzinosa System
analize un
izmaksu un
ieguvumu
analize
Uznémgjdarbiba, | Kritiska analize, The goals of waste 1. Priek$noteikumi parejai uz
individualais gadijumu Framework Directive aprites ekonomiku
limenis izpéte, sintéze as mechanism atkritumu apjoma
un salidzinosa securing transition to samazinasana.
analize Circular Economy 2. Resursu patérins un
ilgtermina ieguvumi.
Nacionals ModeléSana Sustainable National | 1. 1lgtspgjiga attistiba.
Policy Planning with | 2. PriekSnoteikumi parejai uz
Conflicting Goals aprites ekonomiku
atkritumu apjoma
samazinasana.
Nacionals, Sekundara datu Challenges of textile 1. Parstrade un parveide.
uznéméjdarbiba, | analize, industry in the 2. Resursu pat€rins un
individualais strukturétas framework of Circular ilgtermina ieguvumi.
Itmenis intervijas, Economy: case from 3. Socialie aspekti.
kritiska datu Latvia
analize,
salidzinosa
analize
Globals, TOPSIS Role of Green Jobs in | 1. llgtspgjiga attistiba.
nacionals, daudzkriteriju the Reduction of 2. Priek$noteikumi parejai uz
nozaru, analize Waste and Waste aprites ekonomiku
uznémejdarbiba Management atkritumu apjoma
samazinasana.
3. Socialie aspekti.
Globals un Sekundara datu Influence of COVID- | 1. Resursu pat€rins un
nacionals analize, 19 on waste ilgtermina ieguvumi.
Ietekmju management and 2. Socialie aspekti.
model&sana Circular Economy
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1. tabulas turpinajums

Globals un Kritiska analize, | 10 | Aligment of Circular | 1. Resursu paterins un
nacionals gadijumu Economy Business ilgtermina ieguvumi.
izpéte, un models for framing 2. Priek$noteikumi parejai uz
aprites national sustainable aprites ekonomiku
ekonomikas economic atkritumu apjoma
ricibas plana development samazinasana.
izstrades
matricas izveide

Svarigi bija noskaidrot, vai dazadu izp€tes un analizes metozu lietoSana un
kombin&sana ar mérki noteikt labako/efektivako atkritumu parstrades/regeneracijas
alternativu izvélei dazadam atkritumu plismam ir piem&rojamas un palidz pienemt lémumus
talakai tehnologiju un darbibu izvélei un [émumu pienemsanai.

Pétniecibas datu radiSana un parvaldiba izmanto FAIR datu vadlinijas iesaistitajam
pusém, kas nozimg, ka dati ir atrodami, pieejami, savietojami un atkalizmantojami (findable,
accessible, interoperable, reusable). FAIR pieeja (7. att.) attiecinama ne tikai uz datu
radiSanu un izmantoSanu, bet ari uz pétniecibas metodém, pasi uzsverot datu un metozu
atkalizmantojamibu. ST pieeja tika izmantota p&tniecibas darba veik3ana.

@ -

7. att. FAIR dati un pieeja.
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Zinatniskas publikacijas
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PROMOCIJAS DARBA PRAKTISKA NOZIME

Promocijas darba izstradé izmantotas metodes parada, ka, lai izvélétos tehnologijas vai

pienemtu lémumus atkritumu apsaimniekoSanas un aprites ekonomikas joma, nepiecieSams

izmantot pétniecibas metodes un tas ir jakombing, jo ne visus aspektus iesp&jams izvertét ar

vienu metodi. Pé&tniecibas metozu izmantoSana atkritumu apsaimniekoSanas un aprites

ekonomikas joma padaris izvéles un [émumus pardomatus un pamatotus. To izmantoSana
palidzes:

1) uznémgjiem, izvéloties tehnologijas atkritumu apsaimnieko$ana;
2) planotdjiem un politikas veidotajiem veikt esoSas aprites ekonomikas stratégijas
efektivitates novert&jumu, izvertet tautsaimniecibas nozares, lai izstradatu Istermina un
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ilgtermina ricibas planus, nodrosinatu praktiskus risindjumus un veidotu pieeju, lai
varétu maksimali efektivi reagét uz krizes situacijam un veidot krizes situaciju
stratégijas;

3) finanSu devgjiem, lai izvertétu pieteikto un atbalstamo projektu atbilstibu virzibai uz

aprites ekonomikas modeli un prioritates.

Pétniecibas datu radisana un parvaldiba svarigi ir izmantot vadlinijas iesaistitajam pusém,
kas defingtas, lai veicinatu maksimalu p&tniecibas datu izmantosanu, respektivi, FAIR dati ir
atrodami, pieejami, savietojami un atkalizmantojami. FAIR pieeja attiecinama ne tikai uz datu
radiSanu un izmantoS$anu, bet arT uz pé&tniecibas metodém, Tpasi uzsverot datu un metozu
atkalizmantojamibu. Darba izstradé izmantotas metodes ne tikai izmantojamas citu atkritumu
plismu apsaimnicko$anas metozu un tehnologiju izvélei, pasakumu izvélei un politikas
veidoSanai atkritumu apsaimniekoSanas un aprites ekonomikas joma, bet tas nepiecieSams
izmantot, lai Tstenotu jégpilnus pasakumus, kas balstiti salidzinamos raditajos, indikatorus un
datu, metozu un pasakumu pecteciba.
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1. LITERATURAS APSKATS - ATKRITUMU APSAIMNIEKOSANAS
SISTEMA UN PAREJA UZ APRITES EKONOMIKAS MODELI

Aprites ekonomikas pieeja balstas uz razoSanas, patérina sadales, atkartotas izmantosanas,
parstrades sistému lai ietaupitu produktu izmaksas un samazinatu atkritumu rasanos, lai
samazinatu slogu par vidi, izmantojot 3R (Reduce-Reuse-Recycle) koncepciju [2,12, 13,14].
Aprites ekonomikas teorija izmanto dazadus modelus, kurus var izmantot atbilstosi to
funkcionalajam merkim. NepiecieSamiba izstradat vadlinijas valsts modelim parejai uz aprites
ekonomiku ir cie§i saistita ar pareju no linearas ekonomikas specifiku un stratégiju ar
atbilstosiem finansiali stimuljosiem pasakumiem, lai nodroSinatu vides prasibu izpildi un
vides kvalitates nodro$inasanu visas razo$anas jomas. Pollins u.c. [15] pétijis nosacijumus
sadai parejai no linearas uz aprites ekonomiku, ko var attistit un istenot zalas atveseloSanas
paketes ietvaros.

Dabiskas ekosistémas attistiba resursu racionala patérina, parstrades un atkartotas
izmantoSanas zina ir identificetas un analiz8tas ka jauni biznesa modeli [16, 17, 18, 19].
Pareja uz aprites ekonomiku nav iesp&jama bez valsts, regionalo un pa$valdibu iestazu
atbalsta, ko var Tstenot, izmantojot nozaru politikas, lai finans€tu atkritumu samazinasanu un
parstradi [20]. Iespgjama dabas resursu patérina efektivitates paaugstinasana lidz ar
ekonomikas tehnologisko modernizaciju, pareja uz augstakam tehnologiskam strukttiram un
aprites ekonomikas tiesiska reguléjuma pilnveidoSana [21]. Aprites ekonomika ir jauna
pétniecibas joma, lidz $im galvena uzmaniba tika pieversta materialiem un uznémumu aprites
aspektiem [22, 23, 24], tika pétita pareja uz aprites ekonomiku ar mérki samazinat kopgjo
tautsaimniecibas antropogéno slodzi uz vidi. ST pieeja nem véra saiknes starp nozarém/vértibu
kedem.

Saskana ar Scarpellini u.c. [25], tiek ietekm@tas ar aprites ekonomiku saistitas darbibas, ko
ieviesusi analizétie uzn€mumi, kas ar7 uzlabo uzn€mumu vides un finansialos raditajus aprites
ekonomikas sisteémas ietvaros. P&tnieki parada ieintereséto puSu starpnieka lomu aprites
ekonomikas ievie$ana uznémumos, kas ir maz izpétits. Aprites ekonomikas pétijumi kopuma
koncentrgjas uz razoSanas aspektiem, pievérSot mazaku uzmanibu patérétaju uzvedibai un
pieprasijumam [26]. Ir konstatéts, ka ilgtsp&jigi uznémeéjdarbibas modeli sp&j nodrosinat un
uzturét vides, sabiedribas, un ekonomisko vértibu [27, 28, 29, 30, 31]. Atsevisku pétijjumu
ietvaros [13] ir izstradati modeli, kas balstiti uz uznémgjdarbibas vides kvalitati noteicosajiem
faktoriem un uz apstiprinosu faktoru analizi un strukturalo vienadojumu modelésanu, kas
parada c€lonsakaribas starp uznéméjdarbibas vides kvalitati un to noteicoSajiem faktoriem
MVU. Bitiskakie uzneémgjdarbibas vides kvalitati noteicosie faktori ir makroekonomiska
vide, monetara politika, procentu likmes un tiesiska vide. P&tijjumu rezultati liecina par
nepieciesamibu samazinat valsts birokratiju [13, 14, 15, 18, 19, 20, 21].

Aprites ekonomikas sisttmam, metodologijam un instrumentiem ir janostiprina tas sociala
dimensija. Lai $1 paradigmas maina veicinatu ilgtsp€jigu attistibu, ir vajadziga atbilstosa
institucionala kartiba un stratégiska vadiba. Ir nepiecieSami turpmaki pétijumi, lai labak
izprastu principus, kas var virzit jegpilnus eksperimentus aprites ekonomikas modeli.
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1.1. Atsevisku atkritumu plismu parstrades un regeneracijas metodes

P&dgjo 40 gadu laika papira paterins pasaul@ ir pieaudzis par 400 %, kas izraisa mezu
izcirSanu, 35 % no nocirstajiem kokiem tiek izmantoti, lai razotu papiru. Papira riipnieciba ir
nozimigs pasaules ekonomikas veicinatajs, tomér pétijumi liecina, ka papira riipnieciba
piedava nelielu pelpas normu un prasa lielus sakotngjos ieguldijumus. Pasreizgja
ekonomiskaja situacija konkurence, lai apmierinatu klientu prasibas, ir viens no faktoriem,
kas ietekmé pelpas normu. Ja uzpémums razo produktu, l€mumu pienemsanu par cenu
noteikSanu veicina dazadi faktori, pieméram, iekartu, darbaspéka, izejvielu un transporta
sakotngjas izmaksas. Cenu noteikSana ir visizplatitaka probléma, ar ko saskaras visas nozares.
Turklat papira ripnieciba ir pastavigs spiediens samazinat kaitigas emisijas gaisa un tdeni.
Tapéc papira razoSanas nozare nodarbojas ne tikai ar izmaksu prognozeSanu, bet ari ar
razosanas efektivitati un ietekmi uz vidi razoSana izmantoto izejvielu un procesu del. [32]

Papira klasts tirgl svarstas no miksta papira rakstiSanai un printé€Sanai lidz cietam
papiram precu uzglabasanai un iepakosanai. Kartons galvenokart tiek razots no makulatiiras.
Tam ir augsta izturiba un, tas ir izturigs pret sadaliSanos, tadejadi tas ir augsti novertéts
iepakojuma nozaré. Kartona kastites ir galvenais resursu avots iepakoSanas biznesa. Eiropa
vien pieprasijums péc kartona iepakojumiem kops§ 2007. gada ir aptuveni 46 miljoni tonnu
gada, pasaulé tika patéréts 228 miljoni tonnu parstradata papira. Kartona parstrade ir
ekonomiski un ekologiski ilgtspgjiga, jo lielu daudzumu papira var razot, izmantojot mazaku
energijas un izejvielu daudzumu. Kartonu razo tie$i tapat ka mikstu papiru. Vispirms
atkritumu produkti tiek izjaukti to atseviskas sastavdalas un materialos, izmantojot raZzoSanas
procediiru secibu. Tadejadi iegiitas funkcionalas sastavdalas un materialus pirms atkartotas
izmanto$anas razoSanas Iinija mazga un specifiski sagatavo. Procesa beigas apvienojot
atjaunotas detalas un materialus un aizstajot nefunkciongjosas sastavdalas ar lidzigam jaunam,
tiek izgatavots jauns produkts.

Pasaulé vidgji tiek parstradati 58 % papira atkritumu. Dazas attistitakajas valstis
makulatiiras parstrade ir pat palielingjusies 1idz 70-75 % no kop&ja makulatiiras daudzuma.
Uzlabojot atkritumu parstrades infrastruktiiru, §Ts attistitas valstis varétu sasniegt lielaku
papira parstrades procentualo daudzumu valsti, tadgjadi palielinot ar vid€jo papira parstrades
procentualo daudzumu pasaulé [33]. Eiropa ir augstakais papira parstrades limenis pasaulg,
Ziemelamerika ir otraja vietd, savukart Azija, Latinamerika un Afrika ir viszemakie parstrades
raditaji pasaulé. Eiropa visvairak p&c parstrades apjoma tiek parstradats papirs, tam seko
metals un stikls, bet tre$aja un ceturtaja vieta ir aluminijs [34]. Eiropa jau 2017. gada tika
parstradati 72,3 % no kopgjiem papira atkritumiem Eiropa. Tomér meérka sasniegSanas
griitibas rada augstais pieprasijums péc papira iepakojuma, ka arT pieaugosais pieprasijums
pec iepakojumiem ar vairakiem savienojumu slaniem (kompozitmateriali), pieméram,
dzérienu iepakojumiem, kas satur papiru, plastmasu un aluminiju. Janem véra arf tas, ka ir
papira atkritumi, kurus nevar parstradat, pieméram, kafijas filtri. Nemot v&ra Sos
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neparstradajamos atkritumus, teorétiski tiek I€sts, ka maksimalais parstrades procents ir 78 %,
nevis 100 %. Tapec, jo liclaks pieprasijums p&c sarezgitaka iepakojuma, jo lielaka uzmaniba
japievers atkritumu $kirosanai [35, 36].

Eiropas deklaracija par papira SkiroSanu turpinas ieviest pasakumus, lai optimiz&tu
darbibas no papira razo$anas sakuma lidz ta izmantoSanai, savakSanai un parstradei, lai
nodro$inatu papira otrreiz€ju parstradi un produktivaku ta razoSanas ciklu. Prioritate ir
atkritumu rasanas nover$ana, ka arT papira un kartona razoSanas procesa ietekme uz vidi, ar
$o produktu savakSana un parstrade. Protams, izn€muma gadijumos, kad parstrade nav
iesp&jama, var apsvért citas atkritumu hierarhijas iespgjas. Sada veida pasakumi nodrosina, ka
tiek samazinats papira atkritumu daudzums, kas parasti tiek apglabats poligona.

Ipasa uzmaniba tiek pievérsta arl papira izstradajumu parstradajamibas uzlaboSanai un
attieciga gadijuma to pielietojamibai. Apvienojot Sos divus mérkus un centienus uzlabot
papira kvalitati otrreiz&jai parstradei, var arT palielinat papira skiroSanas nozimi un padarit jau
lietotu papiru par galveno papira riipniecibas izejvielu. Sadalot parstradajamos papira
atkritumus p&c to ipasibam un salidzinot tos ar vélama galaprodukta ipasibam, biitu iesp&jams
efektivak parstradat papira atkritumus. Jaapsver arl virziens uz augstu parstrades Itmeni,
vienlaikus ievérojot vides tiesibu aktus. Parstrades sistémas ievieSanas gritibas rada gan
neparstradajami atkritumi, gan sarezgits, bet uz papira bazes izgatavots iepakojums. Ir ari
papira izstradajumi, kas tiek savakti pec parstrades, bet atkartoti izmantoti arpus parstrades
cikla [37].

Atkritumu raSanas novérSana ir visaugstakais punkts atkritumu apsaimniekoSanas
hierarhija. Atkritumu novérSana vai samazinasana ir ar vismazakajam vides un ekonomiska
dzives cikla izmaksam, jo ta neprasa ne savakSanu, ne materialu parstradi. Atkritumu
atkartota izmanto$ana ir nakamais vélamakais atkritumu apsaimniekoSanas veids. Atkritumu
regeneracija talak tiek sadalita kategorijas: materialu regeneracija un energijas ieguve.
PriekSroka visbiezak tiek dota materidlu regeneracijai, kura ietver tadas aktivitates
ka otrreizju parstradi un kompostéSanu. Zemaka prioritate parasti tiek dota energijas
iegliSanai. Atkritumu sadedzina$ana ar energijas ieguvi un lietderigu izmantoSanu ir
pielaujama gadijumos, ja konkrétos atkritumus nav iesp&ams parstradat ekonomisku vai
tehnisku iemeslu del, bet vienlaikus tiem ir augsta kaloritate. Apglabasana vienmér ir pedgeja
iespgja, kas tiek apsvérta tikai tad, kad visas citas iespgjas ir izsmeltas.

Taja pasa laika, energijas, kuru ieglist atbilstosi sagatavojot atkritumus, izmantoSana
nodrosina daudzus ieguvumus, tostarp samazina siltumnicefekta gazu emisijas, dazado
energoapgadi un mazina atkaribu no fosila kurinama tirgiem (jo 1pasi no naftas un no gazes
tirgiem). Saskana ar Starptautiskas Energétikas agentliras prognozém, iedzivotaju skaitam
pasaulé pieaugot 1idz 9 miljardiem 2040. gada, globalais energijas pieprasijums augs par 25
%. Atjaunojamo energoresursu nozares izaugsme var ari veicinat nodarbinatibu, radot jaunas
darbvietas jaunaja videi nekaitigu tehnologiju nozaré. Energija no atkritumiem [38, 39]
nodroSina viet§jo energoresursu izmantoSanu, samazina atkaribu no fosila kurinama
ieveSanas, veicina energoapgades dro$ibu, ietaupa miljoniem tonnu CO; un nodroSina
ilgtsp&jigu, vietgjo, zema oglekla, rentablu un uzticamu energiju.
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Lai atkritumus péc iesp&jas efektivak varétu izmantot parstradei un iegiita izejviela vai
produkts biitu p&c iesp&jas ar augstaku pievienoto vertibu, bitiski, ka atkritumi tiek savakti un
sagatavoti parstradei vai regeneracijai. Maksimali kvalitativak atkritumus var izmantot, ja tie
tiek vakti daliti. To var darit divejadi — izmantojot dalitas vaksSanas konteinerus vai ar
depozita sisteémas starpniecibu. Abos gadijumos tiek Tstenots razotaju atbildibas princips.
Veésturiski depozita sistémas piemérosana dze€rienu iepakojumam atseviskas valstis tika
aizsakta brivpratigi, jo razoSanas izmaksas par izejvielam jaunu iepakojumu razos$anai un
razoSanas izmaksas bija lielakas par izlietota iepakojuma savakSanas izmaksu un parstrades
izmaksu summu. Iepakojuma depozita sisteémas ietvaros dz€rienu iepakojumam (stikla
pudeles, PET pudeles, skardenes) tiek piemérota papildus depozita maksa, kuru patérétajs var
atglit atpakal (tada pasa apméra, kada ta tika iekaséta iegadajoties dzerienu), nododot izlietoto
iepakojumu tirdzniecibas vieta vai speciali tam paredz&ta pienemsanas punkta (pienemsana
var bit organiz€ta gan manuali, gan automatizéta forma). [40, 41, 42, 43, 44] Depozita
sisteéma tiek ieklauti tadi produkti ka Gidens, bezalkoholiskie dz&rieni un alkoholiskie dz&rieni
ar alkohola saturu 1idz 10 gradiem (alus, sidrs, kokteili un tml.). Higiénas aspekts tiek nemts
vera, veidojot depozita sisteémas dizainu, tap&c ieviesot depozita sistému uzmaniba ir japievers
izgatavoSanas materialam [45, 46]. Viens no risinagjumiem, ko piedava vairaki pétnieki savos
petijumos, ka sisteéma tiek ietverti visi iepakojuma materiali, paredzot izn€mumus attieciba uz
daziem produktiem, neatkarigi no iepakojuma, kuros to pardod. Tadejadi biitu iespgja
izvairities no neobjektivitates par labu kadam no materialam [41, 43, 45]. Iepakojumu iedala
divas kategorijas — vienreiz lietojamie iepakojumi un atkartoti lietojamie iepakojumi, kurus ir
iesp&jams lietot atkartoti vairakas reizes vienam un tam pasam meérkim. Atkritumu dalitas
vaksanas konteinerus, izmanto lai savaktu iepakojumu, kuru var parstradat. Sada veida nevac
iepakojumu, kuru paredzets izmantot atkaroti ta sakotn&jam mérkim. Lai gan plastmasas
atkartota izmantoSana var samazinat CO; emisiju, tomér tiek apgalvots, ka plastmasas
materialu atkartota izmanto$ana nav ekonomiski izdeviga, noradot, ka plastmasas savaksanas
un parstrades izmaksas ir parak augstas salidzinajuma ar sadedzinasanu [43, 47].

Eurostat dati liecina, ka Latvija 10-15% no kopgja radita sadzives atkritumu
(majsaimniecibas un tiem pielidzinamo) daudzuma veido iepakojums, kur$ netiek daliti vakts,
parstradats un nonak kopgja atkritumu plisma. IevieSot depozita sistemu, valstis veicina
pieaugosa vides piesarnojumu samazinajumu un FEiropas Savieniba pienemtas Eiropas
Parlamenta un Padomes Direktivas 94/62/EK par iepakojumu un izlietoto iepakojumu prasibu
ievéroSanu, nosakot valsts minimalos izlietota iepakojuma parstrades un regeneracijas
mérkus. Latvija depozita sistéma ieviesta 2022.gada 1.februarl. Pe&tfjuma mérkis bija
izanalizét depozita sistémas piemérosanu Latvija un analize tika veikta pirms sist€émas
darbibas uzsakSanas un sniedza ekonomisko novért€jumu. Latvijas kaiminvalstis Lietuva
(2016. g.) un Igaunija (2005. g.) sisteéma jau pastaveja. Aprekini, kas lauj pamatoti argument&t
depozita sisteémas ievieSanas nepiecieSamibu paraléli izveidotajai dalitas atkritumu savaksanas
sist€émai ir svarigi, lai noteiktu, kuru materialu iepakojumiem un kuru dz@rienu iepakojumiem
sistéma piemérojama, to uzsakot un ar ko sistéma pakapeniski papildinama. Nakamais solis
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bitu visu triju Baltijas valstu sisttmu apvienosSana, kas to varétu padarit efektivaku un
pieejamaku patérétajiem, kuri ir mobili un parvietojas.

1.2. Atkritumu apsaimniekoSanas sistemas attistiba - aprites
ekonomikas sastavdalas

Tekstilizstradajumi ir musu sabiedribas pamats, nodro§inot mus ar apgerbu, apaviem,
paklajiem, aizkariem, mébelém utt. majam, birojiem un sabiedriskam &kam.
Tekstilizstradajumi ir ceturta augstaka spiediena kategorija primaro izejvielu un tdens
izmantosana p&c partikas, majokla un transporta, un piekta kategorija SEG emisijam [48, 49].
Kopgjie tekstila atkritumi Latvija veido aptuveni 27 000 t, kas veido 3 - 5% no kopgjiem
valsti raditajiem sadzives atkritumiem jeb aptuveni 14,3 kg apgérbu uz vienu iedzivotaju [50].
Péc izmeSanas tikai 20% no apgérba atkritumiem tiek savakti atkartotai izmanto$anai un
parstradei globala limeni [51, 52]. Kops§ 1996. gada ES iegadato apgérbu apjoms uz vienu
cilvéku ir palielinajies par 40 % péc strauja cenu krituma, kas ir samazinajis apgérba
kalpoSanas laiku. Eiropiesi izmanto gandriz 26 kilogramus tekstilizstradajumu un katru gadu
izmet apméram 11 kilogramus no tiem. Lietotas drébes var izvest arpus ES, bet parsvara (87
%) tiek sadedzinatas vai apglabatas poligonda. Pasaulé mazak neka 1 % apgérbu tiek
parstradati ka apgerbs, dalgji nepietickamas tehnologijas dél [53].

Vertgjot tekstilizstradajumu uznémumu Tstenotas stratégijas aprites ekonomikas
virziena, tika identificéts, ka Sie uznémumi veic socialo uznémgéjdarbibu. Jasak ar to, ka 2013.
gada Labklajibas ministrija uzsaka darbu pie jaunas politikas iniciativas izstrades, lai
veicinatu socialas uzpéméjdarbibas tiesiska regul@juma izstradi un nelabvéligo personu
integraciju darba tirgh. Lai atbalstitu socialo uzpémumu attistibu, kops 2015. gada ir
iedarbinats finansiala atbalsta mehanisms. Dotacijas izstradatas dzivotspgjigu socialas
uznéméjdarbibas projektu TstenoSanai, sociala mérka sasnieganai. Sobrid ir iespgjams
pretend@t uz dotacijam no 5000 Iidz 200 000 EUR investicijam vai apgrozamajiem lidzekliem
(t.sk. atalgojuma izmaksam). Galvena prasiba ir, ka biznesa idejai jabut dzivotspgjigai, ar
batisku ilgtermina socialo ietekmi un/vai pozitivu ietekmi uz vidi. Lidz 2020. gada beigam
kopuma ir pieskirti 97 granti ar kopgjo finans&jumu 6,3 miljonu eiro apméra, no kuriem jau
1stenoti 37 biznesa projekti, kas veido 2,3 miljonus eiro [53].

Socialais uznémums ir sabiedriba ar ierobezotu atbildibu, kurai noteikta kartiba ir
pieskirts sociala uzn@émuma statuss un kura veic saimniecisku darbibu, kas rada pozitivu
socialo ietekmi (pieméram, socidlo pakalpojumu sniegSana, sociala uznémuma veidoSana),
taja skaita ar pozitivu ietekmi uz vidi. Attistitajas valstis arvien lielaks uzsvars tiek likts uz
sociali un videi draudzigu uzne@méjdarbibu, kamér pasaulé joprojam dominé bizness, kur
darbibas rezultats ir finansu resursu pieaugums vides degradacijas dél. Vienlaikus uzlabojas
situacija ar vides aizsardzibas darbibas finans€Sanu. Ir pieradits, ka janem vera negativas
argjas ietekmes, kuras sava modeli aprakstija Pigh, Leontjevs-Fords un citi. Atkritumu
samazinaSanas un negativas ietekmes uz vidi samazinaSanas nepiecieSamiba ka mérka
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funkcija ir pamatota. So problému icrosinats risinat sistematiski un nemt véra ietekmes uz
ekosistému negativo seku uzkrasanas ietekmi [54].

Biznesa vertibu novérté$ana un slégta cikla pieeja pirmais solis ir iegade. Tas nozimg,
ka ir jaizstrada savakSanas sistéma, lai savaktu noteiktus apjomus pareizas kvalitates
materialus vai izstradajumus par konkurétsp&jigu cenu. Otrais solis ir atkartota apstrade. Saja
posma par konkurgtsp&jigu cenu ir janotiek izmantoto produktu vai materialu atjaunoSanai,
atkartotai razoSanai vai parstradei. TreSais solis ir atkartots marketings. Visbeidzot, ir
janosaka tirgi, kas biitu gatavi iegadaties parstradatos produktus vai materialus. Seit arkartigi
svarigi ir saprast, ka gadijuma, ja kada no §Tm darbibam neizdodas, slégta cilpa tur vairs nav.
Aprites ekonomika izcel vertibu radiSanas nozimi visam ieinteresétajam personam, un tam ir
loti svariga perspektiva. Pamatojoties uz vertibas parbaudi, iesaistitas puses var izstradat
modeli kopgjas vertibas radisanas optimizacijai [55, 56, 57]. Veicot plasu literatiiras izpéti, ir
apkopotas biznesa vértibas, kuras var iegiit, istenojot slégta cikla principu (1.1. tab.).

1.1. tabula.
Aprites ekonomikas uznéméjdarbibas vertibu novertejums.
Vertibas veids Apraksts
Ieguves vertiba Tiess izmaksu samazinajums un ietaupijumi, ko var radit slégta cikla

uznémgéjdarbibas prakse.

Vides vertiba Ieguvumi, ko sniedz uzlabotas ekologiskas pedas, t.i., atbilstibas
vienkar$iba un uzlabots zalais att€ls.

Patérina veértiba Paaugstinata klientu lojalitate, labaka klientu apmierinatiba un izcila
zimola aizsardziba.

Informativa vértiba | Cikla noslégsana rada veértigus datus par razoSanas un piegades
problémam, atteikumu biezumu, produkta lietderigas kalposanas laiku

un lieto$anas paradumiem.

2020. gads ierakstits vésturé ka lizuma punkts daudzos aspektos. Atkritumu
apsaimniekosana un aprites ekonomika nav izn€mums. Koronavirusa slimibas (Covid-19)
uzliesmojums 2019. gada beigas bija daudz vairak neka globala veselibas krize. Tas ietekmé
misu sabiedribu un ekonomiku v&l joprojam, un tam ir bijusi liela ietekme uz musu ikdienas
dzivi. Covid-19 pandémija ir izkroplojusi pasaules darbibas pienémumus, atklajot domingjosa
ekonomikas modela absoliito noturibas trikumu, lai reagétu uz neplanotiem satricindgjumiem
un krizém [59]. Tas ir atklajis sarezgito globalo piegades un razoSanas k&zu tiklu parméerigas
centralizacijas vajumu un globalo ekonomiku trauslumu, vienlaikus izcelot vajas saiknes starp
nozarém [60, 61]. Lai gan pasaule ir pieredz&jusi Covid-19 izraisito valsts méroga blokeSanas
pozitivo ietekmi uz vidi, pieméram, tirakas upes un skaidrakas debesis [62], tas neattiecas uz
atkritumu apsaimniekoSanu. Pandémija ir mainijusi atkritumu raSanas dinamiku, radot
pardomas un izaicinagjumus politikas veidotaju vidi un darbinieku vidd, kas iesaistiti
medicinisko pakalpojumu sniegSanas joma [63]. Ka uzsver Politikas macibu platforma
(2020.), dazos gadijumos ir radits vairak atkritumu neka ieprieks. Tas skaidrojams ar to, ka
daudziem cilvékiem bija vairak laika, ko vini pavadija fiziski savas dzives vietas, un vini
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iztlrija savas majas, pagrabus un béninus no visa lieka. Vacija tas izraisfja garas rindas pie
atkritumu SkiroSanas un apsaimniekoSanas centriem, kas pienem lielgabarita atkritumus un
elektrisko un elektronisko iekartu atkritumus. Belgija bija slégti lietoto tekstilizstradajumu
savaksanas konteineri, un cilvékiem bija jaglaba lietotas drébes majas. Un visur Eiropa
picauga nelegala atkritumu izgaSana, un ielas un sadzives atkritumu tvertn€s nonaca pilnigi
jauna atkritumu plisma: individualie aizsardzibas Iidzekli (IAL).

Pasaules ekonomika ir atkariga no savstarpgji saistitam piegades k&dém, kuras uztur
vairak neka 100 miljardi tonnu izejvielu, kas katru gadu nonak saimnieciskaja sistéma. Tas ir
bijis neilgtspgjigi gadu desmitiem, un tikai dazu meneSu laika kop$S koronavirusa
uzliesmojuma sakuma kluva skaidrs, ka tas ir bistami trausls. Viens no visaptvero$akajiem
risindgjumiem noturibas uzlabosanai ir aprites ekonomika [64]. Saskana ar UNEP (2020.)
Covid-19 izraisijis lielaku ar majsaimniecibu un personigo veselibu saistitu produktu razosanu
un patérinu, kas parsvara ir vienreiz lietojami un satur vertigus resursus, pieméram,
plastmasu, tekstilizstradajumus, metalus, elektroniku. Covid-19 pand@mijas rezultata raditie
atkritumi tapat ka citi atkritumi ir jasavac un atbilstosi jaapstrada, lai izvairitos no vides
piesarnosanas un piegruzoSanas vai nekontrolétas sadedzinaSanas, kas var ietekmét cilvéku
veselibu, ekosistémas kvalitati, biologisko daudzveidibu, tostarp rada ietekmi uz augsni,
gaisu, iekSzemes udeniem, piekrastes Imijam un jiru sisteémas. Atbilstosa atkritumu
apsaimniekoSana ir viens no svarigakajiem aspektiem, lai noverstu slimibu izplatiSanos. Ir
svarigi uzsvert, ka atkritumu apsaimniekos$anas pakalpojumu nepartrauktiba attiecas ne tikai
uz sadzives atkritumiem, bet arT uz bistamiem razoSanas un veselibas apriipes atkritumiem
[65]. Katrs cilveks ES vidgji gada sarazo gandriz pustonnu sadzives atkritumu, kas nozimé, ka
katru ned@lu viend majsaimnieciba rodas vairak neka 20 kg sadzives atkritumu. Kopgjais
atkritumu daudzums ES gada ir 5 tonnas uz vienu iedzivotaju. Atkritumu apsaimniekoSanas
neatbilstosas apsaimniekoSanas noverSana, tostarp atkritumu dalita savaksana un parstrade,
regeneracija ir loti svariga miisu iedzivotdju veselibai un dro$ibai, videi un ekonomikai.

Pasaules Veselibas organizacija 2020.gada 11.marta pasludingja Covid-19
pandémiju, kas izraisija nopietnus traucgumus un sasprindzindgjumu globalajas piegades
kédeés un finansu tirgus nesakartotibu, ka rezultata notika parrobezu ekonomiska katastrofa.
Blok&Sana un robezu slégSana sagrava miisdienu pasaules ekonomikas pamatpilarus, un So
pasakumu raditais ekonomiskais satricindjums joprojam ir smagi jiitams visa pasaulé [66, 67,
68].

Ka norada [69], visas G20 valstis ir ieviesusas mobilitates ierobezojumus, piemeram,
“pasizolaciju” un “socialo distancesanos”. Sie ierobezojumi ir samazinajusi virusa izplatibu,
tacu ar smagam ekonomiskam sekam. No piedavajuma puses tiek 18sts, ka aptuveni 81 % no
pasaules darbaspéka ir skarusi pilnigas vai dalgjas blok&sanas pasakumi, ka arT bezprecedenta
darbavietu zaud@Sana un atvalinajumi (SDO, 2020). No pieprasljuma puses patretaju
izdevumi ir samazin3jusies, jo vairs nebija iesp&jams celot, tostarp iepirkties péc izvéles visos
veikalos, apmekl@t restoranus vai nodarboties ar hobijiem [69, 70]. Paterétaju uzticiba kritas
(OECD, 2020), un darba vietu zaudéSana un atvalinajumi vienkar$i saasina izdevumu
samazinasanos, jo darbinieki zaud€ savus ienakumus.
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Izmainas nav saistitas ar valdibu l€émumiem attieciba uz klimata partraukSanas
politiku, un tap&c tas nevajadzetu nepareizi interpretét ka klimata triumfu. V&l svarigak ir tas,
ka dzive blokeSanas apstaklos neblis miziga, jo ekonomikai biis jaatjauno, un més varam
sagaidit atkal emisiju pieaugumu [60].

Pandémija, kam sekoja valstu blokésana, ir velreiz atklajusi visas pasaules atkaribu un
parmérigu palausanos no vienas valsts ka razoSanas centra. Daudzu precu deficits daudzas
valstis bija tik nopietns, ka aprites ekonomikas principu, pieméram, atkartotu izmantoSanu,
jau nevilus atkartoti rekomendgja tadas respektablas iestades ka ASV Slimibu kontroles un
profilakses centri [71]. Turklat, pamatojoties uz literatiiru, var secinat, ka Sis gads daudzas
valstis ir licis nopietni apsvért aprites ekonomikas ietvara nepiecieSamibu valstiska ITmeni.
Sada sistema vérsta uz:

1) otrreizgjas izmantoSanas, koplietoSanas ekonomikas veicinasana atseviskam precém,
pasi tadam, kuras nevar razot konkrétaja valstt;
2) zalas logistikas veicinasana;
3) atkritumu apsaimnieko$anas noteikumu izstrade saistiba ar vietgjo razoSanu, razo$anu
un parstradi;
4) jaunu biologiski noardamu produktu izstrade;
5) bioekonomikas un bioproduktu lietosanas veicinasana;
6) kopigas un aktivas mobilitates attistiba (t.sk. ritenbrauksanas, pastaigu infrastruktiira);
7) viedo pilsétu attistiba (t.sk. socialas distancéSanas aspekti, ja nepiecieSsams).
Gan Eiropas Savieniba, gan Dienvidkoreja ir pienemusas zalos darfjumus ka galvenos pilarus
ekonomikas atveseloSanai, gan izmantojot atjaunojo$os modelus, gan aprites ekonomikas
principus [64]. Planojot iespg&jamas atbalsta aktivitates uznéméjiem, Latvija balstfjas arT uz
Zalo kursu un Ilgtsp&jigas Eiropas investiciju planu. 2020.gada 4.septembrT Latvija valdiba
apstiprindja Ricibas planu parejai uz aprites ekonomiku 2020.-2027. gadam [72].

Gan valstiskas, gan nevalstiskas organizacijas arvien vairak veicina uznémumu pareju
uz aprites ekonomikas saimniekoSanu. ES ricibas plana mérki ir nostiprinati atkritumu
pakotnes direktivas, ar mérki attistit aprites ekonomiku, veidojot dazadas platformas,
piedavajot tam ari Kohézijas fonda finansgjums [73, 74]. Stratégiju galvenais iznakums ir
ieviest paradigmu no lineara uz aprites ekonomikas modeli. Sada veida maina ir sarezgits
uzdevums, kas prasa bitiskas izmainas ieradumos un praksé daudzas sabiedribas jomas [75].
Tas liek secinat, ka katra stratégija sp&j definét dazadus mérkus saistiba ar visparéjo mérki. Ir
loti svarigi, lai ieinteres€tajam pusém tiktu nodro$inata iesp&ja sazinaties un dalities pieredzi
un paraugpraksi, izmantojot Eiropas aprites ekonomikas ieintereséto personu platformu. So
platformu 2017. gada izveidoja Eiropas Komisija un Eiropas Ekonomikas un socialo lietu
komiteja ar mérki veicinat aprites ekonomiku gan teritorijas, gan nozarés, gan kopienas,
pulcgjot ekspertus un sniedzot iespgjas dalities zinaSanas un veicinat dialogu [76]. Jaunakie
Eiropas Komisijas zinojumi liecina, ka 2019. gada jau bija vairak neka 30 aprites ekonomikas
stratégijas gan valsts, gan/vai regionala Iimeni. Stratégijas galvena pieeja ir veicinat
paradigmas mainu, virzoties no linearas uz aprites ekonomikas modeli. Sada veida maina ir
sarezgits merkis, kas prasa butiskas izmainas pat€rétaju uzvediba un ieradumi daudzas
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sabiedribas apakssistémas. Parejai uz aprites ekonomiku ir vajadzigas sistémiskas parmainas
un holistiska, integréta pieeja, kura nemtas vera saites nozar@s un starp tam, vertibu k&des un
starp tam, ka arT starp pilsonisko sabiedribu un nozares ieinteresétajam personam [77]. Ir
svarigi saprast, ka uzn€mums aprites ekonomiku var piemé@rot, veidojot noteiktu
uznémgjdarbibu modeli, vai parveidojot esosas uznéméjdarbibas elementus [78, 79, 80, 81]
(1.1. att.).

Parstrade
Atkartota razoSana |
Atkartota lietoSana
Remonts
N
_— . . Lietosanas
Apstradat Dizains Lietot | » (dzives) Apglabat
K/ 4 beigas
Atjaunojamas Industriala Dalisanas

izejvielas simbioze
1.1. attéls. Aprites ekonomikas ietekme uz linearajiem biznesa procesiem [81].

Normativo aktu izmainas daudzos gadijumos tiek uzskatitas par atslégu esosas aprites
potenciala atraSanai. Tiesiskas sistémas robezas var radit pozitivu ietekmi uz vertibu ke&dem
un veicinat sadarbibu starp dazadam tautsaimniecibas nozares, kuras, iesp&jams, ieprieks
nebiitu izvert&jusas So sadarbibas iesp&ju. Dazos gadijumos, tas ir saistits ar tehniskam
problémam, kas ietekmé materialu plismas dazadas nozargs, ipasi Seit ir butisks jautajums par
atkritumu juridisko definiciju, noteiktiem atkritumu apstrades pienakumiem un informacijas
plismu lémumu pienemsanas procesa (1.2. att.).
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Biznesa orientéts Iek3gjie biznesa
modelis procesi
Padreiz&jas S Otrreiz&jo
tehnologijas | - el | izejvielu tirgus
[N dati /
AN

— — " Ierobezojumi 4
Tespéjas noslegt | ™ N
- Tetekméjosie faktori
inasanu
trikums

1.2. att. Informacijas plisma 1émumu pienemsanas procesa.

Sada veida pieméri lielakoties prasa ricibas valsts vai Eiropas Savienibas [imeni. Diskusija
par aprites ekonomikas stratégiju tiesisku regul&jumu var attickties uz pamatojumu, nevis
tieSu normativo aktu prasibu inovaciju.

Aprites ekonomika ir svariga svira, lai sasniegtu galvenos politikas mérkus, pieméram,
ekonomikas izaugsmi, darba vietu radiSanu un ietekmes uz vidi samazinaSanu. Vairaki
pétijumi jau ir paradijusi, ka aprites ekonomika var sniegt ieguldijumu valsts, regionala un
starpvalstu Itment $adu merku sasniegSana ka veicinat ekonomikas izaugsmi, radit darbavietas
un samazinat ietekmi uz vidi [82]. Lietojot dazadas metodologijas, veikti pétijumi dazadas
nozaru jomas, Sie pétfjumi konsekventi demonstré aprites ekonomikas pozitivo ietekmi: IKP
pieaugums par 0,8 — 7%, darbavietu pieaugums par 0,2 — 3,0%, un oglekla emisiju
samazinasana par 8 — 70%.

1.3. Zalo darba vietu loma aprites ekonomikas modela ietvaros resursu
efektivakai izmantoSanai un atkritumu apjoma samazinaS$anai un
apsaimniekoSanai

Ilgtsp&jiga attistiba aptver sevi ekonomisko izaugsmi, socialo progresu un cienu pret
apkartgjo vidi. Tas ir butisks aprites ekonomikas aspekts, ar ko jareékinas, parejot no atkritumu
apsaimniekoSanas uz resursu apsaimniekoSanu un ilgtspgjiga patérina veicinasanu.
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Promocijas darba laika tika veértéts ari viens no ilgtsp&jigas attistibas un aprites
ekonomikas aspektiem — socialais aspekts un progress, kas balstits dazadu valstu pieredzg un
pétijumos, uzmanibu akcentgjot uz zalo uznémgejdarbibu, zalajam darbavietam, to attistibu
motivéjosiem aspektiem un pieejam, un to vecinosam sabiedribas iniciativam.

No 2012. lidz 2018. gadam ar aprites ekonomiku saistito darbvietu skaits ES picauga
par 5 % un sasniedza aptuveni 4 miljonus. Var prognozet, ka aprites ekonomikai uz darbvietu
radiSanu ir pozitiva ietekme, ar nosacijumu, ka stradajosie apgiist prasmes, ko prasa zala
parkartosanas. Ar aprites ekonomiku saistito darbvietu radiSana potencialu vél vairak atraisit
palidz savstarpgjie ieguvumi, ko nes atbalsts zalajai parejai un socialas ieklausanas
stiprinasana [83].

Izejvielu trikumam kliistot arvien izteiktakam, arkartigi svariga ir “zala” izaugsme, jo
tradicionala paterétaju sabiedriba, kur nevajadzigas lietas tiek izmestas atkritumos, nav
ilgtspgjiga. Otrreiz&ja izejvielu parstrade lauj ne tikai panakt produktu ilgaku
izmantoSanu ekonomika, bet arT veicina jaunu nozaru un darba vietu veidoSanos,
tadgjadi pozitivi ietekm@&jot tautsaimniecibu kopuma.

Zalas darbavietas (ZDV) saskana ar ANO Starptautiska darba organizacija definiciju
[84] ir darba vietas, kas veicina ilgtsp&jigas vides kvalitates saglabasanu vai atjaunosanu,
lauksaimnieciba, riipnieciba un biivnieciba, pakalpojumu nozaré vai parvalde. Zalas
darbavietas ir darba vietas, kas veicina vides saglabasanu vai atjaunoSanu, neatkarigi no ta,
vai tas notiek tradicionalajas nozargs, pieméram, razo$ana un biuivnieciba, vai jaunas, toposas
zalas nozar€s, pieméram, atjaunojama energija un energoefektivitate. Ir plasi atzits, ka
veiksmiga pareja uz videi draudzigu, resursu un energoefektivu ekonomiku parveidos darba
tirgus [83, 84, 85, 86, 87, 88, 89].

ZDV mazina uznémumu un ekonomikas nozaru ietekmi uz vidi, lai sasniegtu
ilgtsp&jigu Iimeni, un palidz samazinat energijas, izejvielu un tGdens patérinu, palidz sekmét
oglekla mazietilpigas ekonomikas attistibu un samazinat siltumnicefekta gazu emisijas. ZDV
nav tikai darba vietas kada no jaunajam nozarém vai zalas uznémeéjdarbibas uznémumos, bet
gan visas darbvietas, kuras raditas visas nozar€s, mazinot razo$anas procesu un produktu
ietekmi uz vidi. ZDV ir ar darba veicgji, kuri strada, ievérojot videi draudzigos standartus, ka
ar1 veicinot to ievérosanu [84].

Zalas darbvietas palidz uzlabot energijas un izejvielu efektivitati, ierobezot
siltumnicefekta gazu emisijas, samazinat atkritumu apjomu ka tadu un poligonos apglabajamo
atkritumu apjomu, samazinat piesarnojuma emisijas vidé un aizsargat un atjaunot
ekosistémas. Uznémumu Itment zalas darbvietas var radit, razojot preces vai sniedzot
pakalpojumus, kas sniedz labumu videi, pieméram, buvgjot eko-efektivas €kas, izmantojot
mazizmesSu transportu, raZojot preces un energiju no otrreiz&jam izejvielam [89, 90, 91, 92].
Zalas darba vietas var atskirt pec to ieguldijuma videi draudzigakos procesos. Piem&ram, tas
var samazinat Gdens patrinu, radito atkritumu apjomu vai uzlabot atkritumu parstrades
tehnologijas. Pie ZDV pieskaitami arT konsultanti, kas palidz uznpémumiem efektivak istenot
vides politiku.
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Nodarbinatibu videi draudzigas ekonomikas nozar€s var noskirt no produkcijas
viedokla un darba vietas funkcijas visas nozar€s no videi draudziga procesa viedokla (1.3.
att.) [92]. Starptautiska Darba organizacija (SDO), kas ir Apvienoto Naciju Organizacijas
agentiira, uzskata, ka videi draudzigas darbavietas ir visas darba vietas, kas ietilpst apgabalos,
kur parklajas nodarbinatiba zalo produktu razo$ana un pakalpojumu snieg$ana un pienacigas
kvalitates darba vietas un nodarbinatiba videi draudziga procesda un pienacigas kvalitates

darba vietas.

Nodarbinatiba zalo
produktu razosana
un pakalpojumu
sniegSana

Pienacigas Nodarbinatiba
kvalitates videi draudziga
darbavietas procesa

Kopgja nodarbinatiba

1.3. att. Nodarbinatiba videi draudzigas ekonomikas nozares no produkcijas viedokla un darba
funkcijas visas nozares no videi draudziga procesa viedokla [92].

Dinamiskiem un labi funkciongjosiem darba tirgiem, veicinot pareju uz zalu un resursu
zina efektivu ekonomiku, galvena uzmaniba japievers tadiem aspektiem ka prasmju trikuma
noveérsana, parmainu paredz€Sana, parejas nodrosinasana un mobilitates veicinasana. Tadejadi
iesp&jams atbalstit zalo darbavietu radiSanu. Lai noteiktu, vai darbvieta ir ZDV, var izmantot
dazadus krit€rijus [84, 11]:

1) atbilstosi komersanta sertifikati;

2) NACE kodu (vienlaikus nosakot, vai uznémums ir zalais uznémums);

3) razoSana izmantotais produkta/precu ekomarkgjums;

4) pielietoto tehnologiju apraksti, razo$anas patenti/licences;

5) ligumi ar atkritumu apsaimniekotajiem un parstradatajiem, pieméram, vai noslégti ligumi
par visu radito atkritumu apjomu apsaimnickos$anu.

Sekojot zalas ekonomikas paradigmai, pétjjumi par videi draudzigam darbavietam

galvenokart ir versti uz saikni starp aprites ekonomikas pieaugumu un ietekmi uz jaunu zalo

darbvietu iesp&ju radisanu. Eiropas Savieniba noveértéts, ka, lai arT zala ekonomika radis

jaunas darbavietas un atvérs jaunus tirgus, Eiropas konkurétsp&ja, novatoriska spgja un

produktivitate biis loti atkariga no kvalificétu darbinieku pieejamibas [83, 93]. Tas nozimé

prasmju attistibas veicinasanu un labakas prasmju prognozésanas vajadzibas nozarés javerte,

lai attiecigas iestades un ieinteresétas personas vargtu pielagoties parmainam. Ar aprites
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ekonomiku saistitas prasmes nav vienmér pilnigi jaunas vai "unikalas" prasmes. Tas apvieno
transversalas kompetences un “specifiskas” prasmju kopas. Dazos gadijumos uzdevumi un
pienakumi, kuriem nepiecie$amas ipasas prasmju un zinasanu kombinacijas, veido jaunus
profesiju profilus. Lai veicinatu darbaspéka, ka arT izglitibas un apmacibas sist€ému
pielagosanos, nepieciesama mérktieciga valsts iestazu riciba, lai atbalstitu pareju uz efektivu
izglitibas un apmacibas sistému reagéSanu uz jaunam prasmju un kvalifikacijas prasibam. Tas
prasa kvalifikaciju un atbilstoSo izglitibas un apmacibas programmu parskatiSanu un
atjauninasanu.

Savstarpgji saistitos jautajumus par aprites ekonomiku, videi draudzigam darbavietam
un vides precu un pakalpojumu sektoru sava darba [94] aplukojusi A.Sulich, M.Rutkowska’
L.Poptawski. Raksta izvertetas izplatitakas pieejas aprites ekonomikai, balstoties uz
ilgtsp&jigas attistibas koncepciju, un sniegta analize par to, ka videi draudzigas darbavietas jeb
ZDV var izmantot, lai risindtu bezdarba problému jauniesu vidi Polija, Cehija un Belgija.
Konstatéts, ka gan Polija, gan Belgija aptuveni 15 % jaunieSu pirmo darbu atrod videi
draudzigu darbu nozarg, bet Cehija dis patsvars ir daudz mazaks — tikai 1,83 %. Secinats, ka
arvien lielaks uzsvars uz aprites ekonomikas veidoSanu sniedz nodarbinatibas iespgjas
jauniesiem, kuri meklé pirmo reizi darbu. Tas nozimé, ka zalas darbavietas var bit risinajums
arT jaunieSu problémam darba tirga.

Cita petfjuma [95] meérkis bija saistit jaunas ZDV un jaunus videi draudzigus zalus
uznémgjdarbibas modelus ar rlpniecibas parveido$anu, izmantojot pieredzi divos Italijas
ripniecibas rajonos, kur Tistenoti vides noligumi. leintereséto personu sadarbiba, ka ar1
nozares un pétniecibas mijiedarbiba bija ka galvenie virzosie faktori. Turpreti birokratija un
infrastruktiiras investiciju trikums tiek noradits ka skérslis zalo darba vietu radiSanai un
viet€jo zalo uznémumu attistibai. Lai noteiktu veicinosus apstaklus un definétu Skér$lus un
piem@rojamas politikas attistibas programmas un to darbibas Tsteno$ana jasalidzina regioni,
kurus raksturo lidzigi apstakli. P&tot atjaunojamo energoresursu (AER) izmantoSanu
energétikas nozar€ [96] noradits, ka tas dod ievérojamus ieguvumus nodarbinatibas joma. Lai
novertetu profesijas AER nozarg, tiek piedavata ieguldijumu - izlaides analizes izmantoSana.
Nodarbinatibas pieaugums ir viens no vissvarigakajiem ieguvumiem, pasi krizes ekonomikas
laika, taja skaita ka energoresursu izmantojot speciali sagatavotus atkritumus.

Zalas darbavietas ir galvenais sabiedribas mérkis konkréti atbalstit ilgtermina
centienus saskanot ilgtsp&ju un attistibu. Lai novertétu faktorus, kas ietekmé zalo darbavietu
radiSanu mazos un vidgjos uznémumos, veikti Eiropas mazo un vid&o uznémumu
ekonometrisko analize [97]. Jaatzimg, ka videi draudzigu produktu un pakalpojumu
inovacijas galvenokart attiecas uz zalo darba vietu radiSanu [97, 98]. Ka norada amerikanu
autori [99] zalas darba vietds intensivak tiek izmantotas augsta ITmena kognitivas un
interdisplinaras prasmes, salidzinot ar darbavietam, kas nav videi draudzigas. Svarigi ir arl
saprast, vai un ka darbinieku attiecksmi pret zalajam darbavietam ietekmé ar vidi saistitie
standarti [100]. Secinats, ka tie motiveé ZDV visai netieSi. Vides standartu ievieSanu var
atvieglot, motiv€jot darbiniekus ari sociala joma. Tapéc pétits, vai darbinieki, kas strada
uznémumos, kuri registr&jas ar vidi saistito standartu registra, izrada pozitivu atticksmi pret
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savu darbu, aktivi iesaistas sava darba un parada aktivu rezultatu. Izmantojot Francijas
saskanoto darba dev&ju un darbinieku datubazi, secinats [100], ka Sie “zalie darbinieki”
uzrada ieveérojami augstaku lietderibu un atzisanu darba.
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2. PETNIECIBAS METODES

Politikas planoSanas dokumenti piedava dazadus nozaru merkus, kas nav savstarpgji
saistiti, dazkart paredzot pretrunigus mérkus. Ir starptautiski un Eiropas Savienibas (ES)
merki (Tpasi vides un klimata sektord), kas dazkart ir pretruna ar nacionalajiem mérkiem un
dazkart netiek izvirziti ka nacionalas prioritates Latvija un kuriem netiek pieskirti
nepieciesamie resursi. PEtniecibas darba gaita tika izmantotas dazadas p&tniecibas metodes un
promocijas darba autores profesionalas darbibas ietvaros giita pieredze ar atkritumu
apsaimniekoSanu un pareju uz aprites ekonomiku saistitas jomas. Promocijas darba tiek
piedavata metodologiska pieeja, kas savstarpgji sasaista valsts politikas raditajus un nozaru
modelus, lai raditu efektivakus l@mumu pienemianas mehanismus. Saja nodala sniegts
apraksts par metodém, kas izmantotas katra no p&tijjuma posmiem.

2.1. Pétniecibas metodes prioritaro tehnologiju izvélei atkritumu
apsaimniekoSana atsevi§kam atkritumu plismam Latvija

Saja nodala apskatita dazadu pétniecibas metozu pielictofana alternativu izvélei un
lémumu pienemsanai par atkritumu parstrades un regeneracijas metodém/tehnologijam.

2.1.1. Daudzkritériju lemumu pienems$anas metode (TOPSIS)

Viens no promocijas darba uzdevumiem ir izvertét dazadu pétniecibas metozu
pielictoSanu prioritaru tehnologiju izvélei atkritumu apsaimniekoSana (parstradei un/vai
regeneracijai) atseviskam atkritumu pliismam Latvija. Saja gadijuma alternativu noveértésanai
péc kvalitativiem un kvantitativiem kritérijiem tika izvéléti papira atkritumi ka atkritumu
plisma, kuras uzglabasana pirms parstrades prasa Ipasu uzmanibu, jo tam nedrikst pieklit
mitrums, kas augstvértigu materialu var sabojat un padarit neizmantojamu parstradei.
Alternativu novértésana pec kvalitativiem un kvantitativiem krit€rijiem tika izmantota ar, lai
vargtu izvéleties optimalak tehnologiju un metodi atkritumu izmantoSanai energijas ieguvei.
Sini gadijuma galvenie apsvérumi saistds ar efektivakas metodes izvéli, lai nodroginatu
energijas ieguvi ilgstosa laika perioda, vienlaikus ievérojot, ka §1 resursa izmantoS$ana
siltumapgadé un energijas razo$ana pakapeniski samazinasies. Abos gadijumos tiek vertéti
tehnologiskie risindgjumi un pielietota daudzkritériju 1émumu pienemsanas metode (TOPSIS).
Daudzkritériju [émumu pienemsanas metodi, ka metodi alternativu noveértéSanai péc
kvalitativiem un kvantitativiem krit€rijiem, TOPSIS 1981.gada izstradaja C.L. Hwang un K.P.
Yoon (Hwang, 1981) [101]. Daudzkritériju analize tiek veikta, lai noskaidrotu, kur§ no
piedavatajiem variantiem ir veiksmigakais, izdevigakais. ST metode ir izstradata, lai uzlabotu
lémumu kvalitati, lémumu pienemsanas procesa iesaistot vairakus kritérijus, lai izvéles butu
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skaidrakas, racionalakas un efektivakas. ST analize tiek izmantota vairakiem mérkiem,
piem@ram, labakas alternativas noteikSanai vai alternativu novert€Sanai. Gadu gaita uz tas
pamata izstradatas alternativas versijas, kas dazados veidos paplasina tas pielietojuma iespgjas
(Renato A. Krohlinga, 2015) [102, 103], piemé&ram, lauj ieklaut nenoteiktibas un vértibu
amplitidas. TOPSIS galvena prieksrocibas ir iesp&ja izveleties neierobezotu skaitu kritériju
un alternativu, salidzino$i vienkarSs aprékinasanas process un nav nepiecieSama ipasa
programmatiira, ka arf, TOPSIS rezultati &rta un viegli saprotama veida lauj salidzinat
alternativas.

Izmantojot TOPSIS analizes metodi, tiek izveidota lémumu pienemsanas matrica D, kas
sastav no kritérijiem un alternativam, ka redzams 2.1. formula:

Cl C1

A] X X’
p= | I 2

Am : . :

Xm1 Xmn

kur:

Ai...Am — salidzinamas alternativas;

C1...Cy— kritériji, péc kuriem tiek veikta salidzinasana;

x;; — alternativas 7 (i ir alternativa 1 lidz m) sniegums/vertiba p&c kriterija j (j no 1 Iidz n).
Atkritumu ka energomaterialu novértéSanas gadijuma, piemérojot TOPSIS metodi,

izvEletas piecas alternativas — atkritumi ka energoresurss, kas tika vertéts, nemot véra Cetrus

kritérijus: tehnologisko, ekonomisko, socialo, ka ari vides un klimata aspektu.

Atkritumu ka energomaterialu novértéSanas gadijuma, piemé&rojot daudzkriteriju
lémumu piepemsSanas metodi, ka metodi alternativu noveértéSanai pec kvalitativiem un
kvantitativiem krit€rijiem tika izvélétas dazadu atkritumu plismu ka energoresursu piecas
alternativas, kas tika vertétas balstoties uz Cetriem krit€rijiem : tehnologisko, ekonomisko,
socialo, vides un klimata aspektu. Tehnologiskais aspekts ietver sevi tehnologiju attistibas
ITmeni, inovaciju iesp&jamibu, procesu efektivitati un iegiita produkta kvalitati. Ekonomiskais
aspekts ietver sevl izmaksas atkritumu sagatavosanai, transportéSanai, iekartu darbinasanai un
tehnologisko iekartu kapitalieguldijumu segSanai. Socialais aspekts ietver sevi galvenokart
nodarbinatibas palielinaSanas vai samazinasanas jautajumus, ka arT atkritumu parvadajumu
ietekmi ES limenT un arpus tas. Vides un klimata aspekts ir saistits ar ietekmes uz vides
kvalitates un piesarnojoso vielu emisijam un klimata parmainam.

Katram kritérijam tiek noteikts ta individualais svars w; (2.2. formula). Tas tiek noteikts ta, lai
izpilditos nosacTjums 2.2. — visu kritériju svaru summa biitu vienada ar 1.
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3w =1 (2.2)

Kritériju svari tika noteikti, balstoties ekspertu viedokli.
Kad sastadita [émumu pienemsanas matrica, tiek veikta vertibu normalizacija un sastadita
normaliz&ta lémumu pienemsanas matrica (2.3. formula):

Y Cl Cn
1
D <[ T in 23
norm g ( . )
A
" It Fonn

Kur 7;;— alternativas i normaliz&tais vert&jums pec kritérija j.
Normalizéto vértejumu aprekina, izmantojot 2.4. formulu.

=i (2.4.)

T
1 m =z
UIE[:'_‘X[J-'

Nakosaja soli normaliz&tas vertibas tiek reizinatas ar atbilstosa kritérija i svaru wi, iegiistot
normaliz&to sverto vertibu p;;, ka paradits 2.5.vienadojuma:
'Pi;‘ = W * ?"U (25)

Normalizeta svérta [@mumu pienemSanas matrica Dsy biis pamats turpmakajai TOPSIS
analizei (2.6. formula).

4 G o

Doy = : (pP Pi") (2.6
A : :
m Pmi1 """ Pmn

Kad normalizeta svérta lémumu pienemSanas matrica sastadita, tiek aprékinats idealais
pozitivais risinagjums A" un idealais negativais risindgjums A (2.7. un 2.8. formula).

A = (pf.p3, i m) 2.7)
AT =(pr.pz, - Pm) 2.8)

kur:
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pf = (m?x pij . Ejl;miin pij ] Ejz) 2.9.)

pj = (mt_inpgj ] Ejl;m?xpfjj Ejz) (2.10.)

Pienemot, ka J; parada kritérijus, kuru maksimalas vértibas rada lielaku ieguvumu un ar J>
apzim@ti kriteriji, kuros lielakas vertibas nordda uz lielakam izmaksam vai cita veida
zaud&jumiem.

Talak tiek noteikts katras alternativas attalums no Pozitiva idedla risindjuma un Negativa
ideala risinajuma, ka paradits formulas 2.11. un 2.12.

Alternativas attalumu/attiecibu Iidz Pozitivajam idealajam risindgjumam (S*) aprékina:

st= [T (my - )% i=12,.m .11

Alternativas attalumu/attiecibu pret Negativo idealo risinajumu (S°) aprékina:

5= Iz;.;l(pu —p7)’i=12,.,m 2.12))

Alternativas relativais attalums no Ideala risinajuma tiek aprékinats, ka paradits 2.13.formula:

C =50

CETS

i=1,2,..m (2.13.)

Rezultata tiek ieglita vertiba, kas parada alternativas tuvumu Idealajam Pozitivajam
risingjumam un attalumu no Ideala negativa risingjuma. Alternativu relativais tuvums
idealajam risinajumam ir lielums, ar kura palidzibu alternativas salidzinatas, nosakot, kuras no
tam ir ilgtsp&jigakas un izdevigakas apsaimniekoSanas un izmantoSanas veids
tautsaimnieciba.

TOPSIS metodé izmantotajiem indikatoriem veic jutiguma analizi, lai novertétu to
ietekmi uz alternativu rezultata un sakartojuma izmainam. Jutiguma analize dod iesp&ju
simulét dazadus kriteriju svariguma scenarijus, izvert€jot alternativu stabilitati mainigos
apstaklos.

Daudzkriteériju analizes metode tika izmantota ari, novertejot papira atkritumu
parstrades tehnologijas un metodes. Saja gadijuma ta tika balstita uz pakapeniskuma
principu un ietver piecus solus — kriteriju atlasi, datu ievadi, metodes pielietojumu, rezultata
ieguvi un analizi (2.1. att.).
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2.1. att. Metodiska pieeja soli pa solim.

Kriteriju izvéle balstas uz pieeju, ka analiz€ ietver péc iesp&jas plasaku aspektu dazadibu.
Kritériji ir izveidoti ta, lai tos var€tu salidzinat, izmantojot specifisko raditaju — uz tonnu
atkritumu. Kritériji ietver $adus aspektus:

1) Ekonomiskais aspekts — specifiskas kapitala izmaksas;

2) Tehnologiskie aspekti — Ipatn&jais energijas patérin$ un ipatnéjais Gidens patérins;

3) Ietekmes uz klimata parmainam aspekts — ipatngjas COz emisijas.
legtitos skaitlus novert€. Otraja datu ievades sadala Sie dati tiek ievietoti matrica un
parvérsti skaitlos no 1 Iidz 5, kur 1 ir zemakais novértgjums un 5 ir augstakais. Saja
gadijuma, ja izmaksas ir loti lielas, tad tas var novértét ar 1. Zemakas izmaksas var
noverteét pat ar 5.
P&c tam dati tiek normalizgti ar svara vértibam un attalums tiek aprékinats no maksimalas
un minimalas vertibas vai attaluma no ideala. Normalizacijas metode tiek izmantota, lai
normaliz&tu kritérijus (2.14. formula).

Xai

ai
n 2

1 X",
P (2.14)

a=

kur a — prece;
i — kritérijs;
r — normaliz&ta vertiba.

Talak normalizétie rezultati tiek parrékinati, pamatojoties uz katra kriterija svaru. Katra
kritérija svars norada, cik tas ir nozimigs vai kur§ no kriterijiem ir izskiross, un kur§ ir
mazak svarigs (2.1. formula).

Vg =W; X Ty (2.15)

kur w — svars;
v — sverta vertiba.
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Svertie rezultati tiek nemti veéra, lai noteiktu idealas (maksimalas) un neidealas
(minimalas) vertibas variacijas. Katrs raditajs tiek salidzinats ar atbilsto§o maksimalo un
minimalo veértibu. Lai noteiktu alternativas kopgjo attalumu lidz idealajam risinajumam,
tiek izmantota katra alternativa krit€rija maksimalas vértibas starpibas kvadratu summa
(2.16. formula).

dy =JZ(v[ —v,)? wn dy = /(v7 —v,)? (2.16)

kur
d? - distance Iidz idealajam risinajumam,

d_ - distance 11dz anti-idealajam risinajumam.

Péc tam seko relativa tuvuma aprékins (2.17. formula), kur tiek aprékinats katras
alternativas relativais tuvums idealajam risinajumam.

c =
*od+d; (2.17.)

kur C, — relativais tuvums idealajam risinajumam.

ST attieciba vienmér ir no 0 lidz 1. Ja rezultats ir tuvaks 1, tad produkts ir ilgtsp&jigaks.
Izmantojot TOPSIS metodi, var noskaidrot, kura no alternativam ir izdevigaka un
neizdevigaka.

Daudzkritériju analize TOPSIS tika izmantota arT zalo uzn@mumu, zalo darba vietu un
sabiedribas aktivitaSsu lomu un vietu aprites ekonomikas un taja skaita atkritumu
apsaimnieko$anas sist€mas attistiba lomas novértésanai tika izmantota.

2.1.2. NT ENVIR 001 informacijas ieguves metode

Lai izvertetu, kura no alternativam ir izdevigaka un neizdevigaka, kur§ parstrades
tehnologiskais risinajums ir ilgtsp&jigaks, butisks aspekts ir arT izejvielu (atbilstosi sagatavotu
atkritumu) pliisma, apjoms un pieejamiba. Atkritumus apstrada un sagatavo parstradei péc to
savaksanas no to radiSanas vietas. Atkritumu ir iesp&jams Skirot jau to raSanas vietd un
tadejadi iegiit augstvertigu otrreiz&ju materialu talakai parstradei. Tacu ieverojot, ka izvirzitais
merkis ir samazinat poligonos apglabajamo atkritumu daudzumu Iidz 10 % no gada radita
sadzives atkritumu apjoma un talaka nakotn€ panakt, ka atkritumu poligonos nav jaapglaba
atkritumi, vai ari §is daudzums tuvojas nullei, svarigi ir maksimali izmantot ari tos
materialus, ko iesp&ams atskirot no neskiroto sadzives atkritumu kopgjas plismas. Tapéc
svarigi ir zinat, cik attiecTga materiala var biit kopgja atkritumu plisma.
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Lai iegltu detalizétu informaciju par neskiroto sadzives atkritumu sastavu Latvijas
pilsétas, nodrosinatu plasu geografisko parklajumu un dotu iesp&ju apkopotos datus turpmak
izmantot to aspektu izveért€Sanai, kas ietekmé& neskiroto sadzives atkritumu sastavu, un kas
lautu piemeroto eksperimentalo metozu analizi, tika vertetas divas galvenas pieejas:

1) Atkritumu fiziska SkiroSana — SkiroSana atkritumu savakSanas vietas (atkritumu
konteineru tiesa S$kiroSana) vai savakto atkritumu kravu SkiroSana (viena
savakSanas reisa savakto atkritumu SkiroSana);

2) Sastava noteikSana, pamatojoties uz materialu plismas analizi (MPA) saskana ar
materiala dzives cikla noverté€sanas pieeju.

MPA ietver sistematisku materialu un elementu plismu un krajumu analizi noteikta
sistéma, ko ierobezo telpa un laiks [104]. Tada veida MPA var identificét un saistit katra
aplikota materiala avotus un galamérkus, tomeér tas prasa piekluvi loti detalizétiem
datiem. Ievérojot pieejamos datu avotus, tajos balstitas metodes pétijuma nebija
pielietojamas — ierobezojumi galvenokart saistiti ar pilsétas ITmenT precizu datu trikumu,
kas raksturotu resursu un izejvielu patérinu lauksaimniecibas produktu razoSanai, preces,
patérétaju paradumi un precu kalposanas laiks, pirms tas kliist par atkritumiem. Tapec tika
izvéleta atkritumu fiziska skiroSana.

Eiropas Savienibas dalibvalstis tiek plasi izmantotas fiziskas skiroSanas metodes Nordtest
NT ENVIR 001 [105], metodologiska lidzekla izstrade cieto atkritumu analizes datu
precizitates un salidzinamibas uzlaboSanai (SWA - riks) [106] un CEN standarti un
tehniskie ieteikumi [107]. Sis metodes liela méra ir lidzigas un to variacijas nosaka
Skirojamo atkritumu sadalijums un definicijas, $kiroSanas process, paraugu sadalfjums pa
atkritumu raditaju grupam un pétijuma ieklaujamajam apakSgrupam.

SWA-rika metodes trukumi ir tas augstas izmaksas, jo ta ietver katra atseviska atkritumu
konteinera Skirosanu. Tas ieteikts pétijumiem, kuru mérkis ir salidzinat individualas
majsaimniecibas radusos atkritumu sastavu. Lidz ar to §T metode nav lietojama, lai sniegtu
nepieciesamo informaciju atbilsto$i izvirzitajam mérkim.

NT ENVIR 001 [105] metode ir izstradata, lai nodrosinatu vienotu pieeju atkritumu sastava
analizei, un ta galvenokart ir paredz&ta Ziemeleiropas valstim. Bet, ta ka metode lauj
pielagot analiz€jamas atkritumu grupas un atkritumu avotus, tas pielietojums ir loti
izplatits — sakot no vispargja atkritumu sastava un radito atkritumu daudzuma izpétes I1idz
gadijuma izpétei, lai noveértetu atkritumu SkiroSanas stacijas darbibu vai parstrades
iekartas darbibu. Lidz ar to NT ENVIR 001 metode bija vispiemérotaka informacijas
ieguves metode par atkritumu plismam, salidzinot ar citam aplikotajam metodeém.
Metodes galvena priekSrociba ir iesp&ja nemt paraugus atbilstosi atkritumu savakSanas
marsrutiem, kas, pirmkart, garanté paraugu reprezentativitati, jo izlasé ir ieklauts liels
skaits majsaimniecibu, otrkart, var veikt parauga apstradi un SkiroSanu atkritumu
apsaimniekosanas infrastruktiiras vieta, kur ir pieejams nepiecieSamais aprikojums un nav
paredzeti nekadi administrativi ierobezojumi, ka tas biitu atsevisku atkritumu konteineru
Skirosanas gadijuma atkritumu raSanas vietas. Analiz€jot §is metodes pielietoSanas
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iesp&jas Latvija, secinats, ka nav ierobezojumu ne metodiskajiem, ne materiali
tehniskajiem risindgjumiem, ka rezultata metodi var atzit par atbilstoSu Latvijas apstakliem.
Lai iegltu reprezentivus datus par neskiroto sadzives atkritumu plismam valsti,
pétijumam tika atlasitas 32 pilsétas dazados Latvijas regionos, pamatojoties uz iedzivotaju
skaitu un teritoriju administrativo sadalfjumu. Atlasitas pilsétas tika grup@tas pé&c
iedzivotaju skaita un administrativa iedalifjuma. Pilsétu atlases mérkis bija panakt péc
iespgjas plasaku geografisko parklajumu, tadéjadi nodroSinot visas valsts atkritumu
apsaimniekosanas sist€émas izvertéjumu, un sniegt iesp&ju izvertét atkritumu sastava un
socialekonomisko faktoru savstarpgjas sakaribas dazadas teritorijas. Paraugu nemsana tika
veikta iepriekS definétajas 32 pilsétas, tadéjadi nodrosinot, ka paraugi atspogulo noteikta
geografiska un administrativa apgabala atkritumus.

Viens no sakotngjiem izaicindgjumiem izlases planosana bija atsevisku jau esosu atkritumu
savaksSanas marSrutu atlase, kas nodroSinatu pietickamu majsaimniecibu skaitu izlasg,
piem&ram, apkalpojot galvenokart daudzdzivoklu majas un viengimenes majas. Lai
izvairitos no neveélamu nepiemérotu atkritumu piejaukSanas testa parauga, izvéleta
atkritumu savaksSanas marSrutu atbilstiba noteiktiem atlases kritérijiem tika noteikta,
konsultgjoties ar katru atkritumu apsaimnieko$anas uznémumu. Galvenie principi
atkritumu savakSanas marsrutu izvélei bija $adi: (1) sadzives atkritumi tiek savakti tikai
no konkrétas pilsétas, neapkalpojot lauku teritorijas, (2) marsruta tiek savakti tikai
neskiroti sadzives atkritumi (tomér Iidz 10 -15 % pé&c tilpuma bija atlauts pievienot
neskirotus sadzives atkritumus no uzp€mumiem un iestadém, tacu marSruta nedrikst
savakt razoSanas atkritumus vai citus specifiskus atkritumus, tai skaita lauksaimniecibas
atkritumus, kapu atkritumus u.c.). Lai izvairitos no atkritumu svarsttbam ik nedglu,
iesp&ju robezas tika izvéléti atkritumu savakSanas marSruti ar regularu savakSanas
biezumu vienu reizi nedéla. Optimalaja gadfjuma atkritumu sastava parbaudes biitu javeic
Cetras reizes gada, tadgjadi izvairoties no sezonalitates ietekmes.

Skirojamo atkritumu frakciju klasifikacija tika noteikta atbilsto§i NT ENVIR 001
metodikai [105] un standartam LVS EN 15440: 2011 “Cietais regenerétais kurinamais —
Biomasas satura noteik$anas metodes” [108].

Lai pilnveidotu iegito rezultatu detalizaciju un noteiktu konkréto atkritumu
komponentu Tpatsvaru kopg&ja neskiroto sadzives atkritumu plisma, pamata sadalijjumam tika
pievienotas vairakas atseviSkas atkritumu frakcijas. Pieméram, visas izlietota iepakojuma
atkritumu sastavdalas (plastmasa, papirs, metals u.c.) tika registrétas ka atsevi$ka frakcija.
Papildus tika veikta atseviSka dz@rienu kartona iepakojuma un citu kompozitmaterialu
iepakojuma materialu (pieméram, kafijas un Cipsu iepakojuma u.c.) uzskaite. Atseviska
kategorija tika registréti plastmasas maisini. Atseviski tika identifictas tris sadzives bistamo
atkritumu frakcijas: elektriskie akumulatori un baterijas, elektrisko un elektronisko iekartu
atkritumi un sadzives Kkimija, ievérojot to apsaimniekosanas specifiku un noteiktos to
savaksanas un parstrades mérkus. STs papildu kategorijas tiek pievienotas arf, lai novértetu
paplasinatas razotaja atbildibas sistemu efektivitati un sist€émas efektivitati, atkritumu Skirojot
to raSanas avota.
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Izvéletajos atkritumu savaksanas marSrutos savaktas atkritumu kravas tika nogadatas
atkritumu apsaimnicko$anas uznémumu objektos morfologiska sastava analizei. P&c
izkrauganas paraugs tika nemts ar frontalo iekravéju, testa paraugs bija vismaz 1m?® jeb 250
kg. Paraugs tika nosvérts un nogadats skiroSanas vieta. Tika izmantota manuala paraugu
SkiroSana péc noteiktam frakcijam, neizmantojot nekadas mehaniskas SkiroSanas iekartas,
mehanisku apstradi vai testa parauga samalSanu. Atkritumu maisu atvérSana tika veikta
manuali. Visas atdalitas atkritumu frakcijas, iznemot smalko frakciju, tika savaktas atseviskos
un atbilsto§i marketos atkritumu konteineros. Skirogana tika veikta, lidz uz gridas palika tikai
smalka frakcija (smalkas dalinas ar izm@ru < 40 mm). P&c SkiroSanas visas atdalttas frakcijas,
ieskaitot smalko frakciju, tika nosvértas un sverSanas rezultati tika ierakstiti protokola.
Protokola tika fikséts arT parbaudes datums, atbildigie darbinieki, parauga izcelsme — vieta un
avots, parauga nemsanas datums, savaktas slodzes kop€ja masa, SkiroSanai sagatavota
parauga masa un Tpasas piezimes vai novirzes, ja tadas ir.

Datu sagatavoSana un sakotngja analize tika veikta, izmantojot MS Excel programmatiiru,
pieméram, katras frakcijas ipatsvars kopg&ja izlasé tika aprékinats no izméritajiem svariem,
savukart talakai statistikas datu analizei par atkritumu sastava un sociali ekonomisko faktoru
savstarp&jo saistibu analizi izmantota MS Excel un Statgraf programmatira. Ta ka pétjjuma
mérkis bija iegiit plasaku un detaliz€tu informaciju par neskirotu sadzives atkritumu plismu
Latvija, tika izmantota metodika, kas balstita uz N7 ENVIR 001 principiem un
rekomendacijam, kas pielagoti atbilstosi pétijjuma mérkiem, darba apjomam un
ierobezojosiem faktoriem.

2.2. Pétniecibas metodes saistiba ar atkritumu apsaimniekoSanas un
aprites ekonomikas mérku istenosanu

Saja sadala apskatita dazadu pétniecibas metozu pielietosana alternativu izvélei un
lémumu pienemsSanai par atkritumu apsaimniekoSanas ekonomiskajiem un socialajiem
aspektiem.

2.2.1. Statistiska analize, izmaksu — ieguvumu analize un matematiska modelésana

Viena no sistémam, kas lauj veiksmigi savakt daliti zinamu dalu sadzives atkritumu —
iepakojumu, ka arT stimulét iedzivotajus aktivi iesaistities $aja procesa, saskana ar Reloop
sniegto informaciju (2021. gads) ir depozita sistéma. Ta ir parbaudits instruments, lai savaktu
lielu daudzumu tuksu dz€rienu iepakojuma atkartotai izmantos$anai un kvalitativai parstradei,
un ir svarigi aprites ekonomikas nodrosinasanai. Jaatzimé, ka ES ir noteikusi, ka dalibvalstis
veic vajadzigos pasakumus, lai parstrades noliikos nodrosSinatu dalitu savaksanu dz€rienu
plastmasas un plastmasu saturo$am izlietotam iepakojumam ar ietilpibu Iidz trim litriem, tai
skaita to korkiSiem un vaciniem no plastmasas Iidz 2025.gadam - 77 % no S§adu
vienreizlietojamu plastmasas izstradajumu daudzuma p€c masas, kas attiecigaja gada laisti

tirgtli, un lidz 2029.gadam - 90 %. Lai sasniegtu So mérki, dalibvalstis inter alia var izveidot
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depozita sist€émas vai attiecigajam razotaja paplaSinatas atbildibas shémam noteikt dalitas
savakSanas mérkraditajus. Depozita sistémas piemérosana dze€rienu iepakojumam bitiska ir
tapéc, ka razoSanas izmaksas par izejvielam jaunu iepakojumu razoSanai un raZoSanas
izmaksas ir lielakas par izlietota iepakojuma savakSanas izmaksu un parstrades izmaksu
summu. Iepakojuma depozita sisteémas ietvaros dz€rienu iepakojumam (stikla pudeles, PET
pudeles, skardenes) tiek piemérota papildus depozita maksa, kuru patérétajs var atgtt atpakal
(tada pasa apmera, kada ta tika ickas@ta iegadajoties dz€rienu), nododot izlietoto iepakojumu
tirdzniecibas vieta vai speciali tam paredzeéta pienemsanas punkta. [40, 41, 42, 43, 44].
Petfjuma ietvaros tika analizEta depozita sistéma piemérosana Eiropas Savienibas Iiment,
nosakot tas ilgtsp€jigu attistibu nakotné un veikts depozita sistémas ekonomiskais
novertéjumu, ieviesot to Latvija. Depozita sist€mas analizes un ekonomiska novértgjuma
veikSanas procesa tika izmantota statistiska analize, zinatniska analize, kontentanalize
(tekstualu datu analizes metode), kuras aprakstitas talakas §is nodalas sadalas, izmaksu —
ieguvumu analize un matematiska model&Sana.

Venna diagramma jeb kopu diagramma, kura att€lo visas iesp&jamas logiskas attiecibas starp
galiga skaita kopam, ir att€lots produktu un iepakojumu klasts, kas attiecas uz depozita
sistemu (2.2. att.).

lepakojuma

Produkts materials

S : “—___ Vienreizlietojamas
Alkoholiskie stikls
dzerieni
Bezalkoholiskie_
dzérieni  Udens

Aluminijs

Atkartoti
Dazadiizmeri lietojams

~ Vienreizlietojams

lepakojuma

lepakojuma veids

izmers
2.2. att. Produktu un iepakojumu veidi depozita sisteéma.
Iepakojumu iedala divas kategorijas — vienreiz lietojamie iepakojumi un atkartoti

lietojamie iepakojumi. Atkritumu dalitas vakSanas konteinerus, izmanto lai savaktu
iepakojumu, kuru var parstradat.

49



Depozita sisteéma tiek ieklauti tadi produkti ka tGdens, bezalkoholiskie dz&rieni un
alkoholiskie dzerieni ar alkohola saturu Iidz 10 gradiem (alus, sidrs, kokteili un tml.).
Higiénas aspekts tiek nemts véra, veidojot depozita sistémas dizainu, tapéc ievieSot depozita
sistému uzmaniba ir japiever§ izgatavosanas materialam [45, 46]. Viens no risinajumiem, ko
piedava vairaki pétnieki savos pétfjumos, ka shéma tiek ietverti visi iepakojuma materiali,
paredzot iznémumus attieciba uz daziem produktiem, neatkarigi no iepakojuma, kuros to
pardod. Tadejadi biitu iesp€ja izvairities no neobjektivitates par labu vienam materialam [41,
43, 45]. Optimalais atkritumu daudzums ir grafiski attélots 2.3. att.

MAC

—
o > W* < W1 >Wo Atkritumu daudzums
(1) (2) (3) (w)

(1) Radttie atkritumi
(2) Atkritumi, kas janovirza no apglabasanas uz parstradi vai atkartotu lietoSanu, izmantojot
depozita sistemu
(3) Faktiska atkritumu parstrade un apglabajama apjoma samazinasana
2.3. attéls. Atkritumu daudzums un optimala apsaimniekoSana [50].

Robezizmaksu samazinajuma likne (MAC-marginal abatements costs) ietver papildus
atkritumu vienibas attiriSanas izmaksas un marginala kait€§juma ltkne (MD-marginal
damage), kas ietver papildus atkritumu vienibas raditos bojajumus (eiro izteiksmg)
sabiedribas labklajibai. Optimalais atkritumu [imenis (W*) atrodas MAC un MD krustpunkta.
Pa kreisi no §1 punkta atkritumu samazinasanas izmaksas ir augstakas neka kait€juma
prieksrocibas (MAC > MD), kas nozimétu labklajibas samazinasanos sabiedribai. Pa labi no §1
punkta ir att€loti ieguvumi no izlietota iepakojuma atgrieSanas. leguvums no samazinato
atkritumu daudzuma ir lielaks par izmaksam (MAC<MD), kas liek secinat, ka sabiedribai ir
izdevigi samazinat atkritumu apjomu.

Ja pienem, ka ekonomika atkritumu daudzums ir vienads ar W1, tad atkritumi tiek
parstradati un samazinati lidz W0-W1 un ir skaidrs, ka W; — W* ir atkritumu Iimenis, kuru ir
iesp&jams samazinat ievieSot depozita sistému. Sisteéma, kas darbojas Eiropa, parasti
koncentr&jas uz parstradi, kuras pamata ir Eiropas tiesibu aktos noteiktie parstrades meérki,
savukart valstis arpus ES koncentr&jas uz atkritumu apjoma samazinasanu [48, 49].
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IevieSot depozita sistému, svarigi novertét kadas prieksrocibas sist€ma spés sniegt un
vai tas biis parakas par trikumiem. Pie priekSrocibam jamin atkritumu samazinasana, savakta
iepakojuma apjoma palielindjums, tiraka atkritumu plasma, jaunas darbavietas, zala energija
u.c.,, bet pie trikumiem — augstas ievieSanas izmaksas, ietekme uz mazumtirgotdjiem.
Dz@rienu razotaji Latvija piedalas depozita sistéma, jo tas viniem noteikts ka pienakums ar
likumu. Par razotajiem $aja gadijuma tiek uzskatiti arT tirgotdji, kas ieved dz€rienus Latvija no
citam valstim. Pat@rétaju velmi atgriezt izlietoto iepakojumu un robezizmaksas, kas rodas
patérétajiem, atdodot izlietoto iepakojumu skatit 2.4. attéla.

maksa/
cena
PR
___________ Ex+V

D=R

=E,
Vv

v
Wi w* Ws Atgriezto atkritumu

daudzums (W)

2.4. attéls. Robezizmaksas patérétajiem, atdodot izlietoto iepakojumu.

Piecaugot depozita maksas summai, patérétajam ir stimuls atgriezt izlietoto
iepakojumu. PR likne izriet no W1, kas ir piesarnojuma limenis - maksimalais atkritumu
daudzums, ko sabiedriba nav parstradajusi. ST Iikne apstajas pie Wa, kas atspogulo limeni,
kura tiek atgriezti visi izlietotie iepakojumi. Mainigie Ex un /' norada attiecigi uz atkritumu
izmaksam un atgriezto precu atkartotas izmantoSanas neto vertibu. Tadejadi veidojot Ex+V —
likne, kura parada iedzivotaju ieguvumu samazinot atkritumu apjomu. Punkta W* iedzivotaju
ieguvumi ir vienadi ar zaudgjumiem (PR = E. + V). Tadejadi var secinat, ka optimala
patérétaju sanemta kompensacija ir vienada ar R + E.. Wa - W* ir optimalais atkritumu
daudzums, kas var tikt neatgriezts - tas ir vienads ar W* 2.4. att. [43, 48].

Pienemot, ka razotdajs maksimizé pelpu, ir redzams, ka razotdjs vélas izmantot
atgriezto iepakojumu atkartotai izmantoS$anai, lai samazinatu razoSanas izmaksas. Tas ir
iemesls, kap&c razotajs varetu veleties, lai tiktu ieviesta depozita siste€ma, tacu, lai depozita
sistéma biitu rentabla razotajam, vin$ piedava kompensaciju, kas ir mazaka par atgriezta
iepakojuma atkartotu izmantoSanu (R<V). Depozita sist€mas operatoram ir tris ienakumu
avoti — no patérétajiem, parstradatajiem un iepakotajiem. Operators maksa tirgotajiem maksu
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par izlietota iepakojuma savakSanu tirdzniecibas vieta, un norékinas par citiem izdevumiem,
kas sevl ietver iepakojuma pienemsanas, uzglabaSanas, transport€Sanas izmaksas, sedz
iepakojuma plismas uzskaites izmaksas, ka arl samaksa par patérétajiem atgriezto depozita
maksu. Bez ienakumiem no materialu pardosanas, operatoram ir ienakumi par iepakojumu, ko
klients nav atdevis. Operatora darbibas izmaksas veido aizdevuma un procentu maksajumi,
darba, transporta, uzturéSanas, razosanas un administrativas izmaksas.

Izmaksu un ieguvumu analizes mérkis ir noveértét, kads biis depozita sist€émas ievieSanas
ieguldijums sabiedribas labklajiba. Izmaksu ieguvumu analize sniedz skaidru izpratni par konkrétu
priekslikumu ekonomiskajam izmaksam un ieguvumiem, taéu pienemot l€mumus, ir nepiecieSama
kritiskd domasana [53, 54]. Lai novértétu depozita sistémas ieguvumus un zaudgjumus, aprékinos tiek
izmantots raditajs NPV — neto tagadnes vertiba. Neto tagadnes vertibu aprékina péc 2.18. formulas
[55].

N
NPV(t)= 3L, - ICO [2.18.]

kur CF- naudas pliisma;

i - laika periods;

r — diskonta likme;

ICO — sakotngja investiciju vertiba.

Papildus izmaksu un ieguvumu analizei tika veikta arT jutiguma analize un
daudzkriteriju analize, ka arT attiecigo alternativu analize, lai giitu papildus parliecibu par
ieglitajiem rezultatiem. Lai izmaksu un ieguvumu analize biitu precizaka, svarigi ir veikt ne
tikai jutiguma analizi, bet ari dz€rienu iepakojuma statistisko analizi. Kopgja iepakojuma
apsaimniekoSanas izmaksu aprékina tika nemtas véra razotaju atbildibas sisttmu (RAS)
vidgjas iepakojuma apsaimniekoSanas maksas, savukart depozita iepakojuma un depozita
sisttma neieklauta iepakojuma apsaimniekoSanas maksas tika iegiitas, izmantojot Igaunijas
Zala punkta datus. Pe&tjjuma ietvaros netika paredzEtas butiskas izmainas
makroekonomiskajos raditajos (iedzivotaju skaits, pirktspgja, IKP u.c.). Jutiguma analizes
mérkis ir noteikt izpétes projekta kritiskos mainigos. Sai noliika analizes ietvaros procentuali
izmaina noteiktu projekta mainigos un novéro, ka tadgjadi mainas finansu un ekonomiskas
darbibas raditaji. Viena reiz€ jamaina tikai viens mainigais un pargjie raditaji jasaglaba
nemainigi. Par kritiskiem pienemts uzskatit tos mainigos, kuru izmainas (pozitivas vai
negativas) par 1 % no neto pasreizgjas vertibas pamatvertibu izmaina par 5 %. Robezvertibu
aprékins var atklat noderigu informaciju, noradot, pie kadam procentudlajam mainiga
izmainam neto pasreizgja vertiba (ekonomiska vai finansiala) ir nulle.

2.2.2. Papira parstrades ekonomiskais vértéjums

Papira atkritumu parstrades un regeneracijas tehnologijas tiek izmantotas dazadu materialu
razosana (2.5. att.).
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Produkis no papira
atkritumiem
[ | I | | |

Komposta L. . Biopolimeru . Am Porains ogleklis Fermentativie
materials il Papira pleves [ Bloeneregija J [ katodam cukuri
komponenti

Biodegviela

Bioetanols

=

2.5. att. Izstradajumi no papira atkritumiem.

No ekonomiska viedokla pé&tijumi ir pieradijusi, ka otrreizgja parstrade un atkartota
parstrade var sniegt lielaku pelnu jaunu produktu izstradei. No vides viedokla otrreizgja
parstrade un otrreiz€ja attiriSana palidz samazinat ietekmi uz vidi, jo ta nover§ péc patérina
atkritumus un prasa mazak dabas resursu, tadejadi paildzinot produkta kalpoSanas laiku.
Kopuma otrreiz&ja parstrade un atkartota attiriSana ietekmés ilgtsp&jibu, proti, ekonomiku,
vidi un sabiedribu. Tadejadi var secinat, ka produktu parstrade un atkartota parstrade ir
izdeviga ne tikai ekonomiski, bet ari videi draudziga. Var rasties piesarnojosas emisijas,
pieméram, siltuma un virsmas apstradg, tados procesos, ka — atkartota parstrade, uzlabosana
un otrreizgja parstrade. Tome@r atkartoti izmantojot atkritumus, kaitigo emisiju limenis tiek
samazinats salidzinagjuma ar neapstradatu materialu ieguvi, kas arT var uzlabot produktu
ilgtspg&jibu [109.]

Izmaksu modelésanas pieeja, ko izmanto razotas preces vai pakalpojuma nakotnes
izmaksu prognozgsanai vai novertésanai, pamatojoties uz konkrétaja bridi pieejamiem faktiem
un skaitliem. Izmaksu aplése ari tiek uzskatita par svarigu vadibas instrumentu precu
razosanas un planosanas pirmajos posmos, jo ta palidz noteikt budzetu resursu sadalei. Ta art
palidz nozarei, prognozgjot alternativo projektu izmaksas un uzsakta projekta finansialo
ietekmi jeb stavokli. Uznémumiem izmaksu aplései ir izSkiro$a nozime jebkura uznémuma, jo
pat neliela klida izmaksu aprékinaSana var radit liguma zaud&jumus, tadejadi ietekm&jot
uznémuma pardosSanas apjomus un pelnu. Tapéc izmaksu aprékinasana ir svarigs uzdevums
produkta dzives cikla. Sakotngji pétnieku aprindas maz uzmanibas tika pieversts nolietotu
produktu izmaksu novertéjumam, tomeér tagad ST uzmaniba ir pievérsta. Un lidz ar to ir
izstradata sist€éma, lai prognoz&tu tas nolietotas vértibas izmaksas, tadejadi radot videi
ilgtspgjigaku produktu un arT lielaku pelnas normu. Izmaksas rodas dazados razosanas posmos
no izejvielas produkta savaksanas razo$anai vai parstradei lidz pat gatavajam produktam un
procesu laika radusos atkritumu talaka nogade parstradei, attiriSanai, otrreiz&jai izmantos$anai
vai apglabasanai atkritumu poligona. Sakotngjas izmaksas var iedalit $adas kategorijas:
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izejvielu izmaksas, energijas izmaksas, attiri§anas un atkritumu izveS$anas izmaksas,
darbaspéka izmaksas (2.6. att.) [109.]

Darbaspéks Energija Izejmaterials
(kvalificets un nekvalificéts) (ogles, elektriba) (makulatura)

}_

Rafinésanas un
parstrades procesi

+
—[ Nevélamie materiali } [ Parstradajamie materiali ]
Atkartotas
izmantoSanas process

]
[ Apglabasana

2.6. att. Papira atkritumu parstrades un parstrades izmaksu novértéSanas shéma.

Izmaksu modelis ir elastigs un to var piemérot visam nozarém, kas saistitas ar papira
un kartona atkritumu parstradi un SkiroSanu. Papira razotaji vienm@r apsvers otrreizgji
parstradajamu un no jauna parstradatu makulatiru, jo ta ir videi un ekonomikai izdeviga.
Nemot véra izmaksu vienadojumu praktisko pielietojumu, var novérot, ka faktiskie razosanas
faktori katru dienu mainas, un tadel ir nepartraukti jamaina ievades dati jeb parametri.

2.2.3. Sekundara datu analize un strukturétas intervijas primaro datu ieguvei

Izvertgjot tekstilriipniecibas izaicinajumus, parejot uz aprites ekonomiku, tika izmantota
sekundara datu analize un struktur€tas intervijas primaro datu ieguvei, ka pamata ir kritisko
datu analize un salidzino$a analize. Sekundara datu analize ir datu analizes pieeja, kuras
ietvaros jauni dati pétfjumam netika ievakti, bet tika analiz&ti jau eso$i dati. Primaro datu
ieguvei tika izmantotas intervijas, kuru laika tika iztaujati uznémumi, izmantojot precizi
formul&tus jautajumus un piedavajot ari fiksétu atbilzu diapazonu. Kvalitativo, taja skaita
kritisko datu analize un salidzinos$a analize balstas uz ar dazadam datu ieguves metodém
ieglitu tekstualu datu analizi atkariba no datu veida, nozares konteksta un datu analizes pieejas
filozofiska un teorétiska pamatojuma. Pastav dazadas kvalitativo datu analizes metodes, bet
$aja gadifjuma tika izmantota tematiska analize un nepartraukta salidzino$a analize. Analizes
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centra ir jégpilnu modelu vai tému izdaliSana, izp&te, salidzinasana, pretstatiS$ana un
interpretacija.

Pétfjuma ietvaros (2020./2021.gads) tika analizéti uznémumi, kas nodarbojas ar apgérbu
vai tekstilizstradajumu razoSanu Latvija. Kopuma no 176 uznémumiem tikai 4 uznémumi
aktivi strada, pilniba ievérojot aprites ekonomikas principus. So uznémumu iss apraksts
sniegts 2.1. tabula.

2.1. tabula.
Uznémumu, kas izvéleti, pamatojoties uz gadijumu izp&ti, Tss apraksts.
Uzpémumi, kas | Ar NACE kodu saistita Galvena darbiba
izveleti, darbiba
pamatojoties uz
gadijumu izpeti
OWA Citu adito un tamboréto | Pirmais zimols Latvija, kas piedava
apgerbu razoSana apgerbus ar akvarelu un  grafiskam
Apgerbu un apavu apdrukam, kuras tiek parnestas uz auduma
vairumtirdznieciba ar sublimacijas apdrukas palidzibu. Sis

pan@miens nodrosSina izcilu krasu noturibu
un tonu parejas. Lakoniska dizaina apgérbu
zimols OWA  ir  sieviskibas  un
funkcionalitates lidzsvars.

Sociala uznémeéjdarbiba [110].

Mans Citu apgérbu un Uzpémums  piedava péc  pasitijuma
Peldkostims aksesuaru razo$ana izgatavotus  peldkostimus sievietém un
bérniem, kas izgatavoti no veciem zvejas
tikliem, paklajiem, PET pudelém un citiem
plastmasas  atkritumiem. Audumi péc
Tpasibam un sajitas ir identiski tradicionali
iegiitajiem audumiem. Sada razo$ana lauj
radit augstas kvalitates apg€rbu, net€r&jot
jaunus resursus uz planétas [111].
Uznémuma merkis: veikt socialo
uznéméjdarbibu  ar meérki  samazinat
plastmasas un tekstila atkritumu pieaugumu
Latvija un pasaulg, veicinot to parstradi
apgerbu razo$anai piemérotas izejvielas,
kuras uznémums izmantos individualo
peldkostimu $tiSanai [111].
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2.1.tabulas turpinajums.

Zile

Apgerbu
mazumtirdznieciba
specializétajos veikalos
Citu virsdrébju razosana

ZILE ir Latvijas modes zimols, kas ar
upcycling koncepciju tiecas uz ilgtspgjigaku
nakotni. Etiketes galvenie resursi ir dzinsa
bikses, viriesu krekli un fantazija. Zimola
pamata ir ideja, ka cilvéku apgérbs ir vinu
rakstura, identitates un vértibu simbols un
globala vides tendence ir svariga pasreizgjo
vertibu sastavdala. Tapéc ZILE pardoma un
parstrada klasiskos apgérbus, lai raditu
ilgtspgjigu un modernu garderobi. Katrs
apgerba gabals, ko ZILE parstrada, ir
unikals. ZILE izmanto lietotu apgérbu, kas
tiek pirkts vintage veikalos vai davinats no
misu sadarbibas partnera labdaribas veikala
OTRA ELPA [112].

Uzpémuma merkis: samazinat tekstila
atkritumu daudzumu, radot jaunus produktus
ar pievienoto vertibu. Veicinat izpratni par
resursu atkartotu izmantoSanu.

Print Art

Apgérbu razosana
Apgerbu un apavu
vairumtirdznieciba

Ideja izveidot T-kreklu, kas palidz uzlabot
staju, radas, jo esosSie dazadu razotaju stajas
korektori  kopuma nevar  nodrosinat
nepiecieSamo ikdienas atbalstu, jo ir vai nu
ne€rti, tos nevar nésat visas dienas garuma
vai arf tie ir parak redzami citiem. Vienigais
veids, ka uzlabot staju, ir muguras muskulu
trenéSana, un So funkciju Pareiza staju
koriggjosais T-krekls pilda ikdiena, kas:

- ir viegli lietojams — nav nepiecieSami
papildu pielagojumi,

- ir erti valkat — neberzg, nesaskrapg€ un
neizraisa niezi,

- patikami valkat, pateicoties mikstajam
materialam, kas ir [idzigs kokvilnai,

- ir "neredzams" un to var pielagot jebkuram
stilam,

- kas uzlabo passajttu un vairo pasapzinu.
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2.2.4. Kritiska analize, gadijumu izpéte, sintézes un salidzino$a analize

Izstradajot promocijas darbu, tika analizétas eso$as aprites ekonomikas stratégijas Eiropas
Savieniba, lai noteiktu galvenas prioritaras jomas un mérkus ar kritiskas analizes, gadijumu
izpétes, sintézes un salidzino$as analizes palidzibu tika apkopoti, novertéti un analiz&ti
vairaku Latvijas aprites ekonomikas uznémumu pieméru. Kritiska analize nozimé
ripigu teksta, att€la vai cita darba vai izpildijuma parbaudi un novértésanu. Kritiskas analizes
veikSana nenozimg, ka ir nepiecieSams atrast pozitivu rezultatu. Pardomata kritiska analize
var palidzét izprast konkrétu elementu mijiedarbibu, kas veicina efektivitati. Gadijumu
izp&te ir zinatnes veids, kas sastav no detaliz&ta pétijuma priekSmeta novérosanas. Gadijjumu
izpéte ir dala no kvalitativa pétijuma, - tas nozimé, ka pétijums, kas vérsts uz fenomenu
padzilindtu izpéti, nevis izmantojot statistiku, lai izdaritu visparigus secinajumus. Sada veida
pétijumus var izmantot dazadiem mérkiem. Gadijuma analize tiek pielietota dazadu socialu
fenomenu (pieméram, 1@€mumu, politiku, institliciju u. c.) izp&té to veseluma. Gadijuma
analiz€ parasti izmanto daudzveidigus informacijas avotus: intervijas, noverojumus,
dokumentus, arhiva materialus, audio, video ierakstus, fiziskus arhetipus un citus.
Gadijuma izp&te var biit versta uz viena vai vairaku fenomenu izpéti, salidzinajumu.

Gadijuma analizes uzdevums ir ieglit iesp&jami pilnigu izpratni par notikumu vai
situaciju. Atskiriba no kvantitativas aptaujas, kas koncentrgjas uz ierobezotu pazimju loku,
gadijjuma analize paredz noteiktas situacijas visaptvero$u izpéti. Kvantitativs pé&tijjums
sniedz atbildes uz jautajumiem “kas?”, “kur?”, “cik daudz?”, savukart gadijuma analize
koncentr€jas uz jautajumiem “ka?”, “kada veida?”, “kapec?”. Gadijuma analizes
uzdevums ir atklat jaunas pazimes un izvirzit jautajumus turpmakiem pétjjumiem. Pirmais
gadijuma analizi 1829. gada pielietojis francu inzenieris, sociologs un ekonomists Pjérs
Gijoms Frederiks Leplé (Pierre Guillaume Frédéric Le Play). Gadijuma analize misdienas
tiek izmantota arT kliniskajos, sociala darba, pedagiskajos, marketinga, uznémgjdarbibas
u. c. pétjjumos. Amerikanu pétnieks Robets Parks (Robert Ezra Park) rakstijis, ka
“zinatniska” ir “padzilinata” izpé&te, kas Tstenojama, papildinot kvantitativos datus ar
kvalitativiem aprakstiem. Kops 60. gadiem, pateicoties Barnija Gleizera (Barney Galland
Glaser) un Enselma Strosa (Anselm Leonard Strauss) ieguldijumam teksta analizes
principu skrupuloza izstrad€, kvalitativas metodes giist arvien plasaku pielietojumu, ari
gadijuma izpéte klust par plasi atzitu pé&tniecibas metodi. Gadijuma analizes metodika
atkldj logisku saikni starp to, ka pétijuma iegitie dati sniedz atbildes uz izvirzitajiem
jautajumiem. Viens no gadijuma analizes izstradatajiem musdienas Roberts Jins (Robert K.
Yin) uzsver teorétiska pamatojuma nepiecieSamibu gadijuma analizg, tap&c TpasSu nozimi
pieskir konceptualu pienémumu izvirzisanai pétijuma sakuma stadija un to saistibai ar datu
izvéli un analizi. R.Jins So metodi uzliko no pozitivisma pozicijam, uzsverot triju
elementu nozimigumu: objektivitati, validitati un iesp&ju izdarit visparinajumus. Metodi
pielieto petama objekta parmainu izskaidrosanai ilgaka laika perioda. Laika gaita tiek
parbauditas prognozes par noteiktam célonsakaribam.
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Jaatzimé, ka tris Baltijas valstis novértéSanas bridi nebija izstradatas aprites ekonomikas
strategijas. Izpétes rezultata tika identificéta labaka prakse, pasvaldibu darbibu ietekme, laujot
noteikt turpmakos nepiecieSamos solus parejai uz aprites ekonomiku, samazinot apglabajamo
atkritumu apjomu un no primaras izejvielas.

2.2.5. Ekonomiskais novértéjums, sekundaro datu analize

Ekonomiskais novértéjums un sekundaro datu analize tika izmantota, analiz&jot aprites
ekonomikas biznesa modelu pielietosanu Latvijas ekonomika. NepiecieSamibu pariet uz
aprites ekonomiku var veicinat, ka uzpémgjiem tiktu paradits, ka tas ir iesp&ams
uznémgjdarbibas modelis un veids, ka viens vai otrs uznémums tos varétu pielietot prakse.
Novértéjums aprobezojas ar aprites ekonomikas pieméru analizi Latvija, ievérojot
$ada zinatniska fona trikumu Latvija.

Pétniecibas  meérkis  bija  izstradat 1@émumu  pienemSanas  matricu, kas
piedavatu atbilstosu bizenesa modela struktiiru lémumu pienéméjiem un politikas veidotaji
em. Sis riks noteiktu vispiemérotako aprites ekonomikas uznémgjdarbibas modeli konkréta
m uznémumam un Latvijas ekonomikai kopuma, t.i., kuram aprites ekonomikas virzienam
biitu jasniedz lielaks atbalsts valsts ITmen.

Praktiska nozime bis riks Iémumu pienems$anai, pamatojoties uz izstradato aprites
ekonomikas biznesu modela izvéles matricu. P&tTjuma rezultati bis noderigi uznémejiem, kas
strada 1idzas politikas veidotajiem, lai identificétu ekonomikas nozares ar augstaku parejas
potencialu uz aprites ekonomiku. Sie p&tTjumi ir, lai pieraditu aprites ekonomikas ietekmi un
saittbu ar vidi un socialo jomu. Bez tam aprites ekonomikas pozitiva ietekme IKP
pieauguma, darba vietu radiSanas un oglekla emisiju samazinaSanas joma ir arl izmaksu
ietaupijumi un palielinata resursu atkartota izmantoSana un parstrade, kas noved pie
pieprasijuma péc primarajiem materialiem samazinajuma.

Ekonomiskas analizes pamata ir princips, ka projekta ieguldijumi ir javerteé péc to
alternativajam izmaksam, bet rezultati péc patérétaju gatavibas maksat. Izvéles izmaksas ne
vienm@r atbilst noverotajam finanSu izmaksam; arT vélmi maksat ne vienmér var pareizi
noteikt péc noverotajam tirgus cenam, kas var but izkroplotas vai nebiit pieejamas.
Ekonomiska analize tiek veikta no sabiedribas viedokla.

Sekundaras datu analizes biitiba jau noradita 2.2.3.sadala.

2.2.6. letekmju modelésana

Analizgjot aprites ekonomikas biznesa modelu pielietoSanu Latvijas ekonomika un Covid-19
ietekmi uz pasaules ekonomiku, ka arT aplikojot situaciju Latvija, tika analizta atsevisku
politikas instrumentu sistému dinamika, to ietekme uz kopgjo atkritumu apsaimnieko$anas
sisttmu valstl un pareju uz aprites ekonomiku. Pielietojot ietekmju modeléSanu, tika
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izveidots parskats par pandémijas negativajam un pozitivajam sekam, izmantojot sapratigu un
ilgtsp&jigu riska novert§jumu, un sagatavots ieteikumu kopums politikas veidotajiem, lai
stimulétu aprites ekonomikas ievieSanu un varétu radit noturigaku, ilgtsp&jigaku un zemu
oglekla emisiju ekonomiku. Covid-19 ietekme uz Latvijas atkritumu apsaimniekoSanas
sistému paradita 2.7. att.

LV atknitumu
Individualo apsaimnieko$anas sistéma

aizsardzibas VARAM athritumu
Iidzeklu apsaimniekoSanas
atkritumi Piegruzosanas vadlinijas

Covid-19 Aoz
[ e

Skiroti i
atkritumi ZM iepakojuma
vadlinijas

Iepakojums

2.7. att. Covid-19 un Latvijas atkritumu apsaimniekoSanas sist€émas ietekmju modeléSana

2.3. Pétniecibas metodes saistiba ar zalo uznémumu, zalo darba vietu un
sabiedribas zalo aktivitaSu lomu atkritumu apsaimnieko$ana

Promocijas darba ietvaros tika vértéta zalo uznémumu, zalo darbavietu (ZDV) un
sabiedribas zalo aktivitaSu loma un vieta atkritumu apsaimnieko$ana un pareja uz aprites
ekonomikas modeli, ieverojot atkritumu apsaimniekoSanas hierarhiju un akcentgjot atkritumu
apjoma samazinasanu un ra$ands novérSanu, atkritumu parstradi un energijas razoSanu no
atkritumiem, kur visefektivakos rezultatus var sasniegt ievieSot dalito atkritumu savakSanu.
Papildus butu javerté arT jebkuru precu izstrades un razoSanas aspekti, respektivi ekodizaina
aspekti, jo ar tiem cie$i saistiti atkritumu raSanas un apsaimniekoSanas aspekti, bet tam
nepiecieSams atsevisks noveértéjums. Darba laika aptaujas veikSanas noluka tika sagatavota
anketa par zalo uznémumu, zalo darbavietu un sabiedribas zalo aktivitasu lomu un vietu
atkritumu apsaimniekoSanas sistémas attistiba, 1pasi sekmgjot atkritumu samazinasanu un
novérsanu un attistot atkritumu dalito vaksanu (2.2. tabula).
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1.1. tabula.
Anketa zalo uznémumu, zalo darba vietu un sabiedribas zalo aktivitasu novertésanai.

Novertejums Zalie uznemumi | Zalas darba vietas Sabiedribas
(punkti 0-5)* zalas aktivitates
Izglitibas  nepiecieSamiba
(specifiska/augstaka)

Inovacijas (jaunuma Iimentis,
nepiecieSamiba, efektivitate)

Ekonomiskie aspekti
(nodoklu politika, izmaksas,
pievienota vértiba)

Socialie ieguvumi (t€ls,
prestizs, kvalitate)

Vides aspekti (ietekmes uz

vidi, piesarnojuma
samazinasanas un noversanas
iespgjas)

Klimata aspekti (ietekmes
uz  klimata  parmainam
mazinasanas iespejas)

Motivacija mérku
sasniegsanai (ieguvumi,
konkurence)

*- novertéjuma skala ( 0 — nav viedokla/nezinu; 1 — mazsvarigi, 5 — loti svarigi

Saja gadijuma tika pienemts, ka ZDV ir darbavietas, kas veicina vides saglabaganu vai
atjaunoSanu, neatkarigi no ta, vai tas notiek tradicionalajas nozars, piemeram, razosana un
biuvnieciba, vai jaunas, toposas zalas nozar€s, pieméram, atjaunojama energija, ka arl
tradicionali zalajos uzn@mumos, pieméram, atkritumu apsaimniekoSanas uzpemumos u.c..
Tika pienemts, ka veiksmiga pareja uz videi draudzigu, resursu un energoefektivu ekonomiku
parveido darba tirgus, un ZDV var biit gan zalajos uznémumos, gan jebkurd uznémuma un
iestadé, un tas var atSkirt arm1 péc to ieguldjjuma videi draudzigakos procesos. Zalas
darbavietas var biit gan zalajos uznémumos, gan ari jebkura uznémuma, kur§ péc savas
butibas nav veértgjams ka zalais uznémums. Pieméram, videi draudzigas darbavietas var
samazinat precu patérinu, samazinat izlietota iepakojuma apjomus, veicinat pareju no precu
patérina uz pakalpojumiem, samazinat radito atkritumu apjomu, samazinat apglabajamo
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atkritumu apjomu un uzlabot parstrades tehnologijas. Vienlaikus tika nemts véra, ka ZDV
razosanas procesos, ne vienmér rada vides preces vai pakalpojumus.

Savukart zala uznémgjdarbiba ir darbiba, kura apzinati tiek risinatas vides un socialas
problémas un vajadzibas, ka arT tiek piedavatas izcilas novatoriskas uznéméjdarbibas idejas.
Zalas uznémejdarbibas mérki nav tikai veidot finanSu pelnu, bet arl nodrosinat ilgtsp&jigu
attistibu, mazinat vides riskus un pieveérst pastiprinatu uzmanibu ekologiskam témam. Zala
uznémejdarbiba rada pievienoto vertibu, vienlaikus neapdraudot dabas kvalitati un ekosisteému
pakalpojumu kvalitati un apjomu. Zalas uznémeéjdarbibas veicgji §1 darba izpratng ir atkritumu
apsaimniekoSanas uznémumi, kas veic atkritumu savaksanu, SkiroSanu un sagatavoSanu
parstradei un regeneracijai, veic atkritumu parstradi, vai regeneraciju, veic lietu remontu,
labodanu un sagatavoSanu atkartotai izmantofanai. Sie uznémumi nodroina atbilstosu
atkritumu apsaimnieko$anu, samazinot atkritumu daudzumu, kas tiek apglabats atkritumu
poligonos, un palielinot atkritumu parstrades apjomus. Savukart uznémumi, kas veic lietu
remonta un labosanas darbus, pagarina lietu dzivi un tadejadi novers atkritumu rasanos. Zalas
uznéméejdarbibas rezultata tiek nodrosinata vides kvalitates saglabasana un palielinata resursu
efektivitate, kas ir viens no aprites ekonomikas stiirakmeniem.

Sabiedribas zalas aktivitates aptaujas konteksta ir sabiedribas atsevisku interesu grupu
iniciativas un aktivitates, iesaistot sabiedribu un dazadus ekspertus, ar mérki veicinat kopgjo
izpratni par ilgtspgjigu dzivesveidu, eckologiski gudru saimniekoSanu, biologisko
daudzveidibu, ka arT rosinat empatiju pret apkart€jo vidi un sniegt noderigus risinajumus
ikdienas paradumu mainai. STs aktivitates saistitas ar vides akfivismu un pilsoniskas
sabiedribas lidzdalibu ar vidi saistitu jautdgjumu risinaSana, vietéja un nacionala ITmeni
sadarbojoties ar citam biedribam, iniciativas grupam un individiem, sniedzot konsultacijas un
citu atbalstu. AktivitaSsu mérkis ir sekmét vides politikas integraciju nozaru politikas un
veicinat vides izglitibu, izplatot informaciju un organizgjot uz sabiedribu veérstus pasakumus.
Pieméram, Liela talka, Zero waste, Zala briviba u.c.

Darba gaita tika sagatavota arT anketa par biedribu, nodibindgjumu un nevalstisko
organizaciju lomu un ieguldfjumu atkritumu apsaimniekoSanas sist€émas attistiba, taja skaita
atkritumu apjoma samazinasana un novér$ana un dalitaja vaksana. Anketas ietvaros ieprieks
minétie vides eksperti un studenti tika aicinati saranzeét konkrétas organizacijas atkariba no
lomas un ieguldijuma atkritumu apsaimniekosana, ka arT pamatot ranzgjumu saskana ar 2.3.
tabulu.
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2.3. tabula.
Vides jomas biedribu, nodibinajumu un nevalstisko organizaciju loma un ieguldijums
atkritumu apsaimniekoSanas sisteémas attistiba.

Biedribas, nodibinajumi un Loma atkritumu apsaimnieko$ana, Tpasi
nevalstiskas organizacijas dalitaja vaksana

Sobrid nakotné

Biedribas “Pédas” Liela talka

Biedriba "Zero Waste Latvija"

Biedriba “Zala Briviba”

Vides konsultativa padome

Vides izglitibas fonds

Latvijas vides zinatnes un izglitibas
padome

Cits

Biedribas, nodibinajumi un nevalstiskas organizacijas (NVO) tika izv€letas loti
atSkirigas péc darbibas stila un mérkiem, bet tas vienojosais elements ir darbibas joma, jo tas
visas darbojas vides aizsardzibas joma, taja skaita saistiba ar atkritumu apsaimniekosanu. Ta
Latvijas vides zinatnes un izglitibas padome, Vides izglitibas fonds saistitas vairak ar
izglitojoSu un pétniecisku darbibu vai tas atbalstu. Biedriba “Zala Briviba” ir sabiedriska
vides aizsardzibas un vides izglitibas organizacija, kuras misija ir veicinat tadas sabiedribas
attistibu, kas dzivo saskana ar sevi un apkartgjo vidi, informg&jot sabiedribu par patérétaju
darbibas un globalizacijas ietekmi uz dabu un socialo vidi, veicinot vides nevalstisko
organizaciju lidzdalibu nacionalas un starptautiskds normativo aktu izstradg, pienemsana un
ieviesana. Vides konsultativa padome ir konsultativa koordingjosa institlicija, kuras darbibas
mérkis ir veicinat sabiedribas Iidzdalibu vides politikas izstradé un istenosana. Biedriba "Zero
Waste Latvija" iestajas par bezatkritumu dzivesveidu un tas biedri darbojas dazadas
jomas - gan sadarbojoties ar valdibu, atkritumu apsaimniekotajiem un razotajiem
dazadu likumprojektu izstradé, gan realiz€jot savu iniciativu projektus. Biedribas
“Pedas” Liela talka ir ikgadgja akcija apkartgjas vides sakopSanai un daba izmesto atkritumu
savaksanai.

Talakai zalo uznémumu, zalo darbavietu un sabiedribas aktivitaSu lomu un vietu
aprites ekonomikas un taja skaita atkritumu apsaimniekoSanas sist€émas attisttba lomas
novertesanai tika izmantota jau ieprieks aprakstita daudzkriteriju analize TOPSIS. Izmantojot
TOPSIS analizes metodi, tika izveidota lémuma matrica D, kas sastav no iepriek$ mingtajiem
krit€rijiem un alternativam.
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3.REZULTATI UN ANALIZE

3.1. Prioritaro tehnologiju izvéle atkritumu apsaimniekosana

atseviskam atkritumu plismam Latvija

Promocijas darba uzdevums bija noskaidrot, vai dazadu izp&tes un analizes metozu
pielietosana kombinésana labako/efektivako
parstrades/regeneracijas alternativu izvélei dazadam atkritumu plismam ir piem&rojamas un

un ar mérki noteikt atkritumu
palidz pienemt lémumus talakai tehnologiju un darbibu izvélei un lémumu pienemsanai.

No ekonomiska viedokla pétfjumi ir paradijusi, ka otrreiz&ja parstrade var dot lielaku pelnu
jaunu produktu izstradei. No vides viedokla parstrade un atkartota apstrade palidz samazinat
ietekmi uz vidi, jo novér§ atkritumu rasanos péc patérina un prasa mazak dabas resursu,
tadgjadi pagarinot produkta kalpoSanas laiku. Kopuma otrreizgjai parstradei un atkartotai
apstradei bus ietekme uz ilgtspgjibu, proti, ekonomiku, vidi un sabiedribu. Tadgjadi var

secinat, ka produktu parstrade un regeneracija ir ne tikai ekonomiska, bet ari videi draudziga.

3.1.1. Papira atkritumu parstrades tehnologijas un metodes novértésana

Piesarnojuma emisijas, piem&ram, no termiskas un virsmas apstrades, var rasties tados
procesos ka parstrade, uzlaboSana un atkartota apstrade. Tomér, ja atkritumus izmanto
atkartoti, kaitigo izmesu Itmenis tiek samazinats salidzinajuma ar izejvielu razosanu, kas var
ari uzlabot produktu ilgtspgjibu. Analizei tika atlasitas un savstarpgji salidzinatas Cetras
produktu grupas, kuru pamata ir dazadas raZoSanas metodes: 1. celulozes nanokristali (CNC)
un celulozes nanoskiedras (CNF), 2. iepakojums olu iepakoSanai, 3. atkartoti lietojams papirs,
4. kartons. Raditaju pamata bija tas, cik daudz investiciju, elektribas un tidens ir nepiecieSams
papira atkritumu parstradei, ka arT dati par to, cik daudz CO> emisiju rodas razo$anas procesa.
Raditaji tika izveleti péc svariguma un ietekmes uz vidi un galvenajiem izejmaterialiem
procesu nodrosinasanai. Raditaji izmantoti no dazadiem literatiiras avotiem [113, 114, 115,
116,117,118, 119] (3.1. tab.).

3.1. tabula.
Daudzkritériju matrica.
Tehnologijas metode. NepiecieSamas Energijas Udens Ietekme uz
Izstradajumi no investicijas, paterins, paterins, klimatu,
parstradata papira euro/tatkritumi | KWh/ takritumi | M3/ tatkritumi | tco2/ tatkritumi
Celulozes nanokristali 534 865 6 624
(CNO) un celulozes
nanoskiedras (CNF)
Iepakojums olu iepakosanai 3095 285 23 148
Atkartoti lietojams papirs 7276 670 24 350
Kartons 3041 280 22 146
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3.1. tabulas dati tika modific@ti ta, lai visus produktus raksturotu ar vienadiem raditajiem. No
raditaju vertibam, mazakas investicijas nepiecieSamas CNC/CNF izstradajumu razo$anai, kam
savukart ir augsts Tpatn&jais energijas patérins, bet zems tdens patérins. Atkartoti lietojama
papira razoSana prasa lielas investicijas un augstas energijas un fidens izmaksas ekspluatacijas
laika. Visi Cetri krit€riji ir lidzvertigi olu iepakojuma un kartona razos$anai. Aplikojot iegiitos
daudzkriteriju analizes rezultatus, redzams, ka visaugstakos raditajus pé&c aprékiniem sniedz
atkartoti lietojams papirs. Otra ir — CNC un CNF razoSana jeb celulozes nanoskiedru un
celulozes nanokristalu razosana, bet sliktakos rezultatus uzrada kartona un olu iepakojuma
razosana.

Lai var€tu novertét, kura produkta razosanai biitu jadod prieksroka, iegiitie skaitli tiek
parversti kvalitativa vertéjuma vienibas. leglitos datus ievieto matrica un parvers skaitlos no 1
lidz 5, kur 1 ir zemakais vert&jums un 5 augstakais. (3.2. tab.).

3.2.  tabula.
Informacijas apkopojums parversts skaitlos.
Tel}nolo_glj a5 pancimiens. Nepieciesamas Energijas Udens Klimata
Papira parstrades produkti . . =0 . .
mvesticijas patérins patérins ietekme
CNC/CNF razo$ana (Razo no
parstrades diinam) 5 2 5 2
Olu iepakojums 3 5 3 4
Otrreizgji izmantojams
papirs 2 2 3 3
Kartona raZzoSana 3 5 3 4

Multikriteriju analizes rezultati ir apkopoti 3.1. att€la. Iegitie rezultati liecina, ka
labakos raditajus péc aprékinu veikSanas ir ieguvis produkts — CNC un CNF razosana, jeb
celulozes nanoskiedru un celulozes nano-kristalu razosana. Otraja vieta ierindojas kartona un
olu iepakojumu razoSana, bet sliktakos rezultatus uzrada otrreizgji izmantojama papira
razo$ana. Sadus rezultitus papira razo$ana var izskaidrot ar to, ka neviend no citiem
gadfjumiem nav nepiecie$ama balinaSana un attintéSana.
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Carton production 0.69495289

Recycled paper 0.54585636
Egg packaging 0.69495289
CNC/CNF production 0.737704687

3.1. att. Daudzkrit€riju analizes rezultatu diagramma.

Gadijumos, kad nepiecieSami augstas kvalitates nanoprodukti, arT izejmaterials, kas
tiek izmantots parstradataja papira, ir jaattira, jo tintes dalinas var pasliktinat galaprodukta
gaismas caurlaidibu, ka arT gaismas atstaroSanas koeficientu vai baltuma faktors. Otrreizgja
papira razoSana tintes atdaliSana ir viens no galvenajiem procesiem, jo Sis process ietekmé
galaproduktu. Tapat visa izstradajuma (kartons, otrreiz lietojamais papirs, olu iepakojums,
CNC/CNF razoSana) liela nozime ir tdens patéripam un raditajiem notekiideniem.
Visbitiskaka ietekme ir no balinasanas, bet lielu ietekmi rada ari notekiideni un Gdens
patérins.

Papira atkritumi ir laba izejviela dazadu produktu razoSanai. Papira parstrades
tehnologijas atSkiras un Iidz ar aprites ekonomikas attistibu arvien lielakas klast jaunu,
inovativu produktu razoSanas iesp&jas. Daudzkriteriju analizes rezultati apliecinaja, ka
celulozes nanoskiedru un celulozes nanokristalu razosanai ir priekSrocibas salidzinajuma ar
olu iepakojuma un kartona razoSanu, bet otrreizgji izmantojama papira razoSana $aja Cetru
produktu kopa ienem p&dgjo vietu, jo nenoliedzami ir saistita ar lielam investicijam un
darbinasanas izmaksam.

3.1.2. Atkritumu ka energomaterialu novértésana

Ieverojot, ka ir dazadi veidi un metodes, ka atkritumus var izmantot ka energoresursus,
svarigi saprast, kuriem atkritumu sagatavosanas un izmantoSanas veidiem ir biitiskaka loma
atkritumu parveérsana par energoresursu. P&tljuma laika tika analiz&ts atkritumu ka potencialo
energoresursu lietojums, ieglistot energiju no atkritumiem, tos sadedzinot apkures sistémas un
cementa razoSanas procesa, razojot degvielu no riepam, iegiistot biogazi no biologiskajiem
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atkritumiem un energijas ieguvei izmantojot poligonu gazi. Atkritumu ka potencialo
energoresursu sadalfjums paradits 3.2. att.

) e organiskie - _

smodernas scementa shiogazes ssiltumenergijas
degvielas raZosanai raZosanai raZosanai
razosana ssiltumenergijas selektroenergijas
raZosanai un
siltumenergijas
rafo3anai

3.2. att. Atkritumu ka potencialo energoresursu sadalfjums.

Izmantojot TOPSIS analizes metodi tika izveidota lémumu pienemsanas matrica D,
kas sastav no krit€rijiem un alternativam, ka paradits 3.1. formula:

4, C, o Oy
D= : ("}1 "}") (3.1)
Am Xm1 " Xmn

kur:

Aj...Am — salidzinamas alternativas;

Cy...C,— kriteriji pec kuriem tiek veikta salidzinasana;

x;— alternativas i (kur i ir alternativa / 1idz m) sniegums/vertiba p&c kritérija j (kur j no / lidz

Talak tika izvéletas piecas alternativas, kuras dazadas atkritumu plismas tiek
izmantotas ka energoresurss, un talak tas tika vert€tas balstoties uz Cetriem kritérijiem:
tehnologisko, ekonomisko, socialo, ka ari vides un klimata aspektu.

Tehnologiskais aspekts ietver sevi tehnologiju attistibas limeni, inovaciju iesp&jamibu,
procesu efektivitati un iegtita produkta kvalitati.

Ekonomiskais aspekts ietver sevi izmaksas atkritumu sagatavosanai, transportéSanai, iekartu
darbinasanai un tehnologisko iekartu kapitalieguldijumu segSanai.

Socialais aspekts ietver sevi galvenokart nodarbinatibas palielinaSanas vai samazinaSanas
jautajumus, ka ari atkritumu parvadajumu ietekmi ES 1Tmeni un arpus tas.

Vides un klimata aspekti Saja gadijuma ietver vides aizsardzibas prasibas attieciba uz
piesarnojuma aspektiem un siltumnicu gazu emisijam.

Ieveérojot mingtos aspektus, tika sagatavota lemumu pienemsanas matrica (3.3. tab.).
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3.3. tabula.
Lémumu pienemsanas matrica un atkritumu iesp&jamais lietojums energgtika vertgjums (no 1-
zemakais 1dz 5 — augstakais)

Npk. Atkritumi - resurss Aspekti
Tehnologiskais Ekonomiskais Socialais Vides
un
klimata
1. Riepas modernas degvielas 4 3 4 4
razoSanai
2. RDF energijas razoSanai 5 4 3 4
3. Organiskie atkritumu 5 4 4 4
biogazes razosanai
4. Atkritumu dedzinasana katla 2 3 4 3
kurtuve
5. Poligonu  gaze energijas 3 4 3 3
razo$anai

Katram kriterijam tika noteikts ta individualais svars w; . Svari tiek noteikti ta, lai izpilditos
nosacTjums (3.2. formula) — visu krit€riju svaru summa batu vienada ar 1.

T =1 (3.2)

Kritériju svari tika noteikti, balstoties ekspertu viedokli (3.4. tab.)

3.4. tabula.
Kritériju svari.
Veértésanas Tehnologiskais ~ Ekonomiskais Socialais Vides un klimata
kriteriji
Svars 0,25 0,30 0,2 0,25

Rezultata tika ieglta vertiba, kas parada alternativas tuvumu Idealajam Pozitivajam
risindgjumam un attdlumu no Idedla negativa risindjuma. Atkritumu plasmu regeneracijas

metozu ranz&$anas rezultati, izmantojot TOPSIS metodi, paraditi 3.3. att.

0.90
0.80
o 0.70
2
5
E o060
>
2 0.50
=
® 0.40
E
S 030
0.20
0.10 .
0.00 -
Riepas modernas RDF energijas Organiskie dA(;kf_‘tf"m“ Poi:i{g_ounl gaze
degvielas ieguvei atkritumi biogazes ke iZ'ﬁffanf‘ energijas ieguvei
razosanai razoSanai athy krasnis

3.3.att. Energijas ieguves no atkritumiem metozu ranzé$anas rezultati, izmantojot TOPSIS.
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legiitie rezultati uzskatami parada, ka no izvélétajam alternativam visoptimalaka ir
biologiski noardamo (organisko) atkritumu izmantoSana biogazes razoSanai. Tas paver
iespgjas iegit arT biodegvielu transportam. Vienlaikus biogazes razoSana jaskata kopsakara ar
komposta ieguves procesu, lai resursi tiktu izmantoti ar maksimali efektivi un ar lielaku
pievienoto vértibu. Izmantojot biologiski noardamos atkritumus biogazes razoSanai, tiek
samazinats atkritumu apjoms, kas tiek apglabats atkritumu poligonos.

Pie esoSajiem kritériju svariem poligonu gazes izmanto$ana energijas razoS$anai
ierindojas otraja vieta. Tomér jaatzimé, ka energijas ieguves apjomi, izmantojot poligonu gazi
korele ar biogazes razo$anu no organiskajiem atkritumiem. Jo lielaka dala organisko
atkritumu tiks izmantoti biogazes ieguvei, jo mazak $adu atkritumu nonaks apglabasanai
atkritumu poligona, ka rezultata samazinasies poligonu gazes ieguves apjomi, kuras
savaksana ir noteikta ka obligats pasakums atkritumu poligonu apsaimniekotdjiem. Intensivak
izmantojot organiskos atkritumus otrreizéjai parstradei un energijas razoSanai, iesp&ams
batiski samazinat poligona gazu daudzumu.

Savukart RDF izmanto$ana energijas razoSanai ierindojas tre$aja vieta. Savukart riepu
izmanto$ana modernas degvielas razoSanai ir tuvaka negativakajam risindjumam neka
idealajam pozitivajam risinagjumam, faktiski ta ir viena no pédgjam izvélem starp raksta
apskatitajam energijas ieguves metodém no atkritumiem. Tas talakai attistibai batiski ir riepu
parstrades aspekti, lai nolietotas riepas tiktu izmantotas maksimali efektivi no otrreizgjo
izejvielu aspekta. Vienlaikus jaatzimeé, ka, veidojot infrastruktiiru energijas ieguves
nodro$inasanai no atkritumiem, batiski planot kurinamo materialu dazadibu, ko var izmantot
konkrétaja iekarta, jo viens no atkritumu politikas mérkiem un uzdevumiem, parejot uz aprites
ekonomiku, ir atkritumu rasanas novér$ana, ka rezultata samazinasies atkritumu apjoms, ko
varés izmantot kurinama materiala sagatavosanai. Visneizdevigakais risinajums pie esosajiem
krit€riju svariem ir atkritumu dedzinasSana katla kurtuve, kas arT ir visneefektivaka metode un
rada vislielakos draudus apkartgjai videi un cilvéku veselibai.

Ka izriet no pétijuma, energijas razosana no atkritumiem atskiras gan tehnologisko
risingjumu, gan produktu razo$anas inovaciju, gan augstakas pievienotas vértibas, gan
izejvielu ieguves vietas un metozu zina.

Latvija ir potencials atkritumu ka energoresursa izmantoSanai, TpasSi nemot vera
atkritumu apsaimniekoSanas mérkus, kas izvirziti 2035. gadam. Lai nodroSinatu, ka tikai 10 %
no kopgja sadzives atkritumu daudzuma tiek apglabati poligonos, nepietiek ar parstrades
merki sasniegt vienatné. Lidz ar to bitisks jautajums ir, ko darit ar 25 % no radito sadzives
atkritumu daudzuma - palielinat parstradato atkritumu apjomu vai $o atkritumu daudzumu
regenerét - ieglit no tiem energiju turpmakai izmanto$anai. Viens veids, ka regener&t
atkritumus, ir to sadedzinasana. Energiju, kas ieglita no atkritumiem, var izmantot siltuma vai
elektroenergijas razoSanai, un ta var aizstat energiju, kas razota no oglém vai cita fosila
kurinama. Atkritumu regeneracija var palidz& samazinat siltumnicefekta gazu emisijas.
Veidojot infrastruktiiru energijas regeneracijai no atkritumiem, ir japlano dazadi materiali
degvielai, ko var izmantot konkrétaja iekarta, nemot véra vienu no atkritumu politikas
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mérkiem pareja uz aprites ekonomiku - atkritumi novérSana, kas samazinas atkritumu
apjomus, ko var izmantot ka materialu degvielai.

Priek$nosacijumu radisana alternativai atkritumu izmanto$anai, lai samazinatu atkritumu
daudzumu poligonos, paver celu jaunam un inovativam metodém, risindjumiem un ieghtas
energijas pielietojumiem.

3.1.3. NeSkiroto sadzives atkritumu sastava noteikSana

Veicot neskiroto sadzives atkritumu sastava noteikSanu pétijuma ietvaros tika
savakti un parskirot 160 neskirotu sadzives atkritumu paraugi — 5 paraugi no katras
pétijuma ieklautas pilsétas. Atkritumu sastava noteikSanas rezultati raksturo neskirotu
sadzives atkritumu sastavu atkritumu rasanas vietas. Rezultati lauj novértét un izdarit
secindgjumus par ne$kirotu atkritumu sastdavu pirms to priekSapstrades, regenergéjamas
atkritumu frakcijas atSkiroSanas un apglabasanas atkritumu poligonos. Interpretgjot
rezultatus, tika nemts véra, ka atkritumu masa ir noteikta dabigi mitriem atkritumiem, 11dz
ar to, ieveérojot dazadu atkritumu frakciju veidu mitruma absorbcijas sp&ju, atkritumu
sastava noteikSanas rezultati nav tieSi attiecinami uz atkritumu sastavu sausai masai.
Pielietota skiroSanas metode paredzgja, ka ka atseviska frakcija tiek uzskaitita smalksne —
pie rezultatu interpretacijas smalksnes frakcija vienadas dalas tiek attiecinata uz biologiski
noardamo atkritumu un inerto materialu frakciju.

Apkopojot rezultatus tika secinats, ka savstarpgji salidzinot visu mérfjjumu
rezultatus datu izkliede ir butiska. Tas ir skaidrojams ar neskiroto sadzives atkritumu
nehomogéno dabu. Apkopotie rezultati liecina, ka lielako ipatsvaru kopgja atkritumu
plisma veido biologiski noardamie atkritumi, kas vid&ji kop&ja apjoma veido 29,17 %.
Faktiskais BNA 1patsvars ir pat lielaks, jo atSkirotaja frakcija “Smalksnes” BNA sastada
~50 % no kopgja apjoma, tadejadi BNA summarais apjoms (neskaitot papiru, kartonu,
koksni u.c. materialus, kas ir biologiski noardami, bet ir ieklauti citas kategorijas) ir
lidzvertigs 38,77 % no kopgja sadzives atkritumu apjoma.

Parstradei derigie materiali: papirs, kartons, plastmasa, stikls, metals kopa sastada
32,9 % no kopgja atkritumu apjoma. Lielakais Tpatsvars parstradei derigo materialu grupa
ir plastmasas atkritumiem 12,4 %, stikla un papira/kartona atkritumu grupas katra veido
attiecigi 9,16 % un 8,1 % no kopgja apjoma, metali 2,99 %.

Atbilstosi atkritumu sastava noteikSanas metodikai, atseviski tika izdalitas visas
iepakojuma materiala grupas. Kopgjais, visu iepakojuma materialu veidu Tpatsvars
neskiroto atkritumu pliisma ir 21,86 %. Skiro$anas rezultati liecina, ka lielako Ipatsvaru
izlietota iepakojuma plisma veido stikla iepakojums 8.1 % no kopgja atkritumu apjoma
péc svara, plastmasas iepakojums 6,05%, papira kartona iepakojums 3,46 %, metala
iepakojums 2.15 %. Veicot atkritumu sastava noteikSanu, atseviski tika Skiroti arT
plastmasas maisini — rezultati liecina, ka plastmasas maisini kopgja atkritumu apjoma
veido, vidgji 3.7 %.
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Atlikus$as atkritumu grupas kopa veido 26,75 %, t.sk. inertie atkritumi — ap 11.67 %,
sadzives bistamie atkritumi, videi kaitigas preces 1.93 %, dazadi materiali, t.sk. tekstils,
gumija, koksne, higiénas atkritumi u.c., aptuveni, 13,15 %. Iegiito rezultatu kopsavilkums
sniegts 3.5. tab.

3.5.tabula.

NSA esosu materialu frakciju Tpatsvars (masas %).
Nr.p.k. Atkritumu frakcija Ipatsvars %

Vidgji Min Max
1. BNA 29,17 2,52 55,86
2. Papirs, kartons 4,64 0,00 17,56
3. Papirs, kartons IEPAK 3,46 0,00 12,14
4. Dzgrienu pakas 1,37 0,21 6,10
5. Koksne 0,56 0,00 4,54
6. Koksne IEPAK 0,16 0,00 3,07
7. Higiénas atkritumi 6,31 1,05 29,96
8. Tekstils 5,04 1,00 28,78
9. Ada, gumija 0,76 0,00 5,45
10. Stikls 1,15 0,00 9,32
11. Stikls IEPAK 8,01 0,41 26,19
12. Inertie 2,07 0,00 41,39
13. Miksta plastmasa 1,42 0,00 7,08
14. Miksta plastmasa IEP 1,59 0,00 6,46
15. Miksta plastmasa Maisini 3,73 0,00 11,29
16. Bliva plastmasa 0,83 0,00 6,47
17. Bliva plastmasa IEP 4,46 0,91 24,39
18. Paklaji 0,48 0,00 4,44
19. Melnie metali 0,62 0,00 6,18
20. Melnie metali IEP 1,39 0,00 5,02
21. Krasainais metals 0,22 0,00 3,03
22. Krasainais metals IEP 0,77 0,00 2,91
23. Kompozitmateriali [EP 0,65 0,00 5,80
24. Smalksnes 19,21 6,60 49,19
25. SBA (bat., akum.) 0,22 0,00 3,55
26. SBA (EIEA) 0,54 0,00 4,16
27. SBA (sadz. kim., citi) 1,17 0,00 5,61

NSA sastava noteikSanas rezultati pa pilsétu grupam grafiski atspoguloti 3.4. att.
Atseviskas atkritumu frakcijas S$aja salidzinajuma, vadoties no atkritumu frakciju
ipasibam, apsaimniekoSanas iesp&jam, Ipasam prasibam attieciba uz noteiktu frakciju
apsaimniekosanu ir apvienotas grupas. Salidzinajums veikts sekojo$am grupam:
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1))
2)

3)

4)
5)

6)
7)

8)
9)

BNA — grupa ietvertas BNA frakcijas un % no smalksnes frakcijas masas;

Papirs — grupa ietvertas papira/kartona un papira/kartona izlietota iepakojuma
frakcijas;

Plastmasa - grupa ietvertas visas plastmasas frakcijas, t.sk. visa veida plastmasas
iepakojums, plastmasas maisini, cieta un miksta plastmasa;

Stikls - grupa ietvertas stikla un stikla izlietota iepakojuma frakcijas;

Metals - grupa ietvertas melna un krasaina metala un melna un krasaina metala
izlietota iepakojuma frakcijas;

Iepakojums — grupa ietvertas visas iepakojuma frakcijas, t.sk. kompozitmaterialu
iepakojums, dzérienu pakas, koka iepakojums;

Inertie — grupa ietverta inerto atkritumu frakcija un 2 no smalksnes frakcijas masas;
Bistamie — ietvertas visas bistamo atkritumu, videi kaitigo precu frakcijas;

Citi — grupa ietvertas frakcijas, kas nav ietvertas citas grupas: koksne, higi€nas
atkritumi, tekstils, ada, gumija, paklaji.

Sads dalfjums lauj novértét atskirigu atkritumu pliismu apjomus un savstarpgji salidzinat

atkritumu veidu Tpatsvaru p&c iedzivotaju skaita un paradumiem atskirigas pilsétas.
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3.4.att. Atkritumu sastava noteikSanas rezultati pilsétu grupu dalijuma — kopsavilkums.

Eksperimentali iegiitie dati par neskiroto cieto sadzives atkritumu izplatibu Latvijas pilsétas
tika izmantoti turpmak matematiska modela izstradei. ST modela mérkis ir izskaidrot neskiroto
sadzives atkritumu NSA (atkarigo mainigo) mainigumu, pamatojoties uz izmérito atkritumu
frakciju sadaltjumu.

Dati par neskiroto NSA apjomiem katra pilséta tika iegiiti no nacionalas statistikas
datubazes “atkritumi-3”, kur devinam lielakajam pilsétam dati tika iegti tieSi no datu bazes.
Mazakajam pilsétam kopgjais pilséta radito atkritumu daudzums tiek aprékinats no novada
Iimena statistikas, nemot véra iedzivotaju skaitu katra novada un pasu pilsétu.

Sakotngja neskirota NSA mainiga statistiska analize liecinaja par butisku novirzi no
normala sadalfjuma, t.i., pozitivu Skibumu un vajaku par normalu izliekumu (standarta
Skibums 12,3, standarta slipums 33,8). Tas skaidrojams ar iedzivotaju sadalijjumu Latvijas
pilsétas — 51,6 % valsts iedzivotaju dzivo galvaspilséta Riga vai tuvgja Rigas regiona. P&c
logaritmiskas transformacijas tika panakts bitisks uzlabojums attieciba uz datu Skibumu
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(standarta $kibums -0,03, standarta slipums -0,3). Neskiroto
sadalijums p&c transformacijas ir paradits 3.5. att.

MSW mainiga blivuma

Blivuma sadalifjums

Blivums
(=2
8
T
|

L L L L L =
o 3 6 9 12 15

Log(NSA t/gada aprekinats)

3.5.  att. NSA blivuma sadaltjums p&c log(x) transformacijas.

P&c mainiga normaliz&Sanas tika izstradats matematiskais modelis. Dati par visam
eksperimentali izm&ritajam atkritumu frakcijam tika ieklauti ka potenciali neatkarigi mainigie,
iznemot mainigo “krasainie metali”, jo analize liecinaja par autokorelaciju starp $o un citiem
mainigajiem. Katram neatkarigajam mainigajam bija pieejami 32 nov€rojumi un tika
izstradats atpakalejoSas pakapeniskas regresijas modelis (ar p-vértibu mainiga ievadiSanai
modelt <0,05). Iegtitais modelis ietver 8 neatkarigus mainigos lielumus un konstanti. Katra
mainiga aplése, standarta klida un p-vertiba ir paradita 3.6. tab. Izstradata modela dispersijas
analizes p-vértiba ir 0,0000, kas ir mazaka par 0,05, kas nozimé&, ka pastav statistiski nozimiga
sakariba starp mainigajiem 95,0 % ticamibas ITmeni. / statistika norada, ka modelis izskaidro
76,87 % no atkariga mainiga mainiguma. Korigéta /° statistikais raditajs ir 68,82 %. Augstaka
p vertiba neatkarigajiem mainigajiem, kas ieklauti modeli, ir mikstajai plastmasai (maisiniem)
(p vertiba 0,0241), jo $T vertiba ir mazaka par 0,05, Sis mainigais ir statistiski nozimigs 95,0 %
ticamibas limeni. 3.6. tab. un 3.6. att. paradits novéroto un modeléto vértibu salidzinajums
neatkarTgajam mainigajam NSA.

3.6. tabula.

Matematiskaja modeli ieklauto mainigo lielumu raksturojums

Parametrs Pastavigi Standarta | T P-vértiba
klida Statistika

Pastavigi -2.83 2.14108 -1.32224 0.1991
Dz@rienu iepakojums 239.94 47.371 5.06508 0.0000
Koks 250.29 61.9601 4.03954 0.0005
Tekstils 59.76 22.0631 2.70862 0.0125
Ada, gumija -178.40 56.9387 -3.1331 0.0047
Miksta plastmasa (maisini) -57.77 23918 -2.41516 0.0241
SBA¥* (baterijas) -395.74 137.313 -2.88206 0.0084
SBA (elektriskas un elektroniskas 187.7 68.8557 2.72599 0.0120
ickartas)

*SBA - sadzives bistamie atkritumi
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Plot of Log(NSA t/gada aprekinats)

Novérots

Prognozétais

3.6.att. NSA prognozgtas un noveérotas vertibas.

Kopgjie rezultati liecina par diezgan bitisku atseviSku atkritumu sastava merfjumu
izkliedi. Tas skaidrojams ar neSkiroto sadzives atkritumu neviendabigo raksturu, ka ari ar
patérétaju paradumu atSkirtbam. Aplakojot katras pilsétas vid€jo vertibu no pieciem
atseviSkiem me&rfjumiem, minimalo un maksimalo vertibu izkliede ir izlidzinata.

Ar vidgjo Tpatsvaru 29,17 % (svara procenti) lielakais Ipatsvars kopgja atkritumu
plisma ir biologiski noardamajiem atkritumiem. Faktiskais biologiski noardamo atkritumu
patsvars ir vél lielaks, jo tie arT veido 1idz 50% no smalkas frakcijas, tatad kopgjais biologiski
noardamo atkritumu Tpatsvars (iznemot papiru, kartonu, koksni u.c., kas ir biologiski
noardams, bet ietilpst citas kategorijas) varétu sasniegt 38,77 %. Parstradajamie materiali
(ieskaitot iepakojumu), t.i., papirs, kartons, plastmasa, stikls, veido 32,9 % no kopgjiem
atkritumiem. Plastmasas atkritumi ar 12,03 % veido lielako dalu parstradei piemeéroto
materialu grupa, kam seko stikls (9,16 %), papirs/kartons (8,1 %) un metali 2,99 %.

Izmantota metodika lava arT atseviski analiz&t visas izlietota iepakojuma plismas.
Visa iepakojuma kopgjais Ipatsvars neskiroto atkritumu plisma bija 25,59 %. Skirosanas
rezultati liecina, ka lielako iepakojuma atkritumu Tpatsvaru veido stikla iepakojums 8,01 %,
kam seko plastmasas iepakojums 6,05 %, papira un kartona iepakojums 3,46 %, metala
iepakojums 2,15 %. Nosakot atkritumu sastavu, atseviski tika Skiroti arT plastmasas maisini,
un rezultati liecina, ka plastmasas maisini veido 3,7 % no kopgjiem atkritumiem. Sie rezultati
var biit nozimigi turpmakajas diskusijas saistiba ar iepakojuma atkritumu regeneracijas limena
paaugstinasanu.

Pargjas atkritumu grupas kopa veido 26,75 %, no kuriem inertie atkritumi (t.sk. arT %2
smalkas frakcijas) bija 11,67 %, bistamie sadzives atkritumi un videi kaitigas preces - 1,93 %,
dazadi materiali, tostarp tekstilizstradajumi, gumija, koks, higiénas atkritumi, utt., veidoja
aptuveni 13,15 %.

Pieejamos datus par atkritumu frakciju sadalfjumu var analizét vai nu ka
eksperimentali apkopotus (pieci datu punkti katrai pilsétai), vai arT aprékinot katras pilsétas
vertibas vidgjo vertibu. Neatkarigi no ta, kura datu kopa tiek izmantota, vispirms ir jasagatavo

74



dati, lai samazinatu neparasto novéroto datu sadalfjumu par atkarigo mainigo - neskirotajiem
sadzives atkritumiem - un par iedzivotaju skaitu. Otrais modelis tika izstradats, lai izpé&titu
saistibu starp neskiroto atkritumu daudzumu un izmeéritajam atkritumu frakcijam. Dati par
visam eksperimentali izméritajam atkritumu frakcijam tika ieklauti modeli ka potenciali
neatkarTgi mainigie. Katram neatkarigajam mainigajam bija pieejami 32 novérojumi (viens
katrai pils€tai). Izstradats uz priekSu pakapeniskas regresijas modelis (ar p-vértibu, lai modelt
ievaditu mainigo <0,05). Ieglitais modelis ietver tris neatkarigus mainigos lielumus un
konstanti, atvasinatais modelis ir paradits 3.3.vienadojuma. Izstradata modela dispersijas
analizes p-vertiba ir 0,0002, kas ir mazaka par 0,05, kas nozZimé, ka pastav statistiski nozimiga
saistiba starp mainigajiem 95,0 % ticamibas ITmen1. 7 statistika norada, ka modelis izskaidro
49,61 % atkarigd mainigd mainiguma. Korigéta /° statistika ir 44,21 %. Augstaka p vértiba
neatkarigajiem mainigajiem, kas ieklauti galigaja modeli, ir dzerienu iepakojumam (p vertiba
0,0014), jo $i vertiba ir mazaka par 0,05, $is mainigais ir statistiski nozimigs 95,0 % ticamibas
Itment.

Lai atrastu modeli ar labaku prognozesanas sp&ju, tam paSam atkarigajam mainigajam
tika izstradats atpakalgaitas pakapeniskas regresijas modelis. Sakara ar to, ka bija dazadi
prognozetaji, atpakalgaitas pakapeniskais modelis rada regresijas modeli ar 99,90 % #° un
99,24 % korigétu 7°. Modelis ietver visus atkritumu prognozetajus, jo tiem visiem p-vértiba ir
mazaka par 0,05, tapec tie ir statistiski nozimigi 95,0 % ticamibas [imeni. Lai gan So modeli
var izmantot neskirotu sadzives atkritumu prognozgSanai, tas, visticamak, ir parak detaliz&ts
modelis. Lai izmantotu modeli ar daudziem prognozgtajiem, atkartotos pétijumos biitu
nepiecieSama sarezgitaka (un dargaka) datu vakSana. No otras puses, pirmais modelis (3.3.
vienadojums) nodrosina daudz zemaku prognozeSanas precizitati.

Lai izstradatu analizi, pamatojoties uz ieprieksgjo secinajumu, ka pastav ciesa sakariba
starp atkritumu daudzumu un iedzivotdju skaitu, tiek izstradats papildu raditajs — patngjais
atkritumu daudzums (t/iedz.) — neskiroto atkritumu daudzumu attiecinot uz pilsétas
iedzivotaju skaitu. Statistiska analize identificé standarta skibumu un slipumu, lai $is raditajs
biitu diapazona, kas atbilst normala sadalfjuma datiem. Tadgjadi §1 raditaja izmantoSana lauj
risinat ari iepriek§ apskatitas sadalijjuma problémas. Tika izveidots statistisks modelis,
uzskatot $o konkréto atkritumu daudzumu par atkarigo mainigo, kura 12 ir 76,28 % (korigétais
7 ir 70,58 %) un taja ir nemti vera 6 neatkarigi mainigie.

Specifisks atkritumu apjoms = 0.16 — 0.0056 « BNA + 0.1098+dzérienu iepakojums +
0.2087+koks + 0.094=stikls — 0.1069+pakldji — 0.0796+« metala iepakojums (3.3)

Izmantojot atkarigo mainigo, ieglitajam modelim ir salidzinosi laba prognozeSanas
sp&ja un, ka mingts, tas samazina nepiecieSamibu izmantot atkariga mainiga transformaciju,
lidz ar to turpmakas analizes pa pilsétu grupam un atkritumu apsaimniekoSanas regioniem
izmanto konkr€tu atkritumu daudzumu. atkarigais mainigais.

Neskiroto sadzives atkritumu sastava analizes rezultati pa pilsétu grupam.
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Lai sikak izpétitu ieglitos datus un atrastu sléptos modelus, kas raksturo esoSo
atkritumu apsaimniekoSanas sist€mu, tika analiz&ts atkritumu sastavs pa pilsétu grupam.
Vispirms tika aprekinats vid€jais TIpatngjais neskiroto sadzives atkritumu daudzums katrai
pilsétu grupai, pamatojoties uz statistikas datiem. 3.7. att. ir paraditi rezultati par konkrétiem
neskiroto sadzives atkritumu daudzumiem piecas pilsétu grupas, kas klasificétas péc
iedzivotaju skaita. Rezultati liecina par lielaku ipatngjo atkritumu daudzumu lielakajas
pilsétas, savukart mazakajas pilsétas Ipatngjais atkritumu daudzums ir pat puse no vidgja. Lai
izpétitu §Ts tendences iemeslus, tiks turpinata atkritumu sastava atskiribu analize. Tikmér 3.8.
att. raksturo $o tendenci, izmantojot linedro regresiju. Sis attiecibas #° ir 0,505, tomér dati par
Rigu tika izslégti no §is datu kopas, jo taja ir ievérojami lielaks iedzivotaju skaits, kas tadgjadi
rada butisku novirzi un samazina korelacijas koeficientu. Lai gan $T sakariba ir tikai vidgji
speciga, tas norada, ka pastav atSkiriba starp atkritumu radisanas paradumiem dazadu pilsétu
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3.7.  att. Neskiroto sadzives atkritumu daudzums analiz&tajas pilsctas.
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3.8.  att. Neskiroto sadzives atkritumu daudzums analiz&tajas pilsétas. (Piezime: Riga ir
izslégta no datu kopas, jo taja ir ievérojami lielaks iedzivotaju skaits).

Neskiroto sadzives atkritumu sastava noteikSanas rezultati pa pils€tu grupam ir
grafiski paraditi 3.9. att. Sim novértdjumam atseviskas atkritumu frakcijas ir sagrupétas,
pamatojoties uz atkritumu sastavdalam (ka ieteikts ar N7 ENVIR 001 metodi), potencialajam
apsaimniekosSanas iesp&jam. (piem., Latvija nav specialu atkritumu sadedzinasanas iekartu,
tapec cita degoso atkritumu grupa netika atseviski izdalita), ka arT dazas specifiskas prasibas —
piem. paplasinatas razotdja atbildibas sist€émas attieciba uz izlietoto iepakojumu vai
aizliegums bistamos atkritumus apglabat poligonos. legiitais sadalfjums lauj novertét dazadu
atkritumu plismu apjomus un salidzinat atkritumu veidu patsvaru pa pilsétu grupam. Analizeé
tika nemtas véra sadas grupas:

1) Biologiski noardamie atkritumi — ieskaitot atsevisku biologiski noardamo atkritumu
frakciju un pusi no smalkas frakcijas;

2) Papirs — ieskaitot papiru, kartonu un ta iepakojumu;

3) Plastmasa — visas plastmasas frakcijas, ieskaitot iepakojumu, maisinus, miksto un
blivo plastmasu.

4) Stikls — ieskaitot stiklu un stikla iepakojumu;

5) Metals — taja skaita melnie un krasainie metali un to iepakojums;

6) Iepakojums — taja skaita visas pargjas iepakojuma frakcijas ka kompozitmateriali,
dzérienu iepakojums, koka iepakojums;

7) Inertie atkritumi — ieskaitot inerto frakciju un pusi no smalkas frakcijas;

8) Bistamie atkritumi — taja skaita visas tris bistamo atkritumu grupas;
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9) Citi — ieskaitot pargjas frakcijas, tostarp koksni, higiénas atkritumus,
tekstilizstradajumus, adu, gumiju, paklajus.

Vairak ka 40000 iedzivotaju
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3.9.  att. Atkritumu sastava rezultati pa pilsétu grupam

Biologiski noardamo atkritumu grupa veido lielako dalu no kopgjas atkritumu plismas
visos pilsétas paraugos. Lielakais biologiski noardamo atkritumu ipatsvars ir pilsétas ar
iedzivotaju skaitu no 10 Iidz 40 tokstoSiem iedzivotaju, savukart vismazakais Tpatsvars
pilsétas ar 1-5 tukstoSiem iedzivotaju. Nav noteikta tieSa korelacija starp biologiski noardamo
atkritumu Tpatsvaru un iedzivotaju grupam. Lielais biologiski noardamo atkritumu Tpatsvars
visos paraugos norada uz nepiecieSamibu risinat biologiski noardamo atkritumu parstrades
jautajumu.

Atskiriba starp minimalo un maksimalo papira atkritumu ipatsvaru apliikotajas pilsétu
grupas ir 1,8 %, un lielakais Tpatsvars ir lielakajas pilsétas. Papira atkritumiem tieSa sakariba
ir acimredzama, jo, pieaugot pilsétas iedzivotdju skaitam, papira atkritumu ipatsvars kopgja
atkritumu daudzuma palielinas. Kopuma papira atkritumu attieciba tiek raksturota ka
salidzino$i zema (salidzinot ar iepriek$&jo empirisko pieredzi Latvija). Tomér, jo Tpasi
attieciba uz papira atkritumiem, sajauksana ar neskirotu atkritumu plismu var butiski sabojat
papira kvalitati, un tap€c tas var nebit atdalams un lietojams. Lidzigi ka papira atkritumiem,
plastmasas atkritumiem rezultati liecina par butiskaku saistibu attieciba uz pilsétu lieluma
grupam, tikai $aja gadijuma lielaks Tpatsvars ir mazakam pilsétam. Kopuma metalu atkritumu
Tpatsvars tiek uzskatits par augstu, zinama meéra to var uzskatit par iesp&ju palielinat atkritumu
parstrades apjomu, jo metalu atkritumi ir salidzinosi viegli atdalami no neskiroto atkritumu
plismas un taja pasa laika metala. atkritumiem ir eso$as realizacijas iesp&jas. Analiz&jot
inerto atkritumu Tpatsvaru, secinats, ka tas dazadas pilsétu grupas butiski atskiras, kas
skaidrojams ar So atkritumu gadijuma raksturu. Bistamo atkritumu Tpatsvars tiek uzskatits par
augstu, kas norada uz nepiecieSamibu risinat jautagjumu par bistamo atkritumu avota
SkiroSanas iesp&ju paplasinasanu. Citu atkritumu, t.sk., koksnes, tekstila, gumijas, higi€nas
atkritumu u.c. ipatsvars ir lielaks mazakajam pilsétam un samazinas, pieaugot pilsétas
iedzivotaju skaitam. Japiebilst, ka Saja grupa aptuveni 2/3 no kopgja grupas apjoma sastada
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tekstila atkritumi un higiénas atkritumi, savukart pargjo - koksne, gumija, ada - ne vairak ka
1/3 no grupas lieluma.

Izstradats modelis, lai raksturotu kopgjo saistibu starp specifisko atkritumu rasanos
(neskiroto sadzives atkritumu daudzums uz vienu iedzivotaju, t/iedzivotajs) un novertétajam
pilsétu grupam (3.4. vienadojums). Saja modeli ir ieklautas divas no iepriek§ apskatitajam
atkritumu frakcijam — stikla atkritumi un citi atkritumi. Sie divi mainigie kopa var izskaidrot
99,75 % pilsétu grupas datu mainiguma (korigstais 7 ir 99,51 %). Taéu modelis ar tikai
mainigo citi atkritumi var izskaidrot jau 93% no mainiguma (korigéta r° ir 91,78 %), Iidz ar to
So atkritumu Tpatsvars - koksne, tekstilizstradajumi, gumija, higiénas atkritumi, paklaji - ir
bitisks raditajs, kam pilsétu grupai izlase piederes. Sos atklajumus var turpmak izmantot datu
vaksanai atkartotos pétjjumos vai iedzivotaju uzvedibas ietekmes wuz atkritumu
apsaimniekoSanu analizei.

Specifisks atkritumu apjoms = 0.89 + 0.0803=citi atkritumi + 0.0402~ stikla atkritumi (3.4.)

legiito datu talakai izpétei tika izstradati vairaki daudzfaktoru regresijas modeli
pétamajam apaksgrupam, kuras tika klasificétas atkariba no pilsétas iedzivotdju skaita. Sai
analizei eksperimentali apkopota datu kopa ar 160 mérjjumiem tika sadalita piecas
apak$grupas ar piecam lidz astonam pilsétam katra grupa. r kvadrata statistika un koriggta r
kvadrata statistika parada loti labu modeli, kas piemérots apak$grupam ar mazak neka 5000
un vairak neka 40 000 iedzivotajiem. To var€tu izskaidrot ar lielaku iedzivotaju paradumu
viendabigumu $ajas grupas, kas izriet no domingjosa majoklu veida viendabiguma S$ajas
apaksgrupas. Piem&ram, 2017. gada Riga 87,0 % iedzivotaju dzivoja daudzdzivoklu majas ar
vairak neka 10 dzivokliem, savukart pargjos Cetros statistikas regionos daudzgimenu maju ka
majokla veida Tpatsvars svarstas starp 39,9 % (Vidzeme regions) lidz 58,7 % (Kurzemes
regions). Tapat mazakajas pilsétas doming viengimenu maju Ipatsvars.

Vienlaikus janem véra, ka citi nozimigi faktori varétu ietekmét NSA veidoSanos, pieméram,
paradumi, vides izglitiba, atkritumu $kiroanas infrastruktiiras pieejamiba vai tas trikums. Sie
aspekti biitu japéta turpmakajos petijumos.

Papildus apkopoto datu analizei par pilsétas lielumu, var analizét tos péc piederibas
dazadiem atkritumu apsaimnicko$anas regioniem (3.10. att.). Atbilstosi Atkritumu
apsaimnieko$anas valsts planam 2013. - 2020.gadam un normativajam reguléjumam Latvijas
teritorija ir sadalita 10 atkritumu apsaimniekoSanas regionos, no kuriem katram ir noteikts
sadzives atkritumu apsaimniekosanas poligons. Atkritumu apsaimniekoSanas biznesa modeli
Sajos regionos ir diezgan atskirigi, dazas pa$valdibas ir sadarbojusas, lai izveidotu sadzives
atkritumu savakSanas un apsaimniekoSanas uznémumu, citos regionos pasvaldibas izvélas
vienu privatu uznémumu, ar kuru iedzivotajiem jaslédz ligumi. Par deviniem regioniem bija
pieejami dati par vismaz divam dazadam pilsétam, bet par vienu no regioniem bija pieejami
tikai vienas pils€tas dati.
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3.10.att. Atkritumu sastava rezultati pa atkritumu apsaimnieko$anas regioniem.

Kopgjie rezultati liecina, ka parstradajamo materialu (stikls, papirs, plastmasa, metals)
patsvars dazados atkritumu apsaimniekoSanas regionos vidgji ir 32 % no neskirotajiem
sadzives atkritumiem. No atseviskam parstradajamo atkritumu frakcijam lielaka atSkiriba
starp regioniem ir plastmasas atkritumiem. Kopuma lielaka atSkiriba starp minimalajam un
maksimalajam vérttbam daZados regionos ir biologiski noardamo atkritumu frakcijai ar
minimumu 32,68 % un maksimumu — 45,77 %. Tomér biologiski noardamo atkritumu
frakcija biezi ir visjutigaka pret konkrétajiem apstakliem. Pargjas lielakas atkritumu frakcijas
— Citi un Inertie atkritumi — attiecigi veido aptuveni 12,69 un 11,59 % no kopgja atkritumu
daudzuma. NepiecieSams padzilinats pétijums par patérétaju paradumiem, lai izdaritu
turpmakus secindjumus par atkritumu apsaimnieko$anas regionu salidzinasanu.

Regionali klasificéta datu kopa ir batiski $kiba, un pat pielietojot normalizacijas
tehniku, no pieejamajiem datiem nav iesp&ams izveidot statistiski nozimigu matematisko
modeli, lai matematiski raksturotu atSkiribas starp atkritumu apsaimnieko$anas regioniem.

Empiriska datu vaksana lauj veikt esosas atkritumu apsaimniekoSanas sistémas
sakotn&jo analizi. Eso$a atkritumu apsaimniekoSanas sistéma Latvija ir veidota galvenokart,
lai atbilstu kopgjam ES atkritumu apsaimniekoSanas prasibam. Tacu, lai miisu ekonomika
virzitos uz augstaku materialu aprites Iimeni, biitu batiski jauzlabo resursu atgtsanas raditaji,
vispirms palielinot parstraddjamo vai kompost§jamo materialu regeneraciju. Eksperimenta
rezultati liecina, ka ieprieksgja desmitgade neskiroto sadzives atkritumu plisma ir lidz 32,9
% otrreiz parstraddjamu materialu un 29,2 % biologiski noardamo atkritumu. Tadgjadi
gandriz 60% atkritumu, kas Sobrid Latvija ir paklauti neSkiroto atkritumu apsaimniekoSanas
sistémai, potenciali varétu tikt nodaliti, nodrosinot augstaku regener&to materialu kvalitati.
Turklat tekstilizstradajumu atkritumu savakSanai uz vietas ir vairakas iesp&jas, ka Sos
atkritumus novirzit no apglabasanas uz atkartotu izmantosanu.

80



Rezultati lauj raksturot eso$o atkritumu apsaimniekoSanas sistému, Tpasi atkritumu
sastavu pa dazadiem atkritumu apsaimniekoSanas regioniem un dazadam pilsétu grupam, kas
klasificétas péc to iedzivotaju skaita. Rezultati par dazadam pilsétu lieluma grupam liecina par
skaidru sakaribu starp pilsétas iedzivotaju skaitu un konkréto atkritumu radito daudzumu. Sis
tendences c€lonus var turpinat pétit, padzilinati izp&tot atkritumu raditaju paradumus.

Rezultati liecina par nelielam at$kiribam starp atkritumu sastavu dazados atkritumu

apsaimnieko$anas regionos, tadgjadi atzimgjot, ka papildus iedzivotdju skaitam un vinu
paradumiem, vietgja apsaimnieko$anas sistéma katra atkritumu apsaimnieko$anas regiona var
ietekmét savakto neskiroto atkritumu sastavu, Tpasi svariga ir esos$a dalitas vakSanas sistéma,
tas pieejamiba. Tacu iegitie dati nelava izstradat matematisko modeli, lai atskirtu dazadus
atkritumu apsaimnieko$anas regionus.
Secinajumi lauj fokus@t turpmakos pétfjumus par iedzivotaju atkritumu rasanas paradumiem
uz mazaku indikativo mainigo kopumu, tadgjadi ietaupot resursus un laika patérinu p&tijuma
veikSanai. Makarichi et al. [120] uzsver, ka esosas atkritumu apsaimniekoSanas sisteémas
izvértésana noved pie nakamas problémas — lémumu pienems$anas problémas saistiba ar
turpmako attistibas variantu izveli. Lai gan ST izpéte ir butiska esoSas atkritumu
apsaimniekoSanas sistémas novértéSanai, ir nepiecieSams ar turpinat analizét atkritumu
apsaimniekoSanas sist€émas attistibas iesp&jas Latvija, 1pasi izvert€jot integrétas atkritumu
apsaimnieko$anas sist€mas attistibas iespé&jas.

Bitiska atkritumu pliisma sadzives atkritumos ir iepakojums. Lielu dalu iepakojuma
iesp&jams savakt daliti, tadejadi nodrosinot kvalitativu materialu parstradei. Dala no radita
izlietota iepakojuma tiek parstradata un regenercta razotaju atbildibas sistému ietvaros. Ka
liecina vairaku valstu pieredze, efektivu iepakojuma savakSanu var panakt, piemérojot
depozita sistému dz€rienu iepakojumam. Promocijas darba laika, depozita sistémas ievieSana
Latvija tika vertéta pirms sistemas uzsakSanas. Rezultati ir svarigi arT sist€mas attistibai un
turpmakai papildinasanai. Kopgja iepakojuma apsaimniekoSanas izmaksas, balstoties uz RAS
apsaimniekoSanas vidgjam izmaksam un Eurostat datiem, 2015.gada veidoja 13,3 milj. eiro,
savukart ievieSot depozita sisttmu 26 milj. eiro. Otrreizgjas parstrades apjoms kopg&am
iepakojumam bija 126 012 tonnas, savukart parastd un depozita iepakojuma otrreiz€jas
parstrades apjoms bija 132 833 tonnas, no kuram 88 % jeb 116 568 tonnas otrreizgji
parstradaja primaro iepakojumu un 12 %, jeb 16 266 tonnas parstradaja depozita iepakojumu.
Darba gaita secinats, ka otrreizgjas parstrades apjoms, ievieSot depozita sist€ému, pieaugtu par
5,4 %, jeb 6 821 tonnam. Lidz ar otrreiz€jas parstrades apjoma palielinaSanos, pieaugtu arl
kopgja iepakojuma regeneracijas apjoms par 3 %, sastadot 57 %. Kartona ieklauana depozita
sisttma izteikti palielinatu depozita iepakojuma apsaimniekoSanas izmaksas Latvijas
konteineru sisteéma, proti, apsaimniekoSanas izmaksas ielaujot kartonu depozita sisteéma
pieaugtu uz 8 009 198 eiro, tacu ja kartons netiktu ieklauts, izmaksas saruktu uz 1 829 424
eiro. Depozita iepakojuma apsaimniekoSanas izmaksas depozita sisteéma, ietverot kartona
iepakojumu dzgrienu (3.7. tab.).
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3.7. tabula.

Depozita iepakojuma apsaimniekosanas izmaksas depozita sisteéma.

Materials | Vienibas, Apsaimnie Summa, | Apsaimnieko$ Faktiskas
gabali kosSanas euro anas maksa, izmaksas

maksa (bez euro/tonna Lietuva pie 93

PVN), % savakSanas,

euro/gabala euro

Stikls 26 000 000 0,025 650 000 100 1 040 000
PET 262 000 000 0,035 9170 000 1094 7 860 000
Skardenes 157 000 000 0,015 2355000 904 1727 000

Pienemot 1émumu par depozita sistémas ievieSanu Latvija, rekomend&jams lemt par
kartona dz€rienu iepakojuma pienemsanu automatos, jo tehniski tas ir iespgjams — tas lautu
apsaimniekot vairak atkritumu. Ieklaujot kartona dz@rienu iepakojuma depozita sisteéma,
regeneracijas apjoms pieaugtu par 9 %, sastadot 63 %. levieSot depozita sistemu (ieklaujot
kartonu) otrreiz€jas parstrades apjoms gan parastajam iepakojumam, gan depozita
iepakojumam biitu par 21 086 tonnu, jeb 16,7 % lielaks neka kopgja iepakojuma otrreizgjas
parstrades apjoms bez depozita sist€émas. Depozita sisteémas ievieSana majsaimniecibam nesis
ieguvumus — pirmaja gada tie bus 1192 tukst. eiro, savukart desmitaja gada tie pieaugs lidz
2003 tukst. eiro, veidojot kop&jos ieguvumus desmit gadu laika 16095 tukst. eiro. lenakumi,
ievieSot depozita sisteému, pieaugs, jo blis iespga nodot vairak iepakojuma (t.sk. dazadas
stikla pudeles), ka arT patérétaju ienakumi ik gadu pieaugs, jo pieaugs atgrieztas taras
Tpatsvars. Tirgotaju ieguvums no depozita sist€émas ievieSanas desmit gados biis 558 tukst.
eiro. lenakumi tirgotajam rodas no operatora savakSanas maksas.

Valsts un sabiedribas ieguvumi gadu no gada pieaugs, ievieSot depozita sist€mu, un
desmit gadu laika bus 9666 tukst. eiro. Ieguvumi radisies, jo tiks samazinatas izmaksas
lielajam talkam, kuras ik gadu tiek rikotas Latvija, tiks samazinats siltumnicas gazu emisiju
raditais piesarnojums — ietaupfjums bitu 19 - 25,7 milj. tonnu CO> gada.

6000000
4000000 Ienikumi no raZotajiem -
2000000 apsaimnieko$anas maksa
Tenémumi par realizétajiem resursiem
o 0
£ Ienakumino neatgriezta depozita
< -1000000
E 4000000 = [zdevumi administracijai, uzskaitei un
& kontrolei, sabiedribas informeSanai
-6000000 m Izdevumi tirgotajiem
-8000000
-10000000

1. gads

3.11. att. Operatora ienakumi un izdevumi depozita sistéma.
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No 3.11. att. var secinat. ka ar depozita sist€mas ievieSanu pieaugs darba vietu skaits
un tadgjadi operatora ienakumi un izdevumi ir lidzsvara.

P&tijuma ietvaros netika paredzg&tas biitiskas izmainas makroekonomiskajos raditajos
(iedzivotaju skaits, pirktspgja, IKP u.c.).

IevieSot depozita sistemu, dz€rienu iepakojuma regeneracijas apjoms palielinatos par 3
%, bet otrreiz&jas parstrades apjoms pieaugtu par 5,4 %. Savukart, ieklaujot kartona
iepakojumu depozita sist€tma, regeneracijas apjoms pieaugtu par 9 %, bet otrreizgjas
parstrades apjoms par 16,7%. Majsaimniecibam depozita sist€mas ieviesana atmaksasies jau
pirmaja gada. Depozita iepakojuma apsaimniekoSanas izmaksas Latvija esos$aja sistéma ir 1
829 424 eiro, savukart ievieSot depozita sisteému, tas pieaugtu lidz 12 175 000 eiro. Savukart,
ja apskata ka mainas parasta iepakojuma apsaimniekoSanas izmaksas ievieSot depozita
sistému, parasta iepakojuma apsaimniekoSanas izmaksas pieaugs par aptuveni 4 milj. eiro.
Tomer jarekinas, ka, ievérojot jaunos ES merkus attieciba uz atkritumu apglabasanu un
parstradi, taja skaita iepakojuma parstradi, tuvaka laika batiski pieaugs atkritumu
apsaimniekosanas izmaksas, kas varétu biitiski maintt min&tas izmaksas un bt biitisks pamats
depozita sist€émas ievieSanai.

Jaatzimg, ka palielinot depozita likmi dz&rienu iepakojumam no 0,10 eiro uz 0,13 eiro,
depozita sistémas ieviesana desmit gadu laika raditu ieguvumus 82 tiikst. eiro apmera, ka art
motivetu paterétaju atgriezt izlietoto iepakojumu.

Attistoties tehnologijam ir svarigi regulari analizét un vértét gan jau sistéma ieklautu
iepakojumu materialu parstrades ne tikai regeneracijas tehnologijas, metodes un iespgjas, gan
arT jaunu iepakojuma materialu un dzerienu ieklauSanu depozita sisteéma.

3.2. Atkritumu apsaimniekoS$ana un aprites ekonomikas merki

3.2.1. Leéemumu pienemsanas process parejai uz aprites ekonomiku

Normativas izmainas daudzos gadijumos tiek uzskatitas par butiskam eso$a aprites
potenciala atrasanai. Normativie aktu prasibas var sniegt pozitivu ietekmi uz vértibu keédém
un veicinat sadarbibu starp dazadam tautsaimniecibas nozares, kuras, iesp&jams, ieprieks
nebiitu izvert§jusas So sadarbibas iespgju. Dazos gadijumos, tas ir saistits ar tehniskam
problémam, kas ietekm& materialu plismas dazadas nozargs, pasi Seit ir jautagjums atkritumu
juridiskas definicijas un noteiktiem atkritumu apstrades pienakumiem.

Dazadu biznesa modelu izmanto$ana lauj samazinat materialu un resursu patérinu
razosanai, ka arT pabeigt produktu dzives ciklu, veicot turpmaku apstradi un parstradi, un to
pamata ir:

1) aplveida piegades modeli. Tie aizstdj materialus no primarajiem resursiem ar

atjaunojamiem, biologiskiem, vai regenerétiem materialiem, tadgjadi samazinot
pieprasijumu p&c primaro resursu ieguves;
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2) resursu regeneracijas/atgiisanas modeli koncentr&jas uz atkritumu parstradi otrreizgjos
materialos (vai sekundarajos materialos izejvielas), 1idz ar to novirzot atkritumus no
poligoniem un turklat samazinot apjomu primaro resursu ieguvei;

3) produktu kalpoSanas laika pagarinasanas modeli. Koncentrgjieties uz produktu
patérina perioda pagarinasanu, paléninot materialu plismu ekonomika un samazinat
primaro resursu ieguves, patérina atrumu, un atkritumu radisana;

4) modelu koplietosana. Medz atvieglot precu apmainu un tadgadi var samazinat
pieprasijumu p&c jaunam [121], optimizét galalietotdjam jau piederoSo produktu
izmanto$anu un samazinat primaro dabas resursu patérinu;

5) produktu apkalposanas sisttmu modeli. Tadgjadi tirgh tiek piedavati pakalpojumi,
nevis produkti, tadejadi uzlabojot stimulu videi nekaitigam produktu dizainam un
efektivakai produktu izmantoSanai, sniedzot lielaku ieguldijjumu primaro resursu
ilgtsp&jiga izmantoSana [122, 123, 124].

Aprites jeb aplveida vértibu kéde nozimé samazinatu primaras energijas patérinu resursus
razosana un izmanto atjaunojamus, parstradatus vai parstradajamus materialus. Materialu
atgli$ana un rupnieciska simbioze - izseko un regeneré produktus, pirms tie kltst par
atkritumiem, uzlabo blakusproduktu efektivu izmantoSanu un ir vérsta uz otrreizgjo parstradi,
augSup un lejup. Produkta izturiba, remonts ir versts uz produkta dzives ciklu "demontazas
dizaina" paplasinasana un izstrade projektSanas stadija. PersonalizéSana un pielagots dizains
— piedava veidot ilgtermina attiecibas ar klientu, veicina lojalitati, atvieglo remonta, materialu
regeneracijas un otrreiz&jas parstrades izstradi, un visbeidzot, bet ne mazak svarigi - iestdjas
preti parpilniba. Produktu apkalpoSanas sisteéma, pakalpojumu dematerializacija — nodroSina
piekluvi pakalpojumam, nevis precei un tas maina domasanas veidu no produktu piederibas
uz lietosanu. Un visbeidzot — daliSanas ekonomika — nozimé ka iedzivotajiem ir lielakas
iespgjas 1rét, iznomat, dalities, apmainit vai aizdot preces. Tas palidz optimizacija raZzoSanas
likm&m un piedava dazadas platformas produktu koplietoSanai, apmainai vai nomai.

Analizgjot produktu pakalpojumu veidus, tiek izdaliti galvenie. Uz produktu orientéts:

biznesa modelis ir versts uz produktu pardoSanu. Var pievienot dazus papildu pakalpojumus,
pieméram, apkopes pakalpojumus. Uz lietosanu orientéts produkts joprojam ir galvenais
spélétajs, tas pieder razotagjam-uznémumam un tiek piedavats klientam. STs kategorijas ideja ir
nodrosinat lietotajam piekluvi produktam. Savukart, modelis orientéts uz rezultatu: klients un
pakalpojumu sniedzgjs vienojas par rezultatu. Parasti procesa nav iesaistits iepriekS noteikts
produkts. Sis arf ir uz produktu orientéts:

1) biznesa modelis ir vérsts uz produktu pardoSanu, bet ar papildu pakalpojumiem
pieméram, uzturéSanas ligums, pagarinatas garantijas iespgjas;

2) orientéts uz lietoSanu: produktam joprojam ir galvena loma. Tas pieder pakalpojumu
sniedz&jam, tacu tas ir pieejams klientam. To sauc arT par "piekluves" modeli. Buitiba
tas nodrosina patérétajiem piekluvi produkta funkcionalitati, ja to pieprasa paterétajs;

3) orientSts uz rezultatu: paterétajs un pakalpojumu sniedzgjs vienojas par rezultatu $aja
biznesa modeli, produkts, iznakuma nodros§inasana patérétajam nav ipasi svariga. Tas
arT tiek min&ts ka "veiktsp&jas" modeli [125].
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Tas biis viens no svarigakajiem uzdevumiem tuvakaja nakotné — apzinat produktu status quo
un izprast pareju uz to, kurd virziena butu vispiemérotakais, ilgtsp&jigakais un ekonomiski
vispiemerotakais efektiva uznémumam.

3.2.2. Matrica ekonomikas aprites ekonomikas stratégijai

Aprites uzpémgjdarbibas modelu koncepcija tiek uzskatita par spécigu veicinataju
uznémumiem, kuri vélas Tstenot sava darbiba aprites ekonomikas praksi. Biznesa modelu
izstrade saskana ar aprites ekonomikas principiem un uzn@muma vai produkta vides un
ekonomisko veértibu kapitalizaciju prasa izstradat jaunu prasibu kopumu biznesa modela
inovacijam. NepiecieSami biznesa modeli javeido ta, lai varétu saglabat un izmantot resursos
ietverto vertibu (pieméram, caur resursu atgiiSana, ilgs kalpoSanas laiks, vairaki lieto$anas
cikli), ja resursu cilpas ir japalénina un jaslédz. Darba procesa gaita izstradata matrica aprites
ckonomikas stratégijas izstradei nacionala limeni, kas lauj izsekot informacijas plusmai
[émumu pienemsanai procesa, lai novértétu pareju uz aprites ekonomiku un izvélétos
pieme@rotako uznémejdarbibas modeli (3.12. att.).
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3.12. att. Aprites ekonomikas ricibas plana izstrades matrica (GIPDG - galveno ieintereséto
personu darba grupa).

Piem&rojot o pieeju soli pa solim, politikas veidotaji vares izstradat visaptverosako ricibu
planu, kurd biis izvertétas un nemtas veéra visas ekonomikas jomas, kuras risina aprites
ekonomika, tiks apzinatas jau esosas aprites ekonomikas iniciativas un noteiktas prioritates
katra aprites ekonomikas posma. Talak nepiecieSami turpmaki petijumi, kas saistiti ar ricibas
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plana matricas dalas praktisko izstradi, izvertgjot ieinteresétas puses katra aprites ekonomikas
posma, attistot iesp&jas un apzinot Skerslus aprites ekonomikas Tstenosanai, resursu ciklu
novertésanu uznémuma, izmaksu salidzinasanu izstradi, ievieSot aprites ekonomikas principus
un bez aprites ekonomikas elementiem. Saja gadfjuma tas butu industridlas simbiozes
istenoSanas novertgjums. Darba procesa ietvaros izstradata informacijas plismu l&émumu
pienemsanai process, lai novértétu pareju uz aprites ekonomiku un izvélétos piemérotako
uznémejdarbibas modeli.

Attieciba uz aprites ekonomikas principu pielietojumu tekstilindustrija, tika veiktas
strukturétas intervijas ar uznémumu parstavjiem. Intervijas sastavéja no astonam atvérta tipa
jautajumiem. Visi aptaujatie uznémumi ir uzskatami par maziem uzp€mumiem, ar darbinieku
skaitu no 1 [idz 10. Viens uzn@émums dibinats 2015. gada, divi citi 2018. gada un viens 2019.
gada. Visi ieguvusi sociala uzp€méja statusu, kuru ir pienakums atjaunot reizi gada,
iesniedzot atskaites un darbibas raditajus Labklajibas ministrija. Sada pieeja nelauj iegiit
statusu tikai formalitates dél. Tikai viens uznémums no aptaujatajiem noradija, ka galvenie
Skersli sociala uznémgja statusa iegtisanai ir birokratija un loti sarezgita vertésanas procedira.
Tas nozimg, ka Latvijas gadijuma nepiecieSams izstradat skaidru un parskatamu registracijas
shému, ka arT grantu pieteikSanas procedru.

Dalisanas ar

resursiem
Blakusproduktu 4 Lo
izmanto$anas 3 Simbioze
attistiba 2
[EP ak? J tma RaZo%ana
aizstasana
Parstradats Atkritumu
iepakojums noversana

3.13. att. Aprite ekonomikas principu pielietojums biznesa modeli tekstilindustrija.

3.13. att. analize parada, ka aptaujatie uznémumi ir atverti aprites ekonomikai un jau aktivi
iesaista tas elementus savos uznéméjdarbibas modelos. Turklat vini ir atveérti plasakai
integracijai, lai gan atseviski intervétie uzsveéra, ka triikst zinaSanu par atseviskiem aprites
ekonomikas elementiem un valsts atbalsta $aja zina. Uznémumi koncentr&jas uz tadiem
aspektiem ka otrreizgji parstradats iepakojums vai izvairiSanas no iepakojuma ka tada, ja
iesp&jams. Blakusproduktu attistibu veicina ideja par atkritumu samazinasanu. Uzn@mumi
pielieto atseviskus industrialas simbiozes aspektus, t.i., apgérbu parstrades uznémums ZILE
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sanem materialu, kas ir ziedots labdaribas veikalam un kas nav pardots, vél viens pozitivs
piemers ir resursu daliSana - aprikojuma piedavasana citiem uznémumiem, lai iegiitu dalitas
administrativas izmaksas un izvairitos no iekartu izmantoSanas apstadinaSanas. Butisks
aspekts atkritumu novérSana - pieméram, OWA darbiba - 1paSa burka adatu savaksanai,
tadgjadi izvairoties no to nokl@Sanas atkritumu plisma un iesp&ama kait§juma savvalas
dzivniekiem. Saskana ar intervijas sniegto informaciju, uznémumi aktivi ievie§ Korporativa
sociala atbildiba (KSA). Ievérojamakie KSA pieméri ir razo$anas procesa caurspidigums,
klienta/galalietotaja iesaistiSana razo$anas procesa, ziedojumi invalidiem, izstraddjot un
razojot Tpasi pielagotus apgerbus.

2020. un 2021. gads uznémeéjdarbibu dramatiski ir ietekm&jusi Covid-19 pandémija, jo
vairakkart tika noteiktas /ockdown (majsédes), ka ietvaros ekonomikai, uznémeéjdarbibai tika
pieméroti vairaki ierobezojumi. ST situdcija ir dramatiski ietekmé&jusi darba ietvaros analizétos
uznémumus, jo tie visi ir mazie uznémumi un dala no tiem ietver sociali neaizsargato
sabiedribas dalu. Galvenas problémas ir att€lotas 3.14. att.

Blakusproduktu izmanto$anas
attistiba

Uzsvars uz tieSsaistes pardo3anu un
mirketingu

Jaunu produktu attistiba
NepiecieSsamiba parorientét biznesu

Ievérojams apgrozijuma
samazinijums

Veikalu slegiana

b=

0 o5 1 15 2 25 3 35
3.14. att. Covid-19 pandémijas ietekme uz uznémejdarbibu.

Vienlaikus bitiski noradit, ka Covid-19 ir rosinajis uznémumus klit atbildigakiem

atkritumu samazinasanas zina, tadéjadi maksimali palielinot tekstilizstradajumu izejmaterialu
izmantosanu vai atkartoti izmantot piegrieztnes - uzn€mumi var vai nu izstradat noteiktus
jaunus produktus, izmantojot atgriezumus, vai razot ierobezotas apgérbu kolekcijas.
No veiktas literatiiras izpétes, gadfjumu izp&tes analizes un veiktajam intervijam izriet,
pirmkart, ja valsts v€las veicinat socidalo uznémgjdarbibu, ir svarigi padarit saprotamu
apstiprinasanas procesu un padarit to p&c iesp&jas vienkarsu. Bitiski paturét prata, ka socialie
uzp@mumi vairuma gadijumu tiek dibinati ne tikai p&c slavena Miltona Fridmena citata
“Biznesa bizness ir bizness”, bet vairuma gadijumu tie galvenokart tiecas atrisinat noteiktas
socialas problémas. Tapéc nepieciesams izstradat parskatamu un skaidru noteikumu kopumu,
lai uznémums varétu pretendét uz sociala uzpémuma statusu, tadgjadi samazinot arl
birokratisko slogu.
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Otrs aspekts, kas jaatzimg, ir aprites ekonomikas elementu ievieSana sociala
uznémuma ikdienas darbiba. Tapéc nepiecieSams izstradat noteiktas vadlinijas uznémumiem
(Seit vadlinijas var€tu sakt ar socialajiem uznémumiem, bet péc tam varétu ari paplaSinat,
aptverot visu veidu uzp€mumus) par aprites ekonomikas elementiem un praktiskiem
aspektiem, ka pariet no linearas uz vairak. aplveida biznesa modelus, ievieSot tadus aspektus
ka resursu koplietosana, iekartu koplietosana, simbiozes izmantosana, kad viena uznémuma
atkritumi var klit par cita uzn@muma aunu/izejmaterialu, parstradatu un/vai parstradajamu
materialu izmanto$ana gan razo$anas procesa, gan iepakojuma utt.

Tekstilizstradajumu atkritumi ir jauna atkritumu frakcija, kurai ir noteikti Tpasi méerki
ES direktiva par atkritumiem, tapéc ir arkartigi svarigi veicinat socidlos uzn€mumus
tekstilizstradajumu razoSanas un parstrades joma. NepiecieSams veicinat sapratigu patérinu un
partraukt atro modi, ka ar veicinat parstrades aktivitates, lai samazinatu tekstila atkritumu
daudzumu, kas nonak poligonos vai tiek sadedzinati. Latvijai un citam valstim, kuras ir
izstradajusas vai apsver aprites ekonomikas stratégijas, socidlie uzpémumi ir jauns
uznémgjdarbibas veids, jauni uznémgjdarbibas modeli, kas veicina pareju uz aprites
ekonomiku un sapratigaku patérinu

Pasaules ekonomika ir atkariga no savstarpgji saistitam piegades k&€dém, kuras uztur
vairak neka 100 miljardi tonnu izejvielu, kas katru gadu nonak saimnieciskaja sistéma. Tas ir
bijis neilgtsp&jigi gadu desmitiem, un dazu ménesu laika kop$ koronavirusa uzliesmojuma
sakuma kluva skaidrs, ka tas ir bistami trausls. Covid-19 izraisijis lielaku ar majsaimniecibu
un personigo veselibu saistitu produktu razoSanu un paterinu, kas parsvara ir vienreiz
lietojami un satur veértigus resursus, pieméram, plastmasu, tekstilizstradajumus, metalus,
elektroniku. Produktu razoSanas un paterina izmainas bija saistitas ar valdibu pienemtajiem
lémumiem un noteiktajiem ierobezojumiem. 3.8. tabula sniegts Latvijas valdibas pienemto
pasakumu salidzinajums dazados blok&sanas periodos.

3.8. tabula.
Ierobezosanas pasakumi Covid-19 pandémijas laika blok&sanas periodos.
Jomas Pavasara blokésana Rudens daleja Ziemas blokéSana
blokésana
Robezas slégtas Atvertas ar ES DV | Atvertas ar
ierobezojumiem
Bérnu darzi Ilerobezots Pilna laika Pilna laika
apmeklgjums
Skolas tieSsaiste Pilna laika 1.-6. TieSsaisté vai pilna
klase laika ar lieliem
ierobezojumiem 1.—
4. klasei
Augstskolas tieSsaiste tieSsaisté tieSsaisté
Darba vietas distancgti, ja iespgjams | distancéti, ja distancgti, ja iesp&jams
iesp&jams
Izklaides vietas slégtas ar ierobeZojumiem | slégtas
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Mazumtirdznieciba

atverti, ar
ierobezojumiem
nedglas nogal@s (var
stradat tikai partikas,
aptiekas, datortehnikas

atverti, darbojas ar
ierobezojumiem péc
m? un nedélas
nogal@s

atverti, ar
ierobezojumiem
brivdienas (atlauts -
partika, aptiekas;
aizliegts - alkohols,

veikali) tabaka)
Edinasana Tikai l1dzi neSanai un Atverti, darbojas ar | Tikai [1dzi neSanai un
piegadei ierobezojumiem piegadei
Publiskais Ierobezotu vietu skaits | Jalieto maskas maskas, ierobezota
transports ietilpiba (I1dz 50%)
Sporta zales slégtas Individualie trenini | individualie trenini ar

(1:1)

ierobezojumiem

Pirma un nakamo ierobezojumu analize parada, ka veiktas darbibas ietekm@:
1) atkritumu rasanas palielinaSanas majsaimniecibas (vienlaikus samazinas atkritumu
rasanas birojos, sabiedriskas vietas);
2) iepakojuma pat€rina pieaugums mazumtirdznieciba (papildu iepakojums higi€nas
apsverumu del);
3) elektrisko un elektronisko iekartu pardosanas apjoma pieaugums (iepakojuma patérina
pieaugums);
4) gaisa piesarnojuma un satiksmes sastrégumu samazinasana;
5) bezdarba pieaugums un jaunu biznesa ideju picaugums (roku darba sektors);
6) administrativo izmaksu samazinaSana komersantiem (biroja uzturSana, cela
izdevumi);
7) nekustama TpaSuma pardosanas apjoma picaugums priekSpilsétas.
Latvijas gadijuma ar ierobezojumiem cinfjusies visi veikali, kuriem nav iesp&ju iepirkties
interneta, un daudzi no tiem bija spiesti uzn@émumus slégt. Tas ietver arT ta sauktos
beramkravu veikalus (Zero Waste veikali), kas pédgja laika ir ieguvusi lielu popularitati un
kuriem ir liela ietekme uz iepakojuma atkritumu samazinasanu. Tacu vienlaikus gandriz
neviens no tiem nepiedava klientam tieSsaistes pirkSanas iespgjas. V&l viena pedeja laika
noverota paradiba ir ta, ka iedzivotaji butiski samazinajusies pudelés pildita tidens lietoSana.
Tas izskaidrojams ar to, ka cilveki strada no majam un vai nu izmanto krana tideni, vai izvélas
liela apjoma dzerama tidens pudeles.

Sis izvert&jums ir svarigs kontekstd ar jautdgjumu par atkritumu sastava izmainam, to,
vai izmainas ir bitiskas un paliekosas, un vai tas var bitiski ietekmét esosas tendences, ka
rezultata biitu nepiecieSams mainit atkritumu apsaimniekoSanas politiku, pielietotos
instrumentus, ka ar1, vai pandémija ietekm&jusi pareju uz aprites ekonomikas modeli.
Covid-19 ir nesis ar virkni pozitivu parmainu, kas galvenokart saistitas ar vidi un klimata
parmainam (3.15. att.).
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3.15. att. Covid-19 pozitiva ietekme uz resursu patérinu.

Aprites ekonomikas principus var praktizgt visos Itmenos tagad un nakotng, sakot no sejas
masku dezinfekcijas, kas glabj dzivibas, lidz SMART regionalo politiku un stratégiju
ievieSanai, kas maksimali palielina resursu izmantoSanu, samazina piesarnojumu un rada
neskaitamas uznémgéjdarbibas iesp&jas [64]. Saskana ar Vorikas Universitates (2020) veikto
pétijumu, ir svarigi, lai aprites ekonomikas elementi tiktu parnemti visas nozar€s, katrai no
tam izmantojot dazadas stratégijas. Raugoties uz uznéméjdarbibas parstrukturésanas periodu
péc pandémijas, varétu bit noderigi aptvert digitalo tehnologiju parveidojosas iespgjas
piegades kedes noturibai, izmantojot: lielo datu analizi piegadataju atlases procesu
racionaliz€Sanai, makondatosanu, lai atvieglotu un parvalditu attiecibas ar piegadatajiem.
Svarigs aspekts saistits ar interneta iesp&jam un lietoSanu, lai uzlabotu logistikas un
nositiSanas procesus. Veikta analize lavusi secinat, ka 2020. gads ar pandémijam ir novedis
pasaules ekonomiku daudzas jomas lejupslides un izdzivosanas fazg, bet vienlaikus tas ir
bijis labs aprites ekonomikas stimuls, kas ir loti svarigi. NepiecieSams mekl&t iespgjas, lai
tautsaimniecibas atdzivinasana notiktu atrak un virzitos ilgtspgjibas virziena. Sobrid Latvijas,
ka arf citu valstu politikas veidotajiem ir svarigi veikt esoSo vai planoto aprites ekonomikas
stratégiju efektivitates novertéjumu, apsvert visvairak skartas tautsaimniecibas nozares, lai
izstradatu Tstermina un ilgtermina ricibas planus, kas ne tikai veicinatu pareju uz aprites
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ekonomiku, bet arT nodrosinatu sapratigus praktiskus risinajumus, tostarp politikas atbalstu,
mentoringu un finansu instrumentu piesaisti.

3.3.Zalo uznemumu, zalo darba vietu un sabiedribas zalo aktivitasu
loma un vieta atkritumu apsaimniekoSana

Aptauja tika iesaistiti vairak ka 20 Latvijas vides eksperti, taja skaita atkritumu
apsaimniekoSanas jomas specialisti. Parejai uz aprites ekonomiku ir bitiska ietekme uz
prasmju vajadzibam, palielinoties vides nozaru pieprasijumam pé&c kvalificéta darbaspéka,
darba péméju kvalifikacijas paaugstinasana visas nozar€s un darbinieku parkvalificéSana
nozarés, kas ir paklautas parstrukturéSanai, tapéc aptauja tika iesaistiti ari 25 Latvija
studgjosie studenti, kas apgilist finansu un gramatvedibas profesijas un uznémeéjdarbibas
vadibu. Minéto studiju kursu macibu programmas ir ar vides aizsardzibas un atkritumu
apsaimniekoSanas pamati.

Aptauja iesaistitajiem respondentiem bija uzdevums novertét zalos uznémumus, ZDV un
sabiedribas zalas aktivitates, nosakot, kas kurai grupai ir butiskakie ietekmg&josie aspekti —
izglitiba, inovativa domasana, ekonomiskie aspekti, socialie ieguvumi, vides un klimata
aspekti un motivacija aprites ekonomikas mérku sasniegSanai. Aptauja iegiitie rezultati tika
salidzinati, ievérojot viedoklus, ko atseviski sniedza vides eksperti un studenti (3.9. tab.).

3.9. tabula.
Kopgjais ekspertu un studentu vertgjums par zalo uzn€mumu, zalo darba vietu un sabiedribas
zalo aktivitasu lomu aprites ekonomika.

Novéertejums Zalie Zalas darba Sabiedribas
(punkti 0-5)* uznémumi vietas zalas aktivitates
Izgllt}bas I_le;_)lecnesamlba 4,07 3.66 344
(specifiska/augstaka)
Inoyafl]vas _(Jaunum'fl . 1_1menls, 443 375 3.04
nepieciesamiba, efektivitate)
Ekonomiskie aspekti (nodoklu
politika, izmaksas, pievienota 4,50 3,60 2,80
vertiba)
Soc1z'llle 1'e_guvum1 (t€ls, 446 391 3.87
prestizs, kvalitate)
Vides aspekti (ietekmes uz vidi,
piesarnojuma samazinasanas un 4,67 4,29 4,44
noveérsanas iespgjas)
Klimata aspekti (iectekmes uz
klimata parmainam mazinasana) 4,47 3,98 4,15
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3.9. tabulas
turpinajums.

Motivacii ark T B
otivacija merku sasniegSanai 4’40 3’91 3’94

(ieguvumi, konkurence)

*- novertéjuma skala ( 0 — nav viedokla/nezinu; 1 — mazsvarigi, 5 — loti svarigi)

Zalo uznémumu, zalo darba vietu un sabiedribas aktivitasu lomu un vietu aprites
ekonomikas un taja skaita atkritumu apsaimniekoSanas sist€émas attisttba lomas novertésanai
tika izmantota daudzkritériju analize. Saja darba izvéléta daudzkritériju metode ir TOPSIS
[101].

Analizes gaita, veicot anket€Sanu, aprékinot vidgjos raditajus un pielietojot
daudzkritériju lémumu pienemsanas metodi (TOPSIS), rezultati uzskatami parada, ka no
izveletajam alternativam visefektivak rezultatus aprites ekonomikas modeli atkritumu dalitas
vaksanas un parstrades joma var sasniegt zalo uznémumu ietvaros (3.19. att.).

1.20
1.00
s 1.00
=
T o080
=
-‘g
= 0.60
g 0.40 -
= 0
0.20
0.04
0.00 [=——r"wr]
Zalie uznémumi Zalas darbavietas Sabiedribas zalas
aktivitates

.

3.19. att. Zalo uznémumu, zalo darba vietu un sabiedribas zalo aktivitasu ranz&Sanas rezultati,
izmantojot TOPSIS modeli.

Pamatojoties uz veikto aptauju rezultatiem un informacijas analizi tika
noveértéta zalo uznémumu, zalo darba vietu un sabiedribas zalo aktivitasu loma
atkritumu apsaimniekoSanas joma, ievérojot atkritumu hierarhiju aprites ekonomikas modeli.
Saskana ar atkritumu apsaimniekoSanas hierarhiju primarais ir atkritumu rasanas novérSana
un samazina$ana, tam seko atkartota lieto$ana, atkritumu parstrade un regeneracija (3.20. att).
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- Atkartota lietoSana

Parstrade

Regeneracija

Apglabas

3.20. att. Atkritumu apsaimniekoSanas hierarhija.

Petfjuma rezultati rada, ka butiskaka loma aprites ekonomikas modelt un atkritumu
apsaimniekoSanas hierarhijas Tsteno$ana ir zalajiem uznémumiem, tas ir uznémumiem, kuru
pamatdarbiba atbilstosi Eiropas Kopienas Saimniecisko darbibu statistiskai klasifikacijai
NACE tiek veikta, nodroSinot vides pakalpojumus. Promocijas darba konteksta tie ir
uznémumi, kas veic atkritumu apsaimnieko3anu. Seit pieskaitami ari paplasinatas razotaju
atbildibas sisttmas uznémumi un uznémumi, kuri veic konsultantu funkcijas atkritumu
apsaimniekosSanas joma. Vienlaikus jaatzimé, ka Sajos uznémumos visas darba vietas nav
ZDV, jo ka jebkura cita uzneémuma, nepiecieSami darbinieki, kas veic atbalsta funkcijas —
nodro$ina administrativo darbu un tehniskos pakalpojumus.

Aprites ekonomikas modeli palielinas atkritumu poligonos apglabajamo atkritumu
apjoma samazinaSanas nepiecieSamiba, un ta ir saistita ar resursu efektivitates palielinasanu.
Lidz ar to pieaug atkritumu parstrades loma, lielaku akcentu liekot uz materialu parstradi
materialos. Tas nozimg, ka jaattista atkritumu parstrades iesp€jas, lai raditu jaunus materialus,
jaunas preces. Attistot parstrades tehnologijas, tiek veidoti jauni uznémumi, kas péc butibas ir
zalie uznémumi, jo veic atkritumu parstradi. Otrs virziens, kur attistas zalie uznémumi
atkritumu apsaimniekoSanas joma, ir uzn€mumi, kuri ne tikai savac atkritumus no to
raditjiem, bet vac daliti atkritumus, $kiro tos un sagatavo parstradei. Saja virziena ipasi
attistas uznémejdarbiba pedejos gados. Ta ka Eiropas Savieniba izvirzits mérkis 2035. gada
apglabat poligonos ne vairak ka 10 % no gada radita sadzives atkritumu apjoma, izmainas
skar arT atkritumu poligonus, kuros tiek attistitas un dazadotas atkritumu apsaimniekoSanas
darbibas — veidotas SkiroSanas un parstrades iekartas. Lai sasniegtu nospraustos mérkus,
nepieciesami uzpémumi, kas nodarbojas ar vides konsultaciju sniegSanu un sabiedribas
izglitosanu un inform&anu, ko var veikt ari jau esoSie atkritumu apsaimniekoSanas
uznémumi, attistot jaunas kompetences. Sabiedribas izglitosana un informé&sana svariga, lai
peéc iesp&jas kvalitativak atkritumi tiktu saSkiroti jau to rasanas avota, tadejadi nodroSinot
kvalitativaka materiala sagatavosanu parstrades vajadzibam.

Virziens, kas bitiski attistas p&dgjos gados, un ir saistits ar atkritumu apjoma
samazinasanu un resursu lietderigaku izmantoSanu, ir lietu atkartota lietoSanu un izmanto$anu
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— remonta darbnicas, uzndmumi, kas sagatavo lietas atkartotai izmantoSanai. Seit ipasa vieta
arT socialai uznémgjdarbibai. ArT Sie uznémumi uzskatami par zalajiem uzn@mumiem.

Attistoties atkritumu apsaimniekoSanai saskana ar aprites ekonomikas mérkiem, butiski
pieaug arT zalo uznémumu vieta un loma, kas saistita ar jaunu darba vietu izveidi, no kuram
liela dala ir ZDV. Lidz ar to zalo uzneémumu loma ir biitiskaka aprites ekonomikas attistiba, jo
visatrak sasniedz atkritumu apsaimniekosanas mérkus, vienlaikus nodrosinot jaunu darba
vietu radiSanu.

Saskana ar aptaujas rezultatiem zalo uznémumu attistibai batiskakie motivéjosie aspekti
ir vides aizsardzibas prasibas, kas saistitas ar ietekmes uz vidi noverté€Sanu, piesarnojuma
samazinasanas un noveér$anas iesp&am un ekonomiski aspekti. Nosakot §is prasibas un
piesarnotaju pienakumus, tam jabiit sapratigam, izpildamam, skaidram un atbilstoSam vides
politikas pamatprincipiem — “piesarnotajs maksa”, noveérSanas princips, piesardzibas princips,
izvértéSanas princips un razotdju paplasinatas atbildibas princips. Savukart ekonomiskie
aspekti, kas veicina zalo uzné@mumu attistibu saistas ar valstl noteikto motiv&joso nodoklu
politiku, precu razo$anas un pakalpojumu sniegSanas izmaksam un motivgjosu tirgus
pieprasijuma politiku parstradatiem produktiem. Savukart vismazak svarigais aspekts
atbilstosi ekspertu viedoklim zalo uznémumu attistiba ir specifiskai izglitibai, kas saistams ar
iedzivotaju mobilitati un gatavibu apgiit jaunas prasmes un zinasanas darba procesa.

Tas, ka zalajiem uzn@mumiem atkritumu apsaimniekoSanas joma ir biitiskaka loma, ka
to paradija pétijuma laika veiktas aptaujas un model&Sanas rezultati, skaidrojams ar to, ka Sie
uznemumi veic konkrétas planotas darbibas atkritumu apsaimnieko$anas joma - atkritumu
savakSana, parvadasana, SkiroSana apstrade, parstrade, regeneracija un apglabasana,
sagatavosanu atkartotai lietoSanai, lietu labosanu un remontu, lai pagarinatu to lietoSanas
laiku. Min&tas darbibas ir §o uznémumu pamatdarbiba. Seit japieskaita arf uznémumi, kas
nodarbojas ar konsultaciju sniegSanu, parstrades tehnologiju un tehnikas izstradi un razoSanu
un produktu un iepakojuma izstradi ar meérki samazinat atkritumu apjomu ka tadu un
samazinat apglabajamo atkritumu apjomu. Respektivi, So uznémumu sniegums lauj sasniegt
mingtos mérkus visatrak efekttvaka veida un maksimali lielaka skaitliska vertiba.

Novertgjot zalo uznémumu, zalo darba vietu un sabiedribas zalo aktivitasu lomu
atkritumu apsaimnieko$anas joma, ievérojot atkritumu hierarhiju aprites ekonomikas modeli,
rezultati uzskatami parada, ka no izvélétajam alternativam visefektivak rezultatus var sasniegt
zalo uzpémumu ietvaros, talak ierindojamas zalas darba vietas un vismazaka loma ir
sabiedribas zalajam aktivitatem.

3.4.Rezultati un analize — kopsavilkums

P&tijuma izmantotas metodes parada, ka, lai izvél&tos tehnologijas vai pienemtu [émumus
atkritumu apsaimniekoSanas un aprites ekonomikas joma, nepiecieSams izmantot p&tniecibas
metodes un tas ir jakombing, jo ne visus aspektus iesp&jams izvert€t ar vienu metodi.
Zinatnisko pétniecibas metozu izmantoSana atkritumu apsaimniekoSanas un aprites
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ekonomikas joma padara izvéles un lémumus pardomatus, pamatotus un ilgtsp&jigakus, ko
pamato I€mumu pienemsanas procesa shéma (3.21. att.).

Datu vikSana un alternativu izvértésana:
» Noteiktie merki
= Situdcijas apraksts

Aptaujas un intervijas ar
ekspertiem un sabiedribu w
rezultitu analize

Alternativu pasikumu /
metoiu / tehnologiju
izvérteSana mérku
sasniegSanai, izmantojot
petniecibas metodes

| |
v
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4| Lémumu pienemsana un pasakuma vai metodes Istenosana ]

3.21. att. Lémumu pienemsanas procesa shéma.

Zinatnisko pétniecibas metozu izmantoSana alternativu risinajumu izveért€Sana atkritumu
apsaimniekosanas un aprites ekonomikas joma var palidzgt:

1) uznémgjiem, izveloties tehnologijas atkritumu apsaimnieko$ana;

2) planotajiem un politikas veidotajiem veikt esoSas aprites ekonomikas stratégijas
efektivitates novertejumu, izvertet tautsaimniecibas nozares, lai izstradatu istermina un
ilgtermina ricibas planus, nodro$inatu praktiskus risinajumus un veidotu pieeju, lai
varétu maksimali efektivi reagét uz krizes situacijam un veidot krizes situaciju
stratégijas;

3) Finansu devgjiem, lai izvértétu pieteikto un atbalstamo projektu atbilstibu virzibai uz
aprites ekonomikas modeli un prioritates.
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Pétniecibas datu radi$ana un parvaldiba svarigi ir izmantot vadlinijas iesaistitajam pusém, kas
definétas, lai veicinatu maksimalu pé&tniecibas datu izmantoSanu, respektivi, FAIR dati ir
atrodami, pieejami, savietojami un atkalizmantojami. FAIR pieeja attiecinama ne tikai uz datu
radiSanu un izmantoSanu, bet arT uz pétniecibas metodém, Ipasi uzsverot datu un metozu
atkalizmantojamibu. Darba izstradé izmantotas metodes ne tikai izmantojamas citu atkritumu
plismu apsaimnieko$anas metozu un tehnologiju izvélei, pasakumu izvélei un politikas
veidoSanai atkritumu apsaimniekoSanas un aprites ekonomikas joma, bet pat velams tas
izmantot, lai Tstenotu jégpilnus pasakumus, kas balstiti salidzinamos raditdjos, indikatorus un
datu, metozu un pasakumu pecteciba (3.22. att.).

3.22.  att. Zinatnisko petTfjumu un pétniecibas metozu izmantoSana datu radiSana un
parvaldiba.

Papira atkritumi ir laba izejviela dazadu produktu razoSanai. Papira parstrades
tehnologijas ir dazadas, un aprites ekonomikas attistibas dél palielinas iesp&jas jauniem,
inovativiem produktiem. Daudzkrit€riju analizes rezultati paradija, ka celulozes nanoskiedru
un celulozes nanokristalu razosanai ir priekSrocibas salidzinajuma ar olu iepakojumu un
kartona razo$anu, bet atkartoti lietojama papira razoSana ir ekonomiski izdeviga. Celulozes
nanoskiedru un nanopapira razoSanai ir potencials nakotnes papira parstrades tirgi, jo to var
razot no papira parstrades procesa radusajam papirfabriku diinam.

IevieSot depozita sistému, dz&rienu iepakojuma regeneracijas apjoms palielinatos par 3
%, bet otrreizgjas parstrades apjoms pieaugtu par 5,4 %. Savukart, ieklaujot kartona
iepakojumu depozita sistéma, regeneracijas apjoms picaugtu par 9 %, bet otrreizgjas
parstrades apjoms par 16,7 %. ievérojot jaunos ES mérkus attieciba uz atkritumu apglabasanu
un parstradi, taja skaita iepakojuma parstradi, tuvaka laika batiski pieaugs atkritumu
apsaimniekoSanas izmaksas, kas varétu biitiski mainit min&tas izmaksas un biit biitisks pamats
depozita sistémas ieviesanai. Palielinot depozita likmi dz&rienu iepakojumam no 0,10 eiro uz
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0,13 eiro, depozita sisteémas ievieSana desmit gadu laika raditu ieguvumus 82 tikst. eiro
apmera, ka arT motivetu paterétaju atgriezt izlietoto iepakojumu.

Tekstilizstradajumu atkritumi ir jauna atkritumu frakcija, kurai ir noteikti Tpasi méerki
ES direktiva par atkritumiem. ST ir specifiska atkritumu plisma, kurai ir daudzveidigas
apsaimniekoSanas iespgjas, taja skaita Seit ir vieta arT socialai uznéméjdarbibai, tapéc ir
arkartigi svarigi veicinat socialo uznémumu izveidi un attistibu tekstilizstradajumu razoSanas
un parstrades joma. NepiecieSams veicinat sapratigu patérinu un partraukt atro modi, ka art
veicinat parstrades aktivitates, lai samazinatu tekstila atkritumu daudzumu, kas nonak
poligonos vai tiek sadedzinati.

Valstij nepiecieSams veicinat socialo uzpéméjdarbibu, vienkarSojot apstiprinasanas
procesu un ievérojot, ka socialie uzn€mumi tiek dibinati ne tikai péc Miltona Fridmena citata
“Biznesa bizness ir bizness”, bet tie galvenokart tiecas atrisinat noteiktas socialas problémas.
Tapéc nepiecieSams izstradat parskatamu un skaidru noteikumu kopumu, lai uznémums
varétu pretendét uz sociala uznémuma statusu, tadgjadi samazinot arT birokratisko slogu.
Valstij javeicina aprites ekonomikas elementu ievieSana sociala uznémuma ikdienas darbiba.

Atkritumu izmanto$ana energijas razo$ana atSkiras ar tehnologiskiem risinajumiem, ar
inovacijam produktu razosanai, ar augstaku pievienoto vértibu, ar izejvielu ieguves vietu un
metodém. Atkritumu ka energoresursu izmantosanai Latvija ir potencials, ieverojot izvirzitos
atkritumu apsaimniekoSanas mérkus 2035. gadam. Lai nodro$inatu, ka atkritumu poligonos
tiek apglabati tikai 10 % no kopgja radito sadzives atkritumu daudzuma, nepietiek sasniegt
tikai noteikto atkritumu parstrades mérki — 65 % no radito sadzives atkritumu apjoma péc
svara. L1dz ar to I1dz 25 % no radito sadzives atkritumu daudzuma 2035. gada ir iesp&ams
izmanot energijas ieguvei un talakai izmantoSanai. No atkritumiem ieglito energiju var
izmantot siltuma vai elektribas raZo$ana, un ar to var aizstat energiju, kas raZota, izmantojot
akmenogles vai citu fosilo kurinamo.

Ta ka atkritumu savaksana, parvadasana, $kirosana apstrade, parstrade, regeneracija un
apglabasana, sagatavosanu atkartotai lietoSanai, lietu labosana un remonts, konsultaciju
sniegSana, parstrades tehnologiju un tehnikas izstrade un raZzoSana un produktu un iepakojuma
izstrade ar merki samazinat radito atkritumu apjomu un apglabajamo atkritumu apjomu ir zalo
uzp@mumu pamatdarbiba, So uzp€mumu sniegums lauj sasniegt atkritumu apsaimniekosanas
mérkus visefektivaka veida un maksimali lielaka skaitliska vertiba.

Zalo uzné@mumu attistibai biitiskakie motivéjoSie instrumenti ir vides aizsardzibas
prasibas, kas saistitas ar ietekmes uz vidi novért€Sanu, piesarnojuma samazinaSanas un
noversanas iespgjam, un ekonomiskie aspekti. Ekonomiskie aspekti, kas veicina zalo
uznémumu attistibu saistas ar valstT noteikto motivéjoso nodoklu politiku, precu razo$anas un
pakalpojumu sniegSanas izmaksam un motiv&josu tirgus pieprasijuma politiku parstradatiem
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produktiem. Zalo darbavietu un sabiedribas zalo aktivitasu attistiba butiskakie motivgjosie
aspekti ir vides un klimata aspekti, bet vismazak svarigakie ir ekonomiskie aspekti. Nav

ar atkritumu apsaimniekoS$anu un to radiSanas noveérsanu.
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SECINAJUMI

P&tijuma rezultati apstiprina izvirzito hipotézi - ka, lai panaktu, ka Latvija ilgtermina
klaist par resursu efektivu valsti, kura Tsteno aprites ekonomikas modeli un nulles
atkritumu stratégiju (radito atkritumu apjoms samazinas un poligonos apglabajamo
atkritumu apjoms tuvojas nullei), ilgtsp&jigaku (ietver ekonomisko, socialo un vides
dimensiju) rezultatu var sasniegt, lémumu izstrades un pienemsanas procesa
izmantojot zinatniskas pétniecibas metodes. Katrai atkritumu pliismai vai parstrades
veidam pielietojamas vairakas pétniecibas metodes, ievérojot datu un metozu
atkalizmantojamibu, kas veido kompleksu pieeju un lauj izdarit pardomatas un
ilgtsp&jigakas izveles un pienemt lémumus par izmantojamam atkritumu parstrades un
regeneracijas tehnologijam, istenojamiem pasakumiem parejai uz aprites ekonomiku
un finandu avotiem, jo ne visus aspektus iesp&jams izvértét ar vienu metodi. ST pieeja
jaievéro ari tautsaimniecibas procesos gan tehnologisko risindgjumu un izejvielu
izvéles gadijuma, gan politikas instrumentu izv€élu gadijuma, gan l€émumu
pienemsanas procesa, taja skaita finansu instrumentu un atbalsta izvéles procesa.

Izpéte, kas veikta ar daudzkriteriju lemumu pienemsanas metodi (TOPSIS), analizg&jot
atkritumus ka potencialos energoresursus, rezultati uzskatami parada, ka no
izvelétajam alternativam visvélamaka ir organisko atkritumu izmantoSana biogazes
razosSanai. Tas paver iespgjas iegilit biodegvielu autotransporta vajadzibam. Atkritumu
regeneracija kopuma var palidzét samazinat apglabdjamo atkritumu daudzumu un
siltumnicefekta gazu emisijas. Visneizdevigakais risinajums pie izveletajiem
krit€rijiem ir atkritumu dedzinasana katla kurtuve, ta ir visneefektivaka metode un
rada vislielakos draudus apkartgjai videi un cilvéku veselibai.

Zalo uznémumu, zalo darbavietu un sabiedribas zalo aktivitasu efektivitates
izvertéSanai atkritumu apsaimniekoSanas joma, darbibas raditaji saistami ar
atkritumu hierarhiju aprites ekonomikas modela ietvaros — samazinas radito
atkritumu apjoms, samazinds apglabato atkritumu apjoms, pieaug
parstradajamo un parstradato atkritumu apjomi. Tomeér katrai grupai
piem&rojami atSkirigi raditaji, jo zalie uzn@mumi veidoti ar merki efektivi
apsaimniekot atkritumus. Savukart zalo darba vietu un sabiedribas zalo
aktivitaSu loma un nozime saistama ne tikai ar atbilstoSu atkritumu
apsaimniekosanu, bet arT ar atkritumu apjoma samazinasanu un to raSanas
novérsanu. NepiecieSami turpmaki pétfjumi par videi draudzigu prasmju,
kompetencu un zalo darbavietu attistibu uzn@mumos ka reakciju uz tirgus un politikas
instrumentiem.
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4. Petjjuma laika veikta analize lavusi secinat, ka 2020. gads ar pandémijam ir bijis
aprites ekonomikas stimuls un, lai gan tas ir novedis pasaules ekonomiku daudzas
jomas lejupslides un izdzivoSanas fazé. Tapéc ir loti svarigi meklét iesp&jas, lai
tautsaimniecibas atdzivinasana notiktu atrak un virzitos ilgtsp&jibas virziend. Sobrid
Latvijas, ka arT citu valstu politikas veidotajiem ir svarigi veikt eso$o vai planoto
aprites ekonomikas stratégiju efektivitates noveértjumu, apsveért visvairak skartas
tautsaimniecibas nozares, lai izstradatu Tstermina un ilgtermina ricibas planus, kas ne
tikai veicinatu pareju uz aprites ekonomikas modeli, bet arT nodroSinatu sapratigus
praktiskus risinajumus, tostarp politikas atbalstu, mentoringu un finansu instrumentus
un veidot pieeju, lai varétu maksimali efektivi reagét un veidot krizes situaciju
strategijas.
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REKOMENDACIJAS

Promocijas darba ietvaros sagatavotas rekomendacijas, kas biis noderigas politikas
veidotajiem valsts un pasvaldibu limeni, finansu devgjiem, uznémeéjiem, augstskolam.

1. Energijas razoSana no atkritumiem atskiras ar tehnologiskiem risinagjumiem, ar
inovacijam produktu razoSanai, ar augstaku pievienoto vértibu, ar izejvielu ieguves
vietu un metodém. Atkritumu ka energoresursu izmantoSanai Eiropa ir potencials,
ipasi ieverojot izvirzitos atkritumu apsaimniekosanas —mérkus 2035.gadam. Lai
nodrosinatu, ka atkritumu poligonos tiek apglabati tikai 10 % no kopgja radito
sadzives atkritumu daudzuma, nepietiek sasniegt tikai atkritumu parstrades mérki.
Lidz ar to ir batisks jautajums, ko darit ar 25 % no radito sadzives atkritumu
daudzuma - palielinat parstradato atkritumu apjomu vai ar So atkritumu apjomu
regenerét — iegiit no tiem energiju talakai izmantoanai. Sie ir aspekti politikas
veidotajiem, uznémgjiem un finanSu devE€jiem janem vera, attistot energoresursu
izmantos$anas dazadosSanu, vienlaikus ievérojot vienu no atkritumu politikas mérkiem,
parejot uz aprites ekonomiku, - atkritumu rasanas noverSanu, ka rezultata samazinasies
atkritumu ka kurinama materiala apjomi. Tomér tas var bt risinajums vismaz
tuvakaja laika energoresursu krizes situacija.

2. Zinatniekiem sadarbiba ar politikas veidotajiem nepiecieSams turpinat vertét biogazes
stacijas sarazota biometana talako izmantoSanu transportlidzeklos, sabalansgjot ta
izmantoSanu vienlaikus ar saspiestu dabasgazi, tadejadi padarot $adas degvielas
izmantosana vél “zalaku” un pilnveidojot un attistot jaunus, efektivus risinajumus.

3. Valsts un pasvaldibu ITmenT nevalstisko organizaciju aktivitates merktiecigi javirza uz
sabiedribas pareju no atkritumu apsaimniekoSanas uz atkritumu apjoma samazinasanu
un raSanas noversanu.

4. Latvijas politikas veidotajiem ir svarigi veikt esoSas aprites ekonomikas stratégijas
efektivitates novert€jumu, apsveért visvairak skartas tautsaimniecibas nozares, lai
izstradatu Tstermina un ilgtermina ricibas planus, kas ne tikai veicinatu pareju uz
aprites ekonomiku, bet arl nodroSinat sapratigus praktiskus risinajumus, tostarp
politikas atbalstu, mentoringu un finansu instrumentus ilgtermina un veidot pieeju, lai
varétu maksimali efektivi reagét uz krizes situacijam un veidot krizes situaciju
stratégijas.

5. Valsts parvaldes iestadém, kas atbild par labklajibas, ekonomikas un vides
aizsardzibas jomam, nepiecieSams sadarbiba izstradat vadlinijas uzp@mumiem par
aprites ekonomikas elementiem un praktiskiem aspektiem, ka pariet no linearas
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ekonomikas uz aprites ekonomikas biznesa modeliem, ievieSot tadus aspektus ka
resursu koplietosana, iekartu koplietosana, simbiozes izmantoSana, kad viena
uznémuma atkritumi var klat par cita uzpémuma jaunu/izejmaterialu, parstradatu
un/vai parstradajamu materialu izmantoSana gan razosanas procesa, gan iepakojuma
utt..

Valsts parvaldes iestadem, kas atbild par labklajibas un vides aizsardzibas jomam,
nepiecieSams izstradat parskatamu un skaidru noteikumu kopumu, lai uznémums
varétu pretendét uz sociala uznémuma statusu, tadgjadi samazinot ari birokratisko
slogu. Valstij javeicina aprites ekonomikas elementu ievieSana sociala uznémuma
ikdienas darbiba.

Augstskolu programmas, kas saistitas ar uznéméjdarbibu, ekonomiku, finansu vadibu,
tehnisko izglitibu un inZenierzinatnem ieklaujams kurss par ilgtspgjigu attistibu,
resursu efektivu izmantoSanu, aprites ekonomiku un atkritumu apsaimniekoSanu.
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Abstract — The paper examines the role and place of green enterprises, green jobs and the
environmentally sound activities of society in waste management, taking into account the
waste management hierarchy with an emphasis on waste reduction and prevention. In the
course of the work, a questionnaire was prepared on the role green enterprises, green jobs
and the environmentally friendly activities of society play in the development of a waste
management system. The TOPSIS method of multi-criteria analysis was used to assess these
roles in the development of a circular economy, including in relation to a waste management
system. Through the assessment of the roles of these green measures in the field of waste
management, the results clearly show that the most effective of the selected alternatives in the
circular economy model in the field of separate collection and recycling of waste can be
achieved via measure exercised by green enterprises, followed by green jobs and finally — the
role of environmentally sound activities taken by the public, which play an important role as
well.

Keywords — Green enterprises; green jobs; TOPSIS; waste management; waste reduction

1. INTRODUCTION

Sustainable development includes economic growth, social progress and respect for the
environment. This is an important aspect of the circular economy to address in the transition
from waste to resource management and in the promotion of sustainable consumption.
This paper assesses one aspect of sustainable development and the circular economy — the
social dimension and progress based on the experience and research of different countries,
focusing on green entrepreneurship, green jobs, their motivating aspects and approaches, and
societal initiatives that promote them.

Between the years 2012 and 2018, the number of jobs in the circular economy within the
European Union increased by 5 % to around 4 million. The circular economy can be expected
to have a positive effect on job creation, provided that workers acquire the skills required by
the green economy transition. The mutual benefits of supporting the green transition and
strengthening social inclusion help to further unlock the potential for job creation in the
circular economy [1].

As the scarcity of raw materials becomes more pronounced, green growth is of paramount
importance, as the traditional consumer-driven society, where unnecessary things are thrown
away, is not sustainable. The recycling of raw materials not only leads to a longer use of
products in the economy, but also contributes to the creation of new industries and jobs, thus
having a positive impact on the economy as a whole.
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In order to assess what preconditions are needed and what motivates the growth and
development of green jobs, this paper analyses the available information and conducts a
survey of experts and students working in the circular economy and waste management who
are not directly involved in green jobs. The paper evaluates several aspects of green jobs —
green enterprises and the jobs available in these enterprises, and green jobs in other
enterprises and institutions, as well as environmentally friendly activities engage in by the
public and the opportunities to develop them further in context with the transition to a circular
economy.

2. GREEN ENTERPRISES AND GREEN JOBS AND THEIR ROLE IN THE
CIRCULAR ECONOMY

As defined by the International Labour Organization (ILO), green jobs (GJSs) [2] are jobs
that facilitate a sustainable conservation or renewal of environmental quality in the
agricultural, industrial, construction, service sectors or administration. Green jobs are ‘decent
jobs that contribute to preserve or restore the environment, be they in traditional sectors such
as manufacturing and construction, or in new, emerging green sectors such as renewable
energy and energy efficiency’. It is widely acknowledged that successful transition to a green,
resource- and energy-efficient economy will transform labour markets [1]-[7].

GJSs reduce the environmental impact of individual companies and the economic sector as
a whole and help to achieve sustainability, to reduce the consumption of energy, raw materials
and water, to promote a low-carbon economy and reduce greenhouse gas emissions. GJs are
not just jobs in new industries or green businesses, but include all jobs created in all sectors,
which reduce the environmental impact of production processes and products. GJs also
include employees who work in accordance with and promote compliance with
environmentally friendly standards [2].

Green jobs help to improve efficiency in energy and raw material use, limit greenhouse gas
emissions, reduce volumes of waste created and volumes brought to landfill, reduce
environmental emissions and protect and restore ecosystems. At the company level, green
jobs can be created by producing goods or providing services that benefit the environment,
such as constructing eco-efficient buildings, using low-emission transport, producing goods
and energy from secondary raw materials [7]-[10].

Green jobs can be distinguished by their contribution to more environmentally friendly
processes. For example, they can reduce water consumption, waste generation or improve
waste recycling technologies. GJs also include consultants who help companies to implement
environmental policy more effectively.

As illustrated [11], it is possible to distinguish employment in sectors of the green economy
from the point of view of production and job functions in all sectors, and from the point of
view of the green processes. The International Labour Organization considers that green jobs
are all jobs that fall within the overlapping areas of Fig. 1.

In order to facilitate the transition to a green and resource-efficient economy, dynamic and
well-functioning labour markets need to focus on addressing skills shortages, anticipating
change, ensuring transition and facilitating mobility. In this way, it is possible to support the
creation of green jobs. Various criteria can be used to determine whether a workplace is a
green job [2], [11]:

— Corresponding commercial certificate;
— Industry-standard classification systems, such as the NACE (Nomenclature of
Economic Activities) code in the European Union (determination of whether the
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enterprise is a green enterprise);

— Eco-labelling of the product/good used in production;

— Descriptions of the technology used, production patents/licenses;

— Contracts with waste management and recycling companies such as contracts for the
management of all waste created.

Employment in
production of green
products and

=

o
Decent jobs Z

Total employment

Fig. 1. Employment in environmentally friendly economic sectors in terms of production and job functions in all sectors
from the perspective of green processes [11].

Following the green economy paradigm, research on environmentally friendly jobs focuses
on the link between the growth of the circular economy and impact on the creation of new
green jobs. The European Union estimates that while the green economy will create new jobs
and open new markets, Europe's competitiveness, innovation and productivity will be highly
dependent on the availability of skilled workers [1]. This means there needs to be an
assessment of how skills development and the need for skills across sectors can be better
forecasted to enable relevant authorities and stakeholders to adapt to change. Skills related to
the circular economy are not always completely new or ‘unique’. They combine transversal
competences and 'specific' skill sets. In some cases, tasks and responsibilities that require a
specific combination of skills and knowledge create new occupational profiles. Promoting the
adaptation of the workforce and education and training systems requires targeted action by
public authorities to support transition to an effective response from education and training
systems in providing the new skills and qualifications required. This calls for a review and
update of qualifications and relevant education and training programs.

The interconnected issues of the circular economy, green jobs and the environmental goods
and services sector have been addressed in the work [12]. The paper assesses the most
common approaches to the circular economy based on the concept of sustainable development
and provides an analysis of how green jobs can be used to tackle youth unemployment in
Poland, the Czech Republic and Belgium. It was found that in both Poland and Belgium,
around 15 % of young people find their first job in a green job, while in the Czech Republic
the proportion is much lower at only 1.83 %. The paper concludes that the growing emphasis
on building a circular economy provides employment opportunities for young people seeking
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work for the first time. This means that green jobs can, in some countries, also be a solution
to problems youths face in the labour market.

Another study [13] aimed to link new GJs and new environmentally friendly green business
models to industrial transformation, drawing on the experience of two Italian industrial areas
where environmental agreements have been implemented. Stakeholder cooperation as well as
industry-research interactions were the main drivers in this scenario. In contrast, bureaucracy
and lack of infrastructure investment are cited as obstacles to the creation of green jobs and
the development of local green businesses. In order to identify the enabling conditions and
define the barriers and the implementation of the applicable policy development programs
and their activities, it is necessary to compare regions with similar conditions. Research into
the use of renewable energy sources (RES) in the energy sector [14] has shown that they bring
significant employment benefits. In order to evaluate professions in the RES sector, the use
of investment-output analysis is proposed. Increasing employment is one of the most
important benefits, especially in times of a crisis economy, including the use of specially
prepared waste as energy.

Green jobs are a key societal goal to specifically support long-term efforts to reconcile
sustainability and development. An econometric analysis of European small and medium-
sized enterprises (SMEs) has been carried out to assess the factors influencing the creation of
green jobs in SMEs [15]. It should be noted that innovation in environmentally friendly
products and services is mainly related to the creation of green jobs [15], [16]. According to
a study of data on the United States of America [17], green jobs make more intensive use of
high-level cognitive and interpersonal skills than non-green jobs. It is also important to
understand whether and how employees' attitudes towards green jobs are affected by
environmental standards [18]—[23]. It is concluded that they motivate GJs quite indirectly.
The implementation of environmental standards can also be facilitated by motivating
employees in the social field. Therefore, it has been studied whether employees working in
companies that register in the register of environmental standards show a positive attitude
towards their work, are actively involved in their work and show an active result. Using the
French harmonized database of employers and employees, it has been concluded [23] that
these ‘green workers’ show significantly higher efficiency and recognition at work. Further
research is now needed on the development of green skills, competencies and green jobs in
companies in response to market and policy levers.

3. METHODOLOGY

This work focuses on green businesses and GJs in relation to waste management, following
the waste hierarchy and focusing on waste reduction and prevention, waste recycling and
energy production from waste, where the most efficient results can be achieved by
implementing separate waste collection. In addition, the development and production aspects
of any product, i.e. eco-design aspects, should be assessed, as they are closely linked to the
generation and management of waste, but require separate assessment.

During the research, a questionnaire was developed on the role and place of green
enterprises, green jobs and green activities engaged in by society in the development of the
waste management system, especially in the promotion of waste reduction and prevention and
in developing separate waste collection.

In this case, GJs were assumed to be jobs that contribute to the preservation or restoration
of the environment, whether in traditional sectors such as manufacturing and construction, or
in new, emerging green sectors such as renewable energy, or in traditional green companies
such as waste management companies, etc. [t was assumed that the successful transition to a
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green, resource- and energy-efficient economy transforms the labour market and that green
jobs can be found both in green companies and in companies that are not considered green.
Green jobs are distinguished by their contribution to environmentally friendly processes.
Green jobs can be found both in green enterprises and in others that may not be considered
green companies. For example, environmentally friendly workplaces can reduce the
consumption of goods, reduce the amount of packaging used, facilitate the transition from
consumption of goods to providing services, reduce the amount of waste generated, reduce
the amount of waste disposed of and improve recycling technologies. At the same time, it was
considered that GJ production processes do not always produce environmental goods or
services.

Moreover, green entrepreneurship in the context of this paper is an activity that consciously
addresses environmental and social issues and needs, as well as offers excellent innovative
business ideas. The goals of green business are not only to generate financial profits, but also
to ensure sustainable development, reduce environmental risks and pay more attention to
environmental issues. Green business creates added value without compromising the quality
of nature and the quality and volume of ecosystem services.

In the context of the public green activity survey, there are initiatives and activities of
individual public interest groups, involving the public and various experts, with the aim of
promoting a common understanding of sustainable living, eco-smart farming, biodiversity,
empathy for the environment and useful solutions to change everyday habits. These activities
involve environmental activism and the involvement of civil society in addressing
environmental issues, working with other associations, initiative groups and individuals at
local and national level, providing advice and other support. The aim of the activities is to
promote the integration of environmental policy into sectoral policies and to promote
environmental education through the dissemination of information and the organization of
public events. In Latvia, examples of such environmental education and information activities
are: Liela talka (nation-wide clean-up campaign), Dabas koncertzale (a multi-media
awareness raising event on nature protection issues), zero waste initiatives and activities
conducted by various non-governmental organizations such as ‘Zala briviba’.

For the purposes of this work, green entrepreneurs are waste management companies that
collect, sort and/or prepare waste for recycling and recovery, perform waste recycling or
recovery, repair, repair and/or prepare for re-use. These companies ensure proper waste
management by reducing the amount of waste disposed of in landfills and increasing waste
recycling. In addition, companies that conduct repairs and repair items, extend the life of
those items and thus, prevent waste. As a result of green business, the preservation of
environmental quality and increased resource efficiency is ensured, which is one of the
cornerstones of the circular economy. Green jobs, on the other hand, can be found in different
companies and organizations, all of which generate waste, and such GJ can both ensure that
the waste generated is properly managed and reduce the amount of waste generated. Society's
green activities also promote and ensure that the waste generated is properly managed, and
the amount of waste generated is also reduced. Respectively, all these groups have one goal
and all of these groups can achieve the goal of preventing waste, reducing the amount of
waste going to landfill and increasing the amount of waste recycled, thus increasing resource
efficiency. The aim of the research was to find out which of the above groups contribute the
most to the achievement of the goals of the circular economy — the reduction of waste and
efficient management.

More than 20 Latvian environmental experts were involved in the survey, including
specialists in the field of waste management. The transition to a circular economy has a
significant impact on skills needs, with a growing demand for skilled labour in environmental
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sectors, raising the skills of employees in all sectors and re-training employees in sectors
undergoing restructuring, thus 19 Latvian students studying finance and accounting and 6
students studying business management in Latvia were also included in the survey. The study
programs of the mentioned study courses also include the basics of environmental protection
and waste management.

Those surveyed were asked to assess green businesses, GJs and the green activities engaged
in by the public, identifying which group has the most important influence in terms of the
following aspects — education, innovative thinking, economic aspects, social benefits,
environmental and climate aspects and motivation to achieve circular economy goals.

The criterion on the need for education referred to the need for specific level of education
or specific skills to perform activities in the workplace or to be involved in public activities.
The innovation aspect related to the level and necessity of technology, methods used,
operational novelty, as well as their efficiency. Economic aspects include tax policy, costs,
the added value of the product or service provided. Social benefits are related to the image,
prestige, quality of performance and public evaluation of the company, workplace, part of the
society (association, organization). Environmental aspects are the direct and indirect impact
of the activity on the environment, measures and opportunities for pollution reduction and
prevention, changes in the state of environmental quality. Climate aspects are directly linked
to the potential for mitigating the effects of action on climate change. Achieving the goals of
the activity requires motivation, on which the efficiency of the activity, benefits, impact on
competition depend as an internal factor.

The participants in the survey were asked to assess the impact of these seven aspects in
green enterprises, green jobs and green activities engaged in by the public on a scale from
zero to five, zero meaning ‘no opinion’ and 5 meaning the aspect is very important.

The results of the survey were compared considering the valuation submitted by the experts
and students. The results were tabulated with the expert opinion results and those of the
students provided separately, as well as combined (Table 1).

TABLE 1. COMBINED VALUATION FROM THE EXPERTS AND STUDENTS OF THE ROLE IN THE
CIRCULAR ECONOMY OF GREEN ENTERPRISES, GREEN JOBS AND ENVIRONMENTALLY FRIENDLY
ACTIVITIES IN ENGAGED IN BY THE PUBLIC

Environmentally

Valuation aspects Green . Green jobs friendly activities

enterprises engaged in by the
public

Necessity for 4.07 3.66 3.44

education

Innovation 443 3.75 3.04

Economic 4.50 3.60 2.80

Social benefits 4.46 391 3.87

Environmental 4.67 4.29 4.44

Climate-related 4.47 3.98 4.15

Motivation 4.40 391 3.94
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As can be seen from the results of the expert survey, the most important aspects in the
performance of green companies are considered to be innovation and environmental
protection, while the need for special education is rated the lowest. Innovative thinking,
economic aspects and motivation should be mentioned as the most important aspects of GJ
performance, but social benefits are the least important. Environmental and climate aspects
are the most important for the activities engaged in by the public, but economic aspects are
the least important for this category of activity.

In accordance with the valuation on part of the students, the most important aspects in the
performance of green enterprises are cited to be the environmental and climate-related aspects
with the need for special education assessed as the least important, similar to the point of
view of the experts surveyed. For GJ performance, students identified environmental and
climate-related aspects as the most important, and economic aspects as the least important.
Environmental and climate-related aspects were also valuated as the most important for the
activities engaged in by the public, with the economic aspects being considered as the least
important for this category.

In the joint assessment of experts and students, environmental and economic aspects are
considered to be the most important in the performance of green companies, the need for
special education is assessed the lowest in importance. In terms of the performance of GJs,
environmental and climate-related aspects are valuated as the most important, and economic
aspects as the least important. Environmental and climate-related aspects are assessed as the
most important for activities engaged in by the public, and economic aspects — the least
important.

Differences in the opinions of experts and students are observed in relation to GJs.
However, in general, in all evaluated groups (green companies, GJs and public activities), the
environmental aspect is indicated as the most important aspect for achieving results.

In the course of the work, a questionnaire was prepared on the role and contribution of local
(Latvian) associations, foundations and non-governmental organizations in the development
of the waste management system, including waste reduction and prevention and separate
collection. Within the framework of the questionnaire, the above-mentioned environmental
experts and students were invited to rank specific organizations (associations, foundations
and non-governmental organizations) depending on their role and contribution to waste
management, especially separate waste collection, both currently and in the future. They were
also asked to provide justification of their valuation.

A broad range of associations, foundations and non-governmental organizations (NGOs)
were chosen in terms of their form and objectives, but their unifying element was their scope,
as they all work in the field of environmental protection, including waste management. Thus,
the Latvian Environmental Science and Education Council, the Environmental Education
Foundation are more involved in educational and research activities and their support. The
association ‘Zala Briviba’ is a public environmental protection and environmental education
organization, the mission of which is to promote the development of a society that lives in
harmony with itself and the environment. It informs the public about the impact of consumer
activity and globalization on nature and social environment, as well as the development,
adoption and implementation of international legislation. The Environmental Advisory
Council is a consultative co-ordinating institution, the purpose of which is to promote public
participation in the development and implementation of environmental policy. The
association ‘Zero Waste Latvija’ promotes a waste-free lifestyle and its members work in
various fields — both in cooperation with the government, waste managers and producers in
the development of various draft laws, and in the implementation of their own initiative
projects. The association ‘P&das’ organizes an annual campaign for cleaning up the
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environment and collecting waste dumped in nature. Participants in the survey were also able
to add other NGOs at their discretion.

The results obtained in the survey showed that both experts and students evaluate the
activities engage in by the public depending on whether they have become acquainted with
the activities of the particular NGO or have participated in the activities of these NGOs
themselves. Therefore, the obtained results could not be used for further multi-criteria
analysis. Therefore, general conclusions were drawn regarding the activities of certain types
of environmental NGOs and the benefits to society. What can be unequivocally said is that
the contribution of NGOs to the dissemination of environmental information and the
formation of public opinion in the field of waste management is and will be greater, as the
topic reaches the public in a more direct way. Consequently, NGOs can and must be involved
in achieving waste reduction targets. However, the involvement of NGOs in public education
requires a systemic and interdisciplinary approach. In addition, initiatives are relevant at
various levels, both within enterprises, at the level of local authorities and municipalities, as
well as at the regional, national and even international levels.

A multi-criteria analysis was used to assess the role and place of green enterprises, green
jobs and activities engaged in by the general public in the development of the circular
economy, including the waste management system. The multicriteria method chosen in this
work is TOPSIS [24]-[26]. The main advantages of TOPSIS are the ability to choose an
unlimited number of criteria and alternatives, a relatively simple calculation process, and
TOPSIS results allow you to easily understand the alternatives. The choice of criteria is based
on an approach that includes the widest possible range of aspects in the analysis. The criteria
have been redesigned so that they can be compared with each other using specific indicators.

Using the TOPSIS analysis method, a decision matrix D is created, which consists of
criteria and alternatives, as shown in Eq. (1).

A Cl Cn
1
D : X Xin (1)
Am
xml xmn
where
Ai...Am Alternatives for comparison;
C...Cy Criteria based upon which the comparison is made;
Xij Alternatives i (where i is alternative 1 to m) value in accordance with criteria

J (where j from 1 to n).

Each criterion is determined by its individual weight w;. The weight is determined in such
a way that the sum of the weight of all criteria is equal to 1.

" ow =1 ()

=1 1

After the decision matrix is developed, a normalization of the value is conducted and a
matrix of the normalized decision-making is prepared by applying Eq. (3).
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where r;;is normalized value of alternative 7 in accordance with criteria j.
The normalized value is calculated by using the Eq. (4):
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In the next step, the normalized values are multiplied with the weight w; of the
corresponding criteria 7, thereby leading to the normalized weighted value p;;, as shown in

Eq. (5):
Py =W, 1y )

The normalized weighted decision matrix Dy, provides the basis for the TOPSIS analysis.

¢ .. C,
4
D, = p.ll 17.1;1 (6)
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Pum - P

After the normalized weighted decision matrix is prepared, the ideal positive solution A*
and the ideal negative solution A~ are calculated:

A" =(p/,pysespn) > (7)
A" :(pfﬂp;3"'7p;)7 (®)
where
p; =(max p;,J € J;minp,,J €J,), 9)
p; =(minp,,J eJ;max p,,J €J,). (10)

Assuming that J, provides criteria, with maximum values for greater benefit and that J,
indicates the criteria with higher values, the next step is to calculate the distance of each
alternative from the positive ideal solution and negative ideal solution with Eq. (11) and
Eq. (12).

The distance of the alternative from the positive ideal solution (S*) is calculated:

S = Z;:](PU_P;)Z,i=1,2,...,m, (11)

The distance of the alternative from the negative ideal solution (S") is calculated:
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S = ZZZI(P,;_P;)z ,i:1,2,...,m. (12)

The alternative’s relative distance from the ideal solution is calculated as shown with
Eq. (13):

c":S—f i=1,2,...,m. (13)

LS s)

As a result, the value obtained indicates the distance of the alternative to the ideal positive
solution and to the ideal negative solution.
The results are shown in Fig. 2.
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Fig. 2. Results of the ranking of green enterprises, green jobs and environmentally friendly activities engaged in by the
public via the TOPSIS model.

In the course of the analysis, the results of the questionnaire, calculation of averages and
application of the multi-criteria decision-making method (TOPSIS) clearly show that the most
effective of the selected alternatives in the circular economy model within waste collection
and recycling can be achieved through green enterprises.

4. RESULTS AND DISCUSSION

Based on the results of surveys and information analysis, the role of green enterprises, green
jobs and environmentally friendly activities engaged in by society in the field of waste
management were assessed, following the waste hierarchy in the circular economy model.
According to the waste hierarchy [27], the priority is to prevent and reduce waste, followed
by re-use, recycling and recovery.

The design of goods and packaging and the separate collection of waste are essential
elements to ensure the highest possible rates of reuse, recycling and recovery. The design of
goods and packaging is an essential element in preventing and reducing waste.
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The results obtained within the framework of the research indicate that the most important
role in the circular economy model is played by green enterprises, i.e. enterprises, the main
activity of which (according to the Statistical Classification of Economic Activities in the
European Community (NACE)) is performed by providing environmental services. In the
context of this work, these are companies that carry out waste management, from waste
collection, including separate collection, transport, sorting, storage, preparation for re-use,
treatment to waste recycling, recovery and disposal. Also included are companies that
implement extended producer responsibility schemes and companies that act as consultants
in the field of waste management. At the same time, it should be noted that not all jobs in
these companies are considered GJs, because, like in any other company, there is a need for
employees who perform support functions — provide administrative work and technical
services.

4.1. Green Enterprises

In the circular economy model, there is an increasing need to reduce the amount of waste
going to landfill, and this is associated with increasing resource efficiency. As a result, the
role of waste recycling is growing, with a greater emphasis on recycling materials into other
materials. This means developing waste recycling facilities to create new materials and new
goods. With the development of recycling technologies, new companies are established,
which are essential green companies, because they carry out waste recycling. The second
direction in which green companies in the field of waste management are developing are
companies that not only collect waste from their producers, but also collect waste separately,
sort it and prepare it for recycling. Business has been developing especially in this direction
in recent years. As the European Union has set a goal to dispose of no more than 10 % of the
amount of municipal waste generated in landfills per year in 2035, the changes also affect
landfills, where waste management activities are developed and diversified — sorting and
recycling facilities are created. Achieving the set goals requires companies that provide
environmental consulting and public education and information, which can also be conducted
by existing waste management companies, through the development of new competencies and
skills in their current profile. Educating and informing the public is important in order that
waste of the highest possible quality is sorted at the source, thus ensuring the preparation of
better quality materials for recycling.

Another area which has developed significantly in recent years and is related to the
reduction of waste and more efficient use of resources, is re-use — repair shops and companies
that prepare things for re-use are increasing. This service presents an opportunity for
expanding social entrepreneurship. These companies are also considered green companies.

With the development of waste management in line with the goals of the circular economy,
the place and role of green companies in creating new jobs, a large part of which are GJs, is
also significantly increasing. Consequently, the role of green companies is the most important
in the development of the circular economy, as this is the fastest way to achieve waste
management goals, while ensuring the creation of new jobs.

According to the results of the survey, the most important motivating aspects for the
development of green enterprises are environmental protection requirements related to
environmental impact assessment, pollution reduction and prevention options and economic
aspects. In setting these requirements and the obligations of polluters, they must be
reasonable, enforceable, clear and in line with the basic principles of environmental policy:
the 'polluter pays' principle, the precautionary principle, prevention, the principle of
evaluation and the principle of extended producer responsibility. In turn, the economic
aspects that promote the development of green enterprises are related to the motivating tax
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policy set by the Government, the costs of the production of goods and provision of services
and the motivating market demand policy for processed products. In turn, according to
experts, the least important aspect in the development of green enterprises is specific
education, which is related to the mobility of the population and readiness to acquire new
skills and knowledge on the job.

The fact that green enterprises play a key role in waste management, as shown by the results
of the survey and modelling carried out during the study, can be explained by the fact that
these companies carry out specific planned waste management activities: waste collection,
transport, sorting, recycling, recovery and recycling, disposal, preparation for re-use, repair
and repair of cases to extend their service life. These activities are the core business of these
companies. This includes companies involved in consultancy, the development and
production of recycling technologies and techniques, and the development of products and
packaging with the aim of reducing waste as such and reducing the amount of waste going to
landfill. Respectively, the performance of these companies makes it possible to achieve these
goals in the fastest way, in the most efficient way and with the highest numerical value.

4.2. Green Jobs

Green jobs (GJ) play an important role in the circular economy model in terms of waste
management and resource efficiency, but their share is lower than that of green companies.
Green jobs are jobs that help to preserve or restore the environment. It should be noted that
GlJs are located not only in green companies, but also in other companies and institutions, the
core business of which is not related to the provision of environmental services, including
waste management, but also to the development, assessment, enforcement, monitoring and
control of environmental requirements and conditions or control (for example, environmental
specialists/experts/consultants in companies and institutions, including control bodies). GJs
are also associated with the development of new products and packaging, innovation and the
efficient use of the company/institution resources, as a result of which the generation of waste
is prevented and the amount of waste generated is reduced. Thus, GJs can be divided into
several groups in relation to waste management policy in the circular economy model. The
first is — jobs in green companies. The second — environmental specialists, the tasks of which
are to ensure the development and maintenance of the company's/institution's environmental
policy, including waste reduction and appropriate management, as well as place of
employment related to goods and waste accounting, monitoring compliance with waste
management requirements and control. GJs also include employees who innovate in the field
of resource efficiency and through the development of new technologies and product
prototypes, taking into account environmental and eco-design requirements and the principles
of product life cycle analysis.

Evaluating the conducted research and expert evaluations, it can be concluded that the
prestige of GJs is gradually increasing. This is related to the development of green products
and services and the public's desire to live in an environment, the quality of which is high
enough and does not deteriorate. The implementation of environmental management systems
in companies also has a positive effect on the creation of GJs. According to the results of the
survey, the most important motivating aspects for the development of GJs are the
requirements of environmental protection and prevention of climate change. In turn, the least
important are the economic aspects.

The results of the survey and modelling carried out during the study showed that the role
of GJs is also important in achieving the goals of waste reduction and management.
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4.3. Green Activities Engaged in by the Public

By applying the Multi-Criteria Decision-Making Method (TOPSIS), the results clearly
show that the selected alternative environmentally friendly activities engaged in by society
have the lowest result in the model of circular economy in the field of waste management.
However, these activities engaged in by the public cannot be underestimated, as they are
related to the formation of public opinion and changes in behaviour. As in the case of GJs,
environmental and climate-related aspects are the most important for the green activities
which the public is engaged in, but economic aspects are the least important. It can be said
that the activities of NGOs should be purposefully directed towards the transition of the
society from waste management to waste reduction and prevention. It should also be noted
that NGOs often focus on campaign-like activities that result in good publicity and positive
public perceptions, but little work is done on effective long-term solutions.

5. CONCLUSION

1. Assessing the role of green enterprises, green jobs and environmentally friendly activities
engaged in by society in the field of waste management, following the waste hierarchy in
the circular economy model, the results clearly show that the most effective of the selected
alternatives can be achieved through the activities of green enterprises, then green jobs —
the least effective being the activities engaged in by the public.

2. Whereas the collection, transport, sorting, treatment, recycling, recovery and disposal of
waste, preparation for re-use, repair of items and repairs, consultancy, development and
production of recycling technologies and techniques and the development of products and
packaging with a view to reducing waste and landfilling is the core business of green
companies, the performance of these companies makes it possible to achieve waste
management goals in the most efficient way and with the highest numerical value.

3. The most important motivating tools for the development of green enterprises are
environmental protection requirements related to environmental impact assessment,
pollution reduction and prevention options, and economic aspects. The economic aspects
that promote the development of green enterprises are related to the motivating tax policy
set by the Government, the costs of production of goods and provision of services and the
motivating market demand policy for processed products.

4. The tools which motivate green job creation and development in the field of waste
management are the development of green products and services, the public's desire to live
in a quality environment and the implementation of environmental management systems
in companies.

5. The most important motivating aspects in the development of green jobs and
environmentally friendly activities engaged in by society are the environmental and
climate-related aspects, but the least important are the economic aspects.

6. The activities of NGOs should be purposefully directed towards activities which promote
the transition of the activities engaged in by the public from waste management to waste
reduction and prevention.

7. To evaluate the efficiency of green enterprises, green jobs and environmentally friendly
activities engaged in by society in the field of waste management, activity indicators are
related to the waste hierarchy within the circular economy model — the amount of waste
generated decreases, the amount of waste disposed of decreases, the amount of recyclable
and recycled waste increases. However, different indicators apply to each group, as green
businesses are designed to manage waste efficiently. In turn, the role and significance of
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green jobs and the activities of the public is related not only to proper waste management,
but also to the reduction of waste and prevention of its generation.
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Abstract— The aim of the circular economy is to maximize
the value of a product during its use, using secondary raw
materials to create new products. This research focus on the
possibilities of using waste as an energy resource — both the
aspects of waste recovery, from the point of view of reducing the
amount of landfilled waste, and the extraction and further
efficient use of landfill gas. In this case the TOPSIS analysis
method was used, five alternatives were selected - waste as an
energy resource, which was evaluated based on four criteria:
technological, economic, social, as well as environmental and
climate aspects. The results of ranking energy recovery methods
from waste using the TOPSIS method clearly show that the most
optimal of the selected alternatives is the use of biodegradable
(organic) waste for biogas production. This opens up
opportunities for biofuels to be applied in road transport.

Keywords—Biogas; Landfill waste; TOPSIS; Waste recovery.

1. INTRODUCTION

According to one of the leading developers of the principles
of the circular economy, the Ellen MacArthur Foundation, the
circular economy is renewable and regenerative at its core, and
society constantly strives to maintain products, components
and materials at their highest level of usefulness and value, [1].

The aim of the circular economy is to maximise the value
of a product during its use, using secondary raw materials to
create new products. The circular economy [2] prefers the use
of goods rather than the ownership of them.

When approving the Circular Economy Action Plan in
2015 and new Action Plan in 2019, the European Commission
(EC) defined the circular economy as one in which the value of
products, materials and resources in the economy is maintained
for as long as possible and waste generation is minimized. The
management on the premises of these principles [3, 4] would
create jobs, growth and innovation. Revitalizing the circular
economy would boost competitiveness and could also create
opportunities for social inclusion and cohesion [5].

, The value of products and materials is maintained for as
long as possible, waste generation and resource use are
reduced, and resources remain in the economy, where they are
used again to create added value.

Traditionally, the more active economic development and
the pace of urbanization, the greater the amount of waste
generated. The world's natural resources are running out and
volumes of landfilled waste are increasing. All areas of activity

related to the transition to a circular economy should be
seriously considered and special attention should also be paid
to the application of the waste management hierarchy shown in
Fig. 1.
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Fig. 1. Waste management hierarchy [6].

For waste management to become sustainable, this cannot
be achieved through technical solutions alone. Waste
management is moving towards more integrated approaches.

Waste prevention is the highest point in the waste
hierarchy. Preference is most often given to the recovery of
materials, which includes activities such as recycling and
composting. Lower priority is placed on energy production.
Disposal is always a last resort and is only considered when all
other options have been exhausted. Incineration of waste with
energy recovery and effective use is allowed in cases where the
waste in question cannot be recycled for economic or technical
reasons, but at the same time has a high calorific value. Poor
waste management contributes to climate change and increased
pollution, poses technogenic risks to the environment and
human health. When used as an energy source, waste replaces
fossil fuels and limits greenhouse gas emissions.

Evaluating waste as a potential energy resource is
necessary from several aspects - both from the point of view
of alternatives to fossil energy resources, and from the point of
view of reducing the amount of waste disposal. Until now,
these aspects have been assessed in isolation from each other
and only to solve one or another aspect, rather than resolving
them in a complex way.

This article will look in detail at the possibilities of using
waste as an energy resource - both the aspects of waste
recovery, from the point of view of reducing the amount of
landfilled waste, and the extraction and further efficient use of
landfill gas.



The aim of the study was to find out which types of waste
recovery provide the greatest benefit in energy production,
using the most efficient use of resources. A multi-criteria
analysis approach was used for evaluation. This is necessary
for decision-making, to select methods for using waste as
energy resources and plan the development of waste
management, especially taking into account the ambitious
waste management goals of the European Union, which
envisage that in 2035 no more than 10% of municipal waste
generated per year can be disposed of. Energy from waste can
be used to produce heat or electricity and can replace energy
produced from coal or other fuels. Thus, waste recovery can
help reduce greenhouse gas emissions [6, 7,].

In efficient waste recovery facilities, non-reusable, non-
recyclable waste is converted into energy during the process,
thus reducing the need for landfills. Most countries with very
high recycling rates - such as Austria, Belgium, Germany and
the Netherlands — also have high energy consumption and thus
landfills are reduced almost to zero and a significant proportion
of waste can be incinerated — producing regenerated energy.

There are around 1,400 waste incineration or co-
incineration plants in the EU. 15% of waste is co-incinerated in
the energy sector, 10% in the cement industry. In the case of
waste incineration, the average waste efficiency is very
important, which, for example, is 3 MWh / tonne of waste in
Sweden. Energy from waste ensures the use of local energy
resources, helps reduce dependence on fossil fuel imports,
promotes energy security, saves millions of tonnes of CO, and
provides sustainable, local, low-carbon, cost-effective and
reliable energy [8, 9, ].

Several studies indicate that the amount of energy that can
be obtained from waste largely depends on the composition
and quality of the fuel, incl. moisture, ash content and the
lowest heat of combustion, as well as the efficiency of the
combustion plant. [10, 11]. Efficient energy supply plants
thermally treat municipal and similar waste, thus reducing both
methane emissions from landfills and CO, emissions that
would have been generated by conventional power plants.
Compared to waste disposal, waste incineration and other
thermal processes avoid high greenhouse gas emissions and
only produce a low level of CO, emissions. Researchers [12]
have considered the possibility of reducing CO, emissions by
regenerating used tires in the energy production process in the
cement industry. The results of the calculations [12] showed
that improved collection of used tires and incineration in a
cement production plant can save up to 17% of the current CO»
emissions from mineral products.

When creating an infrastructure for energy recovery from
waste, it is important to plan for a variety of fuels to be used in
a particular installation, because one of the goals and tasks of
waste policy in the transition to a circular economy is waste
prevention, which will reduce the amount of waste that can be
used for the preparation of fuel. It should be noted here that
two types of waste could be used an energy resource - used
tires, which are crushed before incineration, and specially
prepared combustible mixed waste RDF (refuse-derived-fuel)
with sufficient calorific value.

The waste-to-energy (WtE) sector includes the collection
and pre-treatment of various types of organic and recyclable
waste used as a raw material in conversion technologies. In
order to promote more efficient waste management
technologies, increase the use of alternative energy sources and
improve cooperation between different target groups, it is
proposed to establish a WtE cluster [13]. WTE incineration is
expected to grow significantly over the next decade [13,14,15],
with significant benefits for environmental quality, reduction of
greenhouse gas (GHG) emissions, and the development of
government policies and financial incentives for the use of
waste as a renewable energy source. As a result of the fossil
fuel crisis, the development of alternative fuel technologies has
gained more attention for replacing fossil fuel with secondary
raw materials.

As described, waste as an energy resource can be produced
and used in different ways depending on the type of waste
stream and the type of energy production.

II. METHODOLOGY

As potential energy resources, the types of waste shown in
Figure 2 were analysed in this article using specific recovery
methods.

» Manufacture * Cement * Biogas * Heat
of modern fuel manufacturing production production
* Heat * Electricity &
production heat energy
production

Fig.2. Distribution of waste as a potential energy resource

The authors write and analyse waste as a potential use of
energy resources, according to four aspects: technological,
economic, social, environmental and climate-related.

Energy recovery of waste by incineration in incinerators or
cement plants is one of the forms of energy recovery from
waste. It should be noted that two types of waste could be used
as an energy resource: used tires, which are shredded before
incineration, and specially prepared combustible mixed waste
with sufficient calorific value RDF (refuse-derived fuel) [11].
In the case of waste incineration, the average waste efficiency
is very important, for example in Sweden 3 MWh / tonne of
waste [16].

One way to recover alternative fuel from waste is to recover
used tires [12]. The use of alternative fuels and raw materials is
common practise in the cement industry [17], however it is
important to take into account that the entire volume of used
tired produced every year, cannot be used as fuel in the cement
industry. Landfilling processes generate methane in landfills,
which has an impact on climate change. Methane is formed by
microorganisms that are generated in landfills from
biodegradable waste such as food, paper and garden waste.
Under EU law, the biodegradable fraction of municipal and
industrial waste is considered biomass. Energy recovery from
waste is about 50% renewable. It should be noted that energy
can be obtained from biodegradable waste in two ways: by



using this waste in biogas plants, or by producing compost
according to the most modern methods, and by producing
biogas during the process.

Anaerobic digestion is an alternative process to the
treatment of organic waste [18, 19] that allows energy to be
obtained from biogas. This reduces the amount of waste going
to landfill for disposal, which in turn increases the life of
landfills.

As noted above, this study used multi-criteria analysis to
evaluate the efficiency of different types of waste regeneration.

The multi-criteria analysis was chosen to find out which of
the proposed options is the most successful, the most
advantageous. This method is designed to improve the quality
of decisions by involving a number of criteria in the decision-
making process in order to make choices clearer, more rational
and more efficient. This analysis is used for a number of
purposes, such as identifying the best alternative or evaluating
alternatives. The multicriteria method chosen is TOPSIS.

In 1981, the multi-criteria decision-making method
TOPSIS was developed by C.L. Hwang and K.P. Yoon as a
method for evaluating alternatives according to qualitative and
quantitative criteria (Hwang, 1981) [20]. Over the years,
alternative versions have been developed on its basis, which
expand its application possibilities in various ways (Renato A.
Krohlinga, 2015) [21, 22], for example, by allowing the
inclusion of uncertainties and value ranges. The main
advantages of TOPSIS are the ability to choose an unlimited
number of criteria and alternatives, a relatively simple
calculation process and no special software required, as well as,
TOPSIS results allow you to compare alternatives in a
convenient and easy-to-understand way.

Using the TOPSIS analysis method, a decision matrix D is
created, which consists of criteria and alternatives, as shown in
Eq. (1).
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where

A\...An alternatives for comparison;

C;...C, criteria based upon which the comparison is made;
Xi alternatives i (where i is alternative/ to m) value in
accordance with criteria j (where j from / to n).

In this case, five alternatives were selected - waste as an
energy resource, which was evaluated based on four criteria:
technological, economic, social, as well as environmental and
climate aspects.

The technological aspect includes the level of
technological development, the possibility of innovations, the
efficiency of processes and the quality of the obtained product.

includes the costs of waste
operation of equipment and

The economic aspect
preparation, transportation,

covering investments of the

equipment.

the capital technological

The social dimension mainly includes issues on increasing
or decreasing employment, as well as the impact of waste
shipments at the EU level and beyond.

The environmental and climate dimension is linked to the
impact on the quality of the environment and emissions of
pollutants and climate change.

TABLE 1. THE DECISION MATRIX AND THE ASSESSMENT OF THE
POTENTIAL USE OF WASTE IN ENERGY (FROM 2- LOWEST VALUE
TO 5 — HIGHEST)

No. Waste — Aspects
resource Technological ~ Economic  Social ~ Environmental
and climate-
related
1. Tires for 4 3 4 4
production
of modern
fuel
2. RDF energy 5 4 3 4
production
3. Organic 5 4 4 4
waste biogas
production
4. Waste 2 3 4 3
incineration
in a boiler
furnace
5. Landfill gas 3 4 3 3
for energy
production

Each criterion is determined by its individual weight w;.
The weight is determined in such a way that the sum of the
weight of all criteria is equal to 1.

Iiaw =1, @

The weight of the criteria was set based on the views of the
opinions of the eight waste management experts:

TABLE 2. CRITERIA WEIGHTS

Evaluation Technological Economic Social Environmental
criteria and climate-
related
Weight 0,25 0,30 0,2 0,25

After the decision matrix is developed, as illustrated in
Table x, a normalization of the value is conducted and a
matrix of the normalized decision-making is prepared by
applying Eq. (3).
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T normalized value of alternative i in accordance with
criteria j.
The normalized value is calculated by using the formula:
T %)

Tt = 5
F}:r;:. xfy

In the next step, the normalized values are multiplied with
the weight w; of the corresponding criteria 7, thereby leading to
the normalized weighted value pj, as shown in formula (5):

DPip = Wi * Tip, (5)

The normalized weighted decision matrix Dy, provides the
basis for the TOPSIS analysis.

.
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After the normalized weighted decision matrix is prepared,
the ideal positive solution A™ and the ideal negative solution
A are calculated.

A* = (pft.pt. i), ()
A = (pr.pz. e Pm), ®)
where
pt = (maxpyy.J € Jimingy;.J € J2), ©)
Py = (mfin'pff-f € Juimpxpyy. ] €l). (10)

Assuming that J; provides criteria, with maximum values
for greater benefit and that J; indicates the criteria with higher
values for higher costs or other types of losses, further the
distance of each alternative from the positive ideal solution
and negative ideal solution is calculated with formulas (11)
and (12).

The distance of the alternative from the positive ideal
solution (S%) is calculated:

Sto {E}LIC'pff—'p?)Z, i=12,..m, (1)

The distance of the alternative from the negative ideal
solution (S°) is calculated:

5-= {}]}’:,(pﬁ—p;)z,i=1,2,..,m, (12)

The alternative’s relative distance from the ideal solution
is calculated as shown with formula (13):
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As a result, the value obtained indicates the distance of the
alternative to the ideal positive solution and to the ideal
negative solution.

III. RESULTS

The results of work carried out using the Multi-Criteria
Decision-Making Method (TOPSIS) [20, 21, 22] clearly
showed that the use of biodegradable (organic) waste for
biogas production is the most optimal of the selected
alternatives. This opens up opportunities for biofuels for
transport. Increased use of organic waste for recycling and
energy recovery can significantly reduce the amount of landfill
gas, the use of which for energy recovery is one of the most
undesirable energy production methods according to TOPSIS
results.

Among the existing criteria weights, the use of RDF for
energy production ranks second. The use of tires for the
production of modern fuel is also closer to the ideal positive
solution than the ideal negative solution, in fact, its average
choice between the energy production methods from waste
discussed in the article. Aspects of tire recycling are essential
for its further development, so that used tires are used as
efficiently as possible from the point of view of recycled
materials. At the same time, it should be noted that when
designing infrastructure for energy recovery from waste, it is
important to plan a variety of fuels that can be used in a
particular installation, as one of the goals and objectives of
waste policy in the transition to a circular economy is waste
prevention. which can be used for the preparation of fuel
material.

The results of ranking energy recovery methods from waste
using the TOPSIS method are shown in Fig. 3. The results of
the analysis clearly show that the most optimal of the selected
alternatives is the use of biodegradable (organic) waste for
biogas production. This opens up opportunities for biofuel use
in transport. At the same time, biogas production must be seen
in conjunction with the composting process, so that resources
can be used with maximum added value.

Landfill gas for
ener)

Fig.3. Results of ranking methods of energy recovery from waste using the
TOPSIS method

Among the existing criteria weights, the use of RDF for
energy production ranks second. The use of tires for the
production of modern fuels is also closer to the ideal positive



than to the ideal negative. It is average choice between the
energy production methods from waste discussed in the
article. Aspects of tire recycling are essential for its further
development, so that used tires are used as efficiently as
possible from the point of view of recycled materials. At the
same time, it should be noted that when designing
infrastructure for energy recovery from waste, it is important
to plan for the variety of fuels that can be used in the
installation, as waste prevention and reduction will be one of
the goals and objectives of waste policy in the transition to a
circular economy. which can be used for the preparation of
fuel material.

The most unfavourable solution by using the current
criteria weights is the incineration of waste in a boiler furnace,
which is also the most inefficient method and poses the
greatest threat to the environment and human health. The next
method of energy production that ranks closer to the ideal
negative is energy production from landfill gas. However, it
should be noted that energy production from landfill gas
correlates with biogas production from organic waste. The
higher the proportion of organic waste used for biogas
production, the less such waste will end up in landfills for
disposal, resulting in a reduction in landfill gas production, the
collection of which has been made mandatory for landfill
operators.

Usually the energy produced from waste is used for
traditional needs in energy and heating. However, there is also
potential to use this energy in transportation. This is
particularly topical in densely populated urban areas where the
main environmental problems are usually related to air quality
issues related to transport.

IV. CONCLUSIONS

1. Energy production from waste differs in terms of
technological solutions, innovations for product
production, higher added value, and the place and
methods of raw material extraction. Energy generated
form waste is one of the most effective alternative
energy sources with which to reduce CO ; emissions
and limit the use of fossil fuels that are used by
traditional energy systems.

2. There is potential for the use of waste as an energy
resources in Europe, especially taking into account
the waste management goals set for 2035. To ensure
that only 10% of the total amount of municipal waste
generated is landfilled, it is not enough to achieve the
recycling target alone. Therefore, the important
question is what to do with 25% of the amount of
municipal waste generated - to increase the amount of
recycled waste or to recover this amount of waste - to
obtain energy from it for further use. Waste energy
does not compete with recycling - it goes hand in
hand and supports high quality recycling. In terms of
the fossil fuel crisis and the goal of increasing the use
of renewable energy resources in the energy balance,
the development of alternative fuel technologies,

including the use of secondary raw materials as
energy resources, plays an important role in energy.
Road transport also has the potential to use this
energy. In the event of such a choice, the location and
availability of the appropriate infrastructure must be
further assessed.

One way to recover waste is through incineration.
Energy produced from waste can be used to generate
heat or electricity and can replace energy produced
from coal or other fossil fuels. Waste recovery can
help reduce greenhouse gas emissions. Among the
criteria weights evaluated in this study, the use of
RDF for energy production is in second place.
Modern fuel production also uses used tires, as
evidenced by their use in cement production to
replace fossil fuels. The most unfavourable solution,
using the current criteria weights, is the incineration
of waste in a boiler kiln, which is also the least
efficient method and poses the greatest threat to the
environment and human health.

Creating pre-conditions for alternative uses of waste
to reduce the amounts of waste in landfills paves the
way for new and innovative methods, solutions and
applications of the energy obtained. In order to create
the necessary preconditions, there needs to be a
political decision and a regulatory framework
developed on the basis of a careful consideration of
all aspects — innovative approaches, technologies and
solutions, potential impacts on the economy and
social systems, as well as on the environment and
human health.

When creating an infrastructure for energy recovery
from waste, it is necessary to plan a variety of
materials for fuels that can be used in a particular
installation, taking into account one of the goals of
waste policy in the transition to a circular economy -
waste prevention, which will reduce the volumes of
waste that can be used as a material for fuel.

The results of the Multi-Criteria Decision Making
Method (TOPSIS) clearly show that the use of
organic waste for biogas production is the most
preferred of the selected alternatives. Generally,
energy from waste is traditionally used for energy or
heating purposes. However, road transport also has
the potential to use this energy. This is especially true
in urban areas, where the main environmental
problems are usually related to air quality problems
caused by transport. Taking into consideration the
volume of biological waste, as well as the fact that
sewage sludge is used for biogas production, this
opens up the possibility for development of biofuel
production and its use in transport.

By using organic waste more intensively for
recycling and energy production, it is possible to
significantly reduce the amount of landfill gases,



which, according to the results of TOPSIS, is one of
the most undesirable methods of energy production
evaluated in this study.

ACKNOWLEDGMENT

The research is funded by the Ministry of Economics of the
Republic of Latvia, project “Assessment of Latvia’s renewable
energy supply-demand economic potential and policy
recommendations”, project No. VPP-EM2018/AER-1-0001

REFERENCES

[1]  Ellen Macarthur Foundation. Delivering the Circular Economy. A Toolkit
for Policymakers. 2015.

[2] International Labour Organization. World Employment Social Outlook
2018. Greening with Jobs. Geneva: ILO, 2018.

3] C:\Users\ruditev\AppData\Local\Microsoft\Windows\INe
tCache\Content.Outlook\AppData\Local\Microsoft\Windo
ws\INetCache\User\AppData\Local\Microsoft\Windows\I
NetCache\IE\GDZH 1PQ3\[3]Communication from the
Commission to the European Parliament, the Council, the European
Economic and Social Committee and the Committee of the Regions
Closing the Loop - an EU Action Plan for the Circular Economy
Com/2015/0614 Final. Brussels: European Commission, 2015.

[4] Sustainable Guide. Circular Economy [Online]. [Accessed 30.04.2020].
Available: https:/sustainabilityguide.eu/sustainability/circular-economy/

[5] European Commission. Circular Economy [Online]. [Accessed
30.04.2020]. Available:
https://ec.europa.eu/growth/industry/sustainability/circular-economy_en

[6] European Environmental Agency. Waste: a problem or a resource? EEA,
2014.

[7] Tomic T., Schneider R. D. The role of energy from waste in circular
economy and closing the loop concept — Energy analysis approach.
Renewable and  Sustainable ~Energy Reviews 2018:98:268-287.
https://doi.org/10.1016/j.rser.2018.09.029

[8] Vogt R, et al. The Climate Change Mitigation Potential of the Waste
Sector. Oko-Institut, IFEU, UBA, 2015.

[9] Malinauskaite J., et al. Municipal solid waste management and waste-to-
energy in the context of a circular economy and energy recycling in
Europe. Energy 2017:141:2013-2044.
https://doi.org/10.1016/j.energy.2017.11.128

[10]

(1]

[12]

[13]

[14]

[15]

Dace E., Skorobogatova A. No atkritumiem ieglita kurinama potencials
Latvija. (Assessment of RDF Potential un Latvia.) Riga: RTU, 2011. (in
Latvian)

Dace E., Blumberga D. An Assessment of the Potential of Refuse
Derived Fuel in Latvia. M of Envir [ Quality: An
International Journal 2012:23:4:503-516.
https://doi.org/10.1108/14777831211255088

Dzene I., et al. Energy Recovery from End-of-Life Tyres: Untapped
Possibility to Reduce CO2 Emissions. Environmental and Climate
Technologies 2010:4:35-41. https://doi.org/10.2478/v10145-010-0015-6

Beloborodko A., Romagnoli F., Rosa M., Blumberga D. Overview of the
Waste-to-Energy Sector in Latvia: Driving Forces for a Cluster Creation.
Agronomy Research 2014:12(3):979-988.

Jun Dong, Yuanjun Tang, Ange Nzihou, Yong Chi, Zhaozhi Zhou.
Comparison of waste-to-energy technologies of gasification and

incineration using life cycle assessment: Case studies in Finland, France
and China. Journal of Cleaner Production] December 2018.

Zhikang Bao, Weisheng Lu, Developing efficient circularity for
construction and demolition waste management in fast emerging
economies: Lessons learned from Shenzhen, China Science of The Total
EnvironmentVolume 7241 July 2020 Article 138264

[16] Juris Golunovs, RPA Rigas energ@tikas agentiira, Labas prakses piemers:

[17]

(18]

[19]

[20]

[21]

[22]

piektdalu energijas centralizétai siltumapgadei Zviedrija sarazo no
atkritumiem. Energétika un automatizacija 05/2008.

Zaid  Ghouleh, Yixin ~ Shao. Turning municipal _solid _ waste
incineration into a cleaner cement production, Journal of Cleaner
Production10 September 2018.

Hanning Wang, Xian'en Wang, Junnian Song, Shuo Wang, Xiaoyu Liu.
Uncovering regional energy and environmental benefits of urban
waste utilization: A physical input-output analysis for a city case. Journal
of Cleaner Production, July 2018.

Samuel Alexander, Peter Harris, Bernadette K. McCabe. Biogas _in the
suburbs: An untapped source of clean energy? Journal of Cleaner
Production 1 April 2019.].

[20]Hwang C. L., Yoon K. (1981) Multiple Attribute Decision Making:
Methods  and  Applications.  New  York:  Springer-Verlag,
http://dx.doi.org/10.1007/978-3-642-48318-9

[21] Hrasko R., Pacheco A. G. C., Krohling R. A. Time Series Prediction
Using Restricted Boltzmann Machines and Backpropagation. Procedia
Computer Science 2015:55:990-999.
https://doi.org/10.1016/j.procs.2015.07.104

[22] Krohling R. A. Pacheco A. G. C. A-TOPSIS — An approach Based
on TOPSIS for Ranking Evolutionary Algorithms. ITQM 2015.




Publikacija Nr. 3: Towards efficient waste management in Latvia: an empirical
assessment of waste composition.



Environmental and Climate Technologies

o 1862

- o) RG] 2019, vol. 23, no. 2, pp. 114-130
s sciendo &Kz doi: 10.2478/rtuect-2019-0059
RIGA TECHNICAL https://content.sciendo.com

UNIVERSITY

Towards Efficient Waste Management in Latvia:
An Empirical Assessment of Waste Composition

Anna KUBULE'*, Kaspars KLAVENIEKS?, Rudite VESERE?, Dagnija BLUMBERGA*

=4 Institute of Energy Systems and Environment, Riga Technical University,
Azenes iela 12/1, Riga, LV-1048, Latvia

Abstract — Waste management system is a complex system involving numerous waste streams,
collection schemes, treatment processes and various actors. Bus as well as many other
systems, waste management is recently experiencing new and more sustainable development
trends including the promotion of circular economy and increased material recycling. Hence
there is a need for the implementation of an improved waste management system that
requires a significant and thorough planning stage, the results of which will significantly
depend on the availability of detailed information of the possible waste flows and waste
composition. The aim of this paper is to experimentally determine and analyse the
composition of unsorted municipal waste to provide assessment for incorporating waste
composition analysis into further planning and modelling of a next generation waste
management system in Latvia. The experimental results indicate that the unsorted municipal
waste stream comprises of up to 32.9 % of recyclable materials and 29.2 % of biodegradable
wastes. Thus almost 60 % of the waste currently being subjected to unsorted waste
management system in Latvia could potentially be source separated ensuring higher quality
of the recovered materials and promoting circular value chains. The results indicate a slight
difference between waste composition in different waste management regions, thus noting
that, in addition to the number of inhabitants and their habits, the local system in each waste
management region may influence the composition of the collected wastes.

Keywords — Circular economy; multiple regression analysis; waste composition analysis;
waste management system

1. INTRODUCTION

Our overall consumption is continuously growing, as well as the amounts of produced waste,
but the one thing that is constant is the Earth’s finite resources. To find a long term solution for
these challenges, we have to consider our waste management systems as a source for valued
resources or resource banks [1], e.g. reuse and recycle wastes, recover energy [1] or even upgrade
waste into valuable products [1]. However, current waste management systems are focused only
on waste treatment, and lack considerations of the potential waste valorisation opportunities [1].

The concept of the circular economy is assumed to hold the solution or at least a remedy for
such complex global challenges, including decoupling of resource use and economic growth,
resource scarcity, climate change, increased waste generation etc. [1]. Circular economy aims to
overcome the linear production approach that is based on the take-make-consume and dispose
trend and to transform the economy to a circular operating pattern that is improving resource and
energy efficiency, and involving resource recovery and reuse [1]. However, a significant gap exists
between circular economy practical solutions and actual motivation of individual local actors to
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implement those solutions [1]. Cobo et al. [1] propose the design of efficient and circular
integrated waste management systems (CIWMS) as a significant tool for the transition towards a
circular economy.

Though with 1.26 tons of non-hazardous waste (including household and industrial waste) per
inhabitant in 2016, Latvia is one of EU 28 countries with the least amount of waste produced per
capita [1], the national tendency shows a significant increase of generated waste amount from 362
kg per capita in 2002, to 1098 kg per capita in 2017 [1]. As well, there is a significant linear
correlation between per capita generated waste and per capita GDP (72 = 0.78), indicating that
further economic growth will only lead to the increase of per capita waste generation, if no
meaningful decoupling measures are undertaken. A recent analysis of the performance of national
municipal waste treatment systems in EU27 countries places Latvia together with the lowest
performing countries because waste is mainly landfilled instead of used for recycling, composting
and energy recovery [1]. But actually, the situation in Latvia is quite better as 71.6 % of the treated
waste in 2016 was recycled and only 20.5 % landfilled [1].

One of the main waste policy planning documents in Latvia is the National waste management
plan 2013-2020 [1], thus the development of next plan for the planning period which will start
after 2020 should be drafted soon. In previous planning periods, Latvia has mainly focused on
implementing the EU requirements for waste management [1]. But in order to promote sustainable
development of Latvia’s waste management system, the next National waste management plan
should incorporate more in-depth sustainability and circularity approach as well as thorough
analysis and evaluation of the existing system.

The waste management system is a complex system involving numerous waste streams,
collection schemes and treatment processes; all these stages should be considered for the
development of an integrated waste management system [1]. Cobo et al. [1] stress the importance
of preparatory analysis of alternatives prior to the design stage for an improved waste management
system. The data on the actual waste flows is the principal input for the waste management system
analysis [1]. The analysis of Bisinella et al. [1] indicates that waste composition data are highly
important for potential resource recycling and transition towards a circular economy, as well as it
has significant impact on Life cycle assessment of waste management alternatives. Similarly,
Arena and Di Gregorio [1] underline that waste management planning and decision making is a
complex issue that may involve both accurate and inaccurate or missing data. Keser et al. [1] note
that applying locally significant variables can lead to better planning of waste management.
Overall, the implementation of an improved waste management system requires significant and
thorough planning stage, the results of which will significantly depend on the availability of
detailed information of the possible waste flows and waste composition. Hence, in order to assess
the existing waste management system and to plan its further development, data that characterizes
household waste volumes, waste composition, the behaviour of waste producers and its trends is
required. The availability of such data allows allocating adequate capacities for waste collection,
transportation, treatment and disposal [1].

Moreover, the application of modelling methods for the analysis of waste volume and
composition data allows estimating a prediction for future development of the existing waste
management system and its long-term planning, as well as provides input for further scientific
studies regarding measures for decoupling of waste generation and economic growth, i.e.
promotion of a circular economy. The use of waste capacity prediction models is widespread and
numerous methods have been applied, e.g., trend analysis, various regression techniques, multiple
linear regression and others [1]. Various authors have identified different explanatory factors for
municipal waste generation. For a case of Turkish provinces Keser et al. [1] name unemployment
rate, temperature, higher education graduate’s ratio and agricultural production value. Oribe-

115



Environmental and Climate Technologies

2019/23

Garcia et al. [1] identify urban morphology, tourism activity, educational level, economic
dynamism and resources of population as influential factors for Biscay municipalities. Kolekar et
al. [1] name food habits, standard of living, degree of commercial activities and seasons as
important factors that influence the composition of municipal solid waste (MSW). Mohammadi
et al. [1] use waste composition data as one input for a mixed integer linear programming model
for optimal planning of waste management supply chain network. However, modelling may be
limited by the availability of household waste composition data, e.g., Lebersorger and Schneider
[1] report lack of systematic and comparable data regarding household food waste composition.

In Latvia, the accounts of the amount of waste managed by the waste management system are
kept by the national waste statistical database [1]. This database provides information on various
waste management activities, such as waste generation, collection, recycling, recovery, disposal.
The database also provides information on various waste streams both by origin and by type, such
as collected paper packaging, recycled metal, unsorted municipal waste, etc. However, the
statistics do not provide details on composition of the unsorted municipal waste stream. The
unsorted municipal waste stream constitutes a significant part of the total generated municipal
waste (~67 % in 2017, or 571 thousand tonnes) [1], and includes a wide range of materials —
biodegradable waste, recyclable materials, domestic hazardous waste, etc. Therefore, a
comprehensive study on unsorted municipal waste composition is necessary in order to plan the
development of the waste management system, increase the amount of waste recovery and reduce
the amount of landfilled waste (sanitary landfill). Such composition analysis will ensure more
efficient planning of waste collection (including separate collection system), forecast of the
necessary recycling and recovery capacity and the development policy, as well as evaluation of
the efficiency of existing technological solutions and applied policy instruments. Thus, the aim of
this paper is to experimentally determine and analyse the composition of unsorted municipal waste
to provide assessment for incorporating waste composition analysis into further planning and
modelling of a next generation waste management system in Latvia.

2. MATERIALS AND METHODS

The objective of the research was to obtain detailed information on the composition of the
unsorted municipal waste in Latvian cities, to ensure wide geographical coverage and to enable
the collected data to be further used for evaluation of aspects that have an impact on unsorted
municipal waste composition. The analysis of the applicable experimental methods for
determination of the composition of the unsorted municipal waste stream indicated two main types
of approaches:

1. Physical sorting of waste — sorting at waste collection sites (direct sorting of waste
containers) or sorting at waste pre-treatment centres (centralised facilities located within
or outside the landfills) i.e. waste collected in one collection trip;

2. Determination of composition based on material flow analysis (MFA) according to
material life cycle assessment approach.

MFA includes systematic analysis of material and element flows and stocks within a certain
system limited by space and time [1]. Thus, MFA can identify and link the sources and destinations
of each considered material, however, this requires access to very detailed data. However,
Bisinella et al. [1] note that few LCAs actually consider the effects of waste composition.
Considering the available data sources and the objective of the study, the MFA based methods
could not be applied in the present research — the limitations are mainly related to the lack of city-
level precise data that characterize resource and raw material consumption for the production of
goods, consumer habits and lifespan of goods before they become waste. Therefore, physical
sorting of waste is selected for this study.
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Dahlen and Lagerkvist [1] reviewed 20 physical sorting methods commonly used in Europe and
internationally for solid waste component analysis. On the other hand, various researchers note
that, as there are no commonly agreed standard methods for household waste consumption
analysis and due to the methodological differences between the available methods, most previous
studies are not comparable [1].

Commonly used physical sorting methods in European Union Member States that are also
considered for the current study include “Nordtest” NT ENVIR 001 [26]; Development of a
methodological tool to enhance the precision & comparability of solid waste analysis data (SWA-
tool) [29] and CEN Standards and Technical Recommendations [30]. These methods are largely
similar and their variations are determined by the breakdown and definitions of the waste to be
sorted out, the sorting process, sample distribution by waste producer groups and subgroups to be
included in the research.

The “SWA-tool” methodology [29] was originally developed on behalf of the European
Commission (EC) with an aim to develop an EU level waste composition analysis standard. The
method is designed to determine the composition and volume of generated household waste, as
well as waste that originated in companies, institutions or industrial plants, but its composition
may be assumed similar to household waste. The scientific research on EC's “SWA-tool” has
pointed out that the method's disadvantages are its high costs as the method involves sorting each
individual waste container. It has been recommended for studies aimed at comparing the
composition of waste generated at individual households. Since the objective of the current study
is broader and its target group is not focused solely on separate households and their comparison,
this method was not selected.

The international CEN/TR/LVS Standards and Technical Recommendations [26] are applicable
to regulated areas where waste composition assessment has to be carried out by
accredited/regulated methods and/or to carry out the accreditation process of the inspection body.
The use of CEN/TR/LVS standards and technical recommendations is optimal in cases where a
detailed determination of the composition of the waste is necessary, including not only the analysis
of waste stream composition, but also the characterization of its physicochemical properties. For
example, when analysing the operation of waste recovery facilities, a precise description of the
incoming waste stream, the produced secondary raw material or the final product of the treatment
or recovery process is needed. However, for the current study this method is not optimal, because
its use is associated with a much larger amount of time and financial resources, which in turn
would reduce the total population to be included in the study, thus reducing the representativeness
of the obtained data and would not ensure the achievement of the objective of this study.

The NT ENVIR 001 [26] method is designed to provide a uniform approach to waste
composition analysis, and is mainly aimed at Northern European countries. But as the method
allows for adjustments to the waste groups and sources of waste being analysed, its application is
very widespread — from a general study of waste composition and amount of generated waste, to
a case study to assess the performance of a waste sorting station or recycling facility. The NT
ENVIR 001 method is the most appropriate for the current study compared to the other considered
methods. The main advantage of the method is the possibility to sample according to waste
collection routes, which firstly guarantees that large number of households are included in the
sample, secondly, the processing and sorting of the sample can be carried out in the location of
the waste management infrastructure, where the necessary equipment is available; no
administrative constraints are foreseen, as would be the case for sorting separate waste containers
at waste generation sites. When analysing the possibilities to apply this method in Latvia, it was
concluded that there are no restrictions on either methodological or material technical solutions;
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as a result, the method can be recognized as conforming to the conditions of Latvia and the
particular research.

As the aim of the study was to obtain comprehensive and detailed information on the unsorted
municipal waste flow in Latvia, the methodology used in the study is based on the principles and
recommendations of NT ENVIR 001 and adapted to the purpose of the study, specific Latvian
conditions, the planned work volume and other limiting factors.

2.1. Geographic Coverage

To obtain the most comprehensive data regarding unsorted municipal waste flows in the
country, 32 cities in different regions of Latvia were selected for the study based on population
and administrative division of territories (Table 1). Selected cities were grouped by population
and by the administrative rank: national cities and regional cities (the administrative division of
Latvia distinguishes nine national cities and 67 regional cities). The aim of the applied selection
of'the cities was to achieve the widest possible geographical coverage, thus ensuring the evaluation
of the whole national waste management system, and to provide an opportunity to assess the
interrelationships between waste composition and socio-economic factors in different areas.

TABLE 1. GEOGRAPHICAL COVERAGE OF THE RESEARCH

Number of inhabitants Regional cities National cities
Less than 1000 Durbe, Subate, Ainazi, Piltene, Varkava
1000-5000 Aloja, Broceni, Ergli, Jaunjelgava,

Ligatne, Valka, Vilani

Bauska, Dobele, Gulbene, Kraslava,

5000-10000 Ludza, Madona, Smiltene, Talsi
10000-40000 Kuldiga, Ogre, Tukums Jekabpils, Rezekne, Valmiera
More than 40000 Daugavpils, Jelgava, Jurmala,

Liepaja, Riga, Ventspils

2.2. Sampling

As the aim of the study was to determine the composition of unsorted municipal waste, it was
necessary to ensure that the collected samples originate in households or, in case they were
generated in companies or other institutions — that their amount and composition correspond to
municipal solid waste produced by households. The sampling is performed in the previously
defined 32 target cities thus ensuring that the samples represent the waste of the designated
geographical and administrative area. One of the initial challenges for sampling planning was
to select certain already existing waste collection routes that would ensure sufficient number of
households in the sample, e.g., by servicing mainly apartment buildings and single-family
homes. In order to avoid undesirable admixtures of inappropriate waste into the test sample, the
compliance of the selected waste collection route to particular selection criteria was determined
in consultation with each waste management company as they have first-hand knowledge
regarding the waste producers served on each particular route. The main principles for the
selection of waste collection routes were as follows: (1) municipal waste is collected only from
a particular city, without servicing rural areas, (2) only unsorted municipal waste is collected
on the route (however up to 10—15 % by volume addition of unsorted municipal waste from
companies and institutions was allowed, but no industrial waste or other specific waste may be
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collected on the route, including agricultural waste, graveyard waste, etc.). In order to avoid
waste fluctuations on a weekly basis, waste collection routes were selected, as far as possible,
with a regular collection frequency of one time per week. Although, in the optimal case, the
waste composition tests should be carried out four times a year, thus avoiding the effect of
seasonality, this principle was not observed due to resource limitations in the study and the
collection and sorting of samples was carried out during the autumn and winter months, from
November 2016 to March 2017. In each city, five samples were collected and analysed during
this period — one sample per month. The samples were taken from the waste delivered at the
waste management facilities (transhipment — sorting stations and sanitary waste landfills). After
discharging of each truck, the samples were taken with a front loader and the prepared test
sample weighed at least 250 kg.

2.3. Sorted out Fractions

The classification of waste fractions to be sorted out (Table 2) was determined according to NT
ENVIR 001 methodology [26] and the standard LVS EN 15440: 2011 “Solid recovered fuels —
Methods for the determination of biomass content” [26]. This standard is widely applied, so the
classification of waste fractions is widely known and understandable.

TABLE 2. CLASSIFICATION OF EXPERIMENTALLY IDENTIFIED WASTE COMPONENTS

No. Waste fraction No. Waste fraction

Biodegradable waste (garden and park waste

(plant leaves, grass), food waste) 15 Soft Plastic (Packaging Bags)

2 Paper, cardboard (waste paper) 16 Dense Plastic (Household Items)

3 Paper, cardboard (packaging) 17 Dense Plastic (Packaging)

4 Beverage packaging (tetra packs) 18 Carpets (rugs, blankets)

5  Wood 19 Iron (household articles of iron)

6 Wood (packaging) 20 Iron (Packaging)

7  Hygienic waste (napkins, diapers, etc.) 21 Non-ferrous metal (non-ferrous household items)

8  Textiles (clothing, other fabric products) 22 Non-ferrous metal (Packaging)

9  Leather, rubber 23 Packaging for composite materials (chips, coffee packs)

10 Glass (tableware, household items, fragments) 24 Fine matter (fine unsorted fraction, any material <40mm)

11 Glass (packaging) 25 ll))ome.stlc hazardous waste (DHW), including batteries, car
atteries, etc.
12 Inert wastes (stones, ceramics, concrete) 26 DHW (waste electrical and electronic equipment — WEEE)

Soft plastic (household articles, non-packing 27 DHW (household chemicals and household chemical
films) packaging, other hazardous waste)

Soft Plastic Packaging (Packaging, Disposable
14
Tableware)

To improve the detail of the obtained results and determine the share of specific waste
components in the overall unsorted municipal waste stream, several separate waste fractions were
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added to the basic breakdown. For example, all waste components used in the packaging industry
(plastic, paper, metal, etc.) were recorded as a separate fraction. In addition, a separate accounting
of beverage carton packaging and other composite material packaging materials (like coffee and
chips packaging, etc.) was carried out. Plastic bags were also recorded as a separate category. And
three separate fractions of domestic hazardous waste were identified: electric accumulators and
batteries, waste electrical and electronic equipment (WEEE) and household chemicals. These
additional categories are mainly added to provide an opportunity for further research to assess
efficiency of the extended producer responsibility schemes (directed specifically at packaging
waste) and the efficiency of source sorting system simultaneously to the main aim of the study.

2.4. Sorting Procedure

The waste loads collected on the selected waste collection routes were delivered to waste
management company sites for morphological composition analysis. After unloading, the sample
was taken using a front loader; the test sample was at least 1m?> or 250 kg. The sample was weighed
and delivered to the sorting site. A manual sample sorting by specified fractions was used, without
applying any mechanical sorting equipment, mechanical treatment or grinding of test sample.
Opening of waste bags was done manually. All separated waste fractions except for the “Fine
matter” fraction were collected in separate and appropriately labelled waste containers. Sorting
was performed until only the “Fine matter” fraction (fine particles with a size less than 40 mm)
remained on the floor. After sorting, all the separated fractions, including the “Fine matter”
fraction, were weighed and the weighing results were recorded in the protocol. The protocol also
recorded the date of the test, the responsible personnel, the origin of the sample — the place and
source, the date of sampling, the total mass of the collection load, the mass of the sample prepared
for sorting, and special notes or deviations, if any.

2.5. Data Preparation and Analysis

Data preparation and initial analysis was performed using MS Excel software, e.g., the share of
each fraction in the total sample was calculated from the measured weights, while for further
statistical data analysis of the interrelationships between waste composition and socio-economic
factors both MS Excel and Statgraf software were used. Based on the method applied in [26], a
correlation matrix between waste generation rate and percentages of individual waste fractions to
identify whether a relationship exists between the variables. Our analysis indicated increased skew
and kurtosis, for most data subsets, in which case log transformation is also typically suggested
for data normalization [26]. As well, Edjabou et al. [26] emphasize that waste composition
fraction data are a case of closed dataset, which requires special treatment, e.g. log transformation,
prior to statistical analyses.

3. RESULTS AND DISCUSSION

Within the framework of the study, 160 samples of unsorted municipal waste were collected
and sorted — 5 samples from each of the 32 cities included in the study. The results characterize
the composition of unsorted municipal waste and make it possible to assess the composition of
unsorted waste as collected by the existing waste management system before pre-treatment and
thus to evaluate the efficiency of that system. As well, it allows to assess which of the waste
components (and their volumes) that are subject to source separation system are actually
introduced to the unsorted waste stream, thus the analysis allows to prioritize the future incentives
regarding improvement of the source separation system. At the same time, it should be taken into
account that the composition and volume of source separated waste was not evaluated in the study.

120



Environmental and Climate Technologies

2019/23

When interpreting the results, it was considered that the mass of the waste is defined for naturally
wet waste, so, the moisture absorption capacity of different types of waste fractions impacts the
results and the determined results should not be directly attributable to the dry composition of the
waste. Edjabou et al. [26] also note that waste composition fractions that are calculated based on
wet mass data enable the comparison between waste composition data of various cities and waste
management regions and this approach also removes the impact of different waste generation
rates. According to the applied method the Fines fraction was accounted as a separate fraction, but
at the interpretation of the results the fines fraction was attributed in equal parts to biodegradable
waste and inert materials.

The initial statistical analysis of the unsorted municipal waste variable (city average data)
indicated a significant deviation from normal distribution, i.e. a positive skew and skinnier — than-
normal kurtosis (standard skewness 12.3, standard kurtosis 33.8). This must be explained by the
non-normal distribution of inhabitants in Latvian cities — 51.6 % of national inhabitants live in the
capital city Riga or the near Riga region [31]. In order to increase the normality of the dependent
variable for the statistical analysis, a logarithm transformation (log(x)) was selected as suggested
by [33] and also applied to MSW by [33]. Following the transformation, a significant improvement
was achieved for data skewness and kurtosis (standard skewness —0.03, standard kurtosis —0.3).
Similar normality problem was identified and fixed for the variable “Number of inhabitants”.

TABLE 3. INDEPENDENT VARIABLES FOR REGRESSION ANALYSIS

Share of working Average wage of  log (Inhabitants)

age inhabitants workers, EUR

Count 32 32 32
Average 0.63 784.84 8.91
Standard deviation 0.017 130.83 1.71
Coeff. of variation 2.68 % 16.67 % 19.13 %
Minimum 0.599 588.00 6.23
Maximum 0.666 1124.00 13.37
Range 0.066 536.00 7.14
Stnd. skewness -1.10 1.09 0.76
Stnd. kurtosis —-0.55 —0.06 —0.001

log (unsorted municipal waste) = —4.20+1.28-log(inhabitant ) . (1)

After the normalization of the variables, the mathematical model was developed by using city
averaged data. As the literature analysis indicated that the waste amount is significantly related to
social and behavioural factors, first a relation is sought between unsorted waste amounts, number
of inhabitants, share of working age inhabitants and average wage in the city (Table 3). The
developed model has 72 of 95.94 % (adjusted * of 95.80 %) and takes into account only one of
three proposed independent variables — number of inhabitants (Eq. (1)). Since the p-value of the
model is 0.0000, it is statistically significant at 95.0 % confidence level.
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3.1. Results of Unsorted Municipal Waste Composition

The overall results indicate a quite significant dispersion of individual measurements of waste
composition. This can be explained by the non-homogeneous nature of unsorted municipal waste,
as well by the difference in consumer habits. When considering each city’s average value out of
five individual measurements, the dispersion of minimal and maximal values is more evened out
(see Table 4).

With an average share of 29.2 % (weight per cent), the largest share in the total waste stream is
of biodegradable waste. The actual proportion of biodegradable waste is even higher, because it
also constitutes up to 50 % of the Fines fraction, so the total share of biodegradable waste
(excluding paper, cardboard, wood, etc., which is biodegradable but included in other categories)
could reach 38.83 %. Similar results for food waste, i.e., 41-45 %, are reported by Edjabou et al.
[26], who identified food wastes as the dominating waste fraction in Danish household waste.
Recyclable materials (including packaging), i.e., paper, cardboard, plastic, glass, constitute 32.23
% of total waste. With 12.02 %, the plastic waste constitutes the largest share in the group of
materials suitable for recycling, followed by glass (9.14 %), paper/cardboard (8.09 %), and metals
2.98 %.

Although for many variables the standard skewness and kurtosis is higher than 2, overall the
mean and median values are quite similar, thus indicating that there are no extreme outliers in
each fraction’s dataset. For some of the variables standard deviations are significant, also the
coefficients of variation are high. The potential reason is the heterogeneity of waste composition;
however, this ambiguity could be reduced in further studies by performing more sorting repetitions
for each city. High standard deviations and coefficients of variation have also been reported for
empirical waste composition analysis by [26].

TABLE 4. SHARES OF VARIOUS FRACTIONS OF UNSORTED MUNICIPAL WASTE IN LATVIAN CITIES

Waste fraction Mean Standard Coeff. of Median Min Max  Stnd. Stnd.

deviation variation, skewness kurtosis
%

Biodegradable 2922 539 18.43 28.96 14.14 3747 -—148 0.29

waste

Paper, cardboard 4.65 1.47 31.63 4.72 1.99 7.87 0.43 -0.17

Paper, cardboard 3.44 1.17 33.90 3.38 1.88 6.32 2.58 1.42

(packaging)

Beverage 1.37 0.52 38.23 1.26 0.76 2.97 3.52 2.74

packaging

Wood 0.56 0.45 78.30 0.46 0 1.74 3.15 1.60

Wood 0.16 0.22 142.66 0.08 0 1.01 5.29 7.16

(packaging)

Hygienic wastes 6.30 2.46 39.05 5.94 2.27 14.65 3.24 3.71

Textiles 5.04 1.37 27.18 4.71 2.50 8.96 2.37 1.93

Leather, rubber 0.76 0.62 81.78 0.62 0 1.82 1.06 —1.42

Glass 1.14 0.63 55.43 1.03 0.31 3.05 2.75 1.73

Glass (packaging)  8.00 2.11 26.32 8.26 2.37 1141 -1.10 0.01

Inert wastes 2.08 2.01 96.52 1.28 0.30 10.11  5.25 8.23

Soft plastics 1.41 0.72 51.00 1.26 0.24 3.84 2.81 3.16
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Waste fraction Mean Standard Coeff. of Median Min Max  Stnd. Stnd.
deviation variation, skewness kurtosis
%
Soft plastics 1.58 0.56 35.52 1.55 0.72 2.75 0.68 —-1.01
(packaging)
Soft plastics 3.73 1.47 39.26 3.82 1.50 6.87 0.81 -0.63
(bags)
Dense plastics 0.82 0.37 44.47 0.75 0.33 1.98 2.89 2.20
Dense plastics 4.48 3.20 71.44 3.16 1.65 1293 3.96 1.70
(packaging)
Carpets 0.48 0.37 76.03 0.53 0 1.24 0.65 —1.08
Ferrous metal 0.62 0.39 63.20 0.53 0.15 1.70 3.36 225
Ferrous metal 1.39 0.58 41.94 1.23 0.72 3.10 3.25 2.23
(packaging)
Non-ferrous metal ~ 0.21 0.29 139.00 0.10 0 1.14 4.30 3.40
Non-ferrous metal  0.76 0.30 39.50 0.66 0.29 1.34 1.12 -1.12
(Packaging)
Composite 0.64 0.41 63.72 0.49 0.19 1.95 391 3.41
material
packaging
Fine matter 19.23  3.30 17.18 19.51 12.70 2581 0.13 -0.75
DHW (batteries, 0.23 0.22 95.37 0.17 0.01 0.93 4.03 3.99
accumulators)
DHW (WEEE) 0.54 0.45 84.30 0.37 0.08 2.08 4.16 4.06
DHW (chemicals 1.16 0.52 44.83 0.97 0.59 2.70 3.26 1.77
etc.)

The applied methodology also allowed to separately analyse all packaging waste streams. The
total share of all packaging in the unsorted waste stream was 25.55 %. Sorting results show that
the largest proportion of packaging waste is made up of glass packaging 8.00 %, followed by
plastic packaging 6.06 %, paper and cardboard packaging 3.44 %, metal packaging 2.15 %. Plastic
bags were also sorted separately when determining the composition of the waste, and the results
show that plastic bags account for 3.7 % of the total waste. These results may be significant for
the future discussions in relation to increasing the recovery rate for packaging waste.

The remaining waste groups account for 26.75 %, of which inert waste (including also 1/2 of
Fines fraction) was 11.67 %, domestic hazardous waste and environmentally harmful goods —
1.93 %, miscellaneous materials, including textiles, rubber, wood, hygiene waste, etc., constituted
about 13.15 %.

In addition to experimentally determined waste compositions, data on the total waste generation
and inhabitants in Latvian cities was acquired from statistics. The data on the amounts of unsorted
municipal waste in each of the cities was acquired from National Statistics database Waste-3,
where for the nine largest cities the data was directly extracted from the database. For the smaller
cities the total amount of waste generated in the city is calculated from county-level statistics by
considering the number of inhabitants in each county and the city itself. Following the specific
waste amount in tons per inhabitant was calculated. The data is further analysed by application of
Spearman’s correlation test similarly as done by [26]. To elaborate the analysis, and based on the
previous conclusion that there is a strong relation between waste amount and number of
inhabitants, an additional indicator — specific waste amount (SWA, t/inhabitant) — is developed by
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attributing unsorted waste amount to number of city inhabitants. The statistical analysis identifies
standard skewedness and kurtosis for this indicator to be in range appropriate to a normal
distribution data. Thus, use of this indicator also allows dealing with the previously discussed
problems of non-normal distribution.

For this assessment the individual waste fractions are grouped based on waste components (as
suggested by NT ENVIR 001 method), the potential management options (e.g., there is no
dedicated waste incineration plants in Latvia, so the other combustible waste group was not
distinguished separately), as well as some specific requirements — e.g. extended producer
responsibility schemes for packaging waste or landfill ban for hazardous wastes. The acquired
breakdown makes it possible to estimate the volumes of different waste streams and to compare
the proportion of waste types by the city groups. The analysis considers the following groups:

1. Biodegradable waste — including the separate biodegradable waste fraction and half of the
Fine matter fraction;
Paper — including paper, cardboard and packaging thereof;
Plastics — all plastics fractions including packaging, bags, soft and dense plastics;
Glass — including glass and glass packaging;
Metal — including ferrous and non-ferrous metals and packaging thereof;
Packaging — including all other packaging fractions as composite materials, beverage
packaging, wood packaging;
Inert wastes — including the inert fraction and half of the Fine matter fraction;
8. Hazardous wastes — including all three groups of hazardous wastes;
9. Others — including the remaining fractions including, wood, hygiene waste, textile, leather,
rubber, carpets.

The correlation test results (Table 5) indicate that there are some underlying relationships
between the waste fraction variables. Especially strong and specifically significant correlations
are identified between biodegradable wastes and plastics, between other wastes and hazardous
wastes, paper, fines and biodegradable wastes. Weaker negative, but significant correlations are
identified between share of working age population and the fraction of inert wastes, and between
hazardous waste fraction share and average wage variable.
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TABLE 5. SPEARMAN RANK CORRELATIONS FOR WASTE COMPOSITION FRACTIONS
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Paper 0.23

Plastics ~ —0.68" —0.51""

Glass -0.45" -0.02 024

Metal -0.50" -0.10 0.28 0.32

Packaging —0.24 0.36" -0.18 0.10 0.19

Inert -0.55" -0.18 0.60™ 0.15 029 -0.32

Hazardous —0.56"" —0.40" 0.35° 0.06 0.55 -0.00 0.28

Others —0.69" -0.64™ 0.52 0.21 0.54" -0.09 030 0.72"

Fines 036" 035 -036" 036" -0.60 0.19 -0.24 042" —0.67"

WAP 0.09 022 -035 -0.12 -0.02 034 -0.52"-0.01 -0.09 0.09
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EAW 0.07 0.1 0.05 -020 -024 0.12 -0.01 -036" -0.17 0.12 0.01

Unsorted 0.17 033 033 -0.13 -0.16 037" -026 -0.14 -034 030 0.19 0.34
MSW

Inhabitants 020 033 -0.34 -0.19 -021 033 -026 -0.19 -038 0.34 0.16 0.35* 0.99™
SWA 0.10 0.16 -024 0.01 -0.07 032 -026 -0.04 -021 0.13 026 026 0.86™ 0.81

*Medium significance probability between 0.01 and 0.05, ““High significance probability between 0.001 and 0.01;
WAP — Share of working age population, %; EAW — Employee average wages, euro; SWA — Specific waste amount,
t/inhabitant.

Interestingly only packaging waste fraction correlated significantly with unsorted waste amount;
however, no significant correlations are identified between SWA and the particular waste
fractions, which could be due to the reason that SWA is based on statistical data and were not
measured. Thus, this means that as determined before, the amount of unsorted waste generation is
strongly related to the number of inhabitants, however waste composition is affected by other
factors than specific waste generation amount.

3.2. Results of Unsorted Municipal Waste Composition Analysed by City Groups

To further investigate the obtained data and to find hidden patterns that characterize the existing
waste management system, we analyse waste composition by city groups (accordingly to
classification in Table 1). First the average specific amount of unsorted municipal waste was
calculated for each city group based on data provided by statistics. The average specific amount
of unsorted municipal waste for all dataset was 207 kg/per inhabitant. Fig. 1(a) presents the results
on specific unsorted municipal waste amounts for five city groups classified by the number of
inhabitants. The results indicate a higher specific waste amount in the largest cities, while in the
smallest cities the specific waste amount is even half of the average. To investigate the reasons
for this tendency, waste composition differences will be further analysed. Meanwhile, Fig. 1(b)
characterizes this tendency by applying linear regression. The 7> of this relationship is 0.505,
however the data for Riga (capital city) was excluded from this dataset due to its significantly
larger number of inhabitants, which thus produces significant skew and reduces the correlation
coefficient. Though this relation is only of average strength, this indicates that there is a difference
between waste generation behaviour due to different city sizes.
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E £
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8w
z Z 250.00 amount for the whole sample z 300
== 2 ‘é
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£E 3=
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: E2
€ 100.00 5% 150
& 50.00 J T 100
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1000 inhabitants  inhabitants 40000 40000 0 - r T T ‘
inhabitants inhabitants  inhabitants 0 20000 40000 60000 80000 100000
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a) b)

Fig. 1. Specific amount of unsorted municipal waste in the analysed cities.
(Note: Riga is excluded from dataset in the Fig. 1(b), due to its significantly larger number of inhabitants)
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The results of the determination of the composition of unsorted municipal waste by groups of
cities are graphically presented in Fig. 2. The biodegradable waste group constitutes the largest
share of the total waste stream in all city samples. The largest proportion of biodegradable waste
is found in cities with a population of 10 to 40 thousand inhabitants, while the lowest proportion
in cities with a population of 1-5 thousand inhabitants. No direct correlation between the
proportion of biodegradable waste and population groups is identified. The high share of
biodegradable waste in all samples indicates the need to address the issue of biodegradable waste
recycling.

The difference between minima and maxima share for paper waste for the considered city
groups is 1.8 %, with the highest share being for the largest cities. For paper wastes a direct relation
is evident as the share of paper wastes in the total amount of waste increases with increasing
number of city inhabitants. Overall, the paper waste ratio is characterized as relatively low
(compared to previous empirical experience in Latvia). However, especially for paper waste,
mixing with unsorted waste stream can significantly damage the quality of paper and therefore is
may not be separable and usable. Similar to paper waste, for plastic waste the results indicate more
significant relation regarding city size groups, only in this case, larger share is identified for
smaller towns. In general, the proportion of metal waste is considered high, to some extent it can
be seen as an opportunity to increase the amount of waste recycling, because metal waste is
relatively easy to separate from unsorted waste stream and, at the same time, metal waste has
existing realization possibilities.

More than 40000 inhabitants
| H Biodegradable waste
B Paper
10000 - 40000 inhabitants .
= Plastics
| Glass
5000- 10000 inhabitants  Metal
1 B Packaging
1000 - 5000 inhabitants Inert
| Hazardous
Less than 1000 inhabitants Others

0% 20% 40% 60% 80% 100%

Fig. 2. Results of waste composition by city groups.

When analysing the proportion of inert waste, it is concluded that it varies significantly between
in different city groups, which could be explained by the casual nature of these wastes. The share
of hazardous waste is considered high, which points to the need to address the issue of extending
the possibilities for source separation of hazardous waste. The share of other wastes, including,
wood, textiles, rubber, hygiene waste, etc. is higher for the smaller cities and is decreasing with
the increasing number of city inhabitants. It should be noted that in this group about 2/3 of the
total volume of the group is made up of textile waste and hygiene waste, while the rest — wood,
rubber, leather — no more than 1/3 of the group size.
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3.3. Results of Unsorted Municipal Waste Composition Analysed by Waste Management
Regions

In addition to analysing the gathered data regarding city size, we are able to analyse them by
affiliation to different waste management regions (Fig. 2). According to the National waste
management plan, the territory of Latvia is divided into 10 waste management regions, each of
which has a designated sanitary landfill. The waste management business models are quite
different in these regions; some municipalities have cooperated to establish a municipal waste
collection and management company, in other regions municipalities choose a single private
company that the inhabitants are required to contract, while the territory of the capital city Riga is
divided between several private companies, thus ensuring higher market competition. For nine of
regions data on at least two different cities were available, however for one of the regions only
one city data was available. Nevertheless, it is interesting to analyse if waste composition data
allows to identify some differences between these regions.
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Fig. 3. Results of waste composition by waste management regions. (Note: only one city data was assessed for the
ML region).

The overall results indicate that the share of recyclables (glass, paper, plastics, metal) in different
waste management regions average at 32 % of unsorted municipal waste. Of the separate fractions
of recyclable waste, the highest difference between the regions is for plastic waste. The overall
largest difference between the minimal and maximal values in different regions is for the
biodegradable waste fraction with minima being 32.68 % and maxima — 45.77 %. However, the
biodegradable waste fraction is often most sensitive to case specific circumstances. The other
largest waste fractions — Others and Inert wastes — constitute around 12.69 and 11.59 % of the
total waste accordingly. However more in-depth research on consumer habits would be needed
for further conclusions regarding waste management region comparison.

The regionally classified dataset is significantly skewed, and even with normalization technique
applied, it was not possible to develop a statistically significant mathematical model from the
currently available data to mathematically characterize the differences between waste
management regions.
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4. CONCLUSIONS

The presented research is the first step towards the development of integrated waste
management system for Latvia that also corresponds to circular economy concepts. The literature
analysis indicates that data gathering and analysis regarding the amounts and composition of waste
flows are substantial input data for the development of circular and integrated waste management
system. Therefore, the empirical data gathering allows for the initial analysis of the existing waste
management system. The existing waste management system in Latvia has been developed mainly
in order to comply with common EU waste management requirements. But, in order to move
towards higher level of material circulation in our economy, the resource recovery rates should be
significantly improved, first by increasing the recovery of recyclable or compostable materials.
The experimental results indicate that the unsorted municipal waste stream comprises of up to
32.9 % of recyclable materials and 29.2 % of biodegradable wastes. Thus almost 60 % of the waste
currently being subjected to the unsorted waste management system in Latvia could potentially be
source separated ensuring higher quality of the recovered materials and promoting the
development of circular economy value chains. In addition, some grassroots movements are
locally available for collection of textile wastes; the mainstreaming of these initiatives could
additionally divert waste from landfills.

The results allow characterization of the existing waste management system, particularly the
waste composition by different waste management regions and by different groups of cities that
are classified by their inhabitant size. The results regarding different city size groups indicate a
clear relation between the number of city inhabitants and specific waste generation amounts. The
reasons for this tendency may be further studied by in-depth investigation of waste producer
habits.

The results indicate slight differences between waste composition in different waste
management regions, thus noting that, in addition to the number of inhabitants and their habits,
the local system in each waste management region may influence the composition of the collected
wastes, particularly important is the existing source separation system. However, the gathered data
did not allow to develop a mathematical model to differentiate between the various waste
management regions, and further research can be extended in this direction.

The conclusions allow focussing future investigations regarding inhabitant waste generation
habits towards a smaller set of indicative variables, thus saving resources and time consumption
for the study. Makarichi et al. [33] emphasize that evaluation of the existing waste management
system leads to the next problem — a decision-making problem related to selection of the future
development options. While this investigation is crucial for assessment of the existing waste
management system, it is also necessary to further analyse the development possibilities for waste
management system in Latvia, especially by assessing the potential for the development of circular
integrated waste management system and circular value chains. The obtained results may be
further used in such study as a reference or as input information for population selection for a
larger-scale study.
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Abstract — Paper waste is a raw material for a lot of products with different added value.
The engineering, economic and environmental aspects of paper waste recycling are analysed
for production of composite material, cellulose nanofibers and nanocrystals, bricks with
paper components, porous carbon, film of biopolymer, enzymatic sugar and bioenergy:
bioethanol, hydrogen and biofuel. Through multicriteria analysis, it was possible to determine
the most feasible paper waste recycling product in case of four product groups: egg packaging
boxes, cardboard, reused paper, cellulose nanomaterials (nanofibers and nanocrystals).
The production of cellulose nanofibres and cellulose nanocrystals has an advantage over egg
packaging and cardboard production as well as reusable paper.

Keywords — Bioenergy, bioethanol, biofuel, cellulose nanofibers and nanocrystals,
enzymatic sugars, film of biopolymer, hydrogen, paper, paper waste, paper waste bricks,
porous carbon

1. INTRODUCTION

Paper and cardboard account for a large share of total waste —about 10 % of total municipal
solid waste. Paper is made of cellulose fibers, which are combined with a number of
chemicals that determine the properties and quality of the paper, as well as chemicals, are
added for bleaching the cellulose. Cellulose is a renewable natural biopolymer that is
considered to be one of the most important organic compounds and it can be obtained and
biosynthesized from plants, wood, sea animals, bacteria and fungi [1]. Nowadays the
cellulose, which is needed to make paper, comes from wood or is extracted from waste paper,
and in addition to cellulose and chemicals, paper also requires a large amount of energy as
well as water. Raw materials, which are needed to produce cellulose, are renewable
resources — timber and water. In the process of paper production, as well as in order to
increase the quality of the product, various additives are needed, while cellulose needs to be
bleached to produce quality printing paper [2].

As already known, paper and its waste are easily degradable in nature and recyclable; fibers
of cellulose can be recycled up to seven times. Therefore, it is necessary to recycle useful
paper waste [3]. Resources are saved for example — trees, water, oil, electricity, and also area
of the landfill — if paper is recycled [4].

Over the last 40 years, paper consumption has increased by 400 % globally, leading to
deforestation, and 35 % of felled trees are used to produce paper. The major contributor to
the global economy is the paper industry; however, research shows that the paper industry
offers a low profit margin and high initial investment. One of the factors in the current
economic situation is the competition to meet customer requirements, which affects the profit
margin. If a company manufactures a product, pricing decisions are driven by various factors
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such as the initial cost of equipment, labour, raw materials, and also transport. That is why
all industries are facing one of the most common problems — pricing. In addition, the paper
industry is under constant pressure — to minimise adverse emissions to water and air.
Therefore, the paper industry is engaged in cost forecasting and also in manufacturing
efficiency and impact on the environment due to the raw materials and processes used in
production [5].

The kind of paper on the market ranges from soft paper for writing and printing to cardboard
for storage and packaging. Cardboard is mainly produced from waste paper. It has a high
strength and provides resistance to degradation, and therefore is notably valued in the
packaging industry. Cardboard boxes are the main source of resources in the packaging
industry. The demand for cardboard packaging in this sector has been around 46 million tonnes
per year in Europe alone (now more) since 2007, where 228 million tonnes of recycled paper
was consumed worldwide. Cardboard recycling is economically and ecologically sustainable
because large quantities of paper can be produced using less energy and raw materials.
Cardboard is produced just like soft paper. First, the waste products are disassembled in their
individual components and materials using a sequence of production procedures. Thus, the
acquired functional materials and components are washed before reuse in the production line.
And at the end of the process, a new product is produced by combining refurbished parts and
materials and substituting non-functional components with similar new ones.

1.1. Recycling Waste Paper in the World

On average, 58 % of paper waste is recycled in the world. In some of the more developed
countries, recycling of waste paper has even increased to 70 % to 75 % of the total amount of
waste paper in that country. By improving the waste recycling infrastructure, these developed
countries could achieve a higher percentage of paper recycling in the country, thus also
increasing the global average percentage of paper recycling [6]. Europe has the highest paper
recycling rate in the world; North America is ranked second, while Asia, Latin America and
Africa have the lowest recycling rates globally. In Europe, paper is recycled the most after
the amount of processing, followed by metal and glass and aluminium is in third and
fourth [7].

Europe has set a target of recycling 74 % of paper waste in Europe by 2020, already in 2017
72.3 % of total paper waste in Europe was recycled, and 72 % in 2016. However, the difficulty
in achieving the goal is due to the high demand for paper packaging as well as the increasing
demand for packages with more compounds, such as beverage packages which contain paper,
plastic and aluminium. It should also be considered that there is paper waste that cannot be
recycled, such as coffee filters and sanitary napkins. By considering these non-recyclable
wastes, theoretically it is estimated that the maximum percentage of recycling is 78 % rather
than 100 %. Therefore, the greater the demand for more complex packaging, the more
attention should be paid to sorting of waste [8], [9].

The European declaration about sorting paper will continue to introduce measures to
optimize activities from the beginning of paper production until its use, collection and
recycling to ensure that paper is recycled and its production-conversion cycle is more
productive. Priority is given to the prevention of waste, as well as to the environmental impact
of the paper and cardboard production process, also to the collection and recycling of these
products. Of course, in exceptional cases, where recycling is not possible, other options from
the hierarchy of waste may be considered. These kinds of measures ensure that the amount of
paper-based waste, which usually is disposed in a landfill, will be reduced and, where it is
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possible — recycled. Particular attention will also be paid to improving the recyclability of
paper products and, where it is appropriate, their applicability.

Combining these two goals and efforts to improve paper quality for recycling, can also help
strengthen the importance of sorting paper and make already used paper the main raw material
for the paper industry. By dividing the recyclable paper waste by its characteristics and
comparing it with the characteristics of the desired end product, it would be possible to
recycle paper waste more efficiently. Also, the direction of high recycling levels should be
considered while respecting environmental laws.

As it is previously mentioned, the difficulty of implementing this recycling system is both
non-recyclable waste and complex but paper-based packaging. There are also paper products
that are collected after recycling but reused outside the recycling cycle [9].

1.2. Recycling Process of Paper

In companies that recycle paper waste, these pre-formed bales are divided and soaked in
large containers where the paper breaks down into fibers. Various substances are added to
this process to prevent ink and printing ink particles from sticking to the fibers anymore.
Clay, which is attached to the paper production process, also helps to separate the printing
colours and ink in the paper recycling process.

After paper is cut into fibers, it is deinked. Deinking is a process where in multiple cycles
special cleansers removes admixtures such as paper supplements, coatings, ink, etc. In order
to improve the white and purity of the paper on the printing paper, the cellulose is deinked in
the refilling plant, it means that calcium soap is added to the liquid of cellulose and is blown
through it. Hence, the dyes stick to the air bubbles and, when they rise to the surface of the
liquid, form foam, which is then dropped and scooped. When dyes are removed, fibers are
bleached with hydrogen peroxide. The process, where fibers are gradually cleaned, deinked
from topographic paints, sieved and filtered, is repeated several times until they are suitable
for production of recycling paper.

Admixtures of paper waste (glue, staples and paper clips) sink. This layer of deposits is
then incinerated or landfilled. Due to the fact that cuttings of white paper either do not need
cleaning or are needed in small quantities, these cuttings can be used as cellulose substitutes.
The recycled cellulose is then sent to the preparation section of raw material, where it is
treated like wood chips from which new paper is produced. And every time when the paper
is recycled, fresh wood fiber cellulose is added due to the limited number of recycling cycles,
as the mechanical and printing properties of the material deteriorate every time it is recycled
because the length of the wood fibers decreases every time it is recycled [ 10], [11].

Beverage packaging, which consists of thin layers of plastic and aluminium, is recycled
differently. Plastic and aluminium add features such as elasticity to this type of packaging
and do not allow changes in the environment to affect packaged products, and stop the ability
of air and other bacteria in the outside environment to enter the packaging and affect it.

These packages, which contain both aluminium and plastic, are placed in water tanks where
the paper, which is contained in these packages, dissolves or decomposes into cellulose fibers
and separates from the plastic and aluminium layers. Further, this cellulose, which contain
cellulose fibers, plastic and aluminium, is passed through a filter that only passes through the
cellulose fibers, while aluminium and plastic remain behind the filter. Further fibers are
recycled, as previously it was mentioned, but aluminium and plastic are divided and
transported for further processing [12].
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Recyclable waste paper can be used for various usable paper products such as newspapers,
napkins, office and printing paper, envelopes, cardboard boxes, wrapping paper, egg
packaging, wallpaper, wool for thermal insulation and other products [2].

In the Netherlands, the impact of paper recycling on energy and CO, emissions was studied.
The study looked at the production of newspapers, paper for printing and writing, sanitary
paper, corrugated cardboard, grey cardboard, flexible cardboard, and their main use after
production [13].

Paper for newspaper can be made from primary and secondary fibers. Primary fibers are
predominantly machined but recovered fibers are deinked and dispersed to obtain a higher
degree of paper whiteness. The fiber composition in newsprint is 80 % recovered and 20 %
mechanically recovered. The paper, which is used for printing and writing, consists of 100 %
chemically treated fibers. High quality printing and writing paper is used, for example, for
magazines, which means that primary fibers are needed. This quality is related to the end
product because consumers require a certain quality of whiteness and brightness. This quality
is obtained by chemically treating cellulose. Sanitary paper can be produced from both
primary fibers and recovered cellulose fibers. The category of sanitary paper includes, for
example, toilet paper, paper handkerchiefs, disposable kitchen towels. Primary fibers are
usually treated chemically. The end product of the sanitary paper must be strong, absorbent
and soft. Mostly, this type of paper consists of 95 % recovered and 5 % chemically treated
cellulose fibers [13].

Corrugated cardboard can consist of various combinations of the layers and sheets, which
are produced from recovered cellulose fibers as well as mechanically and chemically treated
cellulose fibers. This type of paper has a wide range of applications, but is mostly used for
packaging. For the production of corrugated paper 100 % recovered cellulose fibers are used.
Grey cardboard, as well as corrugated cardboard, is made from 100 % recovered fibers and
also has a wide range of applications, such as book covers, food boxes or trays, egg packages.
Because of its use, grey cardboard does not require ink removal, so it is grey. Folding
cardboard can be made up of different types of cellulose fibers and is usually used for a
variety of food packages. In the Netherlands this paper product consists of recovered and
mechanically processed cellulose fibers. Because of its use, the outer layer must be
representative, therefore cellulose fibers for these layers are either deinked or bleached, but
for other layers it is not necessary. Folding cardboard consists of 66 % recovered cellulose
fibers and 34 % mechanically processed cellulose fibers [13].

Due to growing concerns about environmental issues, it becomes important for producers
to add more value to their products, at the same time reducing environmental impact.
Recyclable material and recycled products are two approaches to limit environmental impact.
Recycling ensures the reuse of components and materials, while secondary production retains
its form and adds value to renewable products. However, the process of recycled waste paper
is not possible and can in fact be called paper recycling. Recycling means changing the use
of a product from its original intended use. It can be as simple as taking waste paper and
converting it into notebooks, maps, etc. Renewal of recycled paper includes refining, deinking
and decolourization of cellulose [5].

More and more research is being made on how to recycle used waste paper and it is
discovered that cellulose is a rich natural polymer, which consists of amorphous and
crystalline components. In recent years, some successful research in the industrial industry
have been conducted, leading to the use of cellulose nanofibres (CNF) and cellulose
nanocrystals (CNC) to achieve higher added value. Paper waste is also used to extract the
previously mentioned CNF/CNC and to make poly-hydroxy alkane (PHA),
carboxymethylcellulose and polymer composite matrix. In parallel, materials, which are
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prepared from synthesis of paper waste to produce high-performance electronic components
such as supercapacitors are also considered [14].

Cellulose nanocrystalline is obtained from cellulose, it contains amorphous substances
known as hemi-cellulose and can be separated by mechanical grinding or hydrolysis, creating
a highly crystalline or semi-crystalline structure and elasticity of the modulus can even reach
137 GPa. Cellulose nanocrystals can be obtained from waste paper such as old or recycled
newspapers, old corrugated containers, waste paper of the office. Cellulose can be obtained
by pre-treatment of waste paper with sodium hydroxide (NaOH) to remove hemi-cellulose
with bleach, and cellulose needs to be treated with sodium hypochlorite (NaClO) to remove
lignin. Nano-cellulose crystals can be prepared using a repeated sulfuric hydrolysis method
or enzymatic hydrolysis. The obtained cellulose nanocrystals were compared, some were
obtained from waste paper, but other samples — from materials such as cotton, tunicates,
bacteria and sisals [14].

After the grid of nano fiber was prepared, the materials were studied. Characteristics of
these fibers were studied — fiber size and mechanical properties, as well as microscopy of
atomic forces. The chemical composition of both: the dry and the wet fraction of paper sludge
were the same because they were obtained from one factory [15].

Paper waste recycling technologies are applied for production of different materials
(Fig. 1).

Products of
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Fig. 1. Products from paper waste.

— Cellulose fibers are commonly used as reinforcement materials in composite materials
because they provide high tensile strength and other material properties. Waste paper (WP)
was used as a filler in samples of polyester (P) and polyurethane (PU) at a ratio of 20:80.
The tensile strength of the sample, which consists of polyester and waste paper (P/WP),
decreased, but its module increased. However, in another study where the ratio of
polyethylene to paper waste was 50:50, it was observed that the tensile strength in this
sample increased by 30 %, which indicates that there is an optimum point for adding waste
paper. In the polymer composite paper particle, adhesion can be improved by processing
the polymer. Low density polyethylene, which is treated with maleic anhydrite and bonded
with composites of waste paper, shows significant tensile strength (88 %) and modulus
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elasticity (409 %). Cellulose nanocrystals from 20 to 60 nm, which are obtained by
hydrolysis of paper waste, were used to replace black hydrocarbons in reinforcement of
natural rubber (NR), and had little effect on mechanical properties and as well improved
the recycling properties of natural rubber. Inorganic ingredients in recycled paper such as
kaolin clay and precipitated calcium carbonate (PCC) were replaced by cellulose
nanofibers with higher burst and tension strength. Waste paper is also incorporated into
building materials such as concrete, mortar, brick and cement composites [14];

Bricks with paper components were created and these bricks were compared to the basic
properties of conventional bricks. Basic features — must be the same colour, with smooth
surfaces, no cracks and with sharp and defined edges. They need to be so solid that they do
not get any dents by scratching with nails and create a clear ringing sound, when colliding
with each other. They should also have a low thermal conductivity and a water absorption
percentage of less than 20 % if they are soaked in cold water for 24 hours. Ordinary bricks
in the durability test break in half, but the paper-made bricks in this test were elastic when
only half of the force was applied to them, but when they were tested at full-load, the
exterior of the brick was broken, so it was concluded that they would not be suitable for
main construction, but could be an alternative to additional structures. Therefore, it can be
said that bricks containing paper particles can be a new solution for environmentally
friendly buildings [16];

Films of biopolymer cellulose nanocrystalline have high transparency, low weight,
biodegradability, and barrier properties that are suggested in packaging.
Transparent cellulose nanocrystals (CNC) films, which are made from office waste paper,
were used to cover polyethylene terephthalate (PET). Coating with CNC improved water
vapor barrier and was considered as useful to extend the shelf life of packaged foods.
Comparing the different films, it was observed that some of those that were darker had
better permeability (65 %) than those that were lighter (59 %). Films of composite of
sodium alginate/carboxymethyl cellulose were produced from waste paper. And although
the tensile strength (2 MPa) of the film was lower than low density polyethylene (LDPE)
and high-density polyethylene (HDPE), the resulting materials were considered
appropriate for low mechanical packaging [14];

Hybridization of lithium-ion batteries with electro-chemical capacitors require the use of
high-carbon materials such as graphene, activated carbon and also activated carbon from
the biomass for electrode material. Such Lithium Ion Hybrid Electrochemical Capacitors
(Li-HEC) are considered as a potential source for more efficient energy storage systems.
Porous carbon, which is obtained from hydrothermal treatment and pyrolysis of office
paper, was used as a cheap source of cathode material for Li-HEC. Waste paper, that is
transformed into composite paper (GCCP) of graphene and carbon fiber, shows high
conductivity and electrochemical stability to electrodes. Elastic supercapacitors were
obtained by anchoring reduced graphene oxide-manganese dioxide (RGO-MnQO,) on office
papers. The obtained material showed an energy storage capacity of 19.6 Wh-kg! and was
initiated to be used in electronic devices. Cyanoethyl cellulose, which is derived from waste
paper can also be used for organic field electric transistors (OFET), because such organic
components attract attention to their low cost, ease of processing, flexibility, and light
chains suitable for very low power electronics applications such as radio frequency
identification (RFID), markers, biodegradable electronics for medical implants, sensor
devices, etc. In recent years the most advanced hybrid devices are the most promising
storage systems for large-scale smart networks and industry applications. Compared to
secondary batteries, Li-HEC has high energy density, high power and long-term stability.
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Generally, Li-HEC is made of double-layer electric materials such as positive electrode
(component of supercapacitor) and lithium as negative electrode (lithium ion battery);

— Enzymatic hydrolysis of office paper waste produces enzymatic sugars, which are used in
the preparation of poly (3-hydroxybutyrate) (PHB) and is a short chain length from
polyhydroxyalkanoate (PHA). Polyhydroxyalkanoates (PHA) is a biodegradable polyester,
that is derived from microorganisms synthesized in the presence of elevated carbon.
Although PHA has limitations compared to synthetic plastics, which include high
production costs, compatibility with old processing methods and the possibility of thermal
degradation, however improved mechanical properties have been found when it is mixed
with other polymeric materials or modified chemically [14];

— The potential of waste paper biofuel will replace up to 5 % of fossil fuels. Recent studies
on the use of paper waste as a raw material for various forms of energy production such as
ethanol, hydrogen, methane have shown hopeful results. Waste-paper is used as raw
material for anaerobic dissolution to produce bioethanol and methane using enzymatic
hydrolysis. Enzymatic hydrolysis uses enzymes to break down cellulose and lignin, which
are producing reducing sugars such as glucose, and glucose fermentation produce
bioethanol, which can also be converted to methane. The efficiency of the hydrolysis
process with respect to glucose release is influenced by expensive enzymes and long
retention time. It has been observed that pre-treatment methods improve the result of the
process. Pre-treatment disrupts the crystalline structure and increases the surface area. It
improves the availability of enzymes to cellulose and reduces the enzyme load. The studies
evaluated chemical and physical pre-treatment techniques to demonstrate their effect on
glucose excretion after enzymatic hydrolysis of waste paper. Another study found that prior
to enzymatic hydrolysis, mechanical pre-treatment of paper waste with Hollander beater
increased the amount of methane in anaerobic digestion by 21 % in 254 ml/g of solid
volatile substances, Nishimura reported a higher methane content of 270.5 ml/g solid
volatile substances, if yeast is added before grinding and fermentation [14];

— Bioethanol can also be obtained from paper recycling sewage, which is usually deposited
in landfills because of the limited number of treatments, but it also contains a significant
amount of sugar that can be used to produce other products such as bioethanol or lactic
acid. As well as from an economic point of view, recycling of such paper and production
residues could be developed on an industrial scale. However, although enzyme producers
have made progress, the cost of enzymes is still a significant part of the final cost of ethanol.
For this reason, research is being conducted to reduce these costs, unfortunately the number
of studies on the recycling of enzymes are very few. There is also little research done to
evaluate the converted paper sludge material and apply a filtration process to it, giving it
even more importance, as these processes are usually costly [17];

— Hydrogen is a clean source of fuel because it does not emit contamination during
combustion. Organic hydrogen production, where dark fermentation is used, is less energy-
intensive than conversion of hydrocarbon vapor and water hydrolysis. It has been shown
that the fermentation of sugar, that is obtained from the hydrolysis of paper waste acid,
produces hydrogen gas. However, limits of hydrogen production delay of the fermentation
process, which is caused from the hydrolysis of acid.

1.3. Economic Evaluation of Paper Recycling

From an economic point of view, research has shown that recycling can bring more profit
for the development of new products. From an environmental point of view, recycling and
retreatment help to reduce effect on environment, as it prevents waste after consumption and
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requires fewer natural resources, thus prolonging the life time of the product. In general,
recycling and retreatment will have an impact on sustainability, namely the economy, the
environment and society. Thus, it can be concluded that the recycling and retreatment of
products is not only economical but also environmentally friendly. Pollution emissions for
example from heat and surface treatment, can occur in processes such as recycling,
improvement and retreatment. However, when waste is being reused, the level of harmful
emissions is reduced compared to the production of raw materials, which can also improve
the sustainability of products [5].

Water Energy Labour Waste paper
\ / A
Recycling process
Byproduct Recyclable material
Repurpose process
Consumers
\ 4
Disposal Recycle

Fig. 2. Scheme for recycling paper and recycling cost estimation.

Approach of cost modelling, which is used to predict or estimate the future cost of a
production good or service, is based on facts and figures which are currently available.
Approach of cost modelling is also considered an important management tool in the first
stages of product planning and manufacturing as it helps to determine the budget for resource
allocation. It also helps the industry to predict the financial impact and the cost to projects
and also alternatives. Cost estimation is crucial for any business, as even a small mistake in
cost estimation can lead to losses, thus affecting the company's sales and profits.
Therefore, cost estimation is an important task in the life cycle of a product. Initially, little
attention was paid to the evaluation of the costs of end-of-life products in the research
community, but this focus is now on. Thus, a system has been developed to predict the cost
of depreciation, thus creating a more environmentally sustainable product and higher profits.

Costs occur at different stages of production from raw material collection to production or
recycling to the end product and from further waste from the process of recycling, purification
or landfill. The initial costs can be divided into categories: costs of raw material and energy,
purification and waste removal costs, labour costs [5].

Since the models of cost are flexible, they can be applied to all industries which are involved
in the recycling and sorting of paper and cardboard waste. Paper manufacturers will always
consider recycled paper waste as it is environmentally and economically beneficial. In the
real world, production factors change every day. Therefore, to practically apply the cost
equations the input data or parameters have to be changed continuously.
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However, the estimation of the cost of recycling and recycling paper waste cannot be fully
achieved without complete data in even one of the sectors because these calculations are no
longer accurate, but only provisional. Also, in this research the calculations could not be fully
performed due to the small amount of data and therefore, the study should be repeated or
made in-depth, supplementing the data to make the results more accurate. In order to make
the study more accurate, it is necessary to develop methods to assess the speed and quantity
of production and the reusable amount, that can be produced, considering the quantity of
certain raw materials and other important factors of production. The study should also include
uncertainty in order to achieve a realistic result. The analysis of the data should also be carried
out for at least one month in order to investigate the significant overall impact and could also
compare the obtained data with some other paper producers [5].

1.4. Environmental Impact of Paper Production

Environmental pollution in the industry of cellulose and paper is mainly due to preparation
and bleaching processes of cellulose. Sulphur compounds from 0.5 to 30 kg/t, nitrogen oxides
from 1 to 3 kg/t, volatile organic compounds 15 kg/t, and dust from 75 to 150 kg/t are released
in the air. Waste water can be contaminated with chlorine compounds, nitrogen and phosphate
compounds and various organic compounds, and heavy metals. If chlorine compounds are not
used in the bleaching processes, black liquors are formed.

Primarily the environmental impact by recycled paper is emissions in water, solid waste, if
in colour purification is used rinsing, and emissions in the atmosphere. Emissions to the
atmosphere are linked to the production of energy when fossil fuels are burned in power
plants. Most recycled paper factories are combined with paper mills.

Recycling paper saves wood resources, which provide both a home for living organisms
and help to regulate the climate, as a medium-sized tree absorbs about 6 kg of CO; per year.
As well forests absorb and/or delay excessive moisture, but in dry weather they are able to
give refreshment. Paper recycling reduces emissions of CO,, NO; and SO; in the air, and
reduces water pollution with chlorine compounds from bleaching and chemicals [2].

2. METHODOLOGY. MULTI-CRITERIA ANALYSIS

Multi-criteria analysis is done to find out which of the offered options is the most
successful, most beneficial. This method is designed to improve the quality of decisions by
involving several criteria in the decision-making process to make choices clearer, more
rational and more effective. This analysis is used for a number of purposes, such as identifying
the best alternative or evaluating alternatives. This multi-criteria method is TOPSIS.

The process of multi-criteria analysis is based on the principle of graduality and involves
five steps — selection of criteria, data entry, application of the method, acquisition and analysis
of the result (Fig. 3).

— A. Selection of o A. Assesment o Creation of < Caculation of  ©v Analysis of
& criteria & of products & matrix & feasibility of & results
175} w2 w w

w2
B. Evaluation B. Data products

of weights > collection > > >

Fig. 3. Step-by-step methodology.
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The selection of criteria is based on an approach that includes the widest possible variety
of aspects into the analysis. The criteria have been modified so that they can be compared
with each other using a specific indicator — tonne of waste. The criteria include the following
aspects:

— Economic aspect — specific capital costs;
— Technological aspects — specific energy consumption and specific water consumption;
— Aspect of impact on climate change — specific CO, emissions.

The resulting numbers are then converted into equal units so that they can be evaluated.
In the second entry section of data, these data are inserted into the matrix and converted into
numbers 1 to 5, where 1 is the lowest valuation and 5 is the highest. In this case, if the costs
are very high, then they can be estimated by 1, but if they are relatively lower than the high
cost, then with a higher valuation, for example 4. The lowest costs can even be estimated
by 5.

Then, the data is normalized with weight values, and the distance is calculated from the
maximum and minimum values or the distance from the ideal. The normalization method is
used to normalize the criteria.

= ——t (1)

n 2
a=l1 Yai

where

a Product;

i Criterion;

r Normalized value.

And further, the normalized results are recalculated based on the weight of each criterion.
The weight of each criterion indicates how important it is or which of the criteria is decisive,
less important and which is the least important.

Vai = Wi Tai» (2)
where
w Weight;
v Weighted value.

The weighted results are taken into account to determine the variation of ideal (maximum)
and non-ideal (minimum) value. Each weighed indicator is compared with its corresponding
maximum and minimum values. The sum of the squares of the difference between the
maximum value of each alternative criteria is used to determine the total distance of the

alternative to the ideal solution.
+ + 2
ay =207 v 3

and

269



Environmental and Climate Technologies

2019/23
2
A7 =07 v ) @)
where
d*, Distance to ideal solution;
d, Distance to non-ideal solution.

After this is followed by the calculation of relative proximity, where the relative proximity
of each alternative to the ideal solution is calculated.

d,
O rea )

where
Cq Relative proximity to ideal solution.

This ratio is always between 0 and 1. If the result is closer to 1, the product is more
sustainable.

After making the calculations, the third step is the result. The TOPSIS method can be used
to find out which of the alternatives is the most advantageous and the most disadvantageous
alternative.

3. RESULTS

Four product groups based on different manufacturing techniques have been selected for
analysis and compared to each other.

Table 1 summarizes data from various literature sources on selected technological methods
and products:

— Cellulose nanocrystals (CNC) and cellulose nanofibers (CNF) [14]-[18];
— Egg packaging [2], [13];

— Reusable paper [10], [11], [13];

— Cardboard [10], [13].

Indicators are based on how much investment, electricity, and water are needed for
recycling paper waste products, as well as data on how many CO; emissions are produced in
the production process. Indicators were selected by the importance and the impact on
environment and the main raw materials for the provision of processes. Amount of the
indicators were found in various literature sources.

Egg packing consumes 285 kWh/tyasee, 23.4 water m*/t and 3 095.1 EUR/t and 148.77 tCO,
is produced. Recycled paper production consumes 7 276.2 EUR/t, 670 kWh/tyase and
24 water m*/t, as well 349.74 tCO, is produced, but cardboard production requires —
3 040.8 EUR/t, 280 kWh/tyase and 22.4 m?/t water, 164.16 tCO, is produced.
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TABLE 1. MULTI-CRITERIA MATRIX

Method of technology. Products of Necessary Energy Water Climate
recycled paper investments, consumption, consumption, impact,

EUR/tyasee KWh/tyaste M /faste teon/tuaste
CNC/CNF production (produced from 534 865 6 624
recycled sludge without deinking)
Egg packing 3095 285 23 148
Reusable paper 7276 670 24 350
Cardboard 3041 280 22 146

The data in Table 1 are modified so that all products are characterized by the same
indicators. As it can be seen from the values of the indicators, the smallest investments are
needed for the production of CNC/CNF products, which, in turn, have a high specific energy
consumption but low water consumption. Production of reusable paper requires large
investments and high energy and water costs during operation time. All 4 criteria are
equivalent to production of egg packaging and cardboard.

The results of the multi-criteria analysis are summarized in Fig. 4. Looking at the obtained
results, it can be seen that the best results after the calculations are made by the product —
reusable paper. The second is — CNC and CNF production or the production of cellulose
nanofibres and cellulose nano-crystals but the worst results are shown by the production of
cardboard and egg packaging.

CNC/CNF production

Egg packaging

Reusable paper

Cardboard

(=]

0.1 0.2 0.3 0.4 0.5 0.6 0.7
Fig. 4. Results of multi-criteria analysis.

In cases where high-quality nanoproducts are required, the raw material, which is used in
the recycled paper, also needs to be deinked because the ink particles can degrade the light
transmittance of the end product, as well as the light reflectance factor or the whiteness factor.
Also, in recycled paper manufacturing, deinking is one of the main processes, because this
process affects the final product. Also, in all of the product (cardboard, reusable paper, egg
packaging, CNC/CNF production) manufacturing water and wastewater consumption is
important. The most important impact is from bleaching, but also high impact is made from
waste water and water consumption.
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4. CONCLUSIONS

Paper waste is a good raw material for the production of various products. Technologies of
paper recycling are different and there are increasing opportunities for new, innovative
products due to the development of the circular economy. Waste paper is a cheap source of
production of cellulose nanocrystalline, especially when the effects of ink, paint and other
impurities are lower.

The results of the multi-criteria analysis showed that the production of cellulose nanofibres
and cellulose nanocrystals has an advantage over egg packaging and cardboard production,
but the production of reusable paper is economically viable.

Looking at the results, it can be concluded that the production of nanofibers and nanopaper
of cellulose has potential in the future paper recycling market, since it can be produced from
paper mill sludge from paper recycling.
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Abstract. The aim of this research is to analyse the deposit refund system and to perform
economic evaluation of deposit refund system implementation in Latvia. To achieve this, the
authors will use following methods: gathering and further analysis of statistical data,
comparative analysis and cost benefit analysis. Main conclusions of the research reveal that
despite being a costly solution, deposit refund system brings certain benefits and the payback
period can be approximately ten years. Moreover, with the increase of the deposit fee the
overall financial ratios of the system can be significantly improved.

Keywords: analysis of container system, cost — benefit analysis, circular economy, costs of
waste management deposit refund system.

Tevads
Introduction

Eurostat dati (2018) liecina, ka Latvija kopg&jais raditais sadzives atkritumu
(majsaimniecibas un tiem pielidzinamo) daudzums 2016.gada bija 802 473,93
tonnas un no ta apméram 10-15% veido iepakojums, kur§ netiek daliti vakts,
parstradats un nonak kopgja atkritumu pliisma. levieSot depozita sistemu, valstis
veicina pieaugosa vides piesarnojumu samazinajumu un Eiropas Savieniba
pienemtas Eiropas Parlamenta un Padomes Direktivas 94/62/EK par iepakojumu
un izlietoto iepakojumu prasibu ievérosanu, nosakot valsts minimalos izlietota
iepakojuma parstrades un regeneracijas mérkus. Latvija tiek virzits jautajums
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par depozita sist€mas ievieSanu, tapec ir svarigi aprékini, kas lauj pamatoti
argumentet depozita sist€mas ievieSanas nepiecieSamibu paraléli izveidotajai
dalttas atkritumu savaksanas sist€émai.

Petijuma mérkis ir izanalizé€t depozita sisttmu un sniegt ekonomisko
noveértéjumu Latvija. Sobrid 9 Eiropas Savienibas valstis, kas aptver vairak neka
130 miljonus iedzivotaju, tiek piemerota depozita sistéma. Latvijas kaiminvalstis
Lietuva (2016.g.) un Igaunija (2005.g.) sist€éma jau pastav. Saskana ar Reloop
sniegto informaciju (2018. gads) depozita sistema ir parbaudits instruments,
lai savaktu lielu daudzumu tuksu dzerienu iepakojuma atkartotai izmantoSanai
un kvalitativai parstradei, un ir svarigas aprites ekonomikas nodrosinaSanai.

Petijuma ietvaros tika analiz€ta depozita sist€ma piemé&roSana Eiropas
Savienibas Itmeni, nosakot tas ilgtsp&jigu attistibu nakotné un veikts depozita
sist€mas ekonomiskais noveért&§jumu, ieviesot to Latvija.

Petijuma izstradé tika izmantotas Sadas pétljuma metodes: statistiska
analize, zinatniska analize, kontentanalize, izmaksu — ieguvumu analize un
matematiska modelesana.

Depozita sistémas biitiba
Essence of the deposit-refund system

Vesturiski  depozita sistémas piemeroSana dz€rienu iepakojumam
atseviskas valstTs tika aizsakta brivpratigi, jo razosanas izmaksas par izejvielam
jaunu iepakojumu razoS$anai un razo$anas izmaksas bija liclakas par izlietota
iepakojuma savakSanas izmaksu un parstrades izmaksu summu. Iepakojuma
depozita sist€émas ietvaros dze€rienu iepakojumam (stikla pudeles, PET pudeles,
skardenes) tiek piemérota papildus depozita maksa, kuru paterétajs var atgit
atpakal (tada pasa apmera, kada ta tika iekaseta iegadajoties dzerienu), nododot
izlietoto iepakojumu tirdzniecibas vieta vai speciali tam paredz&ta pienemsanas
punkta (pienemsana var biit organiz&ta gan manuali, gan automatizgta forma).
(Brizga, Dimante, & Atstaja, 2012; Cudecka-Purina & Atstaja., 2018; Dace,
Pakere, & Blumberga, 2013; Simon, Foldenyi, & Amor, 2015; Tomkevicitté &
Stasiskiené, 2006; Kalinovskaya, 2016)

Venna diagramma jeb kopu diagramma, kura att€lo visas iesp&jamas
logiskas attiecibas starp galiga skaita kopam, ir att€lots produktu un iepakojumu
klasts, kas attiecas uz depozita sistemu (skatit 1. att€lu). Depozita sisteéma tiek
ieklauti tadi produkti ka Gidens, bezalkoholiskie dz&rieni un alkoholiskie dz&rieni
ar alkohola saturu lidz 10 gradiem (alus, sidrs, kokteili un tml.). Higiénas
aspekts tiek nemts vera, veidojot depozita sist€mas dizainu, tapec ievieSot
depozita sisttmu uzmaniba ir japiever§ izgatavosanas materialam (Gandy,
Fry, & Downes, 2008; Zero Waste Scotland, 2017). Viens no risinajumiem, ko
piedava vairaki pétnieki savos petijumos, ka shéma tiek ietverti visi iepakojuma
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materiali, paredzot izn@mumus attieciba uz daziem produktiem, neatkarigi no
iepakojuma, kuros to pardod. Tadejadi butu iespa izvairities no
neobjektivitates par labu vienam materialam (Cudecka-Purina & Atstaja, 2018;
Gandy et al., 2008; Simon et al., 2015).

lepakojuma

Produkts materials

Piens

Augluun darzenu—
& o Alkoholiskie

dzerieni

Stikls

Bezalkoholiskie_ Aluminijs

dzérieni  Udens

Depozita
sistema

Atkartoti
lietojams

Dazadiizmeri

" Vienreizlietojams

lepakojuma

lepakojuma veids

izmers

1.attéls. Produktu un iepakojumu veidi depozita sistema (autoru veidots)
Figure 1 Types of products and packaging in the deposit system (by authors)

Iepakojumu iedala divas kategorijas — vienreiz lietojamie iepakojumi un
iepakojumi, kurus ir iesp&ams lietot atkartoti vairakas reizes vienam un tam
pasam mérkim. Atkritumu dalitas vakSanas konteinerus, izmanto lai savaktu
iepakojumu, kuru var parstradat. Sada veida nevac iepakojumu, kuru paredzats
izmantot atkaroti ta sakotngjam mérkim. Lai gan plastmasas atkartota
izmantoSana var samazinat CO, emisiju, tomér tiek apgalvots, ka plastmasas
materialu atkartota izmantoSana nav ekonomiski izdeviga, noradot, ka
plastmasas savaksanas un parstrades izmaksas ir parak augstas salidzinajuma ar
sadedzinasanu (Gradus, Nillesen, Koppen, & Dijkgraaf, 2016; Simon et al.,
2015).

Materials un metodika
Materials and Methods

Optimalais atkritumu daudzums ir grafiski att€lots 2. attéla. Robezizmaksu
samazinajuma likne (MAC-marginal abatements costs) ietver papildus atkritumu
vienibas attiriSanas izmaksas un marginala kaitgjuma litkne (MD-marginal
damage), kas ietver papildus atkritumu vienibas raditos bojajumus (eiro
izteiksm€) sabiedribas labklajibai. Optimalais atkritumu Itmenis (W*) atrodas
MAC un MD krustpunkta. Pa kreisi no §1 punkta atkritumu samazinasanas
izmaksas ir augstakas neka kait€juma prieksrocibas (MAC > MD), kas nozimetu
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labklajibas samazinasanos sabiedribai. Pa labi no §1 punkta ir att€loti ieguvumi
no izlietota iepakojuma atgrie$anas. leguvums no samazinato atkritumu
daudzuma ir lielaks par izmaksam (MAC<MD), kas liek secinat, ka sabiedribai
ir izdevigi samazinat atkritumu apjomu.

Ja pienem, ka ekonomika atkritumu daudzums ir vienads ar W, , tad
atkritumi tiek parstradati un samazinati [tdz Wo-W,; un ir skaidrs, ka W, — W* ir
atkritumu Itmenis, kuru ir iesp&jams samazinat ievieSot depozita sistému, tacu
depozita sist€mas ievieSanas galvenais virzitajspeks ES un arpus tas atSkiras.
Sistema, kas darbojas Eiropa, parasti koncentrgjas uz parstradi, kuras pamata ir
Eiropas tiesibu aktos noteiktie parstrades meérki, savukart valstis arpus ES
koncentrgjas uz atkritumu apjoma samazinasanu (Deprez, 2016; Lee, Garcia,
Bertham, & Fitzsimons, 2018).

MAC . MD (1) Atkritumi lidz apsaimniekoSanai

(2) Atkritumi, kas janovirza no
apglabdsanas uz regeneraciju
vai atkartotu lietosanu  caur
depozita sistemu

(3) Reala atkritumu parstrade un

apjoma samazinasana

0 W* < > Wise—>Wo Atkritumu daudzums
1) 2) 3 (W)

2.attéls. Atkritumu daudzums un optimala apsaimniekoSana
(Pearce & Turner, 1993, Deprez, 2016)
Figure 2 Quantity and optimal management of waste
(Pearce & Turner, 1993; Deprez, 2016)

IevieSot depozita sist€ému, svarigi novertet kadas prieksrocibas sist€ma sp&s
sniegt un vai tas biis parakas par trikumiem. Pie priekSrocibam jamin atkritumu
samazinaSanu; savakta iepakojuma apjoma palielinajumu; tiraku atkritumu
plasmu; jaunas darbavietas; zalo energiju u.c., bet pie trikumiem — augstas
ievieSanas izmaksas, ietekmi uz mazumtirgotajiem. Razotaji piedalas sisteéma, jo
citadi viniem ir jamaksa dabas resursu nodoklis par katru iepakojuma materiala
svara vienibu. Ja nodoklis ir augstaks neka dalibas izmaksas depozita sist€éma,
razotajiem ir liela motivacija iesaistities depozita sisttma (Dace et al., 2013).
Vairaki autori min ka negativu aspektu, augstas sakotngjas izmaksas depozita
sist€émas izveidei, jo 1pasi, ja savakSanas sist€éma tiek izmantotas automatiskas
iekartas, kas lauj paterétajiem atgriezt izmantotos iepakojumus un atgiit depozita
maksu jebkura laika (Numata, 2009; Kim & Song, 2015). Analizgjot ieguvumus
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operatoriem, tad tiem ir atlauts neizmantotos depozitus saglabat ka pelnu.
Saskana ar depozitu atmaksaSanas sist€ému, ja paterétaji neatgrieZz izmantotos
produktus, mazumtirgotaji var paturét depozita maksu. Patérétaju vélmi atgriezt
izlietoto iepakojumu un robezizmaksas, kas rodas patérétajiem, atdodot izlietoto
iepakojumu skatit 3. attela.

Pieaugot depozita maksas summai, patérétajam ir stimuls atgriezt izlietoto
iepakojumu. PR likne izriet no W, kas ir piesarnojuma Iimenis - maksimalais
atkritumu daudzums, ko sabiedriba nav parstradajusi. ST Iikne apstajas pie W,,
kas atspogulo Itmeni, kura tiek atgriezti visi izlietotie iepakojumi. Mainigie Ey
un V norada attiecigi uz atkritumu izmaksam un atgriezto precu atkartotas
izmantoSanas neto vertibu. Tadejadi veidojot Ex+V — likne, kura parada
iedzivotaju ieguvumu samazinot atkritumu apjomu. Punkta W* iedzivotaju
ieguvumi ir vienadi ar zaud€jumiem (PR = Ex + V). Tadejadi var secinat, ka
optimala paterétaju sanemta kompensacija ir vienada ar R + Ex. W, - W* ir
optimalais atkritumu daudzums, kas var tikt neatgriezts - tas ir vienads ar W* 2.
attela (Deprez, 2016; Simon et al., 2015).

maksa/
cena

PR

"o

W1 W Ws Atgriezto atkritumu
daudzums (W)

3.attels. Depozita sistemas shéma (autoru veidots balstoties uz Deprez, 2016)
Figure 3 Deposit refund system scheme (autoru veidots balstoties uz Deprez, 2016)

Pienemot, ka razotdjs maksimizé pelnu, ir redzams, ka razotajs vélas
izmantot atgriezto iepakojumu atkartotai izmantoSanai, lai samazinatu razoSanas
izmaksas. Tas ir iemesls, kap€c razotajs veletos, lai tiktu ieviesta depozita
sisttma, taCu, lai depozita sist€tma biitu rentabla razotajam, vin$ piedava
kompensaciju, kas ir mazaka par atgriezta iepakojuma atkartotu izmantoSanu
(R<V). Operatoram ir trTs ienakumu avoti — no pat€rétajiem, parstradatajiem un
iepakotajiem. Operators maksa tirgotajiem maksu par izlietota iepakojuma
savakSanu tirdzniecibas vieta, un norékinas par citiem izdevumiem, kas sevi
ietver iepakojuma pienemsanas, uzglabaSanas, transportéSanas izmaksas, sedz
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iepakojuma plusmas uzskaites izmaksas, ka arT samaksa par paterétajiem
atgriezto depozitu. Bez ienakumiem no materialu pardoSanas, operatoram ir
ienakumi par iepakojumu, ko klients nav atdevis. Operatora darbibas izmaksas
veido aizdevuma un procentu maksajumi, darba, transporta, uzturéSanas,
razoSanas un administrativas izmaksas. Savukart, par iepakojuma savaksanu ir
atbildigs razotajs (Dace et al., 2013; PriceWaterhouseCoopers, 2008.).

Izmaksu un ieguvumu analizes mérkis ir novertet, kads bis depozita
sisttmas ievieSanas ieguldijums sabiedribas labklajiba. Izmaksu ieguvumu
analize sniedz skaidru izpratni par konkretu priekSlikumu ekonomiskajam
izmaksam un ieguvumiem, tacu pienemot [@mumus ir nepiecieSama kritiska
domasana (Davis, 2017; Hahn, 2017). Lai novértétu depozita sistemas
ieguvumus un zaud&jumus, aprékinos tiek izmantots raditajs NPV — neto
tagadnes vertiba. Neto tagadnes veértibu aprekina péc 1. formulas (Bell, 2017).

_ CF(i)
NPV(t)= 3T, 222, - 1CO (1)
kur CF- naudas plisma

i - laika periods
r — diskonta likme
1CO — sakotnéja investiciju vertiba

Papildus izmaksu un ieguvumu analizei tika veikta arT jutiguma analize un
daudzkriteriju analize (a multi-criteria analysis), ka ar1 attiecigo alternativu
analize, lai giitu papildus parliecibu par iegiitajiem rezultatiem. Lai izmaksu un
ieguvumu analize biitu precizaka, svarigi ir veikt ne tikai jutiguma analizi, bet
arT  dz€rienu  iepakojuma  statistisko analizi. Kopgja iepakojuma
apsaimniekosSanas izmaksu aprékina tika nemtas vera razotaju atbildibas sistemu
(RAS) vidgjas iepakojuma apsaimniekoSanas cenas, savukart parasta un
depozita iepakojuma apsaimniekoSanas cenas tika iegiitas izmantojot Igaunijas
zala punkta datus, kas rada, kadas biis izmaksas, paraléli ievieSot depozita
sistemu.

Rezultati
Results

Kopgja iepakojuma apsaimniekoSanas izmaksas, balstoties uz RAS
apsaimniekoSanas vid€jam izmaksam un Eurostat datiem, 2015.gada veidoja
13,3 milj. eiro, savukart ievieSot depozita sisttmu 26 milj. eiro. Otrreiz&jas
parstrades apjoms kop€jam iepakojumam bija 126 012 tonnas, savukart parasta
un depozita iepakojuma otrreiz€jas parstrades apjoms bija 132 833 tonnas, no
kuram 88% jeb 116 568 tonnas otrreizgji parstradaja primaro iepakojumu un
12%, jeb 16 266 tonnas parstradaja depozita iepakojumu. Autores secina, ka
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otrreiz&jas parstrades apjoms, ievieSot depozita sistemu, pieaugtu par 5,4%, jeb
6 821 tonnam. Lidz ar otrreiz€jas parstrades apjoma palielinasanos, picaugtu ari
kopgja iepakojuma regeneracijas apjoms par 3%, sastadot 57%.

Kartona ieklausana depozita sistéma izteikti palielinatu depozita
iepakojuma apsaimniekoSanas izmaksas Latvijas konteineru sistéma, proti,
apsaimniekoSanas izmaksas ielaujot kartonu depozita sistéma pieaugtu uz 8 009
198 eiro, tacu ja kartons netiktu ieklauts, izmaksas saruktu uz 1 829 424 eiro.
Depozita iepakojuma apsaimniekoSanas izmaksas depozita sistema, ietverot
kartona iepakojumu dzerienu, skatit 1. tabula.

1.tabula. Depozita iepakojuma apsaimniekoSanas izmaksas depozita sistema (autoru
veidota)
Table 1 Costs of packaging management within deposit system (by authors)

Apsaimn. maksa Apsaimn Patiesas izmaksas
Vienibas P ¥ Summa P : Lietuva pie 93%
(bez PVN) maksa 1w
savakSanas
gab. eiro/gab. eiro eiro/tonnu eiro eiro

Stikls | 26 000 000 0,025 650 000 100 0,04 | 1 040 000
PET 262 000 000 0,035 9 170 000 1094 0,03 | 7 860 000
Metals | 157 000 000 0,015 2 355 000 904 0,01 | 1727 000

Pienemot [émumu par depozita sisteémas ievieSanu Latvija, rekomende lemt
par kartona dzerienu iepakojuma pienemsanu automatos, jo tehniski tas ir
iespgjams — tas lautu apsaimniekot vairak atkritumu. Lidz ar kartona dzgrienu
iepakojuma ielausanu depozita sist€éma pieaugtu otrreizgjas parstrades apjoms
(skatit 2. tabulu). leklaujot kartona dzérienu iepakojuma depozita sistema,
regeneracijas apjoms pieaugtu par 9%, sastadot 63%. IevieSot depozita sistemu
(ieklaujot kartonu) otrreizgjas parstrades apjoms gan parastajam iepakojumam,
gan depozita iepakojumam biitu par 21 086 tonnu, jeb 16,7% lielaks neka
kopgja iepakojuma otrreizgjas parstrades apjoms bez depozita sist€mas.
Depozita sist€mas ievieSana majsaimniectbam nesis ieguvumus — pirmaja gada
tie bus 1192 tukst. eiro, savukart desmitaja gada tie pieaugs Iidz 2003 tikst.
eiro, veidojot kop&jos ieguvumus desmit gadu laika 16095 tikst. eiro. Ienakumi,
ievieSot depozita sistemu, pieaugs, jo bus iesp&ja nodot vairak taras (t.sk.
dazadas stikla pudeles), ka ar1 patérétaju ienakumi ik gadu pieaugs, jo pieaugs
atgrieztas taras Ipatsvars. Tirgotaju ieguvums no depozita sist€mas ievieSanas
desmit gados biis 558 tikst. eiro. Ienakumi tirgotdjam rodas no operatora
savakSanas maksas.
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2.tabula. Iepakojuma apsaimniekoSanas apjomu un izmaksas salidzindjumu 2015.gada,
ieklaujot kartonu depozita sistema (autoru veidota)
Table 2 Comparison of packaging management volumes and costs in 2015, including
cardboard in the deposit system (by authors)

Kopgjais Parastais Depozita 5
Nosaukums . 5 q q q 3 Izmainas
iepakojums iepakojums iepakojums i

Realizacijas 233356 179 289 54067
apjoms, tonnas

5 ac11 o, o,
Regenef)acuas 549, 549 93 63% | 9%
norma, %
Otrreizgjas 96 816 50 282 tonnas | %
parstrades apjoms, 126 012 147 098 21 16,7
tonnas 086

66% 34%

Apsaimniekosanas 141 11,6 14,7
izmaksas, milj. eiro ’ 26,3 12,2 | 87

Valsts un sabiedribas ieguvumi gadu no gada pieaugs, ieviesot depozita
sistému, un desmit gadu laika biis 9666 tukst. eiro. leguvumi radisies, jo tiks
samazinatas izmaksas lielajam talkam, kuras ik gadu tiek rikotas Latvija, tiks
samazinats siltumnicas gazu emisiju raditais piesarnojums — ictaupijums biitu
19-25,7 milj. tonnu CO, gada.

6000 000

B Jendkumi no raZotajiem -
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apsaimnickoSanas maksa

0 4
-2000 000
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B [zdevumi tirgotajiem

1. gads

4.attels. Operatora ienakumi un izdevumi depozita sistema (autoru veidots)
Figure 4 Cost/benefit of Deposit Refund system operator (by authors)

No 4. attéla var secinat. ka ar depozita sist€mas ievieSanu pieaugs darba
vietu skaits un tadgjadi operatora ienakumi un izdevumi ir lidzsvara.
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IerobeZojumi un pateicibas
Limitations and Acknowledgment

P&tijuma ietvaros netika paredzetas bitiskas izmainas makroekonomiskajos
raditajos (iedzivotaju skaits, pirktspgja, IKP u.c.).

Petijums izstradats pateicoties Banku augstskolas pétniecibas grantam
“Aprites ekonomikas perspektivas Baltijas valstis”.

Secinajumi
Conclusions

Ieviesot depozita sistému, dz€rienu iepakojuma regeneracijas apjoms
palielinatos par 3%, bet otrreizgjas parstrades apjoms pieaugtu par 5,4%.
Savukart, ieklaujot kartona iepakojumu depozita sistéma, regeneracijas apjoms
pieaugtu par 9%, bet otrreizgjas parstrades apjoms par 16,7%.

Majsaimniecibam depozita sist€mas ievieSana atmaksasies jau pirmaja
gada. Depozita iepakojuma apsaimniekosSanas izmaksas Latvija esoSaja sistema
ir 1 829 424 eiro, savukart ievieSot depozita sist€mu, tas pieaugtu Iidz 12 175
000 eiro. Savukart, ja apskata ka mainas parasta iepakojuma apsaimniekoSanas
izmaksas ievieSot depozita sistému, parasta iepakojuma apsaimniekoS$anas
izmaksas pieaugs par aptuveni 4 milj. eiro. Tomér jargkinas, ka, ievérojot jaunos
ES merkus attieciba uz atkritumu apglabasanu un parstradi, taja skaita
iepakojuma parstradi, tuvaka laika butiski pieaugs atkritumu apsaimniekoSanas
izmaksas, kas varétu butiski mainit mingtas izmaksas un buit butisks pamats
depozita sist€mas ievieSanai.

Autoru ieskata, palielinot depozita likmi dz€rienu iepakojumam no 0,10
eiro uz 0,13 eiro, depozita sisttmas ievieSana desmit gadu laika raditu
ieguvumus 82 tikst. eiro apméra, ka arT motivetu paterétaju atgriezt izlietoto
iepakojumu.

Summary

Deposit refund system is management of packaging waste which was created to
motivate consumers to return the packaging waste receiving back a deposit fee which
was paid while purchasing the beverage. Deposit refund system is implemented in
many European Union countries. Implementation and maintenance of this system
requires high costs which is why it is important to evaluate the sustainability of it. In
Latvia, the issue of the introduction of the deposit system is ongoing, and this is why it
is important to carry out calculations that would justify the need for the introduction of
the deposit system.
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In Latvia, the issue of the introduction of the deposit system is being raised, so
there are important calculations that justify arguing about the need for the introduction
of the deposit system in parallel with the shared waste collection system.

The aim of this research is to analyse the deposit refund system and to perform
economic evaluation of deposit refund system implementation in Latvia. To achieve
this, the authors will use following methods: gathering and further analysis of
statistical data, comparative analysis and cost benefit analysis.

Main conclusions of the research reveal that despite being a costly solution,
deposit refund system brings certain benefits and the payback period can be
approximately ten years. Moreover, with the increase of the deposit fee the overall
financial ratios of the system can be significantly improved.
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Abstract. Circular economy is seen as economy’s development direction expected to lead to a more sustainable
development and a harmonious society. It covers at least five different business models, one of which is resource recovery,
tackling benefits of industrial symbiosis. In order to achieve a circular economy, there must be a greater understanding of
the links between economic activity and waste generation. A consensus exists on the vital role of waste and resource
management in achieving transition from a linear model to a circular one where the value of materials and resources are
maintained in the supply chain. Waste systematically emerges throughout the supply chain as a result of economic
activities and trade. Systemic and transformative change is also reflected in the growing number of case studies analysing
innovative solutions based on new systemic thinking like “cradle to cradle” and “industrial symbiosis”. The aim of the
research is to analyse existing Circular economy strategies in the European Union, in order to identify main priority areas
and objectives. The Authors have also assessed that the three Baltic States currently have not developed circular economy
strategies, but nevertheless the authors were able to gather and analyse a range of examples of circular economy
companies. In order to achieve this, following methodology has been applied by the authors: critical analysis, case studies,
synthesis and comparative analysis. As a result of the research, the authors identify best practices, impact of the

municipalities, allowing to identify further necessary steps for the transition to circular economy.

Key words: business models, circular economy, sustainable development, waste management

JEL code: M21, Q57
Introduction

The rapid growth in world population over the last 50 years has caused an immense increase in the demand for food.
It has been estimated that the world population will reach 9 billion by 2050, requiring a 60-70% increase in food
production (Moraes et al., 2014). However, the Food and agriculture organization of the United Nations (Fao) estimates
that more than 1.3bt of food are wasted every year (Brautigam et al., 2014). This means that significant quantities of
resources spent for food production are used in vain and generate a significant environmental impact, such as an increase
in the quantity of greenhouse gases generated (Fao, 2011). Therefore, the European commission has promoted
the reutilization of waste by means of the circular economy (Laso et al., 2016). As highlighted by Morone, Navia (2016),
the purpose of consumption is to increase consumer’s utility and/or enhance social welfare. However, at each stage of
the supply chain, waste is produced. to some extent this waste might be recycled and reconverted into resources, reducing
the need to mine virgin resources and, through this, the economy becomes circular. Yet, not all waste can be recycled or
is recyclable, partly owing to missed opportunities and partly owing to basic physical and thermo-dynamical laws.
The amount of waste that can be recycled depends crucially on the capacity of the environment to assimilate residuals

from the economic system. Once the assimilative capacity is exceeded, environmental damage occurs. It has to be noted
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that circular economy concepts have already been adopted on national levels. For example, in China, where environmental

protection is a very important issue, a circular economy law was already passed and entered into force in 2009. Austria,
Germany, and the Netherlands have to some extent already developed strategies compatible with circular economic
activities (Heck, 2006; Goorhuis et al., 2012). It is essential to understand that current trends foresee focus on circular
economy as a solution for a range of emerging problems, including waste management. Circular economy is believed to
be a means of achieving harmony between economy and environment. Since nature and economy have been in conflict
for many years, it is impossible to give priority to one without damaging the other (Grigoryan, Borodavkina, 2017). As
Waste Package, adopted on May 30 2018 foresees a range of very ambitious targets to be achieved by Member States,
the authors see it crucial to understand how circular economy framework can stimulate reaching of the targets. Under the
revisions to the Waste Framework Directive, Member States will have to ensure they recycle at least 55% of their
municipal waste by 2025. This target rises to 60% by 2030 and 65% by 2035. Under the revisions to the Landfill Directive
further pressure will be exerted to divert waste from landfill. The target is to cut landfilled municipal waste to 10% by
2035. Member States will be required to ensure that 65% overall of product packaging is recycled by 2025, and rising to
70% in 2030 (within this there are individual packaging materials targets; for example, the target is 30% for wood, 55%
for plastic, 75% for glass and 85% for paper in 2030) (EC, 2018). All this leads to a significant scientific problem, which
stems from the Directive targets as well as from the comprehension that business as usual model will no linger work in
long-term for sustainability goals — a new approach to economic development has to be found and both country and union-
wide economies need to undertake a transition to be able to use maximum potential and economic efficiency of the
existing resources already available within the economy, not tackling primary resources in the amounts as it has been

done up to now.

Research results and discussion

The authors have assessed currently available policy documents on circular economy in European Union Member
States and provide below a summary of the main concepts, set in the corresponding strategies, roadmaps or action plans.
The necessity of a circular economy action plan is well justified in the figure below. Many see circular economy as
primary linked with waste management issues, although, it must be noted, that implementation of circular economy

concepts is crucial in order to secure achievement of waste management goals.

? 2020 | 7,8 billion GHG g
?? 2030 | 8,5 billion (@3 QE °°|]
f?? 2050 | 9,7 billion s ; 050

~34 billion ton ~80 billion ton

6 d A

ﬁd" " s o
4

- 2020 | 65 billion tones of materials g’ I?

_ 2030 | 120 billion tones of materials
I 2050 | 156 biion tones of mater 3

Fig. 1. Risks and scarcity of linear economy.

Source: World Resources Institute 2017, UNEP, 2016, OECD, 2012
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Belgium. Circular Flanders developed in 2017 is the hub and the inspiration for the Flemish circular economy. It is
a partnership of governments, companies, civil society, and the knowledge community that will take action together.
These organisations are the core of our partnership. Each one has committed to carrying out a specific action. The
Government of Flanders has set the circular economy as one of the seven transition priorities and appointed the OVAM
(the Public Waste Agency of Flanders) as the initiator of Circular Flanders. The operational team, which is responsible
for the day-today operation, is embedded in the OVAM. By 2050, the government of Flanders wants to create a region
that: is social, open, resilient, and international, creates prosperity and wellbeing in an innovative, sustainable manner

and includes everyone.

Key areas of the document are: production, consumption, waste management, secondary raw materials, innovation

and investments.

Priorities highlighted within the kick-off statement are:
 circular purchasing;
» circular City;
 circular Business (Vlaanderen Circulair, 2017).
Belgium. Brussels Regional Programme for Circular Economy was developed in 2016. The Brussels Regional
Programme for Circular Economy is an integrated strategy involving 111 measures aimed at delivering circular patterns

at the city level.
Key priority areas include: waste management, secondary raw materials, innovations and investments.
The main objectives of the regional programme are:

* to transform environmental objectives into economic opportunities;
* to anchor economic activities within Brussels’ borders, maximising resource circularity and boosting
entrepreneurship, and
* to create new employment opportunities (Brussels-Capital Region, 2016).
Finland. The road map will make Finland a leading circular economy country by 2025. This change will emphasise
the state’s role as a facilitator and supporter, research, development and innovation activities, and a strong company,
export and technology orientation combined with the search for comprehensive solutions and co-operation covering the

entire value chain.
Key areas of the road map are: sustainable food system, technical loops, forest-based loops, transport and logistics.

In order to further systemic change, policy actions rea required, implementation of key projects and pilots in all focus

areas and other actions to promote change. The priorities set within the roadmap foresee following blocks:

+ sustainable food system;

» forest-based loops and the related innovations;

» technical loops (sustainable use of non-renewable natural resources, lengthening the product life cycle, determining
how the waste produced during material processing and product manufacturing and the materials in the product at
the end of its life can be returned to the loop);

 transport and logistics. (Stira, 2016).

Finland - Piijit-Hime. Road map on circular economy developed in 2017 as part of Pdijat-Hame's regional
economic strategy for 2018-2021. Whereas Finland's national framework for a circular economy provides an outline for
this transition, the Pdijat-Héame regional roadmap, a joint strategy for nine municipalities, implements the national aims

with actions at the regional level.
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Key areas of the roadmap are: production, consumption, waste management, secondary raw materials,

innovation and investment.

Roadmap has five main themes, with regional goals and actions set for each. The overarching themes are:

closed loops of technical streams to create added value;

sustainable business from bio circular economy;

towards energy self-sufficiency by sustainable transport and energy solutions;

shared economy generates new consumption models and business opportunities;
piloting and demonstrating innovative circular economy solutions (Péijat-Hame, 2017).

France. Circular Economy roadmap of France: 50 measures for a 100% circular economy was developed in 2018.

This transition is a genuine societal project whose aim is to move away from the throw-away society. It invites us to

change the way we lead our lives and to invent new and more sustainable production and consumption methods. The

French roadmap includes four key priority areas: better production, better consumption, better waste management, and

engaging all stakeholders.

Key areas of the roadmap are: production, consumption, waste management, secondary raw materials, innovation

and investments.

The priorities and objectives set within the roadmap are:

better Production. Promote upgrading and differentiation of products through better environmental performance.
Produce better with less non-renewable resources. Incorporate more recycled raw materials, in particular for plastics.
Create jobs and meet training needs for new occupations or new skills in the circular economy;

better Consumption. Give consumers the means for more responsible consumption. Increase the life span of products.
Create sustainable jobs in the repair sector, particularly from the social and solidary economy. Combat food waste;
better Waste Management. Aim to collect 100% of recyclable waste. Make the sorting of waste much easier. Take
biowaste out of bins. Accelerate the introduction of pricing incentives for waste management. Ensure that companies
and government agencies that produce large quantities of waste meet their obligations with regards to sorting the five
most easily recyclable types of waste. For construction waste: set sorting and recycling targets during demolitions
but also during the construction phase;

mobilize all Actors. Inform, educate and train all actors about the circular economy. Rely on the key driver of public
procurement. Mobilize local authorities and businesses in the regions. Establish sustainable governance. Support the
transition to a circular economy with appropriate financing (Ministry for Ecological and Solidary Transition, 2018).

Germany. German Resource Efficiency Programme II: Programme for the sustainable use and conservation of natural

resources was issued in 2016. The programme’s focus is not only on enhancing resource efficiency, but also on showing

how in many cases the use of raw materials — such as in environmental technologies — can actually conserve natural

resources. As part of the Resource efficiency programme, a National Resource Efficiency Platform (NaRess) was

launched on 17 September 2013. Initially comprising the Federal Government and industry associations, membership of

NaRess was extended in March 2015 to further groups such as environmental organisations, unions and local authority

associations. NaRess serves as a platform for sharing information on members’ resource efficiency activities and supports

the implementation and onward development of progress.

Key areas of the programme are: production, consumption, waste management, secondary raw materials, investments

and innovation.

Priorities set in the action plan are:

securing a sustainable raw material supply;
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* increasing resource efficiency in production;
» making production and consumption more resource-efficient;
» developing a resource efficient circular economys;
» sustainable building and sustainable urban development;
+ resource-efficient information and communication technology;
*  cross-cutting instruments;
. exploiting synergies with other policy areas and resolving goal conflicts (Federal Ministry for the Environment,

Nature Conservation, Building and Nuclear Safety, 2016).

Greece. Action plan on circular economy was adopted in 2018. Greece's Governmental Economic Policy Council
endorsed a National Action Plan on Circular Economy in early 2018 to set the country on a path towards the long-term
adoption of circular economy principles. This supports Greece's economic strategy in its key quest to “Green” the
economy in a way that creates jobs, especially for women and youth, and supports long-term equitable and inclusive
growth based on resource efficiency, promotion of small and medium enterprises, innovation and investment in new

technologies, and strengthening of the “social economy” potential.

Key areas of the action plan are: production, consumption, waste management, secondary raw materials, innovation
and investment.

The priorities set within the action plan are as follows:

» regulatory and legislative interventions to lift bureaucratic constrains for widely applying circular economy principles;
» carmarking of existing funds;

 further enhancing knowledge, understanding, education, awareness and communication;

* improving governance structures (Governmental Economic Policy Council, 2018).

Italy. Towards a Model of Circular Economy for Italy - Overview and Strategic Framework, was adopted in 2017.
The document calls for a "change of paradigm" for Italy's economy, for a new way to consume, produce and do business.
There is a need for a new industrial policy aimed at sustainability and innovation capable of increasing the competitiveness
of products and manufacturing. Considering the importance of the document, the Italian government decided to collect
the contributions of all institutions, firms, experts and citizens who deal with the issue to develop a document that is the

result of a shared and participatory process.

Key areas of the strategy are: production, consumption, waste management, secondary raw materials, investments and

innovation.
Priorities set in the strategy are:

 rethinking the Concept of Waste;
» promoting Sustainable Models of Production and Consumption;
» the Public Sector (Green Public Procurement and Minimum Environmental Criteria);
. resources and Products - Traceability of Sources, Products, Services, Production Chains; Efficiency in the Use

of Resources (Ministry for the Environment, Land and Sea Ministry of Economic Development, 2017).

Netherlands. A Circular Economy in the Netherlands by 2050 was developed in 2016. The Government-wide
programme for a Circular Economy is aimed at developing a circular economy in the Netherlands by 2050. The ambition
of the Cabinet is to realize, together with a variety of stakeholders, an (interim) objective of a 50% reduction in the use
of primary raw materials (minerals, fossil and metals) by 2030. With this objective for the use of raw materials, the

Netherlands sets its ambitions at a level adopted in comparable countries. The transition to a circular economy requires a
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transformation in the way we use raw materials. To transform the Dutch economy into a circular economy at an

accelerated pace, strategic goals have been formulated in the Government-wide programme.

Key areas of the strategy are: production, consumption, waste management, secondary raw materials, investments and

innovation.
Priorities set in the programme are:

¢ biomass and food;
» plastics;
» the manufacturing industry;
e construction sector;
» consumer goods (Government of the Netherlands, 2016).
Portugal. Leading the transition: A circular economy action plan for Portugal was developed in 2017. The ambition
set out for Portugal 2050 was designed to leverage and spur development of work within the Action Plan for the Circular
Economy and must be appropriated by the various ministries, civil society and private organisations. It consists of the

following elements:

» acarbon neutral economy that is efficient and productive in its use of resources: neutral GHG emissions and effective
use of materials (a significant fall in the extraction and importing of materials, a significant fall in final waste
generated, better management and value extraction from the resources in circulation);

* knowledge as impulse: focusing on research and innovation creates solutions — in products, services, business models,
consumption/use, behaviour — with lower emissions and resource intensity, integrated into business models that spur
job creation, efficient and effective use of mobilised resources, and their lasting economic value;

» inclusive and resilient economic prosperity: economic development that impacts all sectors of society, is resilient
against price and risk volatility and gradually decoupled from negative environmental and social impacts;

* a flourishing, responsible, dynamic and inclusive society: an informed, participative and more collaborative society
— a society guided by being and caring, rather than wanting and possessing and which conserves and cares for its
natural capital.

Key areas of the action plan include: production, consumption, secondary raw materials, investments and innovation.
Priorities set in the action plan are:

» design, Repair, Reuse: extended producer responsibility;

* incentivising a circular market;

» educating for a circular economy;

» eat without waste: sustainable production for sustainable consumption;

* anew life for waste;

» regenerating resources: water and nutrients;

» researching and innovating for a circular economy (Ministry of Environment, Portugal, 2017).

Slovenia. The Roadmap towards the Circular Economy in Slovenia was developed in 2018 and it sets the path for
Slovenia to become a circular economy front runner in the region. The Roadmap introduces the Circular Triangle, a model
which unites three inseparable elements — Circular Economy (business models), Circular Change (government policies)
and Circular Culture (citizens), three interdependent aspects that are at the core of systemic change from a linear to a

circular economy in Slovenia.
Key areas of the roadmap are: food system, forest-based value chains, manufacturing and mobility.

The goals of the road map are:
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outline the potentials that establish Slovenia as the leader of the transition into the Circular Economy in Central and
Eastern Europe;

involve stakeholders to identify and connect circular practices;

create recommendations for the Government of the Republic of Slovenia to facilitate a more efficient transition;
identify circular opportunities for the strengthening of international economic competitiveness and quality of life for
all (Ministry of Environment and Spatial Planning, Republic of Slovenia & Circular Change Platform, 2018).
Slovenia. Municipality of Maribor. The basic idea of the Strategy for the transition of the City of Maribor (developed

in 2018) to the circular economy as well as the Weycle project is its own innovative model as a system for managing all

the resources available in the Municipality of Maribor and the wider urban area. The Wcycle Maribor project covers

innovative urban circular economy system as a new business and economic model of the city in the field of efficient

resource management, which has not existed anywhere yet and complements the principles of sustainable mobility and

co-operative economy. The Strategy, as a basic document at local government level, makes it easier to implement the

project and gives a clear signal that Maribor, as one of the first cities in the European Union, is also at the strategic level

being completely directed into the circular economy.

Key areas of the strategy are: waste management, secondary raw materials, innovation and investments.
The priorities set within the strategy are as follows:

use of processed soil and construction and demolition waste in urban building;
management of surplus heat and renewable energy;

sustainable mobility - Urban transport and joint service;

reuse of recycled water and alternative water resources;

sustainable land management and regeneration of degraded areas;

cooperative economy network (Weycle Institute Maribor, 2018).

United Kingdom. Making Things Last: a circular economy strategy for Scotland was developed in 2016. This strategy

sets out our priorities for moving towards a more circular economy - where products and materials are kept in high value

use for as long as possible.

Key priority area of the strategy is mostly focused on consumption. It builds on Scotland's progress in the zero waste

and resource efficiency agendas. A more circular economy will benefit: the environment - cutting waste and carbon

emissions and reducing reliance on scarce resources; the economy - improving productivity, opening up new markets and

improving resilience; and communities - more, lower cost options to access the goods we need with opportunities for

social enterprise.

The priorities set within the strategy are:

food and drink, and the broader bio-economy;
remanufacture;
construction and the built environment;

energy infrastructure, such as the reuse of equipment from wind turbines and decommissioned oil and gas platforms

(The Scottish Government, 2016).

United Kingdom. London’s circular economy route map was developed in 2017. The route map is an action-

orientated document with a vision for London — a circular city which capitalises on these opportunities to become a more

resilient, resource-efficient and competitive city of the future. The route map outlines a vision of a capital city thriving

through the adoption of the principles of circular economy: an economy which keeps products, components and materials

at their highest use and value at all times.
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Key areas of the roadmap include: production, consumption, waste management, secondary raw materials, innovation

and investments.
Main priorities of the roadmap are:

¢ built environment;

« food;

» textiles;

e electricals;

» plastics (LWARB, 2017).

From the analysis performed, it is clearly seen that circular economy issues started to gain topicality quite recently, as
the framework documents start from 2016 and the authors have assessed that a range of member states are also working
on similar documents. When turning to the Baltic States, none of the countries has yet developed a circular economy
document, thus the work on such is ongoing. Assessment of different policy documents on circular economy allows to
conclude that despite unified concept, Member States tend to adopt the concept to their geographical, political,
demographical and economic conditions, in order to be able to develop ambitious, thus achievable and country-specific
targets. Although in the Baltic States there is not a developed framework, it does not mean that the economy is not
implementing the shift towards circular economy. In this context the authors have assessed certain examples of already
operating companies within three countries, which show the circular economy elements being implemented into practice.
It has to be noted that in certain cases the local municipalities play also an important role in stimulating the entrepreneurs
for the transition to circular economy. The authors tended to gather some examples of companies, which already have

adopted certain circular economy concepts, which are provided in the table below.

Table 1.
Examples of circular economy in practice in the Baltic States
Company Country Business Resource Business Product description
model efficiency model sub-
facilitator type
Toom Tekstiil | Estonia Circular Closed Cradle to Company deals with management of
supply material Cradle textile waste and manufacturing of
cycles products that are made from 100%
textile waste.
Okka Estonia Resource Closed Upcycling Company produces handmade pine
recovery material needle wall panels made of natural
cycles materials. Usually as the forest is being

worked up, the needles stay useless to
moulder, but Okka creates additional
value from them.

Stella Estonia Closed Narrow Industrial Company makes handmade leather
Soomlais material resource symbiosis/ products (bags, accessories, wallets).
cycles/ flow Sharing The designs are crafted to minimize the

Product as a cutting leftovers. The larger cutting

service leftovers are used for creating smaller

accessories. The company also offers
rental of the products.

Dagoplast Estonia Resource Closed Upcycling Company produces both compostable
recovery material plastic, recycled plastic and green
cycles polyethylene for waste management,

retail, ~HORECA, industry and
agriculture. Recycled polyethylene is
made from recycled plastic, collected
from throughout Europe, and reused to
create new plastic bags.
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Company Country Business Resource Business Product description
model efficiency model sub-
facilitator type
Carguru Latvia Sharing Narrow Shared access | Carguru is a car sharing service. The
platform resource usage fee includes all costs, including
flow fuel, parking and insurance.
Valmiermuiza Latvia Resource Closed Upcycling Main by-product from beer brewing is
recovery material brewing grain. The company has
cycles developed a beer snack, which has

gained popularity by the consumers and
is being produced by bakeries.

Otra elpa Latvia Product life Slow Direct re-use, | Company is a pioneer of social
extension material repair entrepreneurship in Latvia since 2009. It
cycles is a charity platform that connects

people and things in a simple way.
People are able to donate clothes, books,
furniture etc., which are repaired and
offered in the shops. The revenues are
channeled to charity.

Getlini EKO Latvia Closed Narrow Industrial Biggest waste landfill in the Baltic
material resource symbiosis States provides heat and electricity for a
cycles flow greenhouse, where tomatoes and

cucumbers are grown. An excellent
example of industrial symbiosis.

Polymere Lithuania | Resource Closed Upcycling/ | first company not only in Lithuania, but
Recycling recovery material Downcycling | even in Baltic countries, which recycles
cycles tetra packs and other combined

packaging waste and produces panels
for construction sector. New products
are ecological, competitive on the
market and have wide usability.

Stikloporas Lithuania | Resource Closed Recycling Company focuses on the production of
recovery material expanded glass granules from recycled
cycles glass. It produces foam glass - an

organic thermo-insulating  granular
material from breakdown glass, for
construction industry.

Birstonas Lithuania Circular Closed Cradle to Company has been steadily reducing the
Mineral Water supply material Cradle amount of plastic used for the products
cycles (the plastic itself being 100% recycled)

and is now developing a paper-based
bottle for their products.

Source: by authors
The Table 1 provides only a small sample of the identified examples of circular economy, but with this the authors
want to stress that even without a fixed framework it is possible for the entities to start their transition towards circular
economy and here a certain role is also played by the municipalities. As they are also developing the environment for the

entities and may offer stimulus for circular economy to be implemented.

Conclusions, proposals, recommendations

The topic of circular economy, as emerged from the previous section, is relatively new, as the strategies and
frameworks are dated starting from 2016, although during recent years it has become obvious that this concept is here to
stay in the long-term. The assessment of the strategies, developed by the authors, is significant for the policy-makers of

the countries, which are currently working in the direction of development of a framework.

It is of vital importance to ensure involvement of all main stakeholders into the transition process to circular

economy. Of course, the countries need to have a strategy, roadmap or action plan in place, but at the same time it is
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advised that for example the municipalities already start to evaluate the possibilities for this transition. For instance, it is

advised for the municipalities to undertake following measures:

1. To assess, at which stage the biggest impact can be created, i.e. which could be the fields, where municipality
itself can provide the demand for circular products or services. It is considered to revise certain areas such as:
policy, public procurement, construction regulations, communication, financing, knowledge base, etc.

2. To map the incoming and outgoing material flows from municipal companies and promote cooperation between
companies on material recovery. This is the easiest way to promote industrial symbiosis. Moreover, providing
own example — starting with municipal or public companies, would also allow attracting private companies to
the initiative, providing them with the economic benefit estimations.

3. To tend to limit building, production or purchasing of absolutely new goods, and to assess the possibility to
repair, upgrade and modernize existing infrastructure and goods.

4. To understand the attitudes of the population and entrepreneurs towards circular economy issues, to improve the
communication, create certain knowledge base and to show tangible benefits both for the society and the
economy from the engagement into circular economy.

5. To involve the society as a Stakeholder in certain municipality initiatives.

6. To create and maintain a reliable feedback system, so that entities and society can provide their input into circular
economy development within the municipality or region.

The authors plan to analyse further the topic of enablers for the transition to circular economy and to develop a set
of recommendations for the policy-makers, which can be used to stimulate the entities to initiate the transition.
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Abstract

According to the Latvian policy planning documents, the main macro indicators for monitoring progress of national development
are: GDP per capita, income inequity index S80/S20 and national population growth. Policy planning documents propose different
sectoral targets that are not linked with each other, sometimes providing conflicting goals. There are international and European
Union (EU) targets (especially in the environmental and climate sector) that sometimes contradict with national goals and
occasionally are not set as national priorities in Latvia and for which the necessary resources are not appropriated. The authors
propose an improved methodological approach interlinking national policy indicators and sectoral models to generate more efficient
decision making mechanisms.
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1. Introduction

Latvia has established a hierarchical system of policy planning documents that formulate the growth model. This
system of policy documents includes the Strategy for Sustainable development (SAD) (2030) approved by the
Parliament, National Development Plan (NDP) — mid-term planning document subordinated to the SAD and approved
by the Cabinet of Ministers, thematic and regional policy planning documents which should be subordinated to NDP and
SAD. The knowledge based development scenario is defined by the growth model [1]. The authors [1] have developed
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the quality of life index and applied it to monitor the progress of implementation. The objective of NDP (2007-2013)
was sustainable development of Latvia, by increasing competitiveness and gradually implementing the knowledge based
development model [2]. Still the goals of NDP (2007-2013) have been implemented partially. One of the conclusions of
[2] is that there is lack of understanding complex coordinated national development. With a scholastic approach (not
taking into account interlinks between different measures and goals) there is no chance to achieve substantial results in
today’s world. The development of the new NDP (2014-2020) [3] began with the formulation of a general vision, which
means that the goals were reassessed and the new NDP (to a lesser extent) fits into the policy planning hierarchy — in the
end, the new NDP was only theoretically subordinated to the SAD. During the discussion process, two different visions
defining general goals of the policy planning document — “A Vision of Latvia in 2020: “Economic Breakthrough —
for the Greater Well-Being of Latvia!”, which was finally adopted and an alternative green vision, which was not
adopted [4]. The alternative vision (Latvia as the greenest country in the world) proposed more sustainable ways to
achieve development, however, they lacked concrete measures and calculations. Of course, the NDP (2014-2020)
based on the Economic Breakthrough vision does not completely focus on economic development; it includes
comprehensive goals as well as indicators in different sectors. Nonetheless — the vision of NDP postulates that the
first priority is the economy and other sustainability goals subordinated to it. However, the main problem regarding
both NDPs is that there are no major changes or inadequate resources proposed for reaching the main goals, so to a
large extent the policy which has been implemented is “business as usual”. Accordingly, economic growth is moderate
— rather high structural unemployment, emigration and an inadequate level of investments.

The question is — can the formulated goals of the policy planning documents be achieved and what happens when
the new EU — climate, energy efficiency, circular economy and other targets enter into force? Will it just be another
burden to the economy? Indicators are essential to determine the goals and monitor implementation.

2. Analysis of Indicators

NDP 2020 [3] has defined only 3 macro impact indicators — “1) GDP per capita based on purchasing power parity
for comparing the level of well-being of the populations of different countries and the rate of economic growth; 2)
The S80/S20 income quintile share ratio describes the inequality of income and the stratification of society. It
expresses the ratio of the income received by 20 % of the country’s highest earning residents to 80 % of the country’s
lowest-earning residents and needs to be viewed in context with other indicators that help one to understand the sources
of formation of a middle class; 3) Changes in the population level — natural population growth — the difference between
births and deaths within a year, without including changes caused by emigration and immigration”. The report on the
implementation of SAD and NDP, including indicator report was published in 2015 [5].

The European Commission [6] states “that income inequality and poverty are big problems in Latvia compared to
other EU countries. Although the rate of poverty and social exclusion has decreased from 35.1 % in 2013 to 30.9 %
in 2015 it remains high, and the report indicates an inadequate social safety network. Income inequality can also be
measured by the Gini coefficient, and Latvia’s is the second largest in the EU. The tax-benefit system is inadequate
for compensating inequality. The NDP 2020 has different sectoral indicators, however, to define the future path for
green development, environmental and sustainability indicators are essential. These indicators include productive use
of natural resources — the amount of output (products) that can be generated by using one nominal tonne of natural
resources (EUR) (the higher the output in EUR from each tonne of resources, the more efficient is the use of natural
resources); intensity of greenhouse gas emissions in the economy (tonnes of COs equivalent per certain amount of
money of the GDP)”.

Latvia is likely to meet the EU 2020 climate targets, but is unlikely to meet targets in waste management — the
50 % recycling target by 2020, and landfill diversion targets of 75 % of biodegradable waste. However, the new 2030
climate targets in non-ETS sector (energy efficiency goals, national emission limits for certain substances, as well as
circular economy targets) propose new challenges. It was concluded in [7] that in order to determine the measures to
be applied in order to reach certain targets (for example non-ETS) other goals and policies should be taken into account
to elaborate more cost effective measures. Taking into account limited resources (financial, human, etc.), it may not
be possible to reach all targets with separate programmes (policy planning documents), although this has been the
common practise so far. However, to propose synergistic measures it is necessary to calculate impacts. Although the
modelling approach was not used for NDP 2020, it can be an essential tool for policymakers to determine ways on
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how to achieve national and sustainability goals. The resource efficient, green and knowledge based economy that
takes into account social goals may be the way, but it has to be proved by calculating different paths. The problem is
that making a comprehensive model that takes into account all necessary aspects may lead to a very bulky model with
too many assumptions to get reliable results. This article proposes one of the possible methods.

3. Review of modelling approaches

According to [8], carbon tax is the most efficient economical instrument for reducing greenhouse gas (GHG)
emissions, because it stimulates reduction of fossil fuels, promotes energy efficiency and also boosts revenues for
other actions (for example, adaptation). However, it has proven to be difficult for governments to increase carbon
taxes because of potentially negative influence on other national targets, mainly GDP growth. The problem is that this
influence has not been assessed in a more general, national model, taking into account possible gains.

To overcome the shortcomings of traditional (focused on a single goal) economic analysis, one can apply goal
programming models [9]. However, according to [10], ecological economics has not fully taken into account
macroeconomics either in theory or modelling. Climate change recommendations should be based on the foundations
of macroeconomics and the authors use the Keynesian model framework.

French economist T. Piketty has proposed that slow growth leads to increasing inequity [11]. This conclusion was
disputed by T. Jackson (the author of the concept “prosperity without growth™) [12], which states that rising inequality
is avoidable, even with declining growth [13]. For their calculations the authors use the SIGMA model which
integrates environmental, real and financial parameters in a system dynamics model.

The authors of [14] have made analysis of the existing integrated assessment models for mitigation of climate
change, and the conclusion is, that because of different problems and uncertainty, policy makers should not base policy
decisions on estimated net economic impacts, or in other words mitigation efforts should not be delayed before
uncertain impacts are properly calculated [15].

The Green Economy Model was proposed by [16] based on four main capitals and their interconnections: physical,
human, social and natural capitals. The authors of [17] propose methodological change linking the modelling of the
socio-economic parameters with climatic system parameters, with the aim to reach combined and realistic goals for
sustainable development.

There are many examples of sectoral system dynamic models. The principal policy tools and mechanisms
promoting biodiesel in the transport sector have been proposed by [18]. Renewable energy solutions for the electricity
market are developed in [19, 20] for the heating sector in [21]. Energy efficiency modelling was proposed in [22, 23],
waste was modelled in [24], climate and agriculture in [25]. A system dynamics model of all main non-ETS sectors
was proposed in [26, 27].

The question is how to link outputs of these models with general targets of national policy planning documents.

4. Results and discussion

In this article, the national planning system is analysed, and the problem of how to reach multiple (sometimes
conflicting) goals was addressed. System dynamics is an approach to investigate the dynamic behaviour of complex
systems. In this article we analyse how this method, as well as other methods, have been used both in top down
macroeconomics models and green economy models as well as detailed bottom up models — mainly in the sectors
related with energy and environment. According to the experience of other modeling approaches, mentioned in the
introductory part of this article, it is possible to develop a general macroeconomic model calculating interlinks of the
main determined parameters according to Fig. 1.

Several sectoral models already exist and they may be interlinked with the general macroeconomics model
according to Fig. 2. The challenge will be to integrate the corresponding output indicators.

The method proposed in Fig. 1 and Fig. 2 proposes a structure of interlinked models. This method will be further
elaborated to suggest it for the development of the national 2030 sustainable development strategy of Latvia.
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Inequity
Economy growth Employment

Population growth

Energy use

Specific target (for
Efficiency - Emissions example - non-ETS)

Fig. 1. Key modelling elements include general targets and links of the general macroeconomic indicators (in darker colour) as well as specific targets, for
example non-ETS goal. Efficiency is an important part of the system. Specific targets can be replaced with some other targets.

It may be necessary to assess if macroeconomic indicators proposed by NAP 2020 are adequate for the modelling
process and probably some other macro indicators will be needed.

Model 1 (Renewable
energy)

Macroeconomical
(green economics) Model 2 (Circular
model economy)

Fig. 2. Example of the model structure (sectoral models are examples and can be replaced by other models, this is only an example). The indicators and
interlinkages should be further developed, however GDP as well as inequity should remain as the basic indicators.

One of the problems of national level models is to introduce all available knowledge in the modeling process. One
of the possible methods is modeling with stakeholders or participatory modeling [28].
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5. Conclusions

Climate change, reducing poverty and inequity are the most serious world problems that are capable of causing
collapses of the society [29]. Although there are existing concepts of prosperity without growth, economic growth is
and will remain the main concern of national governments. Climate issues may be a second priority for policy makers,
especially for the countries less vulnerable to climate change. Modeling approaches, including system dynamic models
have proved to be useful for analysis in different sectors, including climate mitigation, circular economy, energy
efficiency, renewables and bioeconomy. Resources may be available for solving any of the problems separately
(including non-ETS emissions reduction, waste management, energy efficiency, etc.), but not solving all of them if
we do not use an integrated approach. So taking into account the findings of this article, more integrated models (that
include impacts on growth, social inequity and environmental objectives) should be developed taking into account
existing models. With this methodology we will try to test the hypothesis that a green growth scenario may help to
achieve simultaneously national economic, social and environmental goals. An adequate level of complexity for such
methodology may be a challenge.
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Abstract. The Covid-19 pandemic has highlighted such challenges for the
world’s socio-economic and financial systems Social entrepreneurship is
an integral part of Europe's diverse social market economy. The aim of the
paper is to tackle the social entrepreneurship field in Latvia and in
particular to reveal the enterprises operating in the textile industry, as
fashion industry in general is evaluated as second polluting industry, being
just behind oil industry. The paper is limited to social entrepreneurship in
the field of textile, as it is a new waste stream that has received particular
goals and thus needs to be managed in a more sustainable way. To promote
social enterprises in the field of textile production and processing it is
especially important to implement elements of the circular economy in the
daily activities of a social enterprise. Fostering social entrepreneurship in
the textile field allows to reach a range of goals simultaneously, including,
but not limited to — decrease of textile waste volume, increase of upcycling
and moving towards circular economy targets.

1 Introduction

Climate change policy, based on the Sustainable Development Goals (SDGs), is the
inspiration for many types of business that combine value creation with environmental
protection and social protection. The thinking and understanding of the participants of
economic processes influences how much attention they pay to the circulation potential of
the intended circulation business models. The literature [1-2] offers a set of principles to
prepare innovation participants for experiments and increase their ability to rethink their
life assumptions. Businesses are looking for ways to thrive in a competitive environment
with innovative business models while respecting society and avoiding actions that harm
the planet. Trends such as the circular economy, fair trade, small numbers, and the shared
economy are some of the many new business approaches that address this issue, but there is
still a gap between the theoretical arguments and the level of environmental and social
sustainability realized in practice [3]. The circular economy could be described as a
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network of smaller circular economies, where the main development is in local areas, such
as cities or regions, with the active involvement of territorial stakeholders. The active role
of social entrepreneurs in supporting the transition in the regions and emphasizes the great
diversity of challenges they face in developing local business models at technological,
social and policy levels [4]. Changes at the societal level and the complexity of socio-
ecological systems call for a holistic approach and foresight in the development of
strategies, policies, and programs [2] to turn economic activities into loops for human and
environmental care.

Experiments with a circular business model can help companies move to a circular
economy [4]. Some studies [5] have developed models based on the factors that determine
the quality of the business environment and based on confirmatory factor analysis and
modeling of structural equations that show the causal links between the quality of the
business environment and its determinants in SMEs. The most important factors
determining the quality of the business environment are the macroeconomic environment,
monetary policy, interest rates and the legal environment. The results of the research show
the need [1, 5 - 10] to reduce the state bureaucracy.

Circular economy systems, methodologies and tools need to strengthen its social
dimension. Adequate institutional arrangements and strategic leadership are needed for this
paradigm shift to promote sustainable development. Further research is needed to further
understand the types of principles that can drive meaningful experiments to the circular
economy. Textiles are fundamental to our society, providing us with clothing, shoes,
carpets, curtains, furniture, etc. for homes, offices and public buildings.

Textiles are the fourth highest-pressure category for the use of primary raw materials
and water, after food, housing and transport, and fifth for GHG emissions [11 - 12].

Overall textile waste in Latvia accounts for approximately 27,000 tons, which accounts
for 3-5% of total household waste generated in the country, or for approximately 14.3 kg of
clothes per capita [13]. Once discarded, only 20% of clothing waste is collected for re-use
and recycling at a global level [14 - 15].

Since 1996, the amount of clothes bought in the EU per person has increased by 40%
following a sharp fall in prices, which has reduced the life span of clothing. Europeans use
nearly 26 kilos of textiles and discard about 11 kilos of them every year. Used clothes can
be exported outside the EU but are mostly (87%) incinerated or landfilled. Globally less
than 1% of clothes are recycled as clothing, partly due to inadequate technology [19].

This research is being developed using mainly secondary data analysis and primary data
obtained from structured interviews. In addition, the authors use critical data analysis,
develop particular case studies and undertake comparative analysis.

2 Social entrepreneurship in Latvia

In 2013 the Ministry of Welfare started work on the development of a new policy initiative
to promote the development of a legal framework for social entrepreneurship and the
integration of disadvantaged people into the labour market. In autumn 2015 the Latvian
Social Entrepreneurship Association was founded, the aim of which is to promote the
development of social entrepreneurship in Latvia. In order to support development of social
enterprises, a financial support mechanism has been launched since 2015. The grants have
been developed for the implementation of viable social entrepreneurship projects, for
achieving a social goal. Currently it is possible to apply for grants from 5,000 to 200,000
EUR for investments or current assets (incl. remuneration costs). The main requirement is
that a business idea must be viable, with a significant long-term social impact. By the end
0f 2020 in total 97 grants were assigned, with the overall financing of 6.3 million EUR, out
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of which 37 business projects have already been implemented, resulting in 2.3 million EUR
[20].
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Fig. 1. Fields of social enterprise activities.

A social enterprise is a limited liability company which, in accordance with the
procedures laid down in this Law, has been granted the status of a social enterprise and
which conducts an economic activity that creates a positive social impact (e. g. provision of
social services, formation of an inclusive civil society, promotion of education, support for
science, protection and preservation of the environment, animal protection, or ensuring
cultural diversity) [21]. Currently, there are a total of 161 active social entrepreneurs and 15
non-active entrepreneurs who are acting in different fields. The percentage distribution of
the fields is depicted in the Figure 1.

3 Discussion

This paper will analyse all the enterprises that focus on clothing or textile production. In
total out of 176 enterprises there are only 4 active enterprises engaged in this field.
Table 2 below provides a short summary of analysed companies.

Table 2. Enterprises chosen for a basis of the case-studies.

Enterprise NACE code Main activity

OWA Manufacture of other knitted Wholesale of clothing and

and crocheted apparel footwear

Mans Peldkostims Manufacture of other apparel n/a
and accessories
Zile-Zile Retail sale of clothing in Manufacture of other outerwear
specialised stores

Print Art Manufacture of apparel Wholesale of clothing and

footwear

3.1 Enterprises chosen for a basis of the case-studies

3.1.1 OWA
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OWA - is the first brand in Latvia that offers clothes with watercolour and graphic prints,
which are transferred to the fabric with the help of sublimation printing. This technique
provides excellent colour fastness and tonal transitions. The laconic design clothing brand
OWA is a balance of femininity and functionality. Bright watercolours created by artists
Alisa Adamsone and Vera Bondare make the clothes unique and easily recognizable. The
enterprises strive to combine classic and extravagance, softness and comfort, practicality
and reliability [19].

Aim of the enterprise: to promote the employment and integration of the socially
vulnerable population, especially the disabled, people of pre-retirement age and young
parents; to change stereotypes regarding work ability and productivity of people with
disabilities, people of pre-retirement age and young parents; to demonstrate that vulnerable
people, especially people with disabilities, are able to compete on an equal footing in
business and produce a competitive product [22].

3.1.2 Mans Peldkostims — Swimbe

The enterprise offers custom made swimsuits for women and children, which are produced
out of old fishing nets, carpets, PET bottles and other plastic waste. Fabrics are identical in
their properties and feel to traditionally obtained fabrics. Such production makes it possible
to create high-quality clothing without wasting new resources on the planet [21].

Aim of the enterprise: to undertake social business with the aim of reducing the growth
of plastic and textile waste in Latvia and in the world by promoting their recycling into raw
materials suitable for clothing production, which the enterprise will use for sewing
individual swimwear [23-24].

3.1.3 Zile-Zile

ZILE is a Latvian fashion brand striving for a more sustainable future through the concept
of upcycling. The label’s main resource materials are denim trousers, men’s shirts and
fantasy. At the core of the brand is the idea that what people wear is a symbol of their
character, identity and values, and that the global environmental trend is an important part
of current values. That is why ZILE reimagines and reworks classical garments to create a
sustainable and modern wardrobe. Every piece of clothing that ZILE upcycles is completely
unique. ZILE uses second-hand clothing that is either bought in vintage shops or donated
by our collaboration partner, charity shop OTRA ELPA [25].

Aim of the enterprise: to reduce the amount of textile waste by creating new value-
added products. Promote awareness of resource reuse [23].

3.1.4 Print Art

The idea of creating a T-shirt that helps to improve the posture arose naturally as both
authors faced this problem and first created this product for themselves. The existing
posture correctors of different producers in general cannot provide the necessary daily
support as they are either uncomfortable, they cannot be worn all day long or they are too
visible to others. The doctors whom the authors addressed also confirmed that a back needs
freedom of movement and close shoulder fixation harms the posture rather than improving
it. The only way to improve the posture is through the training of back muscles, and the
posture-correcting T-shirt performs this function on a daily basis. The main objective was
to create a wearable posture corrector that: is easy to use — no additional adjustments
required; is comfortable to wear— it doesn't rub, scratch or cause itching; pleasant to wear
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thanks to the soft material that is similar to cotton; is ‘invisible’ and can be adapted to any
style; improves well-being and increases self-confidence [26].

Aim of the enterprise: to promote the employment and integration of the socially
vulnerable, especially the disabled, people of pre-retirement age and young parents; to
change stereotypes regarding work ability and productivity of people with disabilities,
people of pre-retirement age and young parents; to show that socially-vulnerable people,
especially people with disabilities, can compete on an equal footing in business and
produce a competitive product [20].

4 Results

The authors have conducted a series of structured interviews with representatives from the
enterprises mentioned above and have summarised the results. The interviews consisted of
8 open-type questions. All the enterprises interviewed are considered to be small, with
employee numbers from 1 to 10. One enterprise was established in 2015, two others in
2018 and one in 2019. All of them obtained the status of Social entrepreneur and are
obliged to renew it on an annual basis by submitting reports and performance indicators.
This system of annual status renewal ensures that the enterprises are kept within strict
boundaries and cannot just obtain the status for the sake of formality.

Only one of the interviewed stated that the main barriers to obtaining social
entrepreneur status have been bureaucracy and a very complicated admission and
evaluation procedure. This means that in Latvia’s case it was possible to develop a clear
and transparent registration scheme, as well as a grant application procedure.

Analysis of Figure 2 shows that the interviewed enterprises are open to a circular
economy and are already actively engaging its elements within their business models.
Moreover, they are open for a more extensive integration, although certain interviewees
highlighted the fact that there is a lack of knowledge of certain circular economy elements
and support from the state side in these regards. The enterprises focus on such aspects as
recycled packaging, or wherever possible avoiding packaging. The development of by-
products is stimulated by the idea of minimising waste. The enterprises apply certain
aspects of industrial symbiosis, i.e. garment upcycling enterprise ZILE-ZILE receives
material which has been donated to a charity shop and which has not been sold, another
positive example is resource sharing - offering equipment to other enterprises in order to
share the administrative costs and to avoid standstills. A notable aspect in waste prevention
- example from OWA - a special jar for needle collection, thus avoiding their entry into the
waste stream and potential harm to wildlife.
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4.1.1 Influence of Covid-19 pandemic and lockdowns on the business

It cannot be ignored that the past year has influenced the businesses dramatically. Latvia
has come through 2 lockdowns, one in spring 2020 and the other one starting from
November 2020, which is still in place until April and it is more likely that afterwards a
range of restrictions will still be applied to the economy. This situation has had a dramatic
impact on the enterprises analysed within the present research as all of them are small
enterprises and some of them involve the vulnerable section of society. The main issues are

depicted in Figure 3 below.

Development of by-products

Emphasis on online sales and marketing
Development of new products
Necessity to re-focus the business
Significant decrease of turnover

Closure of the shop

Fig. 3. Influence of Covid-19 pandemic.

It is worth pointing out that Covid-19 has stimulated the enterprises to become more
responsible in terms of waste minimisation, leading to maximising the use of textile raw
material or to re-use the clippings (offcuts of cloths) - the enterprises either develop certain
new products using the clippings or produce limited clothing collections (e. g. for children).
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4.1.2 Corporate social responsibility and social enterprises

The interviews revealed that the enterprises are actively implementing Corporate Social
Responsibility. Most notable examples of CSR are transparency of the production process;
involvement of the customer/end user into the production process; donations to disabled
people by designing and producing tailor-made garments.

5 Conclusions

The authors would like to highlight a range of conclusions stemming from the literature
research undertaken, case-study analysis and interviews. Primarily, when a country or a
region wishes to promote social entrepreneurship it is vital to understand the process of
validation and to make it as simplistic as possible. It is essential to keep in mind that the
social enterprises in most cases are not only established following the famous quote of
Milton Friedman “The business of business is business”, but in most cases generally they
pursue a goal of solving certain social problems.

Therefore, the authors strongly recommend developing a transparent and clear set of
rules for an enterprise to be able to apply for social enterprise status, thereby also reducing
the bureaucratic burden.

Secondly, it is essential to implement circular economy elements in the daily operations
of social enterprise. This is why the authors recommend developing certain guidelines for
the enterprises (here the guidelines could start with social enterprises, but afterwards could
also be extended to cover all types of enterprises) on circular economy elements and
practical aspects on how to shift from linear to more circular business models, by
implementing aspects like resource-sharing, equipment-sharing, use of symbiosis when one
company’s waste might become another’s ram/input material, use of recycled and/or
recyclable materials both in the production process and in packaging, etc.

Textile waste is a considerably new waste fraction that has been assessed and particular
targets have been set by the Directive on waste, this is why the authors consider it
extremely important to foster social enterprises in the field of textile production and
upcycling. It is necessary to promote wise consumption and stop fast fashion, as well as to
promote upcycling activities in order to reduce the volume of textile waste ending up in
landfills or in waste to energy plants.

The authors foresee that this paper will be first in the series of papers regarding circular
economy and social entrepreneurship. For Latvia and other countries, which have
developed circular economy strategies or are considering such, social enterprises are a new
type of entrepreneurship, new business models which are fostering the transition to a
circular economy, and wiser consumption.

This research was carried out within the project of Latvian Council of Science Nr. 1zp-2020/2-0317
«The Impact of COVID-19 on Sustainable Consumption Behaviours and Circular Economy».
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ABSTRACT

This chapter presents a critical review of negative and positive impacts of the pandemic and provides an
insight on how, with application of wise and sustainable risk assessment, present situation might lead to
more resilient, sustainable and low carbon economy. A new post-Covid-19 world is about to be developed
and in this aspect the mistakes of the past shall be left in the past and new, circular, carbon neutral economy
with different consumer behaviour, supply cains and other economic aspects is about to be developed and
implemented. The paper provides an overview of Covid-19 impact on global economy as well as focuses on
situation in Latvia. It analyses the systems dynamics of certain policy instruments, their impacts on overall
waste management system in the country and on transition towards circular economy. It also provides a set

of recommendations for policymakers in order to stimulate the implementation of circular economy.

Key words: Covid-19, circular economy, sustainable development, waste management

INTRODUCTION

The year 2020 without any doubt will be written down in the history as a breaking
point in many aspects. Waste management and circular economy will not be an exception.
The outbreak of coronavirus disease (COVID-19) in late 2019 is far more than a global
health crisis. It is affecting our societies and economies and has had a deep impact on our
everyday lives (UNEP, 2020).

Indeed, the COVID-19 pandemic has distorted the world's operating assumptions,
revealing the absolute lack of resilience of the dominant economic model to respond to
unplanned shocks and crises (Pinner et al., 2020). It has exposed the weakness of over-
centralization of the complex global supply and production chains networks and the fragility
of global economies, whilst highlighting weak links across industries (Ibn-Mohammed, et.
al., 2021; Sarkis et al., 2020). While the world has witnessed the positive environmental
implications of nationwide lockdowns brought upon by Covid-19 such as cleaner rivers and
clearer skies (Gardiner, 2020), the same is not the case with respect to solid waste

management.
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The pandemic has altered the waste generation dynamics, creating woes among
policymakers and workers involved in sanitation (Sharma, et al., 2020). As highlighted by
Policy Learning Platform (2020), at the same time, in some cases more waste has been
generated. Many people had more time at hand and cleared out their houses, cellars and
attics. In Germany, this resulted in long lines in front of recycling centres accepting bulky
waste and waste electrical & electronic equipment. In Belgium, the collection containers for
second-hand textiles had been closed and people had to keep the used clothes at home. And
everywhere in Europe, the illegal dumping of waste increased, and an entire new waste
stream entered streets and household bins: personal protective equipment (PPE).

Global economy relies on deeply intertwined supply chains, sustained by more than
100 billion tons of raw materials entering the system each year. It has been unsustainable for
decades, and in just a few months since the coronavirus outbreak began, it’s become clear
that it is dangerously fragile as well. One of the more comprehensive solutions to improve
resilience is the circular economy (Kechichian, Mahmoud, 2020). According to UNEP
(2020b), Covid-19 will lead to a greater production and consumption of household and
personal health related products, that could be single-use and contain valuable resources like
plastics, textiles, metals, electronics. Covid-19 waste, and any other waste, must be
collected and treated adequately to avoid littering or uncontrolled incineration causing
impacts to human health, ecosystem quality, biodiversity, including impacts on soil, rivers,
coastal lines and in the marine system. Waste Management is one of the most important
sanitary barriers to prevent dissemination of illnesses and diseases. It is important to recall
that the continuity of the waste services is not only for municipal waste but also for
hazardous industrial and healthcare waste (ISWA, 2020). Each person produces nearly half
a tonne of municipal waste per year in the EU on average, which means that every week
more than 20 kg of municipal waste is generated per household. Total annual waste
generation in the EU amounts to 5 tonnes per capita. Preventing distortions in waste
management, including separate collection and recycling of waste, is crucial for the health

and safety of our citizens, for the environment and for the economy (EU, 2020).
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Figure 1. Methodological framework of the chapter

Source: by authors

Management of waste generated by the Covid-19 crisis

With the inception of Pandemic, it is clear that volume of healthcare facility waste, as
well as household waste, in particular face masks, tissues, hand sanitiser bottles, etc. has
skyrocketed. In addition, a huge volume of packaging appeared. Currently all the loose
products in the supermarkets are packed in plastic wrapping. Only certain range of internet
shops offer an option for end user to chose whether to opt for paper or plastic packaging. In
many cases the shops pack the goods in additional bags/wrapping which makes the
proportion of packaging waste for consumer to increase dramatically and if recently the
Zero waste lifestyle adherents were quite successful in cutting down the useless packaging,
then now the problem popped-up again. Now, in the last quarter of 2020 it is possible to
identify the main problem points that have been identified with the crisis and
implementation of lock-down measures.

One of the critical points was ensuring that waste management, recycling services,
treatment and disposal facilities will not be disrupted and no extra risks for public health
will be created by improper waste management (ISWA, 2020). The interruption of waste
management services would have an instant impact on human health, environmental
contamination and increase of additional infection risks. In current unprecedented crisis it is
of primary importance to secure the continuity for the economies to be able to focus on the
main problems of the day.

In the context of the coronavirus crisis, it is even more important that citizens

separate well their waste and ensure the flow of clean streams of recyclables towards the
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waste treatment facilities. Citizens should be informed about any temporary changes to the
waste collection practices that affect the way they deliver waste for collection and further
treatment (EU, 2020). This was a first struggling point for Latvia during the first lock-down,
as the first thing that was announced by waste management companies was to stop waste
sorting. This was explained not only by their concerns of potential infection in the waste but
also by the general lock-down, by limiting the operation of certain waste treatment plants
and by difficulties of trans-border waste shipments.

During the first lock-down, increasing problems in the processing and recycling of
waste rised. Especially the markets for sorted textile and plastic packaging are starting to
fail because of a lack of demand for the recycled products. Some of the textile collection
and sorting companies were asking the public not to donate textile right now, others only
wanted to collect at a (high) price (NVRD, 2020). Gladly this action was swiftly put an end
by the waste management companies alongside with the Ministry of Environment, which
explained the citizens the necessity of waste sorting and which issued comprehensive
informative materials. Simultaneously European Union Member States acknowledged the
importance of waste treatment continuity and the operations were resumed.

Overall this is only one part of waste sorting processes, the other one, which requires
special attention and regulations — is the operation of waste management companies and the
sorting station workers. It is crucial to ensure health and safety measures for waste workers.
According to ISWA (2020), some countries, like United Kingdom even have classified
waste workers as “key workers”, meaning that they can continue to work, whilst educational
and care provision for their children will be provided. The European Agency for Safety and
Health at Work (2020) has provided general guidance how to help prevent the spread of the
coronavirus at the workplace. This guidance is designed to assist employers and businesses
in providing advice to staff in non-healthcare settings on the novel coronavirus.

Third measure, discussed within this chapter concerns healthcare waste. During a
pandemic, the tendency of most of the hospitals is to manage all their waste as hazardous
waste. This can overload the healthcare waste capacity of the hospital, and create an
emergency associated with a sudden increase in the required capacity for proper collection,
disposal and treatment (ISWA, 2020). In these circumstances the Confederation of
European Waste-to-Energy Plants emphasized the importance of Waste-to-Energy. As
incineration safely destroys viruses and other pathogens at high temperature. The waste is
put directly into the bunker, and then discharged into the furnace through the feeding chute
by an overhead crane, thus avoiding human contact with the contaminated waste (CEWEP,
2020).
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Waste, containing personal protective
equipment, is being stored in two tied waste
bags

Prior to throwing away the trash, it is
recommended to leave it for 24h at home
Waste has to be put in household waste bin, it
cannot be put by the container

&
©
o

Covid-19 infected inhabitants should not take
5 out their waste, they need to ask neighbours to
take the waste from their door to the waste bin.

Figure 2. Waste sorting requirements in Latvia, during Covid-19 crisis
Source: adopted from MEPRD (2020)

The waste to energy industry had a good opportunity in these difficult times for it (as
recently EU had a position to limit construction of new Waste to energy plants, taking into
account the risks of overcapacity of existing plants) to stress it’s importance and integrity of
waste treatment options. This crisis demonstrates once again how important the integrated
approach to waste management is where every waste stream needs to find the most
sustainable way of treatment without endangering human health or the environment
(CEWEP, 2020).

In addition, the crisis emphasized the importance of control over waste streams,
according to ISWA (2020), if waste is moved off-site, it is critical to understand where and
how it will be treated and destroyed, requiring traceability measures to register and ensure
its adequate destination. There still are range of countries, lacking infrastructure to treat
healthcare and other infectious and hazardous waste. In those cases, and as an exceptional
measure, the waste produced in healthcare facilities during the Pandemics shall be send to
be stored in sanitary or engineered landfills on a separated area, isolated from the regular
waste, and with immediate daily cover. Sanitary Landfills are an indispensable part of any
waste management system and in pandemics, in the absence of thermal treatment, those
infrastructures are an adequate final sink for healthcare waste, but certain procedures have
to be applied.
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RESULTS AND DISCUSSIONS

New reality, derived from Covid-19 crisis

The World Health Organisation declared the COVID-19 pandemic on the 11th March
2020, which saw global supply chains severely disrupted and strained, and the financial
market unsettled, resulting in a cross-border economic disaster. Lockdowns and border
closures shattered the core sustaining pillars of modern world economies, with the economic
shock due to these measures still being weighed across the globe (European Union, 2020).

As stated by (Hepburn ez.al., 2020) all G20 nations have implemented restrictions on
mobility (IMF, 2020) such as ‘self-isolation” and ‘social-distancing’. These restrictions have
reduced the spread of the virus, but with severe economic consequences. On the supply side,
an estimated 81% of the global workforce has been hit by full or partial lockdown measures,
with unprecedented job losses and furloughs (ILO, 2020). On the demand side, consumer
spending has fallen as it is no longer possible to travel, including to shop for discretionary
items, go to restaurants, or for experience-based activities (Hepburn et.al., 2020; Andersen
etal.,2020).

Aviation volumes have collapsed, with international airlines projecting a reduction of
503-607 million passengers and losses of US$112-135 billion in the first half of 2020
(UNICAO, 2020). Consumer confidence is falling (OECD, 2020) and job losses and
furloughs simply exacerbate spending contractions as workers lose their incomes.

The recent evidence demonstrates the elasticity of bottom-up initiatives by both
private companies (e.g. breweries producing disinfection alcohol for medical applications
from residue products) and individual citizens (e.g. maker's movements producing mouth
masks from textile leftovers and supplying hospitals and care facilities) to recycle locally
available resources and thus reduce import dependency. These initiatives have proven their
potential to flexibly address urgent shortages (Wuytsa et al., 2020). Brands big and small,
from Prada and Dior to Tanya Taylor and Knixwear, retooled to produce essentials in short
supply, such as PPE (Brydges, Hanlon, 2020).

In particular, French luxury conglomerate Kering will produce face masks in the
workshops of its brands Balenciaga, Gucci and Saint Laurent. Also in Europe, the
Stockholm-based H&M Group announced that it would make masks and other necessary
equipment, while Inditex, parent company of Spanish fast-fashion brand Zara, said it would
produce hospital gowns and masks (Los Angeles Times, 2020). Thus it has to be
understood, that these initiatives and change of profile are not only part of corporate social
responsibility, but also a measure or a step to keep the fashion industry running, as Workers
Rights consortium (WRC, 2020) conducted a survey of Bangladeshi garment manufacturers,

estimating buyers have cancelled $1.44 billion worth of garment exports.
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Beyond the fashion sector, responsible packaging firms continue to innovate on
sustainable and recyclable consumer goods, despite the rise in single-use plastic packaging
as a result of quarantine-related home deliveries and fears associated with reused materials.
The food and beverage sector, for its part, is working with organizations to redirect surplus
food to those most in need (Kechichian, Mahmoud, 2020).

In case of Latvia, the crisis has also lead to certain innovations. The first lock-down
was mostly focused on the supply chain re-design, as most businesses being paused, the
increase for food supply and supermarket delivery skyrocketed. The existing supermarket
chains required about two weeks to adopt to the changes. In addition, vast majority of
offline shops were forced to switch to online, resulting in post service increases. As the
basic personal protection equipment became mandatory, a lot of local fashion manufacturers
started offering vast majority of face masks.

Table 1. Assessment of Covid-19 brought risks within waste management sector

Type of risk

Description

Increase of mixed waste

Lack of segregation at source.

Increase of infectious/
hazardous waste

Lack of data on household infectious / hazardous waste, as it all is being collected as
unsorted waste.

Increase of littering

Visual increase of waste from PPE.

Suspension of recycling

Especially in the first weeks of pandemics the recycling processes were suspended as
the boarders were closed.

Lack of awareness

Initially there was absence of information regarding waste management, how to do it in
a safe and sustainable way.

Reuse of disposed PPE

In Latvia and in a range of countries it has been observed that certain population class
used disposed PPE, which could result in additional infections.

Lack of PPE for waste
management workers

Initially the PPE was deficit, in addition in many countries, it had to be provided by
employees themselves.

Source: by authors

The authors have evaluated and considered a range of risks associated with waste

management during Covid-19 pandemics. The Table 1 highlights main of them. These risks
were identified in the first stage of lock-down, in spring of 2020. Although, it is important
to highlight that certain countries might have still be struggling to overcome them in the
current stage of the full or partial lock-downs.
Figure 3 depicts influence of Covid-19 on Latvian waste management system, where:

» red lines show the influence of Covid-19;

» purple lines show the influence of Ministries of Environment guidelines;

» green lines show the influence of Ministries of Agriculture guidelines;

Second wave of lockdown has more serious impact on economy in the long-term.
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Figure 3. Systems dynamics of Covid-19 and Latvian waste management system

Source: by authors

The table below provides a comparison of measures adopted by the Latvian

government:
Table 2. Lockdown restriction measures
Spring lockdown Autumn partial- Winter lockdown
lockdown
Boarders closed open within EU countries | open with restrictions
Kindergartens | online Full-time Full-time
Schools online Full-time for grades 1-6 Online or full-time with major
restrictions for grades 1-4
Universities online online online
Work distance, when possible distance, when possible distance, when possible
Entertainment | cancelled limited cancelled
Retail open, with restrictions on open, with restrictions on | open, with restrictions on weekends
weekends (food, pharmacies, | sq.m for the weekends (allowed - food, pharmacies; forbidden
hardware stores) —alcohol, tobacco)
Catering only take-away open, with restrictions only take-away
Public limited capacity masks masks, limited capacity (up to 50%)
transport
Gyms closed individual trainings individual trainings with range of
restrictions

Source: by authors
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The analysis of first and following restrictions shows that the actions taken have
impact on:

- increase of waste generation at households (simultaneously decrease of waste
generation at offices, public places);

- increase of packaging consumption at retail (additional packaging for hygienic
reasons);

- increase of sales of electric and electronic equipment (increase of packaging
consumption);

- decrease of air pollution and traffic congestions;

- increase of unemployment and increase of new business ideas (handmade sector);

- decrease of administrative costs for businesses (office maintenance, travel costs);

- increase of real estate sales in the suburbs.

In addition, in Latvian case all the shops that do not have online purchase
possibilities, have been struggling with the restrictions and many of those were forced to
close the businesses. This also includes the so called bulk shops (Zero Waste shops), which
have gained major popularity recently and have great impact on cutting packaging waste.
But simultaneously almost none of them offer the client online purchase possibilities.
Another phenomena that has been observed recently, is that the population has significant
drop in use of bottled water. This is explained by the fact that people work from home and
either use tap water, or opt for big volume drinking water bottles.

Luckily the Covid-19 has brought also a range of positive changes, mostly linked
with environment. The authors have presented these factors in the figure below.

. B
7 \

J

Lo

Figure 4. Positive impacts of Covid-19

Source: by authors
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The changes are not due to the right decisions from governments in terms of climate
breakdown policies and therefore should not be misconstrued as a climate triumph. More
importantly, life in lockdown will not linger on forever as economies will need to rebuild
and we can expect a surge in emissions again (Ibn-Mohammed, et. al., 2021).

The pandemic followed by lockdowns of the countries has revealed once again the
dependency and overreliance of the whole world from one country as a manufacturing hub.
The shortage of many items was so dire in many countries that the principle of circular
economy, such as re-use, is already been unwittingly re-commended by respectable
bodies such as the US Centres for Disease Control and Prevention (Ranney et al., 2020).
Moreover, the authors can conclude based on the literature review, that this year has led
many countries to consider seriously the necessity of circular economy framework on a state
level.

Such framework would be focusing on:
» promotion of re-use, sharing economy for certain goods, especially those, which
cannot be produced in the particular country;
» promotion of green logistics;

A\

development of waste management regulations in conjunction with local production,
manufacturing and recycling;

development of new biodegradable products;

promotion of bioeconomy and bio-based products;

development of shared and active mobility (incl. cycling, walking infrastructure);

YV V V V

development of smart cities (incl. social distancing aspects, if necessary).

The European Union and South Korea have both adopted Green Deals as central
pillars to their economic recoveries, both leveraging regenerative models and circular
economy principles (Kechichian, Mahmoud, 2020). Latvia also takes into consideration the
adopted Green Deal and Sustainable Europe Investment Plan when planning possible
support activities for the entrepreneurs. Moreover, on September 4, 2020 Latvia has adopted
Cabinet of Ministers decree No.489 “On the Action Plan for the Transition to a Circular
Economy 2020-2027. year” (Latvijas vestnesis, 2020).

CONCLUSIONS AND FURTHER RESEARCHES DIRECTIONS
Circularity can be practiced at all levels now and in the future, from disinfecting face
masks that save lives, to deploying SMART regional policies and strategies that maximize
resource use, decrease pollution, and create countless business opportunities (Kechichian,
Mahmoud, 2020). According to the study carried out by University of Warwick (2020), it is
essential, that circular economy is being adopted for all industries, with different strategies

for each one. when looking at post-pandemic period of restructuring business, it could be
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useful embracing the transformative capabilities of digital technologies for supply chain
resilience by leveraging: big data analytics for streamlining supplier selection processes;
cloud computing to facilitate and manage supplier relationships; and Internet of Things for
enhancing logistics and shipping processes. The analysis undertaken by the authors has lead
to a conclusion that the year 2020 with the pandemics has been a good booster for circular
economy and although it has brought the world’s economy in many areas in the recession
and survival phase, it is vital at this moment to seek opportunities in order to make the
revitalization of economy faster and going into the sustainability direction. This is why the
authors have developed a range of policy directions that it is recommended to be
implemented in any country’s circular economy plans or frameworks. It is important now
for policymakers of Latvia as well as of other countries to undertake a feasibility check of
existing or planned circular economy strategies, to consider the most affected sectors of
economy in order to develop short- and long-term action plans, that would not only foster
transition towards circular economy but also have reasonable practical solutions, including
policy support, mentoring and financial instruments.
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Abstract

Circular economy offers opportunities to boost jobs and tackle climate change. The article reflects aspects
of the impact on the environment through sectoral policies to support the circular economy because current
business as usual model, based on the linear economy principle leads to a staggering inefficiency in nature
resources are managed, with increased pollution, loss of ecosystems and substantial losses of value with each
product disposed. This requires a change not only in consumer behaviour but even more on the resource
extraction and material production side. The purpose of the research paper is to develop a decision-making
matrix providing a step-by-step approach for the policymakers.

Keywords
business models; circular economy; systems dynamics; sustainability.

Introduction

As the economy experiences significant boost, which will be such also in the long run, more and more primary
materials for the production purposes are required and they inevitably have a significant impact on waste
generation. There is no problem if the economy is relatively small compared to the natural ecosystem. But it is

https://doi.org/10.32933/Actalnnovations.42.1 e ISSN 2300-5599 e © 2022 RIC Pro-Akademia — CC BY




Acta Innovations e 2021e no. 42: 5-14 ¢ 6

essential to keep in mind that natural ecosystem is simultaneously the source of raw materials and the final
disposal for human-produced wastes. Although the result of non-rational resource consumption determines the
need for increased opportunities for the implementation and expansion of recycling and reuse of products,
especially in developing countries with a high population density [1-4]. All this is describing the business-as-usual
model, which has been applied worldwide in the 20% and 21° centuries and can be defined as linear economy.
The core of the linear economy is the chain of "resource extraction - production - use - profit making - waste
management at a lower cost,", which has led to increase of short-life span use products with considerably low
percentage of recycling.

Figure 1. Steps to minimise the circularity gap.

Building a global coalition for action that is both diverse and inclusive, will bring together business, governments,
NGOs and scientists to boost capacity to serve societal needs and to solve problems more sustainably. By closing
the loops, it will be possible to monitor the resource flow and to identify the recycling or industrial symbiosis
opportunities [5-8]. Implementation of biomimicry allows assessing nature not for consumption purposes,
in terms of what can be extracted, harvested or domesticated, but for learning and optimising in production
processes.

The theoretical framework

The circular economy approach is based on a system of production, distribution of consumption, reuse, recycling
in order to save the cost of products and minimize the generation of waste to reduce the burden
on the environment through the 3R (Reduce-Reuse-Recycle) Concept [9-12]. The circular theory uses different
models that can be used within their functional purpose. The need to develop a national model of a circular
economy is linked closely with the specifics and strategy of transition from a linear economy with appropriate
financial incentive measures to achieve environmental criteria in all areas of production. Pollin, et.al. [13]
investigated the conditions for such a shift from linear to circular economy that can be developed
and implemented within the green recovery package.

The development of a natural ecosystem in terms of rational resource consumption, recycling and reuse
of products as new business models has been identified and analysed [2,4,7,14]. Obviously, transition
to a circular economy is not possible without the support of the authorities at the national, regional
and municipal level, which can be implemented through sectoral policies to finance waste minimisation
and recycling [15]. Increasing the efficiency of consumption of natural resources is possible
with the technological modernization of the economy, the transition to higher technological structures
and the improvement of legal regulation of the circular economy [16].

The circular economy is a field of emerging research, and up to now, the focus has mostly been on materials
and the circularity aspects of the companies [17-19] investigated the transition to circular economy in order
to reduce the overall anthropogenic load of the economy on the environment. This approach considers
the linkages within and between sectors / value chains.

According to Scarpellini et.al. [20], circular economy-related activities introduced by businesses are influenced
by the analysed capabilities that also improve the environmental and financial performance of firms in a circular
economy framework. Moreover, the researchers show the mediating role of stakeholders in introducing
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the circular economy in businesses, which is a little explored line of inquiry, as this relationship has not been
widely analysed for the circular economy. When analysing the theoretical framework trends, it can be clearly
noted that research on circular economy generally focused on the production aspects, paying less attention
to consumer behaviour and demand [21].

It has been identified, that sustainable business models are able to provide and sustain environmental, societal,
and economic value [22-24]. Circular business models are aimed at identifying and assessing the logic of creating
circular infrastructure [25]. In addition to that, they tend to focus on resource efficiency strategies in order
to develop more sustainable production and consumption patterns [26].

Methods

Studies have shown that the development of a marketing strategy for an enterprise is carried out according
to almost the same scheme (Figure 4). However, the study showed that customers had changed dramatically:
first, they are interested in a personal attitude, and only then in the quality of goods, price — the usual indicators
that have always been in the first places.

Thus, we believe that the main goal of a marketing strategy for an enterprise's financial growth is to ensure
customer loyalty, i.e., customer focus.

Results

It has been identified that both governmental and non-governmental organizations increasingly encourage
the businesses for the transition towards a circular economy. The EU Action Plan has been strengthened
by revising the waste package directives, which has succeeded in 2018, altogether forming the Circular Economy
Package with the aim of developing the circular economy through the creation of various platforms, offering
funding from the Cohesion Fund [15,27].

The main outcome of the strategies is to implement the paradigm from linear to a circular economic model.
Establishing this kind of a shift is a complex task which requires substantial changes in habits and practices
in many fields of society[28]. This leads to a conclusion, that each strategy is able to define different objectives
in relation to the general aim.

It is very important that for the Stakeholders there is a possibility provided to communicate and share
experiences and best practices via the European Circular Economy Stakeholder Platform. This platform
was established in 2017 by the European Commission and the European Economic and Social Committee
with the main aim to enhance the circular economy both across territories, industries and communities
by bringing together experts and providing possibilities to share knowledge and foster dialogue [29].

The latest reports by European Commission reveal that in 2019 there were already over 30 Circular economy
strategies in place, both of national and/or regional levels. Despite the level the key concept of the strategies
is to contribute to the so-called paradigm shift of moving from the linear towards a more circular economic
model. Establishing this type of a shift is a complex goal requiring fundamental changes in consumer behavior
and habits in many subsystems of society.

The transition to a CE requires systemic change and a holistic, integrated approach that takes into account links
within and between sectors, within and across value chains and between civil society and industrial stakeholders
[18].

It is important to understand that circular economy can be applied by an entity by adoption of certain business
model, or by transformation of existing activities or business elements. Below the authors have summarized the
business aspects that can be improved by implementation of circular economy aspects.

Types of Circular economy business models.
The use of different business models allows you to minimize the consumption of materials and resources
for production, as well as complete the life cycle of products through further processing and are based on:

. circular supply models. These substitute materials from primary resources with renewable, bio-based,
or recovered materials, in this way reducing demand for primary resource extraction.

° resource recovery/regaining models focus on recycling waste into secondary materials (or secondary
raw materials), consequently, diverting waste from landfill and in addition decreasing the volume
of extraction of primary resources.

° product lifetime extension models. Focus on extending the consumption period of products, slowing
the flow of materials in the economy and reduce the rate of primary resource extraction, consumption,
and waste generation.

. sharing models. Tend to facilitate the sharing of goods, and can therefore reduce demand for new
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products, optimize use of products already owned by the end-user and reduce the consumption
of primary natural resources.

e product service system models. It is where services, not products are placed on the market, thus
improving stimulus for green product design and more effective product use, thus contributing a more
sustainable use of primary resources [30-32].

Table 1. Summary of actions, that may be implemented in different entity’s divisions.
Source: based on [4,5,14-23,6,24-29,33,7-13].

Entity division Improvements to be undertaken

Human resources organizational culture oriented towards recycling, reuse;
training and improvement of the personnel consumer behaviour, in line with circular
economy

Logistics closing the loops;
implementation of reverse logistics;

Research and Reduce consumption of non-renewable primary resources;

Development increase consumption of renewable primary resources;

reduce carbon emissions;

reduce waste;

implementing internet of things

Production developing products with a longer life cycle;

developing products suitable for reuse, remanufacturing;

optimization of production equipment; implementation of industrial symbiosis;
extension of technical quality control

Sales and After-sales improving consumer relations;

developing cooperation, transparency between stakeholders;

after-sales services;

increasing producer responsibility for ineffective use of primary resources, environmental
pollution

Financial sector identifying and optimising environmental costs;

implementing accounting in accordance with the circular economy;

retaining economic value of the materials

Following table shows a summary of most popular circular economy business models, as well as highlight types
of resource efficiency, business model sub-types and reveals sectors, which are already implementing circular
economy business models. For instance, circular value chain stands for reduced consumption of primary
resources in production and uses renewable, recycled or recyclable materials. Material recovery and industrial
symbiosis - tracks and recovers products before they become waste, enhances effective use of by — products
and is focused on recycling up-cycling and down-cycling. Product durability, repair is focused on product life cycle
extension and development of "dismantling design" at the design stage.

Personalization and tailor-made design — offer building long-term relationships with the client, promotes loyalty,
makes it easier to develop repair, material recovery and recycling, and last, but not least - stands against
overstocking. Product service system, dematerialization of services — grants access to a service, not to the goods
themselves and it shifts the mindset from owning to using products. And finally — sharing economy — means
that citizens have more opportunities to rent, lease, share, exchange or lend goods. It does help in optimization
of the production rates and offers a variety of platforms for product sharing, exchange or lease.

When analyzing types of product services, three main types can be identified. Product-oriented: the business
model is focused on sales of products. Some extra services can be added, as for example maintenance services.
Use-oriented: The product still is a key player; it is owned by a producer-company and is offered to a customer.

The idea behind this category is to provide access to the product for the user. Result-oriented: The customer
and service provider agree on a result. Normally there is no pre-determined product involved. This is also
referred to as a "performance" model [34-36].

The Figure 2 depicts three different categories of product-service business models:
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° product-oriented: the business model is focused on sales of products but with additional services for
instance, a maintenance contract

° use-oriented: The product still plays a central role. It is owned by a provider but is being made available
to the client. This is also referred to as an "access" model. Basically, it grants consumer access to the
functionality of the product, when required by consumer.

° result-oriented: The consumer and provider agree on an outcome, within this business model,
the product, delivering the outcome is not much important for the consumer. This is also referred
to as a "performance" model [24].

Product Product - Use -
oriented oriented
service service

Figure 2. Transition from Products to services in circular economy.

This will be one of the most important tasks for the entities in the nearest future — to identify their status-quo
and to understand transition towards what direction would be most appropriate, sustainable and economically
efficient for the company.

Decision-making process.

In order to be able to assess all the aspects of the business environment and the entity, it is important to analyze
the influential factors, the limitations and the particular required data for each company or business sector [37—
39]. According to the abovementioned, the authors have developed an information flow for decision-making
process for assessment of transition to circular economy and for choice of best appropriate business model,
which is presented in the Figure 4.

Regulatory changes in many cases are seen as keys to unlock the existing circularity potential. Legislative
boundaries can add a positive impact to the value chains and encourage cooperation between different
economic sectors that might have not evaluated this cooperation possibility beforehand. In some cases,
it is related to technical issues that affect material flows in different sectors, especially here comes the issue
of the legal definition of waste and certain waste treatment obligations.

Recycling

Remanufacturing |

Re-use ‘
Repair

=

Renewable Industrial Sharing
Jinpuﬁ symbiosis

Figure 3. The impact of circular economy on linear business processes. Source [40].

This type of examples mostly requires actions to be taken on national or European level. A discussion
of regulation framework in circular economy strategies may concern advocacy, rather than direct legislative
innovation.
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Influential factors

Figure 4. Information flow for decision-making process.

Assessment of business values and closed-loop approach.

In this section, the authors would like to tackle the importance of the closed-loop, identifying it a bit broader
that solely on a company-scale. The figure below depicts three main basic principles for a company/region/State
economy to implement the closed-loop concept.

Acquisition

3 @
o

Remarketing

Reprocessing

Figure 5. The main business processes for closed-loop system.

First step is acquisition. It means that one needs to develop a collection system to collect the right volumes
of materials or products of the right quality, for a competitive price.

Second step is reprocessing. At this stage refurbishment, remanufacturing or recycling of used products
or materials, for a competitive price has to take place.

Third step is remarketing. Finally, one requires to identify markets that would be ready to purchase
the reprocessed products or materials.

Here the utmost importance is to have the comprehension that in case any of these steps fails, the closed loop
is not there anymore.

Since the circular economy highlights the importance of value creation for all stakeholders, this is a very
important perspective to take. Based on an examination of value, the parties involved can develop a model
for the optimization of common value creation [41-43]. After undertaking an extensive literature research, the
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authors have gathered business values that can be obtained from the implementation of closed loop principle
(Table 2).

Table 2. Assessment of circular economy business values. Source: based on Vijayan, et. al. [43] Camilleri [44].

Type of value Description

Sourcing value Direct cost reductions and savings that can arise from closed loop business
practices

Environmental value Benefits that result from improved ecological footprints, i.e. ease of

compliance and improved green image

Customer value Increased customer loyalty, better customer satisfaction and superior brand
protection
Informational value Closing the loop generates valuable data on production and supply problems,

failure rates, useful lifetime of the product and usage patterns.

Matrix for circular economy strategy of a country’s economy.

As a result of the research, the authors offer a step-by-step matrix for development of a tailor-made circular
economy strategy for a country’s economy. Main key points of the matrix are — to assess the stakeholders at the
following stages: material extraction, material processing, product design, manufacturing, distribution, repair,
refurbishment, remanufacturing, waste management. It should then be followed by development of key
stakeholder working group (KSWG).

X X
v A A 4
® E O
v A

& e

Figure 6. Circular economy action plan development matrix.

®
e

This working group then will have a range of very important obligations. One would be thorough assessment
of each economy field in order to identify the best practices in the circular economy that are already in place
[44-46].

Another — wise and sustainable distribution of allocated financing to the priority stages. As a result of the KSWG
work, an action plan will be developed. Further it is of vital importance to hold a range of seminars for
the stakeholders and industry to communicate on the priorities, financing available and required compliance
criteria.
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The circular economy can be an important lever to achieve key policy objectives such as generating economic
growth, creating jobs, and reducing environmental impact. Multiple studies have already demonstrated how
the circular economy can contribute at a national, regional and supranational level to objectives such
as generating economic growth, creating jobs, and reducing environmental impact [47]. While using different
methodologies and performed on different sectoral and geographical scopes, these studies have consistently
demonstrated the positive impacts of the circular economy: growing GDP by 0.8-7%, adding 0.2-3.0% jobs,
and reducing carbon emissions by 8-70%.

Impact

The necessity to shift to circular economy can be boosted when the entities would be shown the possible
business models and the way one or another company might apply them on practice. The purpose of the research
paper is to develop a decision-making matrix providing a step-by-step approach for the policymakers. This tool
would allow identifying the best suitable circular economy business model for Latvia’s economy in general —i.e.,
which direction of the circular economy should be given more support on the state level. The methods used
in the paper will be economic assessment, secondary data analysis and systems dynamics for decision-making.
The research is limited to analysis of circular economy examples in Latvia. One of the main findings as well
as practical implication will be a tool for decision-making basing on authors developed circular economy business
model choice matrix. The research will be of a value for entrepreneurs, working with the focus on the circular
economy alongside for policymakers, to identify the sectors of economics with the higher potential for transition
to circular economy. The paper is designed as a research paper. These studies are the blueprints to prove the
environmental and social impact of circular economy. Apart from this the positive impact of a circular economy
on GDP growth, job creation and carbon reduction, there are also cost savings and increased reuse and recycling
of materials through reduced demand for primary materials.

Conclusions

Basing on the undertaken research, the authors have developed the following conclusions.

The concept of circular business models is seen as a strong enabler for companies that are willing to move
forward circular practices. However, it has to be understood that designing business models in line with circular
economy principles and capitalising the environmental and economic values of a company or a product lead
to development of a new set of requirements for business model innovation. Business models need
to be designed in a way that enable preservation and utilisation of the value embedded in resources (e.g. through
resource recovery, long life, multiple use cycles) if resource loops are to be slowed and closed.

As a result of this research the authors have developed a matrix for circular economy strategy of a country’s
economy. By applying this step-by-step approach, policymakers will be able to develop most inclusive action
plan, that will assess and take into consideration all the fields of economy tackled by circular economy,
it will identify already existing circular economy initiatives and prioritise the opportunities at each of the circular
economy stages.

Further research

Further research would be linked with practical development of part of the action plan matrix, by assessing
stakeholders at each stage of circular economy, developing the opportunities and identifying the barriers
to the implementation of circular economy.

It is of interest for the authors to undertake further research and to assess the resource cycle within a company,
to develop cost comparison, with and without implementation of circular economy elements. In this case
it would be assessment of implementation of industrial symbiosis.
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