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Heprparrovtikés Emntmoseig Teyvoloyiov Awayeipiong
Xrepe@v Amofintov kor Ipoomtikég

I. A. MANAPIQTHX
Ap TToMtkdg Mnyavikdc, Tepipépeia Avt. EALGSag

Hepityn

Avalvovtar o1 TEPIPAlLOVTIKES ETITTWDOEIS OTO THYV EYOPUOYI TV
Pocikdv teyvoloyiav diayeipions otepedv amofiitwv (AXA) ue
éupaon kvpiog ota aotika amofinra, aro Pobuod mov o texvo-
AOYIES OUTEC TUUUETEYOVY KOTC THV TPOTEIVOUEVH TOMTIKY OAo-
KAnpouévns AXA e Evpwraixne Evoons (EE). H vysiovopuxn
1091 TPOKalEl TOMIKES TEPLPOILOVTIKES EMITTOOEIS Kol GOUPCAAEL
0€ TOYKOOUIEG EMITTMOEILS, AOY® EKTOUTOV 0PIV Bepuoknmiov,
KOTG OéKO. POPES TEPIGOOTEPO OT’ O,TL | AVOAKOKAWON (UETA THG
MmOOUATOTOINoNG) KoL 1 KODGH TOV TPOKOAODY KUPIWS TOTIKES
emrtwoels. Ano ororyeio ¢ EE extiudron ot ue v emiteodn
Oeopobetnuévav atéywv petd to étog 2020 n avaxdxiwon (ue
MTOGUATOTOINON), N KODON UE QVAKTHGN EVEPYELOS KOL 1] DYEIOVO-
wikn topn Bo mpooeyyicovv emineda 50-55%, 20-25% xou 25%,
AVTIOTOLYWG, TG TOGOTNTOS AOTIKMY OTEPEDY amofiitwy (AXA).
Ipokdmrel, emiong, O6t1 oTOV 010 YPOVIKO 0pilovta, Ol TOTIKES
KOl TOYKOOUIES EMITTWOOEIS KOI TO GOVOMKO KOOTOG OLOYEIPIoNS
Oo umopodoav va elayiotomoinBodv, eav n oloxinpwuévy AXA4,
TAEOV THG JLadOYHS OTNY TNYH VIO OVOKDKAWOY, MTOGUOTOTOINGN
Ko avoepofia yawvevon, mepLeAdufave kol avaxdkAwon, kodon ue
AVAKTNON EVEPYELAS KO UNYaVIKN-floloyikn enelepyooio mpty omo
v tediki) d1abeon pe vyelovopuky Topy.

1. EIXATQT'H

H peoiotikn BéLTioT oTpaTyikn oAoKANpoUEVNC SloiyEi-
plong otePe®V amoPANTeV (AXA) gival TANPOS EVAPUOVIGHE-
N He TV apyn g aEipopov (Pdciung) avantuéng, Katd v
omoia 6gv Bo TPEMEL VO GTEPTGOVLLE OO TOVG OMOYOVOLG HLOG
™ ¥pNoN TV TOP®V oL gLl amorapavovpe onpepa [1]. O
oxedacog TG oTpaTNYIKNG avtig 6tV Evponaikn Evoon
(EE), oopomva pe to ymoeiopo tov Evponaikod KowofovAi-
ov ¢ 14.11.1996 [2], Paciletar oTnV epdpymon tov dpdce-
@V JLoYEIPLONG LE TNV OKOAOLON CEPA: ATOPLYY TOPAYDYNG
amoPMTOV, ETOVOYPNOLOTONGT], AVOKVKA®GT|, OVAKTHOoN
evépyelag, teMkn d1dbeon. Ot dpdoelg avtég Bo mpénetl emt-
TAEOV Vo BEATIGTOTOIOVVTOL GOUPOVO LLE OTOTEAEGLLOTOL OLVOL-
Ace@V KOKAOV (O1G TOV VAK®OV 0V KOTAANYOUV GTO GTEPEQ
amopAnto.

H éw¢ onuepa owbéoun teyvoyvooio Kot gumelpio
delyvel 6TL Pacikég TEXVOLOYIEC TOV YPTGLLOTOLOVVTOL OL-
Yropinbnxe: 5.3.2004  Eywve dexrij: 16.3.2005

I1. X. TTANNOIIOYAOX
Enikovpog Kabnyntmg [avemompiov [Hatpodv

TOVGLEG N UE TTopOAhayég KOl cuVOLOoHOVG ot AZA givat
1N AVAKTNON VAKAOV (S10A0Y1], EXAVOYPTCLLOTOIN G, 0VOKD-
KA®OT), MTOCHLOTOTTONGN), 1] AVAKTN O EVEPYELNS (Koo e
OVAKTNOT NAEKTPIKNG Kot OEpLUKTG EVEPYELNG) KOl 1) TEAKN
duifeon o€ KOTAAANAL SLOUOPPOUEVOLG YDPOVG (VYELOVO-
pn taen) [3]. Exdom eni pépovg teyvoroyia emiterel éva
SLPOPETIKO E0POG OTOYWV GTO GYEOLUGUO TNG OAOKANPOLLE-
vng AXA kot o BaBpog amddoong g eival TPAKTIKA TEPLOPL-
opéVog. Qg ek TOVTOV, OTTALTEITOL 1] GLVOVAGUEVT] EQAPHLOYN
KOl TIPOGOPHOYN TOV TPOUVAPEPDHEICDOV TEXVOLOYIOV OTIG
TPOYLOTIKEG GUVONKES, TPOKEUEVOL VO TPOKVWEL TO PEATL-
OTO OMOTEAEC|LOL GE TTANPT] CULE®VIO [LE TNV aKoAovBOVEV
TEPPOALOVTIKT TOATIKY.

Yty mopovoa epyacio egetdlovior ot Beticég kat ap-
VNTIKEG EMOPAGELG TTOV TPOKVITOVV OO TNV EPAPLOYT TV
TPOOVOPEPHEIGDY TEYVOLOYLDV KOl EKTILAVTOL Ol TPOOTTL-
KEG TTOL JLAPOPPAOVOVTOL HETA Omd TANPN ovamTuén g
TPOTEWVOLEVIG OTPATIYIKNG oTIg Ydpes-péAn g EE. Ta to
oKOTO aVTOV Eytve emekepyacia Kot cuVaElOAOYNOT) OTOLKEL-
@V 0md ToAAPIOUES TNYEG KOl TO GCUUTEPAUCLLOTO TG TOL-
povoaG HEAETNG Elval ¥pNoLla o€ dNUOGLONG KOt 1OUMTIKOVG
@opeig mov gpmAékovtot pe T AXA.

2. XYMBOAIXMOI

AEA/HWI Amotéppwon enkivovvav amofAntov/

Hazardous waste incineration.

