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DARBA AKTUALITATE

Eiropas Savienibas (ES) ilgtermina mérkis atkritumu apsaimniekoSanas
politika ir izveidot tadu sabiedribu, kas cenSas noverst atkritumu rasanos un
radusos atkritumus izmantot ka resursu. Ka minéts Atkritumu apsaimniekos$anas
valsts plana 2013.-2020. gadam, ik gadu Latvija tiek sarazoti apméram 700 tukstos$i
tonnu sadzives atkritumi.

Eiropas Komisijas petijuma (“Screening of Waste Management Performance
of EU Mamber States”, European Commission, 2012) par 27 ES dalibvalstu
atkritumu apsaimniekoSanas direktivu prasibu ieviesanu praksé Latvijai ka viena
no galvenajam problémam tika noradita atkritumu saimniecibas sist€mas liela
atkariba no sadzives atkritumu poligoniem, kas, savukart, radijusi vairakas secigas
problémas: liels apglabato atkritumu daudzums, nav izpilditi biologiski noardamo
atkritumu (BNA) (organiskie atkritumi, kas sp&j sadalities aerobos vai anaerobos
vides apstaklos) apglabasanas samazina$anas mérki, Iidz ar to ir liels BNA
daudzums apglabajamos sadzives atkritumos, ka ari zems parstradato sadzives
atkritumu apjoms. Péc Latvijas Vides geologijas un meteorologijas centra datiem
2010.gada no raditajiem 826 000 t sadzives atkritumu apglabati ir 77% un
2011.gada attiecigi no 983 000 t apglabati ir 58%, pamata neSkiroti sadzives
atkritumi.

Atkritumu apsaimnieko$anas valsts plana 2013.-2020. gadam organisko
atkritumu dalitai vak$anai, parstradei un apglabasanai ir noteikti salidzino$i augsti
izpildes mérki, kas izriet no ES Direktivas 1999/31/EK par atkritumu poligoniem
un Direktivas 2008/98/EK par atkritumiem nosacijumiem. Noteikts, ka apglabat
atkritumu poligonos 2020.gada drikstés tikai 35% no 1995.gada apglabato BNA
daudzuma. Biitiska probléma valsts atkritumu saimniecibas nozaré ir Direktivas
2008/98/EK nosacijums — lidz 2020.gadam ir jarealizé 50% majsaimniecibas
atkritumu parstrade. Lai sasniegtu noteiktos merkus, 2020.gada Latvija bis
japarstrada 530 000 t BNA no prognozetajam raditajam 691 000 t BNA.

Neapstradatu sadzives atkritumu (SA) apglabasana nesp€j nodros§inat augosas
prasibas vides aizsardzibas joma. Atkritumu nozares raditais emisiju apjoms
Latvija 2010.gada sasniedza 5.5% no kopgja tautsaimniecibas nozares radita
siltumnicas efektu izraisoSo gazu (SEG) emisiju apjoma (12 098 Gg CO,
ekvivalenta). ES Direktiva 1999/31/EK par atkritumu poligoniem nosaka, ka
atkritumu pirmapstrade janodroSina visas ES dalibvalstis. Lai samazinatu
apglabajamo  atkritumu daudzumu, Atkritumu apsaimniekoSanas valsts plana
2013.-2020.gadam noteikts, ka visos atkritumu apsaimniekoSanas regionos Iidz
2013.gada beigam bija paredz&ts uzstadit atkritumu mehaniski — biologiskas
parstrades iekartas, paredzot novirzit atkritumus uz kompostésanas, sadedzinasanas
vai citam iekartam, ja nav ieviesta atkritumu SkiroSana to rasanas vietas. Tacu nav
veikti p&tijumi, ne par atkritumu sastavu, ne par tehnologiskiem risinajumiem, lai
iegiitu kvalitativu materialu.
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Viens no risindjumiem, apglabajamo atkritumu daudzuma samazinasana, ir
atskiroto organisko masu izmantot ka kurinamo materialu. Latvija nav pietiekami
pétijumu par sadzives atkritumu parstrades iesp&am, tai skaita no atkritumiem
iegita kurinama (NAIK) razo$anu, kas veicinatu gan valsts ekonomiskos
ieguvumus, gan sniegtu papildinajumu pieejamiem energijas resursiem, nodro§inot
vides kvalitates saglabasanos un talaku paaugstinasanos.

Darba meérkis ir novértét neskiroto sadzives atkritumu mehanisko
pirmapstradi  Latvija un iespgjas alternativa kurinama sagatavoSanai, veicot
sadzives atkritumu sastava izp&ti un tehnologiju analizi.

Petnieciskie uzdevumi
1. Iepazities ar praks€ biezak izmantotam atkritumu paraugu nemsanas metodém

un izstradat piemérotako metodi sadzives atkritumu paraugu nemsSanai

Latvija.

2. Izpetit sadzives atkritumu sastava izmainas atkariba no izmériem un sadzives
atkritumu sastavu péc mehaniskas pirmapstrades, noteikt atdalito sastavdalu
parametrus (zemakais sadegSanas siltums, mitrums, pelnu daudzums,
ogleklis, slapeklis, idenradis, sérs, hlors, metali), ka arT novertét to lietderibu
alternativa kurinama sagatavosanai.

3. Novertét sadzives atkritumu mehaniskas pirmapstrades tehnologiju
izmanto$anas ietekmi uz vidi Latvija, izmantojot matematisko modelésanu.

4. Izpétit sadzives atkritumu mehaniskas pirmapstrades tehnologiju
izmantoSanas ekonomiskas prieksSrocibas un truokumus Latvija, izmantojot
izmaksu analizi un transporta logistiku optimalam 8kiroSanas Iiniju
izvietojumam.

5. Izstradat ieteikumus sadzives atkritumu izmantoSanai alternativa kurinama
sagatavoSanai Latvija, pamatojoties uz pétfjuma rezultatiem un literatiras
izvertg§jumu par neSkiroti savaktu atkritumu pirmapstrades tehnologiju
izmanto$anu atkritumu apsaimniekosana.

Darba struktiira pakartota pétnieciskajiem uzdevumiem (0.1.att.).
Promocijas darbs ir uzrakstits latvieSu valoda un sastav no ievada, tris nodalam,
secindjumiem, ieteikumiem, literatliras saraksta, 28 att€liem, 37 tabulam, 15
formulam. Literattras saraksta ir 167 avoti. Kopsavilkuma nav ieklauta literatiiras
apskata nodala un literatiiras saraksts.

[ NWeikiroto sadzives athritumu mehinisks prmapstrEde ]

PatTjumm
metodes
noteikiana

Eksperimentalie Matematiska Ekonomiskie
pELumi modelEzana aprekim

unizspfas altemativd kurmim3

—— _ — T —

[ Ietetbumi szdzfves athritumu mmantodma altemafivE kurm3mI szgatavoiana Latvgd ]

0.1.att. Promocijas darba struktiira



Darba zinatniska novitate

Pirmo reizi Latvija pé&tits sadzives atkritumu sastavs péc atkritumu izmériem.

Pirmo reizi Latvija pétits neskiroto sadzives atkritumu sastavs un pasibas, lai
novertétu to atbilstibu  atkritumu kurinama razoSanai, péc to mehaniskas
pirmapstrades.

Pamatojoties uz standartmetozu noteiktam atseviskam ricibam ar
atkritumiem, izstradata kop&ja paraugu nemsanas metode atkritumu sastava
noteik$anai atkritumu poligonos un mehaniskas pirmapstrades centros Latvija.

Analizgti ietekmes uz vidi scenariji papildinataja programmrika WAMPS 1.0
(Waste Management Planning System) vidg, atkritumu apsaimniekoSanas attistibai
Latvija, pamatojoties uz neSkirotas sadzives atkritumu masas mehaniskas
pirmapstrades analizi, kas Iidz §im valsti nav veikts.

Novertetas neskiroto atkritumu mehaniskas SkiroSanas Iinijas pec masas
pluismas analizes, iekartu ekspluatacijas izmaksam un atkritumu transporteé$anas
izmaksam Latvija.

Pamatojoties uz pétijumu rezultatiem, izstradati ieteikumi neskiroto sadzives
atkritumu izmantos$anai kurinama sagatavosanai.

Petijuma praktiskais pielietojums

P&tljuma rezultati ir nozimigi Latvijas atkritumu saimniecibas nozares
plano$anai, atkritumu regeneracijas attistibai, siltumnicefektu izraiso$o gazu
emisiju samazinasanas plano$anai, ES prasibu izpildes poligona apglabajamo BNA
daudzuma samazinaSanas kontrolei un atkritumu apsaimniekoS$anas politikas
planosanas dokumentu un normativo aktu pilnveidei.

PROMOCIJAS DARBA REZULTATU APROBACIJA

Promocijas darba rezultati ir ieklauti: piecas publikacijas citétajas datu bazes,

11 publikacijas starptautiskajos zinatnisko konferencu rakstu krajumos, tris

publicé$anai iesniegtas publikacijas, ka ari viena publikdacija zinatniskas

konferences kopsavilkumu krajuma un monografijas “Atjaunojamie energoresursi
un to izmantoSana Latvija” 8. nodala. P&tijjuma rezultati prezentéti 18 zinatniskajas
konferencés, no kuram 16 starptautiska méroga, un tris atkritumu nozares
seminaros.

Zinatniskas publikacijas (citétas datu bazes)

1. Arina, D., Kalnacs, J., Grehovs, V., Grigale, D., Murashovs, A., Orupe, A.
Characterization of ash from the organic part of municipal solid waste,
Latvian Journal of Chemistry, No 4, 2012, pp.363-368, DOI:
10.2478/v10161-012-022-y (ind. Versita)

2. Arina, D., Orupe, A. Characteristics of Mechanically Sorted Municipal
Wastes and Their Suitability for Production of Refuse Derived Fuel.
Environmental and Climate Technologies, 2012, N 8, pp.18-23, DOI:
10.2478/v10145-012-0003-0 (ind. EBSCO)
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1. MATERIALI UN METODIKA

Nodala ir aprakstita izstradata metode atkritumu paraugu nemsanai, paraugu
Tpasibu noteikSanai izmantotas kimisko un fizikalo analizu metodes, datu statistiska
apstrades metodes, pétjuma izmantoto Latvijas mehaniskas pirmapstrades
tehnologiju raksturojums un izvélétas ietekmes uz vidi noveértésanas apraksts.

Pirmapstrades tehnologiju izmaksas aprékinatas, izmantojot Microsoft Excel
programmriku un transportéSanas attalumi noteikti, izmantojot SIA ,Japa s€ta”
karsu parlaku.

Rezultatu datu apstradei tika izmantotas aprakstosas statistikas metodes,
nosakot datu kopu videja aritmétiska, mazakas un lielakas, standartnovirzes,
standartklidas un variacijas koeficienta vertibas. Lai parbauditu eksperimentalos
petijumos iegiito datu (empiriska sadalfjuma) atbilstibu normalam sadalijumam un
noteiktu talak datu apstradeé izmantojamas parametriskas vai neparametriskas
metodes, tika izmantots ,,Shapiro-Wilk” tests. Datu statistiskai analizei izmantoti
SPSS 17.0 programmriki — T-tests un Dispersijas analize.

1.1. Izstradata atkritumu paraugu nemsanas metode atkritumu poligonos un
SkiroSanas centros

Pamatojoties uz standartmetozu noteiktam atseviskam ricibam ar
atkritumiem, ir izstradata kop&ja paraugu nemsanas metode, lai novertetu poligona
un atkritumu S$kiroSanas centra ieejoSo SA morfologisko sastavu, izmantojot
Latvijas Standartus LVS EN 14899:2011; LVS EN 15002:2006; LVS EN
15443:2011; LVS CEN/TS 14779; 14778-1; 14780; LVS CEN/TR 15310-1;
15310-2; 15310-3; 15310-4; 15310-5, ,Nordtest” metodi ,,NT ENVIR 0017,
MODECOM ADEME metodi un ASTM D5231-92.

Ta ka sadzives atkritumi ir neviendabigi, tad, lai iegltu ticamu vidgjo
atkritumu sastavu atspogulojoSu paraugu, tika izmantota izlases karta veikta
atkritumu paraugu nemsana — poligona izvéléta speciala atkritumu krava no
zinamiem atkritumu raditajiem noteikta teritorija, noteikta atkritumu uzkrasanas
laika. Izlases karta nemti paraugi pilnigi atspogulo populaciju, un paraugos ir
ietverti visi atkritumu materialu veidi, kas raksturigi konkrétai populacijai.

Parauga sagatavosana veikta ar ,,grabSanas” metodi, t.i., ar frontalo ickravéja
kausu sagrabjot atkritumus no izlases karta noteiktam kravas vietam (no pretgjam
pusém, dazados limenos). Parauga svars aptuveni 100-200 kg. Talak paraugs
manuali $kirots p&c atkritumu veidiem — papirs/kartons, biologiskie atkritumi,
plastmasa, higi€nas atkritumi, tekstilijas, gumija/ada, koksne, metals, inertie,
bistamie, stikls, smalka frakcija. Katra saSkirota atkritumu dala nosverta un
registréta datu lapa. Aprekinats atkritumu ipatsvars, kas izteikts procentos.

11



1.2. Atkritumu paraugu npemsanas metode atkritumu sastava noteikSanai
péc atkritumu izmériem

Lai prognozetu kads biis atkritumu sastavs pec atkritumu sijasanas iekartu
izmantoSanas, lai efektigak atglitu otrreizgji izmantojamos materialus un materialus
no atkritumiem iegiita kurinama razosanai, tika veikta neskiroto sadzives atkritumu
paraugu sastava eksperimentala noteik$ana, izmantojot sijasanu ar sietiem.

Paraugi tika nemti vasara p&c ieprieks aprakstitas paraugu nemsanas metodes
no tris kravas automasinam ar ,,grabSanas” metodi. Katrs paraugs tika izsijats
eksperimentalam pétijjumam speciali pagatavota kustama (turp-atpakal kustiba)
sijasanas iekarta, kas sastav no tris horizontali novietotiem sietiem. Virsgja sieta
spraugu izméri (d) ir 300x300 mm, vid&ja 150x150 mm un apak$gja sieta spraugu
izmeri ir 70x70 mm.

1.3. Pétamo atkritumu paraugu nemsanas metode péc mehaniskas
pirmapstrades

Atkritumu paraugu nemsanas metode péc atkritumu $kiroSanas, izmantojot
mehaniskas $kiro$anas Iinijas, tika piemérota, lai izpé&titu saskiroto atkritumu
frakciju daudzumu, sastavu un TpaSibas, lai novértétu to lietderibu kurinama
sagatavoSanai no atkritumiem, ka ari, lai varétu noskaidrot apglabajamas biologiski
sadalamas atkritumu dalas samazindgjumu un regeneracijas pieaugumu, saskana ar
planotiem atkritumu apsaimnieko$anas mérkiem.

Paraugi tika nemti periodiski Cetros gadalaikos — katra sezona izlases karta
izveloties vienu kravu. Katra krava tika nosverta, tad p&c mehaniskas
pirmapstrades procesu atkritumu materialu plismas shémas, katra saSkirota
frakcija nosveérta un izrékinats katras frakcijas procentualais sadalfjums krava. Tika

nemti vienu reizi vasara. Atkritumi tika izsijati divas dalas: rupja frakcija (no
slidosa konveijera), smalka frakcija (zem sieta). Ta ka vizuali atSkiras smalkas
frakcijas sadalfjums izbirstot cilindra sieta sakuma un beigas, tad smalkas frakcijas
paraugi tika pagemti atseviski — gan no cilindra sieta sakuma (smalka-1 frakcija)
gan beigam (smalka-2 frakcija). Papildus, sesiem no atkritumiem iegtita kurinama
(NAIK) materialu paraugiem (p&c smalcinasanas posma) tika pievienoti aptuveni
10-20% daliti vakti plastmasas materiali un tekstilmateriali.

Laboratorija katrs paraugs tika zavéts, sverts, noteikts morfologiskais sastavs,
aprekinats atkritumu Tpatsvars, kas izteikts procentos. AtSkirotie SA veidi:
papirs/kartons; stikls; plastmasa; higiénas atkritumi; metals; inertie; tekstilijas;
koksne; gumija/ada; bistamie; BIO (biologiskie — virtuves, zalie) atkritumi; dazadi
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smalkie atkritumi (<10 mm). Atkritumu paraugiem, izmantojot atticcigus

standartus, noteikti $adi raditaji:

. mitrums (%) - LVS EN 15414-3:2011;

«  sadegganas siltums (zemakais, MJ*kg™) - LVSEN 15400:2011;

. hlora saturs (%) - LVS EN 15408:2011;

. séra saturs (%) - LVS EN 15408:2011;

. pelnu saturs (%) - LVS EN 15403:2011;

. mikroelementu (As, Ba, Be, Cd, Co, Cr, Cu, Hg, Mo, Mn, Ni, Pb, Sh, Se, TI,
V un Zn) saturs - LVS EN 15411:2012;

. makroelementu (Al, Ca, Fe, K, Mg, Na, P, Si, Ti) saturs - LVS EN
15410:2012;

. C, H, N (%) - LVS EN 15407:2011,

*  degradgjamais organiskais ogleklis (DOC) (%) - LVS EN 13137:2005.

1.4. Pétijjuma izmantoto mehaniskas pirmapstrades tehnologiju raksturojums

Tehnologiju darbibas novértésana tika veikta pirmajam divam Latvija
darboties sakusam mehaniskas pirmapstrades (MP) Iinijam, kuras izmanto rot€joso
disku sijataju  un rotgjoso cilindra sijataju. Ziemelvidzemes atkritumu
apsaimniekoSanas regiona atkritumu apglabasanas poligona ,,Daibe” pirmapstrades
centra darbibas jauda ir 30 000 t atkritumu gada. Skiro$anas Iinija ir atkritumu
separatoriem. Pirma NAIK (no atkritumiem iegiita kurinama) razo$anas centra
Latvija (atrodas Brocénu novada atkritumu Skiro$anas un parkrauSanas stacija
“Vibsteri”) darbibas jauda ir 22 000 t sadzives atkritumu gada. P&c smalkas
frakcijas atSkiroSanas un metala atdaliSanas, atkritumi tiek talak novirziti uz
manualas SkiroSanas kabini, kur ar roku darbu atdala otrreiz€ji parstradajamos
materialus — PET, stiklu un krasaino metalu, ka arT NAIK razoSanai nevélamos
piejaukumus, proti, PVC, kiegelus, akmenus, partikas un bistamos atkritumus.

Skirosanas linijam tika novértsta atkritumu $kiroSanas procesa plismas
shéma un masas bilance (1.1. un 1.2.att.), nemot véra apstradajamo atkritumu
morfologisko sastavu (1.1.tabula) un iekartu veidus.
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Mehaniski apstradajamais neSkiroto SA sastavs (svara %0)

1.1.tabula

. _ Apzime- Ar disku sijataju apstradajamie atkritumi*, % Ar cilindru
Atkritumu sastava komponentes . - e
Jjums Vasaras Ziemas Rudens | Pavasara sijataju, %
Organiskie vai vieglie atkritumi
Biologiskie, smalkie <20 mm X1 75.7 68.3 64.9 70.2 59.0
Papirs X5 2.2 1.4 55 1.8 5.7
Kartons X3 14 6.0 3.0 3.3 4.3
Plastmasas X4 9.6 10.0 12.0 8.7 11.5
Tekstils, ada, gumija Xs 4.4 4.6 3.8 6.1 4.4
Citi atkritumi Xs 0.9 0.4 1.6 0.3 1.7
Koksne X 0.3 0.4 0.2 0.1 2.2
Neorganiskie vai smagie atkritumi
Stikls Xs 3.2 6.1 6.9 5.4 55
Metali X 0.5 1.4 1.4 2.0 1.3
Aluminijs X0 0.2 0.6 0.5 0.4 2.3
Skards X1 1.3 0.0 0.1 0.0 0.3
Inertie X1z 0.6 0.9 0.3 1.8 1.9

*dati no SIA ,,ZAAO”




Nesgkirotie sad7zives atkritumi

T (tonnas/diena)
A 4

Manuala pirm-8kiroSana —» Lielie atkritumi T;=a T

ln

Smalcinatajs o  Mitruma zudums Ts= M;

ln

Magnétiskais atdalitajs

—> Metali T5: Y (M9+M11)

v To

A 4
Magneétiskais T;=¢Ts
atdalitajs €=00;
A 4
Magneflﬁl.(als
atdalttajs Te=nTs Metsli
etali
v =
n=C0& Ti= 1
Kurinama Metili (M"g*M"11)
;fizosa?al Tio= K (M'g+M 1)
9= 11g o
=00, . KomposteSanai
Poligona

12
. =S
T12 = ZM\i i=1
i=1

Avots: Autores veidots

1.1.att. Atkritumu pirmapstrades linijas procesu atkritumu pliasmas shéma
Ziemelvidzemes AAR poligona ,,Daibe”
Apzim&jumi: T, Ty,.... — Katra apstrades posma ienakosa materialu masa vai atglito materialu masa;
materialu atgtiSanas koeficienti — a; B; y; 8; 81; € 5 13 m; 05 i A
M;" — atkritumu komponentes i daudzums, kas nonak poligona;
M;™" — atkritumu komponentes i daudzums, kas nonak kompostésana.
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Ne&kiratie ead7ives atkritimi

l T (tonnas/diena)

Manuala pirm-SkiroSana [ | jelie atkritumi T;=a T

A 4 T2

Smalcinatajs/maisu uzplesgjs [—» Mitruma zudums Ts= M;

b

Cilindra sijatajs > Smalka frakcija Ts= 0 Ty

d=cg
12
Te = Z M;
i=1
v

Magngtiskais atdalitajs —>

Metali T7: Y (M9+M11)

Tg BlOlOngkIe Tbiol.z (; Ml
A 4 St|k|s Tsliklsz n Mg
Manuala $kirosana —>  Metals T =6 Mo
Aluminijs Taym. =1 My
Skards Tygq=« My

12
Ty = Z M Inertie Tipe =2 My,
i=1

h 4 Mitruma zudums Ty;= p M;
—>

Ts

P&c-smalcinatajs

12
l S Ty, = § My
Kurinamais e

1=

Avots: Autores veidots

1.2.att. Pirmapstrades prosesu atkritumu plismas shéma SkiroSanas stacija

, Vibsteri”

Apzim&jumi: T, Ty,.... — katra apstrades posma ienakosa materialu masa vai atgiito materialu masa;
materialu atgtiSanas koeficienti — a; B;y; 8; 815 € & C ;13 0, GG A, 1y v;
M; — atkritumu sastava komponentes i daudzums rupjaja frakcija
M’ — atkritumu sastava komponentes i daudzums, kas nonak p&c-smalcinataja posma
M;™" — atkritumu komponentes i daudzums kurinamaja materiala.
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1.5. Sadzives atkritumu mehaniskas pirmapstrades tehnologiju izmantoSanas
ietekmes uz vidi novertesana

Atkritumu apsaimnieko8anas procesu ietekmes uz vidi noveérté$anai izmantota
Zviedrijas Vides institata izstradata simulacijas programmrika WAMPS 1.0 (Waste
Management Planning System) atjaunota vide (1.3.att.), kas pamatojas procesu
dzives cikla analizé. Atkritumu apsaimnieko$anas scenariju radita ietekme uz vidi
noverteta, nosakot emisijas gaisa, Gdeni un uz zemes, energijas un materialu
plismu. WAMPS ir ietverti atkritumu apsaimnieko$anas procesi un pamatsistéma.
Apréekini veikti péc formulas (1.1.).

E,=E,-E, (1.1)

kur, E, — novérsto emisiju daudzums (t*gadﬁ'l);
E. — apsaimniekoSanas procesos raditais emisiju daudzums (t*gada™);
E, — pamatsistémas raditais emisiju daudzums (t*gada-1).

Katrai siltumnicefektu izraisoSai gazei ir savs klimata parmainu potencials un
to izsaka oglskabas gazes (CO,) ekvivalents. Eitrofikacijas potencialu raksturo ar
0, ekvivalentu, paskabinasanas potencialu raksturo ar SO, ekvivalentu, bet foto-
oksidantu kimisko veidoSanos raksturo C,H, ekvivalents. Pamatsistéma ietver
siltuma un elektroenergijas razo$anu, degvielas, mineralméslu, aluminija, stikla,
u.c. materialu razoSanu, kas rada noteikta daudzuma emisijas. Pozittvs aprékinu
rezultats parada, ka apsaimniekoSanas process rada lielaku ietekmi uz vidi neka
pamatsistéma.
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1.3.att. Programmrika WAMPS 1.0 vidé modeléjama atkritumu saimniecibas procesu shema
Avots: Autores adaptéta no: wamps.ivl.se/prod.



2. REZULTATI UN DISKUSIJA

2.1. Sadzives atkritumu paraugu eksperimentalas SkiroSanas rezultati,
izmantojot sietu analizi

Pirms mehanisko pirmapstrades iekartu darbibas novértésanas, tika veikts
eksperimentalais pétljums, izmantojot neskiroto sadzives atkritumu sijasanu péc
izmériem ar sietiem (sietu metodi), bez atkritumu smalcinaSanas. P&tfjjuma
rezultata 2.1.att€la redzams, ka sagrupgjot atkritumus frakcijas pec sietu izmeriem,
visas apskatitajas frakcijas ir biologiskie atkritumi (attiecigi 10%; 15%; 17% un
15%), kas liecina, ka mehaniska sijasana nesniedz iesp&ju atsijat otrreizgji
izmantojamos materialus bez biologisko atkritumu piemaisijumiem. Savukart,
papirs un plastmasa vairak izsijajas pirmajas trijas lielaka izm@ra atkritumu
frakcijas. Lai efektivi atSkirotu otrreizgji izmantojamos materialus, liela nozime ir

maisini palielina piejaukumu saturu, 1pasi lielaka izmera atkritumu frakcija.

70
60 —
50 —
40 —
30

20 |
10 AII - - —
0 | | | -I -

>300 mm 150 mm -300 70 mm-150 mm <70 mm

%

mm
u Papirs m Plastmasa m Tekstilijas Stikls
m Koksne Higiénas m Metals mEEIA
Bistamie BIO Dazadi ® Inertie

Avots: Autores veidots.
2.1.att. Sadzives atkritumu Skiro$anas rezultati, izmantojot eksperimentalo
sietu analizi (%)

2.2. Pirmapstrades tehnologiju $kiro$anas procesa raksturojums

Atkritumu materialu plismas analizes rezultata noteiktie materialu atgfiSanas
koeficienti divam pétitam $kiro$anas linijam doti 2.1. un 2.2. tabula.

Atgusanas koeficienti (y), (A) un (x) metala atgiiSanai p&€c magnétiskiem
atdalitajiem atseviski nav noteikti, bet ir noteikta metala atgiiSanas koeficientu
summa (y+A+k). Eksperimentalie dati rada, ka lielakais atkritumu masas Ipatsvars
ir vidgjai frakcijai. Otra lielaka atkritumu dala ir smalka frakcija, kas ir 30-41% no
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kopgjas atkritumu masas, kas potenciali bitu izmantojami parstradei ar
biologiskajam metodem.

2.1.tabula
a pirmapstrades linijas materialu atgasanas koeficienti
neskirotiem sadzives atkritumiem

.....

Frakcijas | Vasara | Rudens | Ziema Pavasaris Vidgjais St.klada
Rupija frakcija (1) 025 | 0.20 0.19 0.21 0.22 +0.013
Vidgja frakcija (n) | 0.43 | 0.41 0.41 0.35 0.40 +0.019
Smalka frakcija (¢) | 0.30 0.36 0.36 0.41 0.35 +0.023
Metals (y+A+x) 0.02 0.03 0.04 0.03 0.03 +0.004

Metals ir tikai 3%. Ta ka atdalitajam metalam ir ari piejaukumi, tad
nepiecieSama papildus apstrade, lai atdalitu nosaciti tiru otrreizgji izmantojamu
materialu.

2.2.tabula

sadzives atkritumiem

Frakcijas Koeficients
Smalka (organiska) frakcija (<60 mm) (8) 0.45
Metala frakcija (y) 0.02
Rupja dedzinama (NAIK) frakcija (v) 0.53

Rupja frakcija ir 53%, kas ir potenciali deriga NAIK razoSanai. P&c rupjas
frakcijas manualas SkiroSanas tiek atkiroti 2% inertie atkritumi un citi kurinamam
nelabveligie materiali, 1% stikla atkritumi, 1% biologiskie atkritumi un 1% metala
(metals, aluminijs, skards), ka arT Skiro$anas procesa rezultata veidojas aptuveni
3% masas zudumi (NAIK materials ir 45%).

2.2.1. Atskiroto sadzives atkritumu raksturojums SkiroSanas procesa,
izmantojot disku sijasanas iekartas

P&c pirmapstrades procesa saskiroto atkritumu rupjas frakcijas (atkritumu
izmérs >80mm) sastavs raksturojas (2.3.tabula) ar saméra lielu papira un kartona
(40%) un plastmasas (38%) daudzumu, kas parsvara ir iepakojums. ST frakcija ir
vispiemeérotaka kurinama razoSanai. Rupjas frakcijas biomasas saturs ir ~54%, kas
atbilst pielaujamam biomasas daudzumam (>50%) kurinamaja materiala cementa
razoSanai. Vidgja frakcija (atkritumu izmérs 25-80mm) raksturojas ar lielu
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atkritumu sastava daudzveidibu. Tas biomasas saturs ir ~49%, kas ir pietiekami, lai
izmantotu tiesai atkritumu sadedzinaSanai.

2.3.tabula

Atkritumu frakciju vidéjais morfologiskais sastavs (sausas masas %) péc
mehaniskas Skirosanas ar disku sijataju

Atkritumu veidi Rupja frakcija Vidgja frakcija Smalka frakcija
(%); standartklida | (%); standartklada | (%); standartkltida
Papirs, kartons 39.5+£2.90 23.9+1.73 2.4+0.16
Plastmasas 38.7+2.84 24.5+1.55 2.1+0.19
BIO atkritumi 0.7+0.17 6.6+0.85 12.3+1.38
Smalkie (<10 mm) 3.240.63 6.3+0.69 43.7+2.01
Higiénas 5.1+0.99 7.1£1.06 0.7+0.12
Tekstilijas 5.5+1.27 4.0+£0.81 0.1+0.03
Gumija, ada 4.1+£1.32 3.4+1.34 0.1+0.02
Koksne 1.1£0.47 3.6+0.86 0.5+0.10
Metals 1.5+0.35 3.5+0.66 0.5+0.15
Stikls 0.2+0.08 9.1+1.17 32.1+1.86
Inertie 0.4+0.33 8.1£1.66 5.5+0.52

Smalkas frakcijas (atkritumu izmérs <25mm) sastava vidéji 48% ir biologiski
noardama materiala (virtuves atkritumi, zalie darzu un parku atkritumi, ar7 dalgji
sadalijies papirs) un citi Smalki neorganiskie materiali, ka arT aptuveni 38% stikls,
keramika un iezi.

P&c datu normaliz&Sanas, pienemot, ka kopgja katra atSkirota atkritumu veida
masa ir 1 un ievérojot izsijato atkritumu frakciju sadalijumu, 2.2.att€la redzams, ka
péc sijasanas rupjaja frakcija nonak papirs un Kkartons (robezas no 33-55%),
plastmasas (robezas no 40-46%), tekstilijas (robezas no 37-75%) un gumija un ada
(robezas no 21-82%). Izmantojot rupjo frakciju, ir iesp&jams samazinat
apglabajamo biologiski noardamo atkritumu (BNA) daudzumu par 23%.

Vidgja frakcija izsijajas lielaka dala (~ 77%) koksnes materialu un vid&ji 61%
higiénas atkritumu, ka arT iev€rojama dala (50%) papira un kartona, 53%
plastmasas, 50% tekstilijas, 55% gumija/ada, 51% inertie un 40% biologiskie
atkritumi. Atsijajot vidgjo frakciju var panakt ~39% apglabajamo BNA
atSkiroSanu.

Smalkaja frakcija nonak lielaka dala (vid&ji 74%) stikla un vidgji 83% dazadu
smalko atkritumu, ka arT vid&ji 57% biologiskie atkritumi un ~ 43% inertie.
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Izmantojot smalko frakciju var samazinat apglabajamo BNA daudzumu par

~38%.

Dazadi smalkie (<10mm)
BIO (virtuves, zalie)

Inertie | l ‘ ‘
Stikls ;
Metils s ‘

Koksne |

Gurmnija, ada
Tekstilijas

Higiénas

Papirs, kartons

Avots: Autores veidots.
2.2.att. Atkritumu veidi frakcijas, izmantojot disku sijataju (sausas masas %)

I

;
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Smalka frakcija ®Videja frakeija WRupja frakeija

40%

60%

80%
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2.4.tabula dotie dati rada, ka mitrums kurinama razoSanai potenciali derigaja
rupjaja atkritumu frakeija ir atbilstoss (<25%) tikai pavasara frakcijai.

»CEMEX?” prasibas kurinama kvalitatei

2.4.tabula
Atkritumu paraugu vidéjie raditaji péc disku sijataju izmanto$anas un SIA

. Mitrums, Qzem™, Pelni, S, N, C, H,

Frakcijas % MJ*kg ! % Cl, % % o% % %
Rupja
vasaras 43 13 17 11 0.2 0.2 | 525 | 6.0
rudens 36 13 19 2.2 0.2 0.3 | 408 | 5.9
ziemas 36 20 8 0.2 0.1 02| 499 | 76
pavasara 24 14 9 0.3 0.3 0.2 | 56.1 | 8.7
Vidgja
vasaras 49 11 15 4.1 0.3 0.3 | 490 | 6.1
rudens 48 8 32 0.7 0.2 04 | 523 | 7.2
ziemas 43 11 33 1.7 0.3 0.3 | 69.2 | 47
pavasara 30 15 12 0.5 0.9 03 | 603 | 7.3
Smalka
vasaras 49 7 46 2.0 0.2 18 | 33.7 | 49
rudens 44 3 63 0.2 0.2 14 | 33.7 | 46
ziemas 49 5 65 0.3 0.2 14 | 30.0 | 4.2
pavasara 26 7 79 0.1 0.2 14 | 350 | 5.7
CEMEX <25 >16 <15 <0.8 <1 - - -

*Q.em- zemakais sadeganas siltums
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Frakciju parametriem raksturiga ievérojama datu izkliede. Mitrums
analiz&jamajos paraugos vari€ja rupjaja frakcija robezas no 12-62%, vidgja frakcija
20-63% un smalkaja frakcija 22-63%. Mitrums pavasari ievérojami atskiras no
mitruma vasara rupjaja frakcija, vasaras, rudens un ziemas vidgja frakcija, gan
vasaras, rudens un ziemas smalkaja frakcija (o = 0.05, ANOVA analize). Tas
skaidrojams ar klimatiskiem apstakliem Latvija — pavasarm raksturigi sausaki
klimatiskie apstakli.

Pelnu saturs analiz€jamajos paraugos vari¢ja rupjaja frakcija robezas no 6-
23%, vidgja frakcija 8-38% un smalkaja frakcija 34-82%. Augstais pelnu
procentualais saturs rupjaja frakcija vasara un rudeni skaidrojams ar atkritumu
sastavu — papira un kartona daudzumu $aja frakcija, savukart smalkaja frakcija ir
smilts un citi nededzinamie materiali. Zemakais sadegSanas siltums
analiz&jamajiem paraugiem varigja rupjaja frakcija robezas no 11-23 MJ*kg™,
vidgja frakcija 6-16 MJ*kg™ un smalkaja no 2-9 MJ*kg™. Augstaka sadegganas
siltuma vertiba rupjaja frakcija skaidrojama ar plastmasas daudzumu frakcija, jo
plastmasa satur lielu dalu oglekla, mazu pelnu daudzumu un nelielu mitrumu.
Hlora saturs rupjaja frakcija varija robezas no 0.1-2.6%, vidgja frakcija 0.4-4.9%
un smalkaja frakcija 0.0-2.2%. Hlora daudzums rupjas frakcijas paraugos
skaidrojams ar plastmasu un papira sastavu, savukart videja frakcija ar plastmasas,
tekstiliju un papira sastavu. Organisko hloru satur galvenokart PVC un tekstilijas.
Séra daudzums ir relativi mazs un starp frakcijam butiski atSkiras tikai vidgjai
pavasara frakcijai, kas skaidrojams ar atkritumu sastavu paraugos. S€ra saturs
rupjaja frakcija vari€ja robezas no 0.0-0.3%, vidgja frakcija 0.1-1.1% un smalkaja
frakcija 0.1-0.3%. Slapekla saturs rupjaja frakcija vari€ja robezas no 0.1-0.3%,
vidgja frakcija 0.2-0.8% un smalkaja frakcija 1.4-1.8%. Oglek]a saturs rupjaja
frakcija vari€ja robezas no 40.0-56.1%, vid&ja frakcija 44.3-85.0% un smalkaja
frakcija 28.6-36.2%. Udenraza saturs rupjaja frakcija variéja robezas no 5.7-10.5%,
vidgja frakcija 1.1-10.2% un smalkaja 4.0-5.9%.

Rezultati rada, ka rupjas frakcijas ipasibu vidéjie raditaji neatbilst cementa
razoSanai izmantojama kurinama prasibam neviena sezona, bet rupja un vidgja
frakcija ir atbilsto$a sadedzinaSanai atkritumu dedzinasanas riipnicas.

Novertgjot negativo ietekmi uz vidi, apglabajot neSkirotus sadzives
atkritumus poligona, tiek noteikta biologiski noardama organiska oglekla (DOC)
dala atkritumos. Pamatojoties uz noteikto oglekla daudzumu atkritumu frakcijas
un noteikto frakciju morfologisko sastavu, iegtitic DOC dalas dati rada (2.5.tabula),
ka lielaka DOC dala mehaniski apstradatos atkritumos ir vid€jai frakcijai, t.i., ja So
atkritumu frakciju apglaba poligona, tad biologiski noardamais organiskais ogleklis
apglabajamos atkritumos ir vidgji 37%. Vidgji 31% DOC ir smalkaja frakcija,
savukart rupjaja frakcija vidgji ir 19% biologiski noardamais organiskais ogleklis.
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2.5.tabula
Biologiski noardamais organiskais ogleklis tris frakcijam (%0)

Frakcija TC* TIC** TOC*** FCwxx DOC
Rupja
vasaras 525 0.01 525 28.3 24.2
rudens 40.8 0.02 40.8 24.2 16.5
ziemas 499 0.02 499 41.2 8.7
pavasara 56.1 0.01 56.1 29.4 26.7
Vidgja
vasaras 49.0 0.01 49.0 21.1 27.9
rudens 52.3 0.04 52.3 16.0 36.3
ziemas 69.2 0.02 69.2 235 45.6
pavasara 60.3 0.02 60.3 19.9 40.4
Smalka
vasaras 33.7 0.002 33.7 0.8 32.9
rudens 33.7 0.02 337 1.7 31.9
ziemas 30.0 0.02 30.0 2.8 27.2
pavasara 35.0 0.03 35.0 1.9 33.1

*TC — kopgjais ogleklis;

**TIC — kopgjais neorganiskais ogleklis;
***TOC — kopgjais organiskais ogleklis;
****EC — fosilais ogleklis.

2.2.2. Atskiroto sadzives atkritumu raksturojums SkiroSanas procesa,
izmantojot cilindru sijasanas iekartas

Abu smalko frakciju izsijatais atkritumu sastavs cilindra sieta sakuma
ievérojami atSkiras no atkritumu sastava cilindra beigu dala (2.6.tabula).

Papira un plastmasas sastavs ,,smalka-2” frakcija lielaks neka ,,smalka-1”
frakcija. Smalkie atkritumi (<10mm) efektivak atsijgjas cilindra sakuma (91%)
neka cilindra beigas — tikai 16%. Rupjas frakcijas biomasas saturs ir ~53%, kas
atbilst pielaujamam biomasas daudzumam (>50%) kurinamaja materiala cementa
razosanai.

P&c datu normalizgsanas, pienemot, ka kopgja katra atSkirota atkritumu veida
masa ir 1 un ievérojot izsijato atkritumu daudzuma proporcijas (2.3.att.) rupjaja
frakcija nonak vidgji 78% no papira un kartona, 84% no plastmasas, 79% no
tekstilijam, 80% no gumijas un adas atkritumiem un 80% no koksnes. Smalkaja
frakcija (kopa “smalka-1” un “smalka-2") visvairak izsijajas biologiskie atkritumi
(vidgji 88%), stikls (83%) un inertie (81%), ka arT smalkie atkritumi (57%) un
higiénas atkritumi (55%). Rupjaja frakcija nonak ~55% no biologiski noardamiem
atkritumiem, bet smalkaja frakcija ~45%.
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2.6.tabula
Vidgjais sastavs péc mehaniskas $kiroSanas ar cilindra sietu
(%, sausas masas)

Atkritumu veidi (%I;;ugjngi&if;da (So}SaliiZnﬁZfﬁﬂéaa (fiﬁalﬁinigffﬁﬂﬁ
Papirs, kartons 25.8+1.69 6.2+0.53 18.5+£2.41
Plastmasas 24.84+2.23 4.34+0.56 9.9+1.38
BIO atkritumi 0.6£0.32 13.6£1.55 17.2+2.60
Smalkie (<10mm) 26.0+2.16 40.1+3.59 15.6+2.34
Higiénas 2.4+0.56 1.8+0.42 10.3+1.55
Tekstilijas 8.9£1.72 1.4+0.30 5.4+1.35
Gumija, ada 3.9+0.93 0.9+0.38 2.2+0.84
Koksne 5.3+0.99 1.1+0.27 3.1£0.68
Metals 0.7+0.26 2.1+1.26 2.2+0.65
Stikls 0.4+0.12 21.5+3.24 11.1£1.90
Inertie 1.3+0.66 7.1£1.09 4.4+1.84

Inertie
Stikls
Metals
Koksne
Gumija, ada

[l—
—
==
—
Tekstilijas |
Higiénas
Dazadi smalkie (<10mm)
=]

BIO (virtuves, zalie)
Plastmasa
Papirs, kartons

|

0% 20% 40% 60% 80% 100%
B 3malka frakcija BRupja frakcija

Avots: Autores veidots.
2.3.att. Atkritumu veidu saskiro$anas frakcijas, izmantojot cilindru sijataju
(sausas masas %)

Atkritumu paraugu analizu rezultata iegitie vidgjie raditaji (2.7.tabula)
parada, ka kurinama raZoSanai potenciali izmantojamai rupjajai frakcijai mitrums
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vasard par 6% parsniedz pielaujamo mitruma limitu. Vasara mitrums ir bitiski
atSkirigs (P<0.01) starp visam trim frakcijam (p&c vienfaktora analizes). Pargjie
raditaji atbilst kurinama kvalitates prasibam. Mitrums analiz€jamajos paraugos
vari€ja rupjaja frakcija robezas no 26-35%, smalkaja-1 frakcija 31-48% un
smalkaja-2 frakcija 43-57%. Pelnu saturs vari€ja rupjaja frakcija robezas no 10-
17%, smalkaja-1 frakcija 54-77% un smalkaja-2 frakcija 20-47%, savukart
zemakais sadegianas siltums varigja rupjaja frakcija robezas no 12-20 MJ*kg™,
smalkaja-1 frakcija 3-7 MJ*kg™ un smalkaja-2 no 4 lidz 8 MJ*kg™. Hlora saturs
rupjaja frakcija varigja robezas no 0.2-1.0%, smalkaja-1 frakcija 0.0-0.7% un
smalkaja-2 frakcija 0.0-0.6%. Seéra saturs rupjaja frakcija vari€ja robezas no 0.0-
0.5%, smalkaja-1 frakcija 0.0-0.3% un smalkaja-2 frakcija 0.0-0.4%. Slapekla
saturs rupjaja frakcija varigja robezas no 0.2-0.3%, smalkaja-1 frakcija 1.6-1.8%
un smalkaja-2 frakcija 1.8-2.8%. Oglekla saturs rupjaja frakcija vari€ja robezas no
41.2-57.9%, smalkaja-1 frakcija 28.3-36.7% un smalkaja-2 frakcija 29.9-38.1%.
Udenraza saturs rupjaja frakcija varigja robezas no 5.6-8.3%, smalkaja-1 frakcija
9.0-10.6% un smalkaja-2 frakcija 5.2-6.0%.

2.7.tabula

apstrades salidzinajuma ar SIA ,,CEMEX?” alternativa kurinama prasibam

Frakeijas | "'oi™® M?fgé_l T R B R R
Rupja 3 14 13 | 07 | 04 ] 03| 461 | 59
Smalka-1 13 z 63 | 05 | 03 | 18 | 345 | 100
Smalka-2 50 6 29 | 04 | 03 | 27 | 317 | 55
CEMEX <25 >16 <15 | <08 | <t | - | - -

P&c noteikta oglekla daudzuma atkritumu frakcijas un frakciju morfologiska
sastava noteiktas DOC dalas (2.8.tabula) rezultati rada, ka rupjaja frakcija péc

disku sijataja izmantoSanas.

2.8.tabula
Mehaniski at$kiroto atkritumu vidgjais biologiski noardamais organiskais
ogleklis rupjai, smalkai-1 un smalkai-2 frakcijai (masas, %)

.. . Kopgjais Kopgjais Fosilais
Frakcija Kopgjais C neorganiskais C organiskais C C DOC
Rupja 46.1 0.02 46.1 20.3 25.8
Smalka-1 34.5 0.03 345 3.8 30.7
Smalka-2 317 0.02 317 9.2 225
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2.2.3. Saskiroto atkritumu salidzinajums péc disku un cilindru sijasanas
tehnologijam un ieteikumi to izmantoSanai

Salidzinot p&c disku un cilindru sijasanas tehnologiju izmantos$anas saskiroto
frakciju ipasibu raditajus, mitrums smalkajas frakcijas vasaras sezona butiski
neatskiras pec vienfaktora (One-Way ANOVA) analizes (P>0.01). Rupjas frakcijas
zemaka sadegSanas siltuma raditaji vasara biitiski neatskiras. Butiski atskiras rupjas
frakcijas pelnu daudzuma raditaji vasara (P<0.05). Péc disku sijasanas tehnologijas
izmanto$anas pelnu daudzums ir lielaks, kas skaidrojams ar papira daudzumu
paraugos. Bitiski atSkirigi ir arT hlora raditaji starp smalkajam frakcijam, kas
skaidrojami ar maza izméra hloru saturo$o plastmasu saturu paraugos péc disku

N
2
S>>
T T T R T |

S D D) 8 © e W & AS NS
F & Ny S F & & %;\&\ o

\‘z»é‘\ 6%:\).%& Q'&Qo Q\ﬁ} é\\w £ e
/,6" S Q 4/%& & C)Q«

B [zmantojot cilindru sijataju

Avots: Autores veidots.
2.4.att. Smalkas frakcijas salidzinajums (sausas masas %), izmantojot

......

atkritumi izsijajas videja frakcija. Atskiribas skaidrojamas ar iekartu sietu spraugu
izmeriem, jo lielaki izmeri, jo neviendabigaki atkritumi izsijajas smalkaja frakcija.
Lai atgitu vairak materiala kurinama razoSanai, konkrétas iekartas cilindra sieta
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beigu posmu biitu ieteicams nomainit ar mazaku sieta izméru (piem., 40x40 mm).
Cilindra sietu posmu sadalijums ar dazadiem sietu izmé&riem praksé tick izmantots
atkariba no sijaSanas mérka. Cilindra sieta spraugu izméri var ari bit palielinati
cilindra beigu posma.

kas skaidrojams ar to, ka, mehanisko SkiroSanas Iiniju sakuma notiek atkritumu
smalcinasana un tehnologiskaja procesa sadauzitais stikls ka smagakas un mazakas
dalas izkrit pie smalkas frakcijas. Stikls nav vélama sastavdala atkritumu masa, kas
paredzeta komposteSanai, lidz ar to iegutais sastdvs nav piemérots kvalitativa
komposta iegii§anai ar aerobas parstrades tehnologiju. Sadu biomasu var izmantot
apstradei anaerobas bio§tinas tehnologija.

Lai smalkaja frakcija un ari kurinamam paredz&taja rupjaja frakcija
nenonaktu stikla atkritumi, tad ieteicams pasvaldibas ieviest un aktivizét raSanas
vieta Skiroto stikla vakSanu.

Petijumu rezultati rada, ka kvalitativa kurinama razoSanai no sadzives
atkritumiem, nepieciesams veicinat biologiski noardamo atkritumu at$kiro$anu, lai
iegiitu sausaku, vieglak mehaniski atSkirojamu atkritumu masu.

Lai mehaniskas SkiroSanas efektivitate butu lielaka, tad mehaniskas
pirmapstrades linijas pirmo iekartu ieteicams likt atkritumu maisinu uzplesgju,
nevis smalcinataju. Praks€ tiek piedavati cilindru sijataji ar cilindra iemont&tam
iericém maisinu uzplésanai.

Disku sijataju tehnologija dod iesp&ju poligonos plasak izmantot saskirotas
atkritumu frakcijas — smalko frakciju var kompostét un izmantot ka atkritumu
nosedzo$o materialu poligona vai izmantot biogazes razoSanai, tai skaita,
anaerobas apstrades biostina. Vidgjo frakciju var apglabat poligona vai nodot tiesai
sadedzinasanai, bet rupjo frakciju var izmantot kurinama razosanai.

Ja atkritumu sijasanas meérkis ir smalkas frakcijas atdaliSana pirms
apglabasanas, tad praktiski ir izmantojami abi sijasanas iekartu veidi.

Lai samazinatu mitruma saturu potenciala NAIK materiala, ieteicams plasi
informét iedzivotajus un komercuznémumus, ka atkritumu konteineru vakiem ir
jabut aizvertiem. PaSvaldibas, no kuru teritorijam savaktos atkritumus paredz€ts
izmantot kurinama raZoSanai, konteinerus ieteicams novietot zem nojumém.
Atkritumu apsaimniekoSanas uzp€mumiem atkritumus, kas paredz&ti kurinama
raZoSanai, ieteicams glabat zem jumta.

2.3. No sadzives atkritumiem sagatavota alternativa kurinama raksturojums

P&c piejaukto daliti vakto plastmasas un tekstilmaterialu rezultata iegtito seSu
NAIK paraugu raksturojoso raditaju datiem (2.6.att.), var secinat, ka tikai papildus
pievienojot sausu materialu var uzlabot mitruma raditajus un arl paaugstinat
sadegSanas siltuma raditajus. Pelnu daudzums tikai diviem papildinatajiem
paraugiem (P4, P6) atbilst kvalitativa kurinama prasibam. Hlora daudzums atbilst
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kvalitativa kurinama raditajiem gan rupjaja frakcija, gan papildinatajos paraugos,
iznemot parauga P3 (par 0.1 % parsniedz limitu). S€ra daudzuma raditaji atbilst
kurinama prasibam visos paraugos un ar1 rupjajai frakcijai.
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Avots: Autores veidots péc autores un SPS ,,Vibsteri” datiem.
2.6.att. SeSu NAIK paraugu (1-6) un rupjas frakcijas parauga (7)

salidzinajums ar kurinamam pielaujamiem parametriem
(@) mitrums (%);
(b) zemakais sadeg3anas siltums (MJ*kg™);
(c) pelnu daudzums (%);
(d) hlora saturs (%)

2.4. Sadzives atkritumu mehaniskas pirmapstrades tehnologiju izmantosanas
ietekmes uz vidi novértéjums Latvija

Lai modelétu atkritumu apsaimniekoSanas procesu ietekmi uz vidi Latvija,
atkritumu apsaimnieko$anas novértéSanas scenarijiem izveléts Piejuras atkritumu
apsaimniekoSanas regions, izmantojot 2007.gada INTERREG III programmas
RECO projekta iegiitos Tukuma sadzives atkritumu daudzuma un sastava
rezultatus. Par bazes scenariju izmantota Piejiras regiona atkritumu
apsaimniekoSanas situacija 2010.gada, kura domin€ 93% neskirotu atkritumu
apglabasana poligona ,,Janvari”, bez poligonu gazu savak$anas un regeneracijas
sisttmas. Ar katru nakamo scenariju bazes scenarijs tiek papildinats ar jaunu
atkritumu parstrades vai apglabasanas tehnologiju, kas veicinatu organisko
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atkritumu parstradi un noverstu to tieSu apglabasanu poligona. Mehaniskas

pirmapstrades noveérteéSanai, izmantoti autores p&tijumu rezultata noteiktie vidgja

atkritumu frakciju sastava dati p&c disku sijataja izmantoSanas.
Analizeti septini atkritumu apsaimniekoSanas scenariji:

1. neskirotu atkritumu (93%) apglabasana bez energijas atguves;

2. neskirotu atkritumu (93%) apglabasana ar energijas atguvi;

3. SkiroSana rasanas vieta (50% parstradajamie materiali, 30% organiskie
atkritumi), atdalitas organiskas masas komposté$ana atklata lauka tehnologijas
(15%) un reaktora (85%), smalkas frakcijas (35%) stabilizéSana bio$lina ar
biogazes atguvi, atliku$as atkritumu masas apglabasana;

4. gkiroSana raanas vieta (50% parstradajamie materiali, 30%  organiskie
atkritumi), atdalitas organiskas masas komposté$ana atklata lauka tehnologijas
(15%) un reaktora (85%), smalkas frakcijas (35%) kompostés$ana, atlikusas
atkritumu masas apglabasana;

5. SkiroSana raSanas vieta (50% parstradajamie materiali, 30% organiskie
atkritumi), atdalitas organiskas masas parstrade atklata lauka tehnologijas
(15%) un slégta reaktora anaeroba vide (85%), smalkas frakcijas (35%)
parstrade slégta reaktora anaeroba vidg, atlikusas atkritumu masas apglabasana;

6. SkiroSana raSanas vieta (50% parstradajamie materiali, 30% organiskie
atkritumi), organiskas masas kompostésana atklata lauka tehnologijas (15%) un
reaktora (85%), smalkas frakcijas (35%) stabilizéSana bioStina, NAIK dalas
(22%) sadedzinasana, atlikusas atkritumu masas apglabasana;

7. SkiroSana raSanas vieta (50 % parstradajamie materiali, 30 % organiskie
atkritumi), organiskas masas kompostésana atklata lauka tehnologijas (15%) un
reaktora (85%), smalkas frakcijas (35%) stabiliz€Sana biostina, NAIK dalas
(22%) sadedzinasana, vidgjas frakcijas (40%) sadedzinasana.

Iegitie rezultati (2.7.att.) raksturo katra atkritumu apsaimnieko$anas scenarija
negativo ietekmi uz vidi — klimata parmainas, paskabinasanos, eitrofikaciju un
foto-oksidantu veidoSanos. Neskirotu atkritumu apglabasana bez (1. scenarijs) un
ar energijas atguvi (2. scenarijs) ir ar vislielako negativo vides ietekmi. Planojot
talako regiona attistibu, organiskas atkritumu masas atdaliSana ar mehaniskas
SkiroSanas Inijam un tas stabiliz€Sana ir viens no risindjumiem SEG emisiju
samazina$ana. Visi parstrades tehnologiju scenariji — bioStna (3. scenarijs),
kompostesana (4. scenarijs) un digestacija anaeroba vide (5. scenarijs) — uzrada
lidzigus rezultatus. Scenarijs ar smalkas frakcijas komposte$anu parada vismazako
ietekmi uz vidi. Tikai nedaudz labaku vides sniegumu neka scenariji, kas balstiti uz
vienkarsakam tehnologijam, ka kompostéSana un biogazes savak$ana bio$una,
uzrada organiskas masas parstrades 5. scenarijs — digestacija anaeroba vide. Vides
ietekmes samazinajumu iesp&ams panakt arT sadedzinot NAIK materialu cementa
razotn@s (6. scenarijs). Savukart, pilniga atkritumu masas sadedzinaSana péc
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mehaniskas SkiroSanas linijas cementa razotn€ un atkritumu sadedzinasanas
ripnica (7. scenarijs) uzrada viszemako ietekmi uz vidi.
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2.5. Apglabajamo atkritumu mehaniskas pirmapstrades tehnologiju izmaksu
novertéjums

Izmaksu salidzinajums veikts pirmapstrades iekartu komplektacijam tris
scenarijos, atbilsto$i potencialajiem atkritumu apjomiem Latvijas AA regionos, kas
tika aprekinati teorétiski, piepemot, ka viens iedzivotajs rada 250 kg atkritumu
gada un salidzinot ar praktiski apglabato sadzives atkritumu daudzumu poligonos:

. | scenarijs — atkritumu apjoms planots 20 000 t gadé’l; iekartu jauda planota
10 t*h™;

« 1l scendrijs — atkritumu apjoms planots 40 000 t gada™; iekartu jauda planota
20 t*h™;

. Il scendrijs — atkritumu apjoms planots 160 000 t gada™; iekartu jauda
planota 80 t*h:

Izmaksu aprékini veikti péc formulam (2.1.), (2.2.) un (2.3.):
K|: IB+ ||+ Ip (21)
kur, K, —Kkapitalieguldijumi (€);
Ig — blivniecibas izmaksas (€);

I} —iekartu izmaksas (€);
Ip — projektésanas un biivuzraudzibas izmaksas (€).

Iaps. =N+ IU + |A+ Iel.,degv.+ IC (2-2-)
kur, Taps — apsaimniekosanas izmaksas (€);
N — biivju un iekartu nolietojums gada (€);
Iy — biivju un iekartu uzturéSanas izmaksas (€);
Ia — darbinieku algu izmaksas (€);
legeqv. — elektroenergijas un degvielas izmaksas (€);
Ic —citas izmaksas (10% administracijas izmaksas un 10% citas

razosSanas izmaksas) (€).

I= (Iaps. + Ipolig. + Itransp. - |E) /1J*D (23)
kur, | — izmaksas (€*t™); J — iekartu jauda (t*h™);
Lpolig. — neregener&jamo materialu apglabasanas izmaksas (€);
liansp.  — parvadajumu transporta izmaksas (€);
le — otrreiz€ji izmantojamo materialu pardoSanas ienémumi;
D — darba stundas gada.
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Salidzinot mehaniskas pirmapstrades (MP) tehnologijas, pienemts, ka
neskiroto SA mehaniskas SkiroSanas procesa rezultata tiks iegiits NAIK, otrreizgji
izmantojamas izejvielas, biologiski noardamie atkritumi, kas izmantojami talakai
apstradei, un pargjie atkritumi, kas tiek apglabati poligona. Ienémumi no materialu
realizacijas noteikti, ieverojot publiski pieejamas atkritumu materialu cenas
Latvija: NAIK materials 14 €*t*, krasmetali 1100 €*t”, melnie metali 180 €*t™,
stikls 7 €*t*. Transportéianas izmaksas noteiktas lidz 100 km parvadajuma
attalumam, piegemot Transporta attistibas pamatnostadnés 2014.-2020.gadam
noraditas autokilometra izmaksas — €1.16. Paredzgetais iekartu kalpoSanas laiks ir
desmit gadi, bet buvém — 30 gadi. Planotas 2000 darba stundas gada. Pienemts, ka
biivju nolietojuma koeficients ir 3.33% un iekartu 10%, biivju uzturé$anas
koeficients ir 1% un iekartu 5%, elektroenergijas cena ir € 0.20 kWh, litrs
degvielas € 1.20. Darbinieku algas gada novertetas tris grupas: € 16 000
direktoram, inZenieriem € 12 000, darbiniekiem € 8 000. Vidg&jas iekartu cenas
iegiitas apkopojot iekartu razotaju vai izplatitaju sniegtos piedavajumus dazados
projektos un iepirkumu konkursos Latvija, ka arT izmantojot literatiiras avotus.

Rezultata sadzives atkritumu MP izmaksas tris sadzives atkritumu mehanisko
Skirosanas liniju scenarijiem ar iekartu jaudam 10 t*h™ 20 t*h™ un 80 t*h™ ir
attiecigi 32 €*t, 24 €xt™ un 15 €*t. lekartu izmaksas I scenarija ir 56% un Il un
II scenarija 59% no kapitalieguldijumiem. Ekonomiski izdevigakais ir treais
scenarijs, kas péc potencialajiem atkritumu apjomiem ir realiz€jams tikai Pierigas
AAR. Paliclinoties atkritumu apglabasanas maksai poligona, izdevigs klis ari
pirmais scenarijs, kas péc pieejamiem atkritumu daudzumiem ir atbilstoss lielai
dalai Latvijas AAR, pienemot, ka tiks attistita dalito atkritumu vaksana.

Lai novértetu izmaksas dazadu MP iekartu komplektacijam un novertetu to
darbibas rezultata atgiito atkritumu materialu daudzumu (2.9.tabula), tad pirmajam,
Latvijas atkritumu daudzumam atbilsto$ajam scenarijam (planotais atkritumu
apjoms 20 000 t*gada™; jauda 10 t*h™) ar nemainigam kapitalam izmaksam, vél
analiz&tas izmaksas Cetriem papildu variantiem. Smalka (BNA) frakcija paredzéta
atkritumu poligona nosegsanai, rupja frakcija (NAIK) paredzéta regeneracijai, bet
par€jie  atkritumi apglabaSanai poligona vai sadedzinaSanai atkritumu
sadedzinaSanas rupnica (2.10.tabula). Manuala priek$-SkiroSana paredzéta, lai
atlasttu parstradei nevélamos piejaukumus.

Kaut ar1 1. un 4. varianta iekartu komplektaciju cena ir vienada, tomér
izmaksas par vienu tonnu atkritumu apstradi 4. variantd ir mazakas, jo
nepiecieSams mazak roku darbaspéka. Ceturta varianta izmaksas, kura komplektets
rotgjosa cilindru sijatajs un manuala $kiroSana, ir viszemakas, tacu jaievéro, ka
smalka frakcija pec cilindra sijataja izmantoSanas dod lielaku Tpatsvaru un ta satur
lielaku piemaisijumu dalu neka péc disku sijataja. Visiem cetriem variantiem
iep€mumi no atgito materialu realiz€Sanas parsniedz transportéSanas izmaksas Iidz
250 km attalumam.
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2.9.tabula

Atskirotie atkritumu daudzumi ¢etru iekartu komplektaciju variantiem
iekartu jaudai 10 t*h™

Atdalitais materials, % 1.var. 2.var. 3.var. 4.var.
Stikls 3 0 0 1
BNA 40 35 35 43

Fe 2 2 2 2

Al 1 1 1 1
NAIK 45 22 45 45
Atskirots derigais materials kopa 91 60 84 92
Apglab_as_avna poligona, 9 40 16 8
sadedzinasana

2.10.tabula

Izmaksas mehaniskas pirmapstrades iekartu komplektacijas variantiem
iekartu jaudai 10 t*h™

Izmaksas variantiem 1.var. 2.var. 3.var. 4.var.

Izmaksas, €4t 36 34 39 32
Izmaksas, t.sk. apglabasana poligona, €%t 38 45 43 34
Izmaksas, t.sk. iep€mumi no realizacijas un

transportésanas izmaksas 1idz 100 km 23 31 28 19
attalumam, €*t?

Izmaksas, t.sk. iep€mumi no realizacijas un

transporté$anas izmaksas lidz 250 km 32 41 35 26
attalumam, €*t?

Analizgjot variantu rezultatus, 1. varianta salidzinot ar 4. variantu iesp&jams
ar rokam vairak atskirot NAIK razoSanai nederigo materialu, tadéjadi uzlabojot
NAIK kvalitati, bet nedaudz palielinot poligona apglabajamo atkritumu daudzumu.
Lai arT izmaksu zina SkiroSanas linijas kombinacija ar manualo SkiroSanu ir
efektigakas, jo var atSkirot kvalitativaku materialu, neskirotu atkritumu SkiroSana
ar rokam tiek uzskatita par veselibai bistamu darbu, tapéc manualo SkiroSanu
izmanto galvenokart izcelsmes vieta dalttu atkritumu parskiroSanai.

2.6. Ekonomiski piemérotaka varianta izvéle mehanisko Skirosanas liniju
izvietojumam, pamatojoties uz transporta logistiku

Piejuras atkritumu apsaimnieko$anas regiona modelim transporta izmaksu
novertéjums, pamatojoties uz transporta logistiku, veikts $adiem scenarijiem:
1. Ir tikai 1 neSkiroto atkritumu SkiroSanas linija SA apglabaSanas poligona
»anvari” (jauda 40 000 t gada, ekspluatacijas izmaksas par vienu tonnu
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atkritumu pirmapstradi ir € 24). Visi neskirotie atkritumi no PS tiek nogadati
poligona. P&c S$kiroSanas 22% rupjas frakcijas tiek nogadati regeneracijai
Brocénu novada.

2. Ir tris neSkiroto atkritumu SkiroSanas linijas Jarmala, Tukuma un poligona
Janvari” (jauda 20 000 t*gada™, ekspluatacijas izmaksas ir 32 €*t™). P&c
Skirosanas 22% rupjas frakcijas tiek vesti regeneracijai uz Brocénu novadu,
bet atlikust atkritumu dala tiek transportéta uz poligonu.

TransportéSanas attalumi noteikti $adiem mar§rutiem — Jrmala-, Janvari” ir
91 km; Tukums-,Janvari” 70 km; Roja-,,Janvari” 36 km; Jarmala-Brocéni 79 km;
Tukums-Brocéni 58 km; ,Janvari”-Brocéni 84 km. Aprékinos piepemts, ka
atkritumi un NAIK materiali, tiek transportéti ar kravas automas$inam, kuru
celtsp&ja ir 20 t un vidgjais degvielas patérin$ 100 km nobraukumam ir 42 1. Jaunas
masinas cena ir aptuveni € 140 000 un vidgjais brauk$anas atrums ir 70 km*h™,
Piepemts, ka iekrauSanas un izkrauSanas laiks atkritumiem ir 0.5 h, NAIK
materialiem — 2 h; darba algas izmaksas stunda kopa ar nodokliem — € 5.69.

Abu scenariju izmaksu novértgjums (2.8.attéla) rada, ka, ja nem véra tikai
transportéSanas izmaksas, tad izdevigak ir (par 12% mazakas izmaksas) atkritumus
Skirot trTs parkrausanas centros, vieglo frakciju transportét regeneracijai Brocénu
novada, bet parjos atkritumus transportét uz poligonu (2. scenarijs).
Transportésanas izmaksas 1. scenarijam ir 5.99 €*t™ un 2. scenarijam 5.25 €*t™.

200000

150000

100000

50000

J L | =i

€*gada! 1.scenarijs ) 2.scenarijs
ODegvielas izdevumi @ Algas izdevumi B Amortizacija

Avots: Autores veidots.
2.8.att. Piejiiras AAR mehaniski $kiroto atkritumu transporté$anas izmaksu
salidzinajums diviem scenarijiem, €*gada™

Piepemot, ka kopgjais sadzives atkritumu daudzuma novért€jums regiona ir
36 232 t gada, un ievérojot, ka atkritumu Skirosanas Iiniju ekspluatacijas izmaksas
1. scenarija ir € 24 t un 2.scenarija katrai linijai ir € 32, abu scenariju izmaksas
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gadd kopa ar transportéianas izmaksam ir ~30 €*t" 1. scenarija un 2. scenarija
~37 €*t-1.

Bez transporta izmaksam nemot véra arl SkiroSanas liniju ekspluatacijas
izmaksas, izdevigaks ir 1. scenarijs (par 19% mazakas izmaksas), kur visus
neskirotos atkritumus no parkrausanas centriem transporté uz poligonu un
mehaniski skiro poligona.

Pamatojoties uz novertgjumu, var secinat, ka optimalais neskiroto atkritumu
mehaniskas pirmapstrades Iiniju izvietojums ir AAR atkritumu apglabasanas
poligonos. Janem véra veél apstakli, ka poligoni ir pieméroti darbibam ar
neskirotiem atkritumiem, turpretim, SkiroSanas un parkrau$anas centros nav
noteiktas paaugstinatas normativo aktu vides aizsardzibas prasibas. Skirosanas un
parkrausanas stacijas ieteicams attistit daliti vakto atkritumu mehanisko SkiroSanu,
ja nepiecieSams, esoSajam manualas SkiroSanas Imijam palielinot jaudu un
pievienojot papildus atdaliSanas iekartas.
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3. SECINAJUMI

Veiktie eksperimentalie pétijumi neskiroto SA sastava noteikSanai péc
atkritumu izmériem ar sietu metodi, paradija, ka, mehaniska sijasana nesniedz
iesp&ju atsijat otrreizgji izmantojamos materialus bez biologisko atkritumu
piemaisTjumiem, katras izm@ru frakcijas sastava ir biologiskie atkritumi. Lai
ar sijasanas iekartam atsijatu otrreizgji izmantojamos vai regenergjamos
materialus, tad sietus var kombin&t péc sietu izmériem. Papira un kartona
atsijasanai sietu spraugas var biit 120x120 mm, bet plastmasas atsijasanai
70x70 mm.

Veiktie pétjumi poligona ,,Daibe” mehaniskas pirmapstrades centrd un
atkritumu SP centra ,,Vibsteri”, paradija, ka abos gadijumos izmantotas
mehaniskas $kiro$anas iekartas nedod iesp&ju pilnigi atSkirot biologiskos
atkritumus un izpildit 2020.gada noteiktos poligona apglabajamo BNA
samazinajuma mérkus. Atdalot rupjo frakciju (atkritumu izmérs >80 mm) ar
papira un kartona, ~43% no plastmasas vai samazinat apglabajamo BNA
daudzumu par ~23%. Ja vidgjo frakciju (atkritumu izmérs 25-80 mm) péc
disku sijatdja izmantosanas, planots sadedzinat, tad apglabajamo BNA
daudzumu iespgjams samazinat par ~39%. Izmantojot ar disku sijataju
atdalito smalko frakciju (atkritumu izmérs <25 mm), apglabajamo BNA
(atkritumu izmérs <60 mm) par ~45%. Ar cilindra sijataju atdalot rupjo
frakciju (atkritumu izmérs >60 mm) ir iesp&jams samazinat apglabajamo
BNA daudzumu par ~55%.

P&tijuma izstradata atkritumu paraugu nems$anas metode neskiroto atkritumu
sastava noteikSanai ir izmantojama atkritumu apglabaSanas poligonos un
skiroSanas parkrausanas centros.

Atkritumu frakciju analizes dati rada, ka bez papildus mehaniski $kiroto
atkritumu apstrades (8kiroSana, 7ave$ana, materialu sastava korekcija jeb
papildinasana) neviena frakcija tieS$i neatbilst kurinama materiala prasibam
sadedzinaSanai cementa razosanas krasnis. Izveloties SkiroSanas Iinijas janem
véra, ka no mitriem neskirotiem sadzives atkritumiem, tos prieks-smalcinot
un izsijajot nevar sagatavot kvalitativu materialu kurinama razoSanai ne ar
vienu no iepriek§ apskatitajam sijaSanas iekartam. Atskirotas rupjas un
vidgjas frakcijas ir izmantojamas eksport&jot sadedzinaSanai atkritumu
dedzinasanas ripnicas.

Lai uzlabotu potenciala NAIK ipasibas (samazinatu mitruma, pelnu un hlora
daudzumu), ieteicams regulét atkritumu procentualo sastavu — atsSkirotai
atkritumu masai pievienot daliti vaktos atkritumus atbilstosi to sastavam, kas
nav izmantojami otrreizgjo izejvielu ieguvei un attistit atkritumu rasanas vieta
dalito BNA vakSanu.



10.

Veicot SA mehanisko pirmapstradi un atdalot atkritumus pirms apglabasanas,
tiek samazinats organisko atkritumu daudzums. legttie dati rada, ka lielaka
DOC dala mehaniski apstradatos atkritumos ir vid&jai frakcijai (~37%),
smalkajai frakcijai ir ~31% un rupjajai frakcijai ~ 19%.

Ka liecina iegitie rezultati, péc atkritumu parstrades veidu scenariju ietekmes
uz vidi novertgjuma, izmantojot WAMP 1.0 programmriku, pilnveidojot BNA
SkiroSanu atkritumu rasanas vieta, lietderigak attistit scenarijus, kuros
ieklautas atkritumu sadedzinaSanas tehnologijas gan cementa raZotné, gan
izvéloties sadedzinasanas procesu ka peédgjo atkritumu apglabasanas
tehnologiju, jo Sie scenariji uzrada vismazako ietekmi uz vidi, salidzinot ar
atkritumu apglabasanu.

Neskiroto atkritumu MPA tehnologiju izmaksu novértgjums parada, ka jo
lielaks atkritumu apjoms un apstrades jaudas, jo zemakas izmaksas par vienu
tonnu atkritumu MPA — mehanisko $kiro$anas liniju scenarijiem ar iekartu
jaudam 10 t*h™, 20 t*h™ un 80 t*h™ izmaksas ir attiecigi € 32 t; € 24 t; € 15 t.
Neskirotu sadzives atkritumu mehaniskas pirmapstrades iekartas ir
ekonomiski maz efektigas, ja nav iespgjas izmantot smalko (biologiski
noardamo) frakciju. Izmaksu zina izdevigakais mehaniskas pirmapstrades
iekartu komplektacijas variants iekartu jaudai 10 t*h™ ir € 32 t, izmantojot
rotgjoso cilindru sijataju un péc ta sekojoSo manualo $kiroSanu. Lai
nodrosinatu smalkas frakcijas atdaliSanu, pietieckami izmantot cilindra
Optimalais neskiroto atkritumu mehaniskas pirmapstrades liniju izvietojums
ir AAR atkritumu apglabasanas poligonos. Transporté$anas izmaksu un
atkritumu transporta logistikas izpéte Piejuras AAR parada, ka, ja nem véra
tikai transporteéSanas izmaksas, tad izdevigak ir neskirotos atkritumus Skirot
parkrausanas centros. Savukart, ja nem vera transporta izmaksas un
Skirosanas ltniju ekspluatacijas izmaksas, tad izdevigak ir visus neskirotos
atkritumus no parkrausanas centriem transport€t uz SkiroSanu poligona.
Pétijuma analizétie transportéSanas attalumi starp parkrausanas centriem,
atkritumu apglabasanas poligonu un kurinama regeneracijas vietu ir aptuveni
90 km robezas.
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SIGNIFICANCE OF THE STUDY

The long-term objective in the European Union’s (EU) waste management
policy is to develop a society that works to prevent the production of waste and use
the generated waste as a resource. According to the National Waste Management
Plan for 2013-2020, the total of approximately 700 thousand tonnes of municipal
solid waste are produced annually in Latvia.

The European Commission’s study (“Screening of Waste Management
Performance of EU Mamber States”, European Commission, 2012) on the
implementation of waste management directives in the 27 EU member states
indicated to the significant dependence of the Latvian waste management system
on municipal solid waste landfills, which, in its turn, has created a number of
subsequent problems such as: a large amount of landfilled waste; the reduction
objectives for biodegradable waste (BDW or organic waste able to disintegrate in
aerobic or anaerobic environmental conditions) landfilling have not been met,
leading to a large percentage of BDW in the landfilled waste; and a small amount
of processed municipal solid waste. According to the Latvian Environment,
Geology and Meteorology Centre data, 77 % of the 826 thousand t of municipal
solid waste generated in 2010, and 58 % of the 983 thousand t generated unsorted
municipal solid waste in 2011 was landfilled.

The National Waste Management Plan for 2013-2020 has set relatively high
implementation objectives for the separate collection of organic waste, recycling
and landfill in concordance with the requirements under the EU Directive
1999/31/EC on the landfill of waste and the Directive 2008/98/EC on waste. It
stipulates that only 35 % of the amount of BDW landfilled in 1995 can be
landfilled in 2020. A significant problem for the national waste management sector
is created by the requirement under the Directive 2008/98/EC that until 2020, as
much as 50 % of household waste must be recycled. To achieve the objectives, in
2020 the total of 530,000 t of BDW of the estimated 691,000 t generated will have
to be recycled.

Landfilling of untreated municipal solid waste is unable to meet the rising
demands in the area of environmental protection. In 2010, the amount of emissions
generated by the waste sector in Latvia reached 5.5 % of the total greenhouse gas
(GHG) emissions generated by the economic sectors (12,098 Gg CO, equivalent).
The EU Directive 1999/31/EC on the landfill of waste stipulates that the pre-
treatment of waste needs to be ensured in all the EU member states. The National
Waste Management Plan for 2013-2020 provided for the installation of mechanical
biological treatment equipment in all waste management regions by the end of
2013 to divert waste to composting, incineration or other equipment where no
waste sorting is established at source. However, no studies have been undertaken
either of the composition of waste or technological solutions to obtain good quality
material.
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The use of separated organic part as a fuel can be considered as one of the
solutions to reduce amount of the landfilled waste. Scientific research on
alternative and renewable resources, including the use of waste for energy
production has over the past 10 years been developing rapidly worldwide. In
Latvia, research is insufficient on opportunities for municipal solid waste
recycling, including refuse derived fuel generation, which would facilitate the
national economic benefits as well as supplementing available energy resources,
thereby ensuring preservation and further improvement of the environmental
quality.

The aim of the thesis is to evaluate the mechanical pre-treatment of unsorted
municipal solid waste in Latvia and opportunities for the preparation of alternative
fuel by carrying out the analysis of waste composition and technologies.

Research objectives
1. Get acquainted with the most widespread waste sampling methods and

develop the appropriate method for municipal solid waste sampling in Latvia.

2. Study the changes in municipal solid waste composition depending on size
and municipal solid waste composition after mechanical pre-treatment,
determine the parameters of separated components (lower heating value,
moisture, ash content, carbon, nitrogen, hydrogen, sulphur, chlorine, metals),
and assess their viability for the preparation of alternative fuel.

3. Evaluate the impact on the environment of the use of municipal solid waste
mechanical pre-treatment technologies in Latvia by applying mathematical
modelling.

4. Study the economic benefits and drawbacks of the use of mechanical pre-
treatment technologies for municipal solid waste in Latvia by applying the
cost analysis and transport logistics for optimum location of sorting lines.

5. Draft recommendations on the use of municipal solid waste for the
preparation of alternative fuel in Latvia based on research results and analysis
of literature on the use of pre-treatment technologies for collected unsorted
waste in waste management.

Structure of the thesis

This dissertation is written in Latvian and contains: introduction, 3 chapters,
conclusions, recommendations, bibliography, 28 figures, 37 tables, 15 formulas.
The bibliography contains 167 references. The literature review and bibliography
are not included in this summary. Structure of the thesis is subordinated to
objectives of the research (Fig.0.1.).
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Fig.0.1. Structure of the thesis

Scientific novelty

The composition of municipal solid waste in Latvia has for the first time been
studied depending on waste size.

The composition and properties of municipal solid waste to assess its
suitability for refuse-derived fuel generation has for the first time been studied in
Latvia.

The common waste sampling method for determination of the waste content
for landfills and mechanical pre-treatment centres has been developed based on
some waste handling processes defined by standart methods.

Environmental impact scenarios for waste management development in
Latvia have been analysed in the updated environment of WAMPS 1.0 (Waste
Management Planning System) software tool based on the analysis of mechanical
pre-treatment of unsorted municipal solid waste mass, which had not been carried
out in Latvia to date.

The mechanical sorting lines for unsorted waste have been evaluated by mass
flow analysis, equipment and its operation costs and waste transportation costs in
Latvia, which had not been carried out in Latvia to date.

Based on the research results, recommendations have been drafted on the use
of unsorted municipal solid waste for the preparation of alternative fuel in Latvia.

Practical significance

The research results are significant for planning the further development of
the waste management sector, development of waste regeneration, planning for
reduction of greenhouse gas emissions, control of the implementation of EU
requirements for the reduction of landfilled biodegradable waste amount and
enhancement of waste management regulations in Latvia.

APPROBATION

The results of the research have been presented in sixteen international and
two national conferences, and three seminars of waste branch. Five articles have
been published in scientific cited data bases, eleven articles have been published in
proceedings of international conferences, three articles are submited for publishing,
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and one article have been published in abstract book of international conference.
The research results have been published in one chapter in monograph.
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1. MATERIALS AND METHODOLOGY

The chapter describes the method of sampling applied for the determination
of waste composition based on waste size; the chemical and physical methods used
for determination of the properties of samples; the mathematical data processing
methods; characteristics of the mechanical pre-treatment technologies in Latvia
utilised in the study; and the selected assessment of the environmental impact.

The costs of the pre-treatment techologies have been calculated using the
Microsoft Excel software tool, and the transportation distances have been
determined using the Jana séta map browser.

The methods of descriptive statistics are used to characterise the data set — the
highest, smallest and average values, standard error, standard deviation and
measures of variation. The data were evaluated statistically using the SPSS
Statistics 17.0 and Microsoft Excel software tools — T-test, variance and correlation
analysis. The Shapiro-Wilk test is used to identify the conformity of the resulting
data (the empirical distribution) with the normal distribution. The use of parametric
or nonparametric methods is identified from the results of the test.

1.1. Waste sampling method at landfills and sorting centers

The waste sampling method is appropriate for the assessment of the
morphological composition of municipal solid waste, using the Standards LVS EN
14899:2011; LVS EN 15002:2006; LVS EN 15443:2011; LVS CEN/TS 14779;
14778-1; 14780; LVS CEN/TR 15310-1; 15310-2; 15310-3; 15310-4; 15310-5,
method of Nordtest ,NT ENVIR 001”, method of MODECOM ADEME and
ASTM D5231-92.

Since municipal solid waste including household waste is heterogeneous,
selective waste sampling can be used to obtain a reliable sample that would be
representative of the average waste composition: each of the random truckloads
specifically selected from known waste producers in a specific territory is selected
at a landfill in a specific waste accumulation period. For samples taken selectively,
it is considered that these samples are fully representative of the population, and
the samples include all types of waste characteristic of the specific population.

The preparation of a sample takes place with the “grab” method, i.e., by
grabbing waste with a front end loader from selectively determined specific
loading sites (e.g., on opposite sides, at different levels). The sample weight is
around 100-200 kg. The sample is then sorted manually by waste type:
paper/cardboard, biowaste, plastic, hygiene waste, textiles, rubber/leather, wood,
metal, inert, hazardous, glass, fine fraction. Each sorted waste section needs to be
weighed and registered on the data sheet. The waste percentage needs to be
calculated.
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1.2.  Sampling method for determination of waste composition based on
waste size

To predict the waste composition after the use of waste screening equipment
and to recover secondary-use materials and materials for refuse derived fuel
generation more efficiently, an experimental analysis of the composition of
unsorted municipal solid waste samples was carried out using sieve analysis.

The samples were taken in summer, analysing the waste collection routes so
as to select a waste load (3 loads) that would be representative of the average waste
composition in the territory. Each load was weighed and a representative waste
sample was taken from each load with the grab method — approximately 20 % of
the load. Each sample was screened for an experimental study in a special movable
(reciprocating motion) screening equipment that consists of three screens placed
horizontally. The screen mesh size (d) of the upper screen is 300x300 mm, middle
screen — 150x150 mm, and the bottom screen — 70x70 mm.

1.3. Sampling method after mechanical pre-treatment

The method of waste sampling after the separation of waste using mechanical
sorting lines was selected in order to study the quantity, composition and properties
of the sorted waste fractions, to assess their viability for refuse derived fuel
generation, and to determine the decrease in the amount of biodegradable waste to
be landfilled and the increase in its regeneration in accordance with the set waste
management objectives.

The experimental truckloads of the collected refuse waste were selected from
the apartments, private houses and small companies in Daibe in four seasons (one
truckload per season) and in Vibsteri only in the summer season. The time period
is 1 year (from 2011 to 2012). Each truckload was weighed and the mass balance
was established. The samples were taken from three fractions: coarse, medium and
fine from the landfill Daibe and coarse and two fine fractions from Vibsteri. The
samples of fine fraction were taken separately from both the start (Fine-1 fraction)
and the end (Fine-2 fraction) of the drum screen, because of the visual difference
between them after their fall-out from the drum from its start and end respectively.
The samples from the screened fine fraction were taken from under the screen,
whereas ones from the coarse fraction — from the conveyor belt. Manual sampling
from the conveyor belt was used as a sampling procedure for the disc screener.

123 samples were taken from the disc screener and 33 samples — from the
drum screener. The sample size was 1-2 kg.

The samples were weighed in the laboratory, dried and weighed again. The
composition was determined by type — paper and cardboard; plastic; biowaste or
putrescible; small particles (<10 mm); hygiene (diapers and pads); textile; rubber
and leather; wood; metal; glass; inert, hazardous waste. In order to prepare
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representative samples for laboratory analysis after drying, the samples were
grained and formed.

In addition to the six RDFmaterial samples obtained from the sorting line
(after the shredding stage), around 10—20 % of different separately collected plastic
materials and textiles.

The following parameters were determined: using the Standards:

. Moisture content (%) — LVS EN 15414-3:2011;

. Net calorific value (MJ*kg™) — LVSEN 15400:2011;

. Chlorine content (%) — LVS EN 15408:2011,

. Sulphur content (%) — LVS EN 15408:2011;

»  Ash content (%) — LVS EN 15403:2011;

. Content of trace elements (As, Ba, Be, Cd, Co, Cr, Cu, Hg, Mo, Mn, Ni, Pb,

Sb, Se, TI, V and Zn) — LVS EN 15411:2012;

. Content of major elements (Al, Ca, Fe, K, Mg, Na, P, Si, Ti) — LVS EN

15410:2012;

*  C, H, Ncontent (%) — LVS EN 15407:2011;
. Degradable organic carbon (DOC) (%) — LVS EN 13137:2005.

1.4. Description of mechanical pre-treatment technology used in study

The operational effectiveness of two mechanical separation lines has been
evaluated — the linear star screen and the rotating drum screen sorting line. The
capacity of the first waste mechanical Pre-treatment Centre is 30,000 t waste per
year (to operate at 15 t*h™). The centre is located in the Ziemelvidzeme solid
municipal waste landfill Daibe in Latvia. There are facilities for mechanical
shredding, screening (the star screener) and the separation of metal.

The capacity of the separation and reloading waste station of Vibsteri in
Broceni with the first facilities for alternative fuel (refuse derived fuel and solid
recovered fuel) production in Latvia is 22,000 t waste per year. Vibsteri is
equipped with a mechanical pre-shredder, drum screener, magnetic separator of
metal, manual sorting line, a metal detector and cutting mill.

Flow diagram and mass balance of waste separation was established (Fig.1.1. and
1.2.) according to waste composition (Table 1.1.).
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Table 1.1.

Mechanically treatable content of municipal solid waste (mass %)

By disc screener*, % By drum
Type of waste | Signs screener,
ype orw '] Summer | Winter | Autumn | Spring %

Organic or light waste

Biological, fine
<20 mm X 75.7 68.3 64.9 70.2 59.0
Paper X, 2.2 1.4 55 1.8 5.7
Cardboard X3 14 6.0 3.0 3.3 4.3
Plastic X4 9.6 10.0 12.0 8.7 115
Textile, rubber, X 44 46 38 6.1 44
leather
Other Xe 0.9 0.4 1.6 0.3 1.7
Wood X7 0.3 0.4 0.2 0.1 2.2
Inorganic or heavy waste
Glass Xg 3.2 6.1 6.9 5.4 55
Metal Xg 05 14 14 2.0 13
Aluminium X0 0.2 0.6 0.5 0.4 2.3
Tin X1 1.3 0.0 0.1 0.0 0.3
Inert X1z 0.6 0.9 0.3 1.8 1.9

*data of Ltd. ,,ZAAO”
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Fig.1.1. Flow diagram of pre-treatment facility in Daibe

Legend: T, Ty,.. — mass of incoming material at each treatment stage or mass of outgoing material for

recovery;

a; B;v; 8; 815 € C; C1;m; 0; 1, k; L — the recovery coefficients;
M;" — quantity of waste component i transported to the landfill;
M;™" — quantity of waste component i transported to the composting.
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Fig.1.2. Flow diagram of pre-treatment facility in Vibsteri

Legend: T, Ty,.. — mass of incoming material at each treatment stage or mass of outgoing material for

recovery;

o; B;v; 85 01; € G Casm; 0; 1 A, py v — the recovery coefficients;
M;— quantity of waste component i conteined in the coarse fraction;
M’ — quantity of waste component i entering the post-shredding stage;
M;™" — quantity of waste component i conteined in the RDF.
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1.5. Evaluation of the impact on the environment of the use of municipal solid
waste mechanical pre-treatment technologies

To estimate the environmental impact due to the waste management, in the
research a special waste management (WM) planning system (WAMPS 1.0) tool
was employed, which is based on the waste lifecycle analysis (Fig.1.3.). The
program made possible calculations of the WM-related emissions into the air,
water, and on the land, as well as the energy and material flows. WAMPS includes
a waste management system and a background or compensatory system. The net
emissions from the studied system are calculated according to formula (1.1.):

ENet = EWaste - EBackgr. (11)

where, Exee  — Net emission (t*year™):
Ewaste — Emission from the waste process which produces a certain amount
of product (t*year™);
Egackgr. — EMission from the corresponding amount of alternative virgin
production in the background system (t*year™).

The waste management system can produce different products depending on
the choice of treatment and recycling method: heat, steam, electricity, vehicle fuel
(biogas), compost, paper, etc. This calculation can give net emissions that are
negative. This means that the waste management system being modeled will give
lower environmental impact than the corresponding virgin production, i.e. an
environmental improvement is obtained by the waste management system.

In the research, the WM-related emissions (given in relevant equivalent units)
are characterized by specific processes of environmental changes. In the program,
as the most negative environmental processes the following are included: climate
changes, eutrophication, acidification and photo-chemical oxidation. In the
program, the corresponding potentials are characterized by the equivalents: CO,
for climate changes, O, for eutrophication, SO, for acidification, and C,H, for
photo-chemical oxidation.
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2. RESULTS AND DISCUSSION

2.1. Results of experimental sorting of municipal solid waste using sieve
analysis

The results of the experimental study using sieve analysis with different
sieves with meshes: 300 mm, 150 mm, 70 mm for sorting mixed municipal solid
waste by size without waste shredding show (Fig. 2.1) that fractions of each of the
sizes contain biowaste (10%; 15%; 17% and 15%, respectively), which indicates
that mechanical screening does not provide the opportunity to screen recycled raw
materials without admixture of biowaste. Paper and plastic, on the other hand, is
better screened into the first three larger-sized waste fractions. As a result of not
opened waste bags the admixture of waste is increased especially within the waste
fraction of the larger size.

70
60 —
50 —

o, 40
30 i
20 I
10

0 1I.|'-.|.

>300 mm 150 mm -300 70 mm-150 mm <70 mm

mm
m Paper m Plastic u Textile Glass
=Wood Hygiene u Metal = WEEE
Hazardous BIO Other ® [nert

Source: D.Arina.
Fig.2.1. Content of municipal solid waste fractions sorted by sieves with
meshes 300 mm, 150 mm, 70 mm (%)

2.2. Characterization of pre-treatment

The results of flow diagram of waste materials are given in Table 2.1 and 2.2.
While recovery ratios (v), (A) un (k) for metal recovery by magnetic separators
have not been determined separately, the sum of the ratios for metal recovery
(y+At+x) has been established. The experimental data show that the medium
fraction has the largest waste mass ratio. The second largest part of waste is fine
fraction, which constitutes 30-42% of the total mass of waste and could potentially
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be used for treatment by biological methods. Secondary use material (metal)
constitutes as little as 3%. Since the separated metal has different admixtures,
additional treatment is required to separate a relatively clean secondary use
material.

Table 2.1
Recovery ratios of disc screener pre-treatment line for unsorted waste
Fractions Summer | Autumn | Winter | Spring | Average St.error
Coarse fraction (1) 0.25 0.20 0.19 0.21 0.22 +0.013
Medium fraction (n) 0.43 0.41 0.41 0.35 0.40 +0.019
Fine fraction (g) 0.30 0.36 0.36 0.41 0.35 +0.023
Metal (y+A+x) 0.02 0.03 0.04 0.03 0.03 +0.004
Table 2.2
Recovery ratios of drum screener pre-treatment line for unsorted waste
Fractions Ratios
Fine fraction (<60 mm) (8) 0.45
Metal fraction (y) 0.02
Coarse (burnable, RDF) fraction (v) 0.53

The coarse fraction constitutes 53%, which is potentially useful for refuse
derived fuel generation. Manual sorting of the coarse fraction provides the
following results: 1% glass waste; 2% of inert and other material unsuitable for
fuel generation; 1% biowaste and 1% metal (metal + aluminium + tin) and the
sorting process provides around 3% mass loss (RDF constitutes 45%).

2.2.1. Characterization of municipal solid waste sorted using disc screeners

The composition of the coarse fraction (waste size >80 mm) from the waste
sorted after pre-treatment (Table 2.3) contains a relatively large amount of paper
and cardboard (40%) and plastic (38%), which is mainly packaging. This fraction
is best suited for fuel generation. The biomass content of the coarse fraction is
around 54%, which corresponds to the permissible amount of biomass (>50%) in
the combustible material for the production of cement.

The medium fraction (waste size 25-80 mm) is notable for a large variety in
the waste content. Its biomass content constitutes around 49%, which is sufficient
to use it for direct incineration of waste.

The fine fraction (waste size <25 mm) contains on average 48%
biodegradable material (kitchen waste, green waste from gardens and parks, also
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partly disintegrated paper) and other fine inorganic materials, as well as around
38% of glass, ceramics and rocks.
Table 2.3
The average composition of waste fractions after waste pre-treatment by the
disc screener (%, for dry waste)

Type of waste Coar.se fraction Medi.um fraction Fine fraction (%);
(%); Std.error (%); Std.error Std.error
Paper and cardboard 39.5+2.90 23.9+1.73 2.4+0.16
Plastic 38.74+2.84 24.5+1.55 2.1+0.19
BIO waste 0.7£0.17 6.6+0.85 12.3+1.38
Fine (<10 mm) 3.240.63 6.3+0.69 43.7+2.01
Hygiene 5.1+0.99 7.1+1.06 0.7+0.12
Textile 5.5+1.27 4.0+0.81 0.1+0.03
Rubber, leather 4.1£1.32 3.4+1.34 0.1+0.02
Wood 1.1+0.47 3.6+0.86 0.5+0.10
Metal 1.5+0.35 3.5+0.66 0.5+0.15
Glass 0.2+0.08 9.1+1.17 32.1£1.86
Inert 0.4+0.33 8.1+1.66 5.5+0.52

After data normalization, assuming that the mass of each of the sorted
material types equals 1 and observing the distribution of the screened waste
fractions, within 33-55% of paper and cardboard, within 40-46% of plastic, within
37-75% of textiles and within 21-82% of rubber and leather gets into the coarse
fraction after screening (Fig. 2.2). The separation and use of the coarse fraction can
give a reduction of the amount of landfilled biodegradable waste by 23%.

An average 77% of wood and average 61% of hygiene waste as well as 50%
paper and cardboard, 53% plastic, 50% textile, 55% rubber/leather, 51% inert
waste and 40% biological waste screened through from middle fraction. About
39% of BDW (for landfilling) can be separated within medium fraction by
screening. Fine fraction accumulates largest part (74% on average) of glass and
83% (average) different kind of fine waste as well as on average 57% of biological
waste and 43% inert waste. Amount of biologically degradable waste (for
landfilling) can be reduced for about 38% by screening of the fine fraction.

54




Source: D.Arina.
Fig.2.2. Type of waste in fractions after disc screener (dry mass %)
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The established (Table 2.4) average moisture content in the separated coarse
fraction of waste potentially appropriate for fuel generation is adequate (<25 %) for

the spring fraction only.

Table 2.4
The mean values of the parameters of waste fractions after disc screener and
Ltd. CEMEX requirements for alternative fuels

. Moisture, * MJ*kg , N, , H,

Fractions ooi:u € | Qret 1 kg Ash, % | Cl, % OS/O % g/:o %
Coarse
Summer 43 13 17 11 0.2 0.2 | 525 | 6.0
Autumn 36 13 19 2.2 0.2 0.3 | 408 | 5.9
Winter 36 20 8 0.2 0.1 02 | 499 | 76
Spring 24 14 9 0.3 0.3 0.2 | 56.1 | 8.7
Medium
Summer 49 11 15 4.1 0.3 0.3 | 490 | 6.1
Autumn 48 8 32 0.7 0.2 04 | 523 | 7.2
Winter 43 11 33 1.7 0.3 03 | 692 | 47
Spring 30 15 12 0.5 0.9 03 | 603 | 7.3
Fine
Summer 49 7 46 2.0 0.2 18 | 33.7 | 49
Autumn 44 3 63 0.2 0.2 14 | 337 | 46
Winter 49 5 65 0.3 0.2 14 | 300 | 4.2
Spring 26 7 79 0.1 0.2 14 | 350 | 5.7
CEMEX <25 >16 <15 <0.8 <1 - - -

*Qpe- Net calorific value
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The moisture content in the coarse fraction in spring differs considerably
from the moisture content in summer, in the medium fraction — in summer, autumn
and winter, and the fine fraction — in summer, autumn and winter (0. = 0.05;
ANOVA). It can be explained by the climatic conditions in Latvia: the climate is
drier in spring if compared to other seasons. Moisture varied 12-62% for coarse,
20-63% for medium and 22-63% for fine fraction.

The ash content depends on the waste composition. The high percentage of
ash in the coarse fraction in summer and autumn can be explained by the large
amount of paper and cardboard in this fraction, whereas the fine fraction contains
sand and other incombustible materials. Content of ash varied 6-23% for coarse
fraction, 8-38% for medium and 34-82% for fine fraction samples. Lowest heating
value varied 11-23 MJ*kg™ for coarse, 6-16 MJ*kg™ for medium and 2-9 MJ*kg™
for fine fraction samples. A higher calorific value in the coarse fraction can be
explained by the amount of plastic in the coarse fraction, as plastic contains a large
proportion of carbon, a small amount of ash and a low moisture content. Content of
chlorine varied 0.1-2.6% for coarse, 0.4-4.9% for medium and 0.0-2.2% for fine
fraction samples. The chlorine content in waste depends on the waste composition.
Organic chlorine is present mainly in PVC and textiles. The chlorine content in the
coarse fraction samples is due to plastic and paper content, whereas in the medium
fraction — due to plastic, textiles and paper content. The sulphur content is
relatively low and displays significant differences between the fractions only for
the medium spring fraction, which can be explained by the waste composition in
the samples. Content of sulphur varied 0.0-0.3% for coarse, 0.1-1.1% for medium
and 0.1-0.3% for fine fraction samples. Content of nitrogen varied 0.1-0.3% for
coarse, 0.2-0.8% for medium and 1.4-1.8% for fine fraction samples. Content of
carbon varied 40.0-56.1% for coarse, 44.3-85.0% for medium and 28.6-36.2% for
fine fraction samples. Content of hydrogen varied 5.7-10.5% for coarse, 1.1-10.2%
for medium and 4.0-5.9% for fine fraction samples.

The data show that none of the parameters the average figures of the
properties of the coarse fraction comply with the requirements of fuel used for
cement production at any season. The results show that both the coarse and
medium fractions are appropriate for burning at waste incineration facilities.

Based on the established carbon content in waste fractions and the established
morphological composition of the fractions, the obtained data on the biodegradable
organic carbon (DOC) indicates (Table 2.5) that in mechanically treated waste, the
medium fraction has the largest proportion of DOC, i.e., if this waste fraction is
landfilled, biodegradable organic carbon in the landfilled waste constitutes 37% on
average. The fine fraction contains on average 31% of DOC, whereas the coarse
fraction — 19% of DOC on average.
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Table 2.5
Degradable organis carbon (DOC) for 3 fractions (%)

Fractions TC* TIC** TOC*** FCH*x* DOC
Coarse
Summer 52.5 0.01 52.5 28.3 24.2
Autumn 40.8 0.02 40.8 24.2 16.5
Winter 49.9 0.02 49.9 41.2 8.7
Spring 56.1 0.01 56.1 29.4 26.7
Medium
Summer 49.0 0.01 49.0 21.1 27.9
Autumn 52.3 0.04 52.3 16.0 36.3
Winter 69.2 0.02 69.2 235 45.6
Spring 60.3 0.02 60.3 19.9 40.4
Fine
Summer 33.7 0.002 33.7 0.8 32.9
Autumn 33.7 0.02 33.7 1.7 31.9
Winter 30.0 0.02 30.0 2.8 27.2
Spring 35.0 0.03 35.0 1.9 33.1

*TC — Total carbon;

**T|C — Total inorganic carbon;
***TOC — Total organic carbon;
****EC — Fossil carbon.

2.2.2. Characterization of municipal solid waste sorted using drum screeners

The waste composition in both of the fine fractions at the start of the drum
screen differs considerably from the waste content at the end of the drum (Table
2.6).

Paper and plastic content is higher in the “Fine-2” fraction than in the “Fine-
17 fraction. Fine waste (<10 mm) is screened more efficiently at the start of the
drum (91%) than at the end of the drum — only 16%. The biomass content of the
coarse fraction is around 53%, which corresponds to the permissible amount of
biomass (>50%) in the combustible material for cement production.

After data normalization, observing the proportions of the amount of screened
waste (Fig. 2.3), on average 78% of paper and cardboard, 84% of plastic, 79% of
textiles, 80% of rubber and leather waste and 80% of wood enters the coarse
fraction. The waste screened as the fine fraction (“Fine-1" and “Fine-2" combined)
mostly contains biowaste (88% on average), glass (83%) and inert waste (81%), as
well as fine waste (57%) and hygiene waste (55%). Of biodegradable waste,
around 55% enter the coarse fraction, and around 45% - the fine fraction.
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Table 2.6
The average composition of waste fractions after waste pre-treatment by the
drum screener (%, for dry waste)

N R B
Paper and cardboard 25.8+1.69 6.2+0.53 18.5+2.41
Plastic 24.8+2.23 4.3+0.56 9.9+1.38
BIO waste 0.6+0.32 13.6+1.55 17.2+2.60
Fine (<10 mm) 26.0+£2.16 40.1£3.59 15.6+2.34
Hygiene 2.4+0.56 1.8+0.42 10.3+1.55
Textile 8.9+1.72 1.44+0.30 5.4+1.35
Rubber, leather 3.9+0.93 0.9+0.38 2.24+0.84
Wood 5.3£0.99 1.1+0.27 3.1+0.68
Metal 0.7+0.26 2.1+1.26 2.2+0.65
Glass 0.4+0.12 21.5+3.24 11.1£1.90
Inert 1.3+0.66 7.1+£1.09 4.4+1.84

Inert

Glass

Metal

Wood

Rubber, leather
Textile
Hygiene

Fines (<10mm)
BIO waste
Plastic

Paper, cardboard

Source: D.Arina.
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Fig.2.3. Type of waste in fractions after drum screener (dry mass %)

The average figures obtained as a result of the analysis of waste samples
(Table 2.7) show that the moisture content for the coarse fraction potentially usable
for fuel generation in summer exceeds the permissible moisture content limit by
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6%. In summer, the moisture content differs significantly (P<0.01) among all the
three fractions (using One-Way ANOVA). The rest of the figures correspond to the
fuel quality requirements. Moisture varied 26-35% for coarse, 31-48% for fine-1
and 43-57% for fine-2 fraction. Content of ash varied 10-17% for coarse fraction,
54-77% for fine-1 and 20-47% for fine-2 fraction, but lower heating value varied
12-20 MJ*kg-1 for coarse, 3-7 MJ*kg-1 for fine-1 and 4-8 MJ*kg-1 for fine-2
fraction. Content of chlorine varied 0.2-1.0% for coarse, 0.0-0.7% for fine-1 and
0.0-0.6% for fine-2 fraction. Content of sulphur varied 0.0-0.5% for coarse
fraction, 0.0-0.3% for fine-1 and 0.0-0.4% for fine-2 fraction. Content of sulphur
varied 0.2-0.3% for coarse, 1.6-1.8% for fine-1 and 1.8-2.8% for fine-2 fraction.
Content of carbon varied 41.2-57.9% for coarse, 28.3-36.7% for fine-1 fraction and
29.9-38.1% for fine-2 fraction. Content of hydrogen varied 5.6-8.3% for coarse,
9.0-10.6% for fine-1 and 5.2-6.0% for fine-2 fraction.

Table 2.7
The mean values of the parameters of fractions after drum screener and Ltd.
CEMEX requirements for alternative fuels

Fraction | MODIUr® M?;ekté_l ashoe [clos | o [N [ | B
Coarse 33 14 13 0.7 04 | 03 | 461 5.9
Fine-1 43 4 63 | 05 | 03 | 18 | 345 | 10.0
Fine-2 50 6 29 | 04 | 03 | 27 | 317 | 55
CEMEX <25 >16 <15 | <08 | <1 | - | - -

Based on the established carbon content in waste fractions the obtained data
on the biodegradable organic carbon (DOC) indicates (Table 2.8) that in the coarse
fraction after drum screener has the largest proportion of DOC than in the coarse
fraction after star screener (19%).

Table 2.8
Degradable organis carbon (DOC) for 3 fractions (%0)
Fraction Total Total inorganic | Total organic Fossil DOC
carbon carbon carbon carbon
Coarse 46.1 0.02 46.1 20.3 25.8
Fine-1 34.5 0.03 34.5 3.8 30.7
Fine-2 31.7 0.02 31.7 9.2 22.5
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2.2.3. Comparison of waste sorted by disc and drum screening technologies
and recommendations for use

Comparing the figures of fraction properties for waste sorted by disc and
drum screening technologies, the moisture content in the fine fractions in the
summer season does not differ significantly according to One-Way ANOVA
analysis (P>0.01). The figures for the net calorific value in summer do not differ
significantly. What differs significantly is the ash content for the coarse fraction in
summer (P<0.05). After applying the disc screening technology, the ash content is
larger; this can be explained by the amount of paper in the samples. Chlorine
figures are also considerably different between the fine fractions, which is due to
the content of small-size plastic containing chlorine in the samples after the use of
disc screeners.

After data normalisation, the results of comparison of the fine fractions
(Fig. 2.4) between both screening technologies show that the rotating drum
screener (the mean value from ,,Fine-1” and ,,Fine-2” fractions after the use of
drum screeners are used for comparison) separates a more heterogeneous mass
compared to the disc screener. Only fine waste is separated more by the disc
screener than by the drum screener. Major differences can be observed in hygiene
waste sorting: the drum screener can separate 55% of hygiene waste, whereas the
disc screener screens most of the hygiene waste in the medium fraction. The
differences are due to the screen mesh: the larger the size, the more heterogeneous
is the waste screened in the fine fraction. It is advisable to select one section of the
drum screen with a screen size below 60x60 mm.

100%
90%
80%
70%
60%
50% ~
40% -
30% -
20% -
10% -

0% -

> >
SFCRC IR

Disc screener B Drum screener

Source: D.Arina.
Fig.2.4. Comparison of fine fractions sorted by disc and drum screening
technologies (%, dry mass)
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In both screeners, glass is mostly screened as fine fraction (74% and 83%);
this is due to waste shredding at the start of mechanical sorting lines, and the glass
broken during the technological process falls into the fine fraction as heavier and
smaller pieces. Glass is not a desirable component in the waste mass to be used for
composting, and the composition is therefore unsuitable for obtaining high quality
compost with the aerobic treatment technology. Such biomass can be used for
treatment by the anaerobic biocell technology.

To prevent glass waste from entering the fine fraction or the coarse fraction to
be used for fuel, it is advisable to introduce sorted glass collection in municipalities
at source.

To achieve a higher efficiency of mechanical sorting, it is advisable to install
a garbage bag opener as the first equipment on the mechanical pre-treatment lines,
rather than a shredder. Drum screeners are available on the market with devices for
bag splitting installed within the drum.

The disc screening technology provides the opportunity to use the sorted
waste fractions more broadly at landfills: the fine fraction can be composted and
used as a waste cover material at a landfill or utilised for the production of biogas,
including in the anaerobic treatment biocell. The medium fraction can be landfilled
or disposed by direct incineration, whereas the coarse fraction can be used for fuel
generation.

To reduce the moisture content in the potential RDF material, it is advisable
to inform the public and companies that waste container lids need to be closed.
Municipalities from which waste is collected for the purpose of fuel generation
should ensure the placement of containers under a roof. Waste management
companies should also store their waste intended for fuel generation under a roof.

2.3. Characterization of alternative fuel derived from municipal solid waste

The figures (Fig. 2.6) for six RDF samples obtained as a result of the added
separately collected plastic and textiles indicate that the moisture content figures
can be improved and the heat of combustion values can be increased adding dry
material.

The ash content meets the requirements of a high quality fuel only in two of
the supplemented samples (P4, P6). The chlorine content corresponds to the
parameters of a high quality fuel both in the coarse fraction and in the
supplemented samples, except for the sample P3 (exceeds the limit by 0.1%).
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Fig.2.6. Comparison of six RDF samples (1-6) and coarse fraction sample (7)

with requirements for alternative fuel
(a) Moisture (%);
(b) Net calorific value (MJ*kg™);
(c) Ash content (%);
(d) Chlorine content (%)

2.4. Evaluation the impact on the environment of the use of municipal solid
waste mechanical pre-treatment in Latvia

For the case study the Piejiira waste management region was taken. Since in
the Piejura region in the last years no measurements of waste composition were
performed, to estimate the amount, composition, etc., of the waste produced in the
region, in our research we employed the empirical results obtained in 2007 in the
framework of INTERREG I1I program RECO project.

As the basic scenario the situation in the Piejiira region in 2010 was chosen,
with 93% of unsorted waste disposal on the Janvari landfill without gas collection
and re-generation systems. With each subsequent model, the basic scenario is
complemented with a new waste treatment or disposal technology which promotes
the treatment of organic waste and allows abandonment of direct disposal on a
landfill. The author’s empirical results of composition of waste fraction after disc
screener were used to evaluate a mechanical pre-treatment.
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Seven waste management scenarios are analyzed:

1. Disposal of unsorted household waste (93%) without gaining energy (Scenario

1);

Disposal of unsorted household waste (93%) with gaining energy (Scenario 2);

3. Sorting at the source of waste (50% of recyclables; 30% of organic waste),
composting of the separated organic mass by open-field technologies (15%)
and in a reactor (85%), stabilization of the fine fractions (35%) in a bio-cell
with biogas production; disposal of the remaining waste mass (Scenario 3);

4. Sorting at the source (50 % of recyclables; 30% of organic waste), composting
of the separated organic mass by open-field technologies (15%) and in a reactor
(85%), composting of the fine fractions (35%); disposal of the remaining waste
mass (Scenario 4);

5. Sorting at the source (50% of recyclables; 30% of organic waste), processing of
the separated organic mass by open-field technologies (15%) and in a closed
reactor under anaerobic conditions (85%); processing of the fine fractions in a
closed reactor (35%) under anaerobic conditions; disposal of the remaining
waste mass (Scenario 5);

6. Sorting at the source (50% of recyclables; 30% of organic waste), composting
of the organic mass by open-field technologies (15%) and in a reactor (85%);
stabilizing the fine fractions (35%) in a bio-cell; incineration of the RDF part
(22%); disposal of the remaining waste mass (Scenario 6);

7. Sorting at the source (50% of recyclables; 30% of organic waste), composting
of the organic mass by open-field technologies (15%) and in a reactor (85%);
stabilizing the fine fractions in a bio-cell (35%); incineration of the RDF part
(22%); elimination of the medium fraction (40%) by its incineration (Scen.7).

o

The results (Fig.2.7) obtained characterize such consequences of the WM
performance as climate changes, acidification, eutrophication, and formation of
chemical photo-oxidants. Concerning the scenarios of WM development in the
Piejiira region, namely, disposal of unsorted waste on landfills without (Scenario
1) and with (Scenario 2) energy gain, these correspond to the greatest negative
impact on the environment; therefore, measures toward CO2 emissions reduction
will in the future be indicative of this development.

However, as the results obtained show, already such minor improvements in
the WM processes as organic mass separation and stabilization in bio-cell at the
landfill (Scenario 3) make possible a substantial GHG emissions reduction by 2020
— 37 843 t in CO, eq. (~ 36% as compared with the basic scenario). In turn,
Scenarios 4 and scenarios 6 are practically identical in terms of environmental
impact: 24 788 t in CO, eq. and 25,077 t CO, eq. (both ~ 24%, respectively,
against the basic scenario). As concerns the digestion of organic waste in
anaerobic medium (Scenario 5), this treatment causes the impact expressed by
32,487 t CO,-eq. (~31% against the basic scenario).

63



. Photo oxidant formation
Global warming

70
120000 -

100000

80000

60000

Tonnes COy -chee

40000

20000

Acidification

[
[ =S
S S S
L L L

Tonnes Oy-eky.
Tonnes 8Osk,

W3 scenarios

W5 scemarios

7.seemzrios

Source: D.Arina in publication No. 5

Fig.2.7. Environmental WM impact by type of waste treatment in the Piejura
region (Scenarios 1-7)

The least negative impact is achievable in Scenario 7 — i.e. waste treatment
and industrial incineration of its remaining part, with the total CO, emissions being
only 6,391 t CO, eq. (~ 6% as compared with the basic scenario).

2.5. The cost-estimation of mechanical pre-treatment technologies of
municipal solid waste

The comparison of cost estimates for equipment set is carried out in 3
scenarios considering the potential waste amount in WM regions in Latvia:
» Scenario | — planned annual waste quantities 20 kT; planned capacity of
equipment 10 t*h™;

e Scenario Il — planned annual waste quantities 40 KT; planned capacity of
equipment 20 t*h™;
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« Scenario Il — planned annual waste quantities 160 KT; planned capacity of
equipment 80 t*h™.

The waste amounts were calculated theoretically, assuming that one resident
produces 250 kg of waste per year and comparing it to the actually landfilled
amount of municipal solid waste at landfills.

The following formulas are used for cost estimation (2.1.), (2.2.) and (2.3.):

C| = CC + CE + CM (21)

where, C, — investments (€);
Cc — capital expenses (construction works) (€);
Ce — cost of equipment (new) (€);
Cy — management or maintenance costs (€).

Cman. =D+ M+ W+ Cy e+ O (2.2)
where, Cyan. — management or maintenance costs (€);
D — depreciation of buildings and equipments (per year) (€);
M — maintenance cost of buildings and equipments (€);
W — wages including taxes (€);
Cel.fuel — €lectrical energy and fuel costs (€);
0 — other expenses (concerned with production 10%; administration

costs 10%) (€).

C= (CManA +L+T- I) / Cequipm * Hwork. (2-3-)
where, C — costs (€*t'1);
Cequipm — Capacity of equipment (t*h™);
L — costs for landfilling (€);
T — costs of transportation (€);
|

—income from selling of recyclables;
Huwork. — Working hours per year.

Comparing the mechanical pre-treatment (MP) technologies, it is assumed
that the mechanical sorting process of unsorted municipal solid waste will produce
RDF, recycled raw materials, biodegradable waste that can be used for further
treatment, and the rest of the waste to be landfilled. The income from the selling of
materials have been defined using the publicly available waste material prices in
Latvia: RDF material — EUR 14 per t, non-ferrous metals — EUR 1100 per t, metals
— EUR 180 per t, glass — EUR 7 per t. The transportation costs have been
established for a delivery distance of up to 100 km based on the cost of 1 vehicle-
kilometre — EUR 1.16 — indicated in the Transport Development Guidelines for
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2014-2020. The estimated equipment service time is 10 years, whereas that of
constructions — 30 years. The planned number of working hours is 2000 per year. It
is assumed that the construction depreciation ratio is 3.33 %, equipment
depreciation ratio — 5 %, energy price — EUR 0.20 kWh, 11 of fuel — EUR 1.20.

The annual employee salaries have been estimated in three groups: director —
EUR 16,000, engineers — EUR 12,000, employees — EUR 8,000. The average
equipment prices have been obtained collecting the offers provided by equipment
producers or distributors in different projects and tenders in Latvia, as well as using
literature sources.

The resultant MP costs of municipal solid waste in the three scenarios of
mechanical sorting lines for municipal solid waste with the equipment capacities of
10 t*h?, 20 t*h™* and 80 t*h™ are EUR 32 per t, EUR 24 per t and EUR 15 pert,
respectively. The equipment costs are 56 % of the capital investments in Scenario |
and 59 % in Scenarios Il and Ill. The economically most profitable solution is
Scenario 3, which — considering the potential waste amounts — can be implemented
only in the Pieriga waste management region. With the increase in the cost of
landfilling, Scenario | also becomes profitable, which — considering the available
amounts — is suitable for a large part of waste management regions, assuming that
separate waste collection will be developed.

To assess the costs for different MP equipment sets and estimate the amount
of the resulting recovered waste material (Table 2.9), Scenario | (the planned waste
amount — 20,000t per year™, capacity — 10 t*h™) with constant capital costs
analyses the costs of four additional options. The recycled raw materials are glass,
metal (FE) and aluminium (Al).

Table 2.9
Materials for four different equipment sets (capacity 10 t*h™)
Sorted material, % 1.0pt. 2.0pt. 3.0pt. 4.0pt.
Glass 3 0 0 1
BDW 40 35 35 43
Fe 2 2 2 2
Al 1 1 1 1
RDF 45 22 45 45
Total suitable materials 91 60 84 92
Landfilling, incineration 9 40 16 8

The fine fraction (BDW) is intended for covering the landfill, the coarse
fraction (RDF) — for regeneration, whereas the rest of the waste — for landfilling or
incineration in a waste incineration plant (Table 2.10.). Manual pre-treatment is
intended for the separation of admixtures undesirable for recycling.
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Table 2.10
The costs of mechanical pre-treatment equipments (capacity 10 t*h™)

Costs of options 1.0pt. 2.0pt. 3.0pt. 4.0pt.
Costs, EUR*t? 36 34 39 32
Costs, with landfilling, EUR*t? 38 45 43 34

Costs, with income from realization and costs of

transportation till100 km, EUR*t 23 31 28 19

Costs, with income from realization and costs of

transportation till 250 km, EUR*t 32 al 35 26

While the prices of equipment sets for Options 1 and 4 are equal, the
treatment costs for 1 tonne of waste for Option 4 are lower, as it requires a smaller
labour force of manual work. The costs of Option 4 with a rotating drum screener
and manual sorting are the lowest; however, it must be taken into account that the
proportion of the fine fraction after the use of a drum screener is larger and
contains a higher proportion of admixtures than after the disc screener.

For all four options, the income from selling the recovered materials exceed
the transportation costs up to the distance of 250 km.

The analysis of the results of the above options shows that in Option 1, as
compared to Option 4, more material unsuitable for RDF generation can be sorted
manually, thereby improving RDF quality although slightly increasing the amount
of waste to be landfilled. While sorting lines in combination with manual sorting
are more efficient in terms of costs, as higher quality material can be sorted,
manual sorting of unsorted waste is considered to be work dangerous to health,
which is why manual sorting is mainly used for sorting separated waste at source.

2.6. Selection of economically most viable solution for location of mechanical
sorting lines based on logistic of transportation

In the model developed for the Piejiira waste management region, the
calculation of transport costs based on transport logistics has been carried out for
the following scenarios:

1.  There is only one unsorted waste sorting line in the MSW landfill “Janvari”
(capacity — 40,000 t per year, operation costs — EUR 24 for pre-treatment of 1
tonne of waste). All the unsorted waste is delivered from the reloading station
to the landfill. After the sorting, 22 % of the coarse fraction is delivered for
regeneration to the Brocéni county.

2. There are three unsorted waste lines in Jurmala, Tukums and the landfill
“Janvari” (capacity 20,000 t*year™, operation costs — EUR 32 per t. After the
sorting, 22 % of the coarse fraction is delivered for regeneration to the
Brocéni county, whereas the remaining part is transported to the landfill.
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Transportation distances have been determined for the following routes:
Jurmala —Janvari 91 km; Tukums — Janvari 70 km; Roja —Janvari 36 km; Jarmala—
Brocéni 79 km; Tukums —Brocéni 58 km; Janvari — Brocéni 84 km. The
calculation is based on the assumption that waste and RDF material is transported
by trucks with the carrying capacity of 20 t and the average fuel consumption per
100 km is 42 I. The price of a new truck is around EUR 140,000 and the average
driving speed is 70 km*h™. It is assumed that the loading time for waste in and out
of the truck is 0.5 h and for RDF is 2 h. The employee salaries have been estimated
EUR 5.69 per h.

The assessment of costs for both scenarios (Fig. 2.8) show that if only the
transportation costs are assessed, it is more profitable (a cost reduction of 12 %) to
sort waste in three handling centres, transport the fine fraction for regeneration to
the Brocéni county, and transport the rest of the waste to the landfill (Scenario 2).
Transportation costs constitute EUR 5.99 per t for Scenario 1 and EUR 5.25 per t
for Scenario 2.
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1.scenario 2.scenario
OCosts of Fuel ~ OCosts of Wages B Amortization

€*year!

Source: D.Arina
Fig.2.8. The assessment of transport costs for two scenarios for the Piejiira
waste management region, EUR per year

Assuming that the total amount of municipal solid waste in the region is
36,232 t per year and considering that the operation costs for Scenario 1 — EUR 24
per t and for Scenario 2 — EUR 32 for each line, the annual costs of both scenarios
together with transportation costs are ~EUR 30 per t for Scenario 1 and ~EUR 37
per t for Scenario 2.

When the operation costs of sorting lines are also taken into account in
addition to transport costs, Scenario 1 is more profitable (a cost reduction of 19%),
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where all the unsorted waste from handling centres are transported to the landfill
and is mechanically sorted at the landfill.

Based on the assessment, it can be concluded that the optimum location of
mechanical pre-treatment lines for unsorted waste is at the landfills of the waste
management regions. Another condition needs to be taken into account — that
landfills are suited for operations with unsorted waste, whereas in sorting and
handling centres no higher environmental protection requirements are in place. It is
advisable to develop mechanical sorting of waste collected separately in the sorting
and handling stations and to increase the capacity of manual sorting lines and add
extra separation equipment, if required.
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3. CONCLUSIONS

The experimental sieve method research of the content of unsorted houshold
waste showed that to achieve a higher efficiency of mechanical sorting, it is
advisable to install a garbage bag opener as the first equipment on the
mechanical pre-treatment lines, rather than a shredder. Mechanical screening
does not provide the opportunity to screen recycled raw materials without
admixture of biowaste. The results of analyses of the sreened fractions
showed that fractions of all sizes contained biological waste. Sieves can be
combined according to their size to separate recyclable and reusable
materials. The screen sizes for screening paper and cardboard by screening
equipment can be 120x120 mm, whereas for screening plastic — 70x70 mm.
As showed by the conducted research at landfill ,,Daibe” and waste sorting
centre ,,Vibsteri”, the mechanical sorting facilities do not ensure complete
seperation of biological waste and fullfillment of objective of the reduction of
amount of biologically degradable waste landfillment for 2020. About 45% of
paper and cardboard and 43% of plastic regeneration or reduction for about
23% of biologically degradable waste (for landfilling) can be achieved by
screening coarse fraction (waste size >80 mm) with disc screener and by
using seperated resources for fuel. The reduction for about 39% of
biologically degradable waste (for landfilling) can be achieved by screening
medium fraction (waste size 25-80 mm) with disc screener, if combustion of
medium fraction is planned afterwards. The reduction for about 38% of
biologically degradable waste (for landfilling) can be achieved by screening
fine fraction (waste size <25 mm) with disc screener and for about 45% by
screening fine fraction (waste size <60 mm) with drum screener. The
reduction for about 55% of biologically degradable waste (for landfilling) can
be achieved by screening coarse fraction (waste size >60 mm) with drum
screener.
The research method for waste sampling to determine content of unsorted
waste can be used in landfills and centres of separation and loading as
suggested by the study.
None of fractions of mechanically separated waste comply with the
requirements of fuel used for cement production as showed by data of
fraction analyses. Additional separation, drying and additions to content of
the fraction are necessary. Pre-schredding and screening of the wet unsorted
waste by the facilities discussed above do not ensure preparation of
qualitative material for production of the fuel. The screened coarse and
medium fractions can be used for export for waste combustion plants.
The organic content of the haushold waste is reduced by the mechanical pre-
treatment before landfilling. The obtained data indicates that in mechanically
treated waste, the medium fraction has the largest proportion of DOC
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(biodegradable organic carbon) — about 37%, the fine fraction contains on
average 31% of DOC, whereas the coarse fraction — 19% of DOC on average.
Biologically degradable waste separation at source and adjustment of the
content of the separated waste (with non usable waste) is necessary to lower
moisture, ash and chlorine content of potential fuel produced from waste.
Together with development of source separation of biologically degradable
waste, scenarious with waste combustion technologies both at cement
production and waste combustion plants (as final stage) should be explored as
these have less environmental impact compared to waste landfilling, as shown
by results of environmental impact analyses of the waste management
scenarious by WAMPS 1.0 software tool.

Lower costs of mechanical pre-treatment of one ton waste correspond to
larger amount of waste and larger power of processing as shown by
evaluation of the mechanical pre-treatment technologies of the unsorted
waste. The costs of mechanical pre-treatment scenarious with the equipment
capacities of 10 t*h*, 20 t*h™ and 80 t*h™ are EUR 32 t, EUR 24 t and EUR
15t, respectively.

The mechanical pre-treatment facilities for unsorted waste are economically
little effective, if fine (biologically degradable) fraction can not be used. EUR
32 t is the most cost effective choice for mechanical pre-treatment facility of
10 t*h™". The separation of the fine fraction can be ensured by drum screener
wich is for about 33% cheaper than disc screener.

Landfills of Waste Management Regions have optimal dislocation of the
mechanical pre-treatment lines. Unsorted waste should be sorted in loading
centres, if only the transportation costs are calculated. Unsorted waste should
be sorted in landfill, if the transportation costs and expluatation costs of
separation lines are calculated. 90 km is the approximate transportation
distance between loading centres, landfills and fuel regeneration sites
analysed in the study.
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