AEIT/GDP AxaBdpioto eyydpio mpoidv/Gross
domestic product.

ANA/REC AvoxokAioon /Recycling.

AXA/MSW Aotk oteped amofinto/Municipal solid
waste.

BAO/BOD, Buoynuikd omoitovpevo  ofuyovo (5 d,
20°C)/Biochemical oxygen demand (5 d,
20°C).

AIIIT/EPE Aomdveg yio Tnv TpooTacio ToL TEPL-

BéArovtog / Environmental protection
expenditures.
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AXA/SWM Awyeipion otepedv amofAantwov/Solid
waste management.

AT/PS Anpodoiog topéac/Public sector.

ATA/WSE Aomdveg topéa amofAntov/Waste sector
expenditures.

EE/EU Evponaikn 'Evoon/European Union.

KA/IN Kavomn/Incineration.

KAE/TER Kavon pe avaktnon evépyetag/Incineration
with energy recovery.

AII/COM Awmacpatoroinon/Composting.

MIIOA/NVOC Mn #amtkdg opyavikog dvBpakoc/Non
volatile organic carbon.

OOA/TOC OAkog opyavikdg avBpaxag/Total organic
carbon.

[MTAOE/AOX  IIpoopo@ovpeveg aA0YOVODYEG OPYOVIKEG
evmoelg/Absorbable organic halogens.

YA/'WW Yypd anopfinto/Wastewater.

YT/LF Yyegovopukn tagr/Landfilling.

XAOQO/COD Xnpucd amoattovpevo o&uyovo/Chemical
oxygen demand.

XYTA/LS Xdpog vyeovopukng taeng/Landfill site.

A Avotpio/Austria.

B Bélyo/Belgium.

D I'eppovia/Germany.

DK Aavio/Denmark.

E Iomavia/Spain.

EL EA\GSo/Greece.

F ToAAio/France.

FIN dwlrovdio/Finland.

I Itokio/Italy.

IRL Iphavdio/Ireland.

L Aovéeppovpyo/Luxemburg.

NL OAAavdio/Netherlands.

NwW Noppnyio/Norway.

P [Moptoyario/Portugal.

RDF Kavowo mapayopevo oand omdfAnta/
Refuse derived fuel.

S Youndio/Sweden.

UK Hvopévo Baciielo/United Kingdom.

3. EIIITEYI'MATA XTH AIAXEIPIXH
YXTEPEQN AIITOBAHTQN

H otpatnywn mov &xetvioBetnBei omd v EE yro ) AXA
amoppéet amd To 6TdY0 Yo aepopo avamtuén [1,4] ko &
davikevetal ota yneiouato tov Evpwraikod Korvofovdiov
g 14.11.1996 [2] xar Tov ZvuPfoviiov tne EE e 24.2.1997
[5]. To devtepo ynoopa «emiPePoidvel Ty avaykn Guvo-
Mg moMtikng AZA oy Kowotnta yéptv g npootaciog
TOV TEPPAAAOVTOCH, KTPOTPEMEL TAL KPATN-UEAT VOl XPNOL-
LOTOL00V, KOTA TOV TAEOV GUVEKTIKO TPOTO, VPV QPAGHO
LECOV, GUUTEPIAAUPAVOLEVOY TV OIKOVOUIK®V, OVAA0YQ
LE TNV TEPINTOOT], e OKOTO TNV EMITEVEN TOV GTOYOV TIG

TOMTIKNG TOVG Y10, TO. ATOPANTOY Kot «KOAEL TO KPATI-UEAT
VO TPOCAVOTOAGOVY KOTAAANAQ TIG TOMTIKEG TOVG Yo AZA,
MOTE 01 dLVATOTNTEG AVTEG Vo, VAoTomBovvy. Emopévag,
N EVPOMOIKY OTPATNYIKN OWKOdoUEITAL GTN AOYIKY TNG
oAokAnpopévng AZA.

Koatomwv oyetikng ene&epyociog dedopévmv yio OAEG TIg
YOPEG-HEAN TTOL €xovv ANl and apuddieg Ynpeoieg g
EE [6] kot avilvong avTioToy v oTotEinv TG LTOTIOTIKNG
Ymnpeoiog ¢ EE (EUROSTAT) [7], oxetikd pe t1g mapo-
YOLEVEG TTOGOTITES AOTIKAOV OTEPEDV amoPAnT@v (AZA) Kot
TG TEYVOLOYiEG TTOL €PapurolovTal ywo Tn OlyEiplon Tovg,
ouviédnke o mivakag 1, OmOVL KOTAYPAPOVTOL Ol EMIKPOL-
TE0TEPES TAGELS, KOl TO oyfpa 1, 6mov mapovcidloviat ot
epappolopeveg TeVoAOYiEG Kot 1 GXETIKN TOcOTNTO AXA TTOVL
dwayepifovrar. Ot Tipég oty TeAevtaio oTHAN Tov mivaka 1
VIOAOYIOTNKAY, (DOTE TO GLUVOAIKO TOCO0TO KAPBE £Tovg va
wovtat pe 100. Enuewdverar 6Tt o dtabéoyio oTadcpéva
otototikd ototyeio g EE amd 28.8.2003 evoopatdvouy
MTOGHOTOTOIN o TNV AVaKVKA®OT). Aopfdvovtag vToyn to
nahodtepa ototyeia yuo tnv EE-15 (mivaxag 1) [6], eaivetot
OTL 1] MTTOGHLOTOTTONGT) KIVOUVTOV GE GYETIKA YOUNAG emimeda
(3-6%) kotd pécov 6po. H ovumepipopd avt amodideton
Kupimg ot dvokoAio d1dbeong ToL TPOIOVTOC, GE GUVOVACLO
pe mv ovumop&io KOWOVIKNAG amodoyng Yo Xpion avTtov
0V QPTOYOV Mmcpotog otlg KoAMépyees. Tlaviog, n EE
AopPaver pétpa yio ) Pertiooon Tng KOTACTAGNG OVTNG GTO
Gpeco HEALOV, OTMG EPOPLLOYT TNG OVOKOKAMGONG TAUCTIKMV
KOl TV TOAMTIKOV Storyelptong 01KOV pELUATOV amoBANT®V
(MAEKTPIKAOV KOt NAEKTPOVIKAOV DAKDV, UTATOPLOV K.4.).
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Zynua 1: MeBodoloyieg drayeipiong AXA onig ywpes e EE-15.
Figure 1: MSW methodologies in EU-15 countries.
ITivoxag 1: Emixparoboes taoeis diayeipions AXA oty Evpann.

Znueiwon: To t DK avopépoviar povo amofinro kizwv.
Note: For DK only garden wastes are given.
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Table 1: Prevalent trends in MSW management in Europe.

Xdpar/ "Etod/ KA/INC YT/LF ANA+AITT+ANN*/
Country Year REC+COM+Other
%
2002 11 30 59
2001 11 33 56
2000 11 33 56 (21,35
A 1999 12 35 54
1998 11 37 2 (19,33)
1997 10 35 55 (19.36)
1996 11 37 52 (18.34)
1995 12 2 16 (22.24)
2002 34 12 54
2001 34 13 53
2000 34 13 53 (27,26
B 1999 34 18 18 (2424)
1998 33 2 45 (23.22)
1997 35 23 2 (212D
1996 40 EY) 28 (15.13)
1995 34 46 20 (13.8)
2002 23 20 57
2001 24 23 53 (7,15
2000 2 26 2 (2715
b 1999 2 27 51 (26, 13)
1998 23 3 4 (26 14)
1997 20 36 44 (2313)
1996 20 40 40 (22.13)
1995 20 2 38
2002 54 5 4 (19, 15)
2001 55 6 39 (18.13)
2000 56 7 37 (21.16)
DK 1999 56 11 33 (QL12)
1998 53 11 36 (22.14)
1997 53 11 36 (21.14)
1996 51 11 38 (25.13)
1995 54 14 31 (2011
2002 7 61 32
2001 6 61 3 (11,10
2000 6 61 33 (1,12)
E 1999 6 59 35
1998 7 62 31
1997 7 62 31
1996 7 65 28
1995 5 64 31
2002 0 93 7 6, 1)
2001 0 92 8 71
2000 0 93 7 (6,1
EL 1999 0 92 8 (7.1
1998 0 95 5
1997 0 95 5
1996 0 98 2
2002 34 38 28
2001 34 40 26 (12,13)
2000 34 2 24 (112)
. 1999 33 43 24 (11.10)
1998 33 4 23 (10,10
1997 31 46 20 (9, 9)
1996 35 47 18 (8, 9)
1995 36 47 17 (7.9)
2002 9 62 29
2001 8 62 30
2000 8 56 36
FIN 1999 11 63 26
1998 8 60 EY)
1997 6 66 28
1996 5 69 26
1995 0 66 34
2002 9 62 29
2001 9 64 27
2000 9 68 23
| 1999 8 77 15 (8,7
1998 8 81 11
1997 7 78 15 (6,9)
1996 7 82 11 (5.6)
1995 6 84 10
2002 0 72 28
2001 0 71 29
® oL B G oo
IRL 1998 0 93 7 (7,0)
1997 0 87 13
1996 0 84 16
1995 0 82 18
2002 ) 23 35
2001 44 2 32
2000 ) 20 38 (0, 14)
L 1999 41 21 35 (0, 12)
1998 49 2 29 (0,11
1997 47 24 29 0,9
1996 51 25 24 (0, 5)
1995 52 28 20 (0.7)
2002 32 8 60 (21,24)
2001 33 8 50 (22.23)
2000 31 9 60 (22,24
NL 1999 34 7 50 (22.23)
1998 33 9 58 (21.25)
1997 37 12 51 (20,25
1996 30 20 50 (18,23
1995 25 29 16 (17.24)

Xbpa / "Etoc/ KA/INC YT/LF ANA+AITH+AM*/
Country Year REC+COM+Other
2001 19 69 12
2000 22 75 3
1999 22 76 2
P 1998 15 72 14 (-, 4)
1997 0 77 23 (-, 7)
1996 0 67 33 (-, 16)
1995 0 60 40 (-.13)
2002 40 20 40
2001 38 22 40 (29, 10)
2000 38 23 39
s 1999 38 25 37 (- 4)
1998 38 28 34 (-7
1997 36 31 33 (-1
1996 37 32 31 (- 13)
1995 39 36 25
2002 3 77 15
2001 8 80 12 (12,-)
o LA (%
1 7 .-
UK 1998 7 86 7 1.
1997 7 86 7 (7,-)
1996 6 90 4
1995 7 87 6
2002 19 45 36
2001 19 47 34
2000 18 50 32
EE-15/ 1999 18 51 30 9,3)
EU-15 1998 18 54 27 (12,4)
1997 17 55 28
1996 18 58 24 (5,6)
1995 17 59 23 (4.3)
2002 17 49 34
2001 18 51 31
2000 17 53 30
EE-25/ 1999 16 56 28
EU-25 1998 17 59 24
1997 16 59 25
1996 16 62 22
1995 15 63 21
2002 16 16 68 (32,7)
2001 16 17 67 (31,7)
2000 15 55 30 (21,9)
NW 1999 15 55 30 (22,8)
1998 13 64 23 (17,6)
1997 13 62 25 (20, 5)
1996 13 67 20 (17,3)
1995 13 73 14 (12,2)

« Al texvoloyia mAnv ANA kot AIIL, m.y. avaepdfio ydvevon/Other technology than
REC and COM, i.e. anaerobic digestion.

wx Ol TIpéS o mapévbeon divovv ANA, AT mpwv amd 28.8.2003/Values in parenthesis
give REC, COM before 28.8.2003.

Yvvagloloymvtag OAo To dtabéoia otoryeia, cuumepai-
vetat 0TL 1 dpdion TG avakOKA®GO™G, cupmeptlapfovopévng
KOl TNG ATOGLOTOTOINoNG, SElXVEL OTUAVTIKN TPOOdO Kupi-
¢ otnv Avotpia, Bédyio, Teppavia, Aavia, Foddio, Itaiia,
OMavdia, Zovndia kot Noppnyio, aAdd kot yevikd 6Tig Ym-
pec-uéin g EE (EE-15 ko EE-25), pe tavtoypovn onpo-
VTIKT] TTTOGCY EPAPUOYNG TNG VYELOVOUIKNG TAPNG OTLG 101€G
xdpec. Emakdiovbo g mToTikng TAoNG 6TV VYELOVOUIKT
TOQN Vol 1) OVIYETOTION TPOPANUATOV amodoyfg and To
EVPOMATKO KOWO TNG KATAGKEVNG KOl AELITOVPYING YDPOV
vyetovokng Tapns (XYTA), oe cuvdvaopd kat pe ) oye-
TIKOG GOVTOUN TANP®GT TOVG, TNV evOgXOLeVN VITofabion
NG TOLOTNTOG TOV EMPOAVELLKADY KOl DITOYELOV VOATOV, Kol
B¢ kot TAN00¢C GAL®DY SUVNTIKOV EMTTOCEDV.

Qot600, N TAEOV TPpOSPat ewkdva g EE-15 kot EE-25
delyvel 6TL 1 AvOKOKA®OT], 0V Kot ovEavopevn, etvat axopo
oe younAd eminedo (<30%) pe vYNAOTEPH TOCOGTA EQOP-
poyng (27-29%) ot Zoundia, Béryo kot T'eppavia, eved n
Kavon avEavetal moAd apyd (17-19%) Kot 1 VYEIOVOUIKY
TOQT LELDVETOL CLVEXDG (45-49%).

Me dedopévo 0T 1) 0vaKOKA®GON amotelel TV TAEOV PL-
Akn wpog To mepiPdArov dpdon AZA, N omoia e&vanpetet
TANPOG TOVG GTOYOVS TNG AELPOPOV AVATTVENG, EKTILATOL
ott n EE mpémel va emtdyel oto gyyvg péAAOV mocootd
nepinov 50-55% (cvvomoloyllopévng Kot TG AUTOCLLOL-
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tomoinong). Avtd to mocootd Ba dwpdpemve emineda
KaOoMG Kol LYEWOVOUIKNG TaPnS mepimov 20-25% kot 25%,
avtioToyo.

Me v TtpoovapepOLEV 1EPGPYNON dPACEDY, 1] EVP®-
TAIKT GTPATNYIKT OTOYEVEL 0T Prociun AXA and Oleg Tig
Ydpec-péAn pe katebbouvon ) otadiokn peimon g palog
Kot OYKOL TOV OTOPPLUUATOV Y10 TNV KOADTEPT TPOGTAGILN
nepifdriovtog kot peimon Tov ektdoemv Yo XYTA. ‘Etot,
apevog Ba avénbei o ypovikdc opilovtog SabeoidTnTog YM-
POV, TOL CTILEPO AVEPYETOL KATE LEGOV OPO GE LUL0. SEKOETIOL
[8,9], aAld ko Ba devoivvlel 1 e&evpeon vémv Bécemv,
7oV yivetalr Olo kol O SVGKOAY, TPOCKPOLOVTIOG TOGO
oV EAAEWYN KOTAAANA®V EKTAGE®V OGO KOl 0T1 dLOKOAiL
A0d0YNG TOV Omd TIG TOTIKEG Kowvmvieg [cuvopopo NIMBY
(Not In My Back Yard)].

H 1eyvoloyia g xavong spoppoletol oe 13 and Tig
xdpec-péAn g EE-15, mov avimpocmredovy to 96% tov
mnBvopov kot 10 94% g €kTaong TG, VA aKkoun dgv
ypnoonoteital oty EAAGSa kot IpAavdia.

AlAeg Opmg pecoyetaxég ydpeg g EE-15 kot cuykekpt-
péva n TaAlio, 1 Itodio ko ) Iomavia avaxtodv evépyeta,
v Oépuavon kot niektpopd, 0,7, 3,8 ko 6,6 TJ/10° kg
AXA, avtictoya [8]. Avtd deiyver 6Tt ko ) EAAGSa mg pe-
COYELOKN YOPO O LTOPOVGE VO AVOKTHGEL AVTIGTOLO TOGE,
EVEPYELOG.

Ot cuvolikég damdveg otov Topéa TV anofAntav (ATA)
avtikoTontpifovv to emitedypata Kabe ydpog oTov TOpE
avtov. Ocov agopd ot cOYKpLorn HETOED TOV YOPMV-LE-
A®OV, 6TO SN 20 paivovTol KOTOTY ene&epyaciog To Tocd
OUTA OVNYREVE GTO GUVOAKO aKaBdpIoTO EYYDPLO TPOIOV
(AEII), oto AEII tov dnpodoiov topéa (AT AEIT) kou otig
GUVOAKEG QOMAVES Yol TNV TPOGSTAGio. TOV TEPPAAAOVTOG
(AIIID), kot 670 oyNpa 2P divoval To ToGH aVTd oV KAToL-
KO 1 avd t cuvoAkd Tapayopevev AXA [7].

Av Kot Ta oTotyeio. anTd OV aPOopoLY TNV 1010 YPOVIKN
nepiodo, ot vymAég Tipég ATA oe GUVOLAGCUO E GYETIKMOG
VynAd Tocootd AL avtavaklodv vynAég EMSOGES GTOV
TOUEN TV OTEPEDY AMOPATAOV, OTMG OYVEL Y10, To AovEepL-
Bovpyo, Orrhavdia kot Avotpia.

H eikova tov enevddcewv otov topéa tov AZA oty
EAMGSa mapovstaletal otov Tivaka 2, OTOv KATOTY GYe-
TiKNG enefepyociog divovior To mpoimoOAoyloBivia Kot
aroppopnBévto mocd katd v mepiodo 1994-1999 ava
Katnyopia £py@v Kol dpacTnploTNTOV, TOV £lyov gviaydei
ota tpoypdppata tov Tapeiov Zvvoyng, EIMITEP ko ITEIT-
EAIITA [10]. T to €101k6 tapeio ETEPIIE cvvoAikol
npoimoroyiopov 17,735X10° € dev divovtar otoyygia, 10Tt
dev Ntav dabéao o péyebog g amoppoopnong. Iavimg
oToV Tivaka 2 dev mephapPdvovtal ot AEITOVPYIKES da-
TAveg, ol omoieg €ivol OMUOVTIKG PEYOADTEPES. AvaymYyn|
TV €molov pécwv enevdvoemv Topéa AXA meplddov
1994-1999 otnv EALGS0, ®g Tpog Tov avTicToryo mAnbv-
opd (10,48 exatoppdpla kdrotkotr) diver péon tun 3,77
€/kdrowco emoing, Ntot 12,4% eni avticToly®V GUVOAMK®OV
domavdv Tov oynpotog 2.

HW ATA avé AIII/WSE per EPE (x100)
EATA ava AT AETI/WSE per PS GDP
OATA ava AETI/WSE per GDP
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2ynua 2(a, B): Aoraveg atov touéo twv axofintwv (ATA).
Figure 2(a, b): Waste sector expenditures (WSE).

Iivoxag 2: Erevovoeic otnv EAdda arov touéa AXA kota v mepi-
000 1994-1999 - Karavour mépwv.

Table 2: Investments in MSW sector in Greece during the period
1994-1999 - Resource allocation.

Katmyopia épymv/ TIpotewvopevog Amoppdonon/
Projects category npovmoroyiopnde/ Absorbance
Proposed budget
10°€ %
YT/LF 183,63 64,57
ANA/REC 48,115 66,94
AII/COM 4,453 100
AEA/HWI 1,011 13,771
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Amotéleopa g ouvagloAdyYNoNG TOV TpoavapepBEvToY
dpocievpévav eBvikav oyediov AZA TV yOpOV-HEADY
¢ EE [6] kabdg kot tev Tpotevopevav otny Odnyia 1999/
31/EC [11], givan o mivakag 3, 0 omoiog divel TV Katdotaon
oAoKANpopEVNS dtaxeipiong AXA mov emikpdtnoe oty EE-
15 omv apyn g dekaetiog 2001-2010 kor v extiunon
L0 Y1oL T GUVOAIKT €1KOVa ToL B emitevyBet petd o 2020.
H extipnon avt) emwovpeiton ko omd ta Toryeio Tov ma-
povG1afovTal OTI GUVEYELO.

ITivaxag 3: Oloxdnpwuévy dwoyeipion AXA otnv EE.
Table 3: Integrated MSW management in the EU.

Apdoeic-Teyvoloyies/ |  Apyn 2001-2010/ | Metd to 2020/
Actions-Technologies | Start of 2001-2010 After 2020
%
ANA+AIIT+AMeg 35 50-55
/REC+COM+Other
KAE/IER 19 20-25
YT/LF 46 25

4. IEPIBAAAONTIKEX EHIINITQXEIX

Ol OoNUOVTIKOTEPES EMIMTAOCELS OPOPOVY GTINV VYELO-
VOUIKY TOQON Kol KOOOoT Kol TPOKOAODVIOL KUPI®MG Ao TIG
EKTIOUTEG OPYOVIKDY LIKPO-POTTAV, 0gpicv Beppoknmiov Kot
TINTIKOV Popé@v PETAAA®V, AALY KoL b d10pPOES OTPUY-
YIOUAT@V GTO VIESAPOG TOV HETAPEPOVY VYNAL PLTTAVTIKG
eoptia. XoPopd mpoPfinpata gival duvatd vo mpokindodv
Kot omd T SeVY] GAADV EVOCEDV OO LOVAOEG KOOONG
Kot vygovopkng Taens. H elayiotonoinon tng mapaymyng
amofAT®V, N UElON TOV EMKIVOLV®OV GUOTUTIKOV KOl 1
KOTAAAN AT Sloyeipion TV KOTOAOIT®Y TOVG amoTEAOHYV TNV
KUPLOTEPT] TPOKANGT TOV EXOUEVOV ETMOV Y10 TNV OTOPVLYN|
TV emrtooewy [12].

4.1. Yysiovopki] tagn

O1 k0Opieg mePPAAAOVTIKEG TIEGELG OO TNV VYELOVOLIKT
TaQN, O TEYVOAOYinG TEMKNG S1dbgomg TV GTEPEDV OTTO-
Bamtov oe XYTA, eivor tomikég, aALd Kot eupOTEPES 1) O~
yroouieg [8]. Ot o onpavtikég mEGES TEPIAAUPAVOLV:

- Pomavon empavelokdv kot vIoyEI@V vOATOV He TOEKES
ovoieg, Papéa pETOAAO Kol OpeNTIKG, LEC® TOV OTPOY-
YWOUATOV TOV omoPANTOV, HE EUEAVIOT TPoPAnudtov
OKOTOEIKOTITAG KOl EVTPOPIGLOD [9].

- OyMoEIg YEITOVIKOV TEPLOYDV KOTA TN Agitovpyio TV
XYTA, MOyo ekmopndv okovrg kot Bopvpov kat, og aKTi-
VO LEPIKDV (IMOUETP®V, OGUDV.

- ZNUOVTIKT] GUVEICPOPE 6TO QOIVOLEVO TOL Beppokmmiov
Moym exmoumng kvping pedoviov (CH,) aArd kot S10&e18i-
ov tov avOpaxa (CO,).

- Xpnon yng, copmeplapfavopévng Kot g oA Q-
GLK®V EKTAGEMV.

- Epgdvion mpofinpdtov vysiog 6toug yertovikobs mindv-
OHOVG, AOY® €KBECNG TOVG OE EVMGELG TOV gAgvBepdVO-
VIOl 6TOV aépa., Ta VT Kot To £dagog [12,13,14].

- Avénon dnuociov dumovadv Yoo TopakoAovOnorn Kot
OmoKATAOTOOT TEPPAAAOVTOC, AOY® HOVIUNG OTDAELNG
TOPOV KaL ovaykng eAEyxov poumavong tov XY TA.

H éktaon teov emntdce®v moilel avaAoya Le TOV TOTO
TOV OTEPEDV OMOPAATOV, TNV KATACKEVLT KOl AELTOLPYin
o0 XYTA, v andctoom and 10 Y®Po Kot TIG VOPOAOYIKEG
ouvinkec. H yprion vndysimv vddtov og axtiva 2 km and
XYTA evéyet enucvdovomnto [12], eved €xet amoderyel 0t
TO. OTPOYYIOUOTO TOV OTOPANTOV OTOTELODV €V SUVALEL
YN POTOV Yo pHePKovg amveg. H pomaveon tov vddtov
ovyvé mpoPAnuotilel emi dekoetieg, axkOun Kol PETA TO
KAeloyo Tov XY TA, €11 10 VTOYELR VOATO AVOYEVVAVTOL
apketd apyd. Evdewtikd avoaepépetot ott, yio XY TA pécov
nayovg 12 m, pe péco pubud mopoyOYNS OTPAYYICUATOV
200 mm/étog 1 pomovorn vrdyelmv VATV TPoPANpaTiCet
eni 100 émg 600 £, evd Yo vYNAS pLOUO Tapaywyng 400
mm/£€tog ent 50 éwg 300 £, avdroya Kot e TO €i60G TV
otepeddv amofAntov. H emukivéuvotnto tov oTpayylopd-
TV prnopel va pelodel pe katdAAnAn npoeneiepyacio T@v
amoftev (0nmg Slohoyr], avOKOKA®MGN, KavoT), OUMG
otpayyiopato and ta vroAgippota mTpoemelepyaciog eival
duvatdv vo vrepPfaivovy To KPLTHPLe TOLOTNTAG VITOYEI®V
Vo4tV Yo dtdotnpa ave tav 100 etdv [8]. H cvykévipoon
TOV TOLOTIKOV YOPOUKTNPLOTIKOV GTO GTPOYYIGUOTO TOPOL-
o141 oNUaVTIKN SLOKOLLOVGT KO, EV YEVEL, LELOVETOL LLE TNV
napodo tov ypovov. Emiong, n Lelmon TV 0pyoviK®OV GTOVG
XYTA (n.y. pe MmooHaTonoinoT Tov 0pyavIKoD KAAGHLATOG)
eivar TBavov vo cuUBAALEL GT LEIDOT TOV OPYOVIKGV GTO,
otpayyiopato. Xtov mivako 4 divovtal ta KupldTEPO TTOL0-
TIKQ YOPOKTINPIOTIKE oTpayyispatov e XYTA koatd v
TPOY Kol TNV OPn @acn Agrtovpyiog tovg [15,16]. H
Tapovsio S1o&vdv Kot povpaviov ota otpayyiopuata, et
emiong avaeepbel yopig Opmg va divovtat otoygio Yo v
TPOELELGT OVTAOV TV TOEIKAV yMk®dv [17].

Ytov mivaka 5 divetal 1 TUTIKY TOPOVGIN TOV KLPLOTE-
pov ekioopevov aepiov and XYTA [18]. Onwg deiyvouv
ta otoryeior Tov mivako avTod, Ta KUPOTEPL EKTEUTOUEV
aépio givar to CH, xar 1o CO,, Ta omoia Tapdryoval Kotd v
OTOGUVOEST] TV OPYOVIKDOV EVMGE®MVY, TOL TEPLEYOVTOL GTO,
oteped andPfinta. Extog opmg avtdv, o aépag pumaivetol
Kot amd GAAo aépla Kot oKOVI), GTNV OTOi0. TPOCKOAAMVTOL
S1dpopeg ynKkég ovoieg, 0KA Katd TV TEPiodo Aettovp-
viag tov XYTA, pe mbavr tpdkAnor coPopdv GUVETELDV
otV vyeia yerrovikmv mAnbvopmv. [apatnprceg epguvntdv
amo T Aerrovpyia 21 kou 23 XYTA enkivévvev anofintov
otV Evpdnn £deiéav 611 pmopet va mpordn0odv mpofinpota
vyeiog (kupiog eniktmreg acbéveleg) o axtiva £mg kot 6 km
[13,14]. Ao toUG gpeLVNTEG OVTOVC eKEPAlETOL 1) Aoy
(lowg vrepPoicn) KOTA TN YVAOUN HOG) OTL TO OTOTEAEGLLOTO,
VT 1oyvoLY Kot yio dnpotikovg XY TA, Adyw ¢ mapopotog
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Ilivaxog 4: Howotikd yopoxtnpiotika otpoyyioudtwyv XYTA.
Table 4: Quality characteristics of landfill leachate.

Xapaxtnpiotikd/ Characteristic

Néor XYTA/ New landfills*

[15]

TTalaroi XYTA/OId landfills**

[15]

[16]

ipPH

IAyoyipomro/Conductivity (uS/cm)
IAAkodikomto/Alkalinity (mg CaCO;/L)
INH4-N (mg N/L)

®eukcd/Sulfate (SO,7) (mg/L)
[Dwopopikd/Phosphate (mg P/L)

OAog pwopopoc/Total phosphorus (mg P/L)
IXAO/COD (mg/L)

IBAOs/BODs (mg/L)

IOOA/TOC (mg/L)

IMITOA/NVOC (mg/L)

IMAOE/AOX (mg/L)

IAwmapd o&éa/Fatty acids (mg C/L)

ICH, (mg/L)

IA1BvroBevioio/Ethylbenzene (mg/L)
Bevioio/Benzene (mg/L)

K peloreg/Crezols (mg/L)

Evioio/Xylene (mg/L)
NagpOoAivio/Napthalene (mg/L)
Tetpayropoebvrévio/Tetrachloroethylene (mg/L)
Tolovoho/Toluene (mg/L)
1,1,1-Tpyrwpoadiavio/1,1,1-Trichloroethane ((mg/L)
Tpylopoebvrévio/Trichloroethylene (mg/L)
[Dawvorec/Phenols (mg/L)
XAopopdppio/Chloroform (mg/L)

6,73 (5,12-7,8)"
16921(5800-52000)
7251 (2720-15870)

922 (194-3610)

676 (<5-1560)

5,0 (0,6-22,6)

36817 (2740-152000)

18632 (2000-68000)
12217 (1010-29000)

8197 (963-22414)

7,52 (6,8-8,2)" 7,0 (0,51
11502 (5990-19300) 3000 (2500)
5376 (3000-9130)
889 (283-2040) 91 (156)
67 (<5-322) 150 (220)
4,3 (0,3-18,4)
1,5(5,5)
2307 (622-8000) 320 (550)
374 (97-1770) 44 (120)
733 (184-2270) 130 (430)
82 (140)
1,1 (8,5
18 (<5-146)
22 (60)
0,03 (0,046)
0,022 (0,065)
0,017 (0,098)
0,21 (2)
0,034 (0,14)
0,0032 (0,016)
0,038 (0,24)

0,0033 (0,015)
0,056 (0,044)
0,023 (0,087)

0,00039 (0,00038)

Xylenoles (mg/L) 0,027 (0,16)
Ca (mg/L) 2241 (270-6240) 151 (23-501) 280 (210)
K (mg/L) 1143 (350-3100) 854 (100-1580) 140 (320)
Mg (mg/L) 384 (25-820) 250 (40-1580) 60 (77)
Mn (mg/L) 32,94 (1,4-164) 0,46 (0,04-3,59) 3,5(.1)
INa (mg/L) 1371 (474-2400) 1480 (474-3650) 210 (370)
Fe (mg/L) 654 (48-2300) 27,4 (1,6-160) 76 (380)
CI' (mg/L) 1805 (659-4670) 2074 (570-4710) 360 (750)
|As (mg/L) 0,024 (<0,001-0,148) 0,034 (<0,001-0,485) 0,016 (0,032)
Cd (ug/L) 0,02 (<0,01-0,1) 0,015 (<0,01-0,08) 0,0068 (0,011)
Hg (ug/L) 0,0004 (<0,0001-0,0015) 10,0002 (<0,0001-0,0008) 0,0052 (0,0083)
Pb (mg/L) 0,28 (<0,04-0,65) 0,20 (<0,04-1,9) 0,07 (0,46)
INi (mg/L) 0,42 (<0,03-1,87) 0,17 (<0,03-0,6) 0,13 (0,37)
Cu (mg/L) 0,13 (0,02-1,1) 0,13 (<0,02-0,62) 0,07 (0,30)
Cr (mg/L) 0,13 (0,03-0,3) 0,09 (<0,03-0,56) 0,076 (0,32)
Zn (mg/L) 17,37 (0,09-140) 1,14 (0,03-6,7) 0,67 (4,5)

* Agdopéva and o&ucoyevy otpayyiocpota XYTA/Data from acetogenic landfill leachates.
** Agdopéva and pedavoyevi otpayyiopota XYTA/Data from methanogenic landfill leachates.

“ Méooc 6pog (svpog Tiudv)/Average (range of values).

Méoog 6pog (Tumikn andkiion)/Average (standard deviation).

++

TEPPAAAOVTIKNG EMKIVOLVOTNTOG TTOV TOPOVCLALOVV T OOTL-
k@ amopanta [13]. [apd tig dmoteg afePordtnTeg aVTOV TMOV
TOPATNPNOE®Y, avaloyol TpofAnpaticpol ekepalovial Kot
am6 v Evpondiky Exitponr [Meppdirovrog [12].

Svuyva €xovv avoeepbel mapdmova Kotoik®v Kovid o€
XYTA y10 00opéG Kot £X00V EKQPACTEL EPOTNUATIKA ETE TOV
eMMTOCE®Y otV vyeio tovg. Ot oopég cuvodevovtal amd
iyvn Tpoidvtav g avaepoProg diepyociog Kot 1 ThavotnTa
EULPAVIONG TOVG EIVOL PLEYOAVTEPT] KOTA TO TPMTO £T0G HETA
v andbeon TOV amofART®OV, e KOPLO CUVEIGPOPA GE Op-
yovoBelovyeg evioelg Kot eotépes. Ta TpofAnpate oGUmV
UTOpOUV Vo, HELWBOVY [LE GLYVY KOl ATOTEAECUATIKT KOAL-
y1n TV omofANTOV, KaOOG Kol e TNV TEAIKY KOALYN TOL
x®pov. H ypnon AenTOKOKK®OV DAK®V Yo KGAvyn cuviBog
€lVOlL ATOTEAEGUATIKT OT LEIDOT] TOV OGUMV.

Ot emmtdoelg amo Sopuyn Proaepiov propodv va pPelm-
000V pe KATAAANAN ETAOYN TOV YOPOV, MGTE VO EAYLOTO-
momBel o aplBudc TV gvaicONTOV GTOX®V GTNV TEPLOXN
néplg tov XYTA. H ovotaon tov Proagpiov ennpedletot
ONUOVTIKG OO Tr GVLOTOCT TV OTEPEDV amofAntav. Ta
TPOPA AT OO OEPLEG EKTOUTEG TPOKOAOVVTOL KVUPI®G omd
™ BloAoyiKn S136TAGT) TOL OPYAVIKOD VAIKOD TMV OTOPAT-
TOV. ZTNV AVTIHLETOMTIOT] 0LTOL TOL TPOPANLLOTOG CLUUBAAAEL
n epappoyn g Odnyiog 1999/31/EC pe emPoin peioong
TOV OPYAVIKOV KAGAGLOTOG TTov odnyeitan otovg XYTA [11].

Ot emnt®oelg 6To VILOYELN VOUTA OO TO, GTPAYYICUOTO
tov XYTA cvvifwg mpoayyéAlovtal pe Tov ELeyyo g pe-
takivnong tov Prooepiov, To omoio Tponyeitatl Tov oTpoyyi-
OLOTOG AOY® TG LEYOADTEPNG OLEGOVTIKOTNTAG Tov. H ema-
¢oN tov Prooepiov pE TA VIPOPOPO CTPMLOTO CLVTELEL OTN



Teyv. Xpov. Emot. 'Exd. TEE, 1, te0y. 2-3 2005, Tech. Chron. Sci. J. TCG, 1, No 2-3 27

peioon tov pH, Adyw vyning mepiextikoétnTdg Tov oe CO,
(mepimov 50%), Kol GUVETMG SIEVKOADVETOL 1] TALPAKOAOVOT|-
omn g petakivnong tov Proaepiov, n omoia yivetar pe dety-
patoAnyieg V30T0G o€ Ye@TPNoEL; YOp® omd Tov XY TA.

ITivokag 5: IepiektikotnTo. KOPIWV YOPOKTHPLOTIKDOV 0EPIWYV EKTTO-

umaov XYTA.

Table 5: Composition of main characteristics of landfills air
emissions.
Xapoxtnpiotikd/ Evpog ovykévipoong/

Characteristic Concentration range

% (Enpdg dykog/dry volume)

CH,4 40-70
CO, 30-60

Cco 0-3

N, 3-5

0, 0-3

H, 0-5

H,S 0-2

‘Tyvn evdoewv/Trace compounds 0-1
'Tyvn evdcemv/Trace compounds mg/m’
Alxodreg/Alcohols 2-2500
Opyavosovipovpikd / Organosulphuric 3-240
Aldevdec/Aldehydes 0-200
Ketoveg/Ketones 0-50
A0épec/Ethers 0-250
Eotépeg/Esters 0-1300

YdpoyovavOpakes/Hydrocarbons

Aloyovouévol /Halogenated 1-2900
Apopatikoi/Aromatic 30-1900
Alkavio/Alkanes 20-4500
Alkévio/Alkenes 6-1100
Kvrkhoaikdvio/Cycloalkanes 1-1000
Cycloalanes 8-600

O exnopunég CH, tov XYTA cvviehodv ompaviucd
o0TO (QowopevVo ToL Beppoknmiov, mov amotehel éva omd
T0. GoPapotepa TpoPAnpato Tov TAavitn pog. To emineda
CH, otov atpoceaipikd aépa eivol ofpepa vrepdumrdoia
ekeivov g mpofropnyavikng mepodov. To 1994 ot Tyég
tovg aviABav e 1.720 ppb (oe Kavovikég cLVONKEG), EVA
Nnoav 700 ppb katd v Tpofropnyavikn tepiodo. O €To10g
pLOUOG avodov Tov emmédmv CH, petd to 1993 peiwdnke
oe 8 ppb mepimov. Me Bedpnon Tov SuVALKOD TOYKOGHLOG
Béppavonc! yio ypoviko opilovra 100 etdv, TpokdmTel OTL TO
CH, ovpBdéirer otnv kaboAtkn Oéppavon g TpondceaLpag
Katd 21 popég nepiocotepo an’ 6,71 10 CO,, Adym Tov aTpo-
oQalpkob ypovov Long 12 etdv, Tov eivar ToAd HiKpOTEPOG
og oOyKpion pe 1o xpoévo 50 éog 200 etmv tov CO, [19].
Qo1600, £xet ektiunBet 6t katd to 2008-2012 apkei peioon
8% omd ta eninedo moykoouiov exmopndv CH, tov 1990
[20]. Avtd amoteAel otoyo VYNNG TpotepatdtTag ¢ EE
nov cuvuréypaye 1o [Ipaotoxoiro Tov Kidto yia 10 mhaicio
ovpemviog tov Hvopévav Efvov eni g Kipoatikng Ar-
Aayng [21]. H peioon avty eivol katd moAd pikpdtepn ond
exeivn yio T, dAAa aépio Ogppoxnmiov, to CO, ko Tpwro-

Eeidio tov almrov (N,0) [9,22].

Katomy oyetikng depevvnong kot eneéepyaciog dtabe-
ooV ototyeimv [22] cuvtédnke o Tivakog 6, 6mov divovtal
oTOlYElD GLUUETOYNG TOUEDV AVOPOTOYEVDOV dPAGTNPLOTI-
TOV 0TI EKTOUTEG TV aepiov Beppoknmiov, mov Elafav
yxdpa oty EE katd ta £t 1990 ko 1999. Me Bdon ta oTot-
xelo LT VTOAOYIGTNKAY TO AVTIOTOLXO TOGOGTH CLUUBOANG
KOl QUVOLKOD EKTOUTMV Y10, TOV TOUEN OMOPANTOV Kot Yo
70 oOvoro. H cupfoin tov topéa amofANToV OTIC EKTOUTEG
CH, ovii0e oo 32,93% y1a 1o €tog 1990 xon 670 31,81%
Y10. 70 £106 1999, eved Tov CO, kot N, O fitav apKeTd younAn.
To cuykptTiKd SVVOLLKS TOV 0EPIOV TOV TAPAYOVTUL OO TO
amoPANTO GTO PALVOLEVO TOL Bepoknmiov gival SuvaToV va,
ekt Oel, edv BecwpnBoldv ot cuvTELEGTEG 1IG0dVVapIG TG
ovpPoAng exdoTov agpiov Gt BEPLOVOT TG TPOTOCPALPAS
o6 Tpog v avtictoyn yio to CO,, frou: CO, 1, CH, 21 xan
N,O 310 (pe atpoo@oiptkd xpovo Lomg 114 £ ) [19,20].
Amd 10 oTOLYEI TOV VKO 6 TPOKVTTEL OTL Ol GUVOALKEG
exmopnég CH, ovvéBaiav watd 11,11 xor 9,71% wotd Ta
étn 1990 ko 1999, avticTotyo, 6mov 10 1/3 mepinov avtdv
TpoePYOTAY amd To. AmOPANTO, EVO TopoTNPEiTaL pPEDON
ekmounmv ot dekoetio 1990-1999 katd 16,75% yia to 60-
volo dpactnplot)tev kot 19,59% povo amd tov Topéa TV
amofitov. H televtaia avéndnke oe 26% peta&o 1990
wow 2000 [21]. TTavtwg, n oxetikr] couPoir tov CH, anod
T omoPAnta yuo To £t 1990 ko 1999 aviiBe o€ 93,62 ko
92,80%, avtictolya, o€ GYE0T LE TO GUVOAO EKTOUTOV OE-
piov Beppoknmiov amd andPfAnta, Ve 1 GuVOAKN GuUPBOAN
TOL Topén amoPATOV 610 Eavopevo Beppoknmiov Efawve
peodpevn amo 3,91 og 3,33% oto Siotnpa ovto.

Me avdAoyo Tpdmo cuvtédnke o mivakag 7, an’ 0Tov cL-
umepaivetar 6t  cvpPoin g vyelovoukng togng oe CH,
Nrav peyaddtepn and 90% ce oyéon Ue Tig AAAES EML LEPOVG
dpaoctplotteg. Ot mopuTnPNOELS QVTES JELYVOLV OTL O TTe-
plopiopog tov CH, mov ekméuneton omd to, andBinto efvor
avoyKoiog, 6TO TAOIGLO TG TOYKOGUING TOMTIKNG EAEYYXOL
TOL PUVOLEVOD TOL Beppoknmiov. Xtov Tivoko 7 vrohoyi-
Ceton emiong, Yo kGOe Pacikr texvoroyio AXA, 1 cuvolikn
oupPoin g oto eovopevo Tov Beppoknmiov. H vysiovopu-
K1) TopN €lye TN PEYOAOTEPT OYETIKT GLHPBOAN (88-84%) amd
10 1990 émg t0 1999, vrepPaivovtag Katd pio TaEn peyé-
Bovg t ovpPorn kabe GAANG TexvoAOYiaG, e TG0 pLOUO
ntwong 0,44%. H oyxetikni cupfoin tng Kavons ftay apKeTd
pcpn| (4-5%) pe avodwd pvbpod 0,06% emoiog. Mo pukpn
(1-3%) frav kot cupPorn GAL®V TeYVoroYIBY (MTTacHATO-
moinong, avagpoflog xd®vevong K.4.) deiyvovtag €610 avo-
d1o6 pvOuo 0,24%. Zovovdlovtog Ta oToLyEin TV TVAK®Y 6
Kot 7, TPOKOTTEL OTL 1] GUUPOAT TNG VYELOVOLUKTG TAPTG GTO
eowvopevo tov Beppoknmiov éRatve petovpevn and 3,44%
(3,91X88,05/100) o€ 2,80% (3,33X84,08/100) and to 1990

U Avvapikd moykoopiog 0éppaveng aéplag 1 agposopotidiokig £0g T0 1999, evd 1 avtiotoyyn cvpPoAn TG Kovong Kot
évoong (agpiov Beppoknmiov) gival to PETPO TG OYETIKAG, GuESS TOV GAADV dPUCTNPLOTATOV (EKTOG TV VYPOV ATOPANTOV)
1 éupeong, enidpaong g Evoong otig péosg moykooueg petaBorés avnsavopevn omd 0,21% [3,91X(4,28+1,17)/100] oe 0,27%
wothtov aktvoPolriog, cuvensia avlporoyevov dpactnprotitov. [3,33X(4,85+3,32)/100] mavimg, tav pkpodTepTn amd ot

Qg a€pro avapopdag emréyeton o CO, [19].

NG VYELOVOLUKTG TAPNG KATA o TEn peyéboug.
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Hivakoag 6: Exrounés (apoupéoeig) twv agpicov Oepuoxnmiov (CO, CH, xar N,0) avé touéa dpactnprotitwy oy EE-15 yia ta étn 1990
xou 1999 kar oopfioln tov topéa amofritwv aro paivouevo Gepornmiov.
Table 6. Emissions (removals) of greenhouse gases (CO,, CH, and N,0) per activity sector in the EU-15 for the years 1990 and 1999 and
contribution of waste sector in the greenhouse effect.

Topéag/Sector ‘Eto¢/Year
1990 1999
co, | cH, | N,0 co, | cH, | N,0
Exmopnég/Emissions, Gg

Evépyeio/Energy 3.159.538 | 4.832 154 |3.113.743| 3.337 186

Buounyaviés diepyaciec/Industrial processes 149.000 22 356 142.214 20 155

Xprion dwedvtdv ko GAkov mpoidvtmv/Use of solvents and other 5.997 11 5.614 11

products

I'eopyia/Agriculture 3.215 9.077 715 2.016 8.431 703

AMayn yproemv yng kot dacokopio/Changes in land use and forestry |(-199.850) 122 19 [(-200.984)| 105 18

Amopinta/Waste 5.544 6.901 14 4.388 5.549 15

AAAo/Other 2.076 2 4 2.544 2 4

vvolo/Total 3.125.520| 20.955 1.272 |3.069.536 | 17.445 | 1.092

Toppoin topéa amofArtwv/Contribution of waste sector, % 0,18 32,93 1,10 0,14 31,81 1,37

Avvapikd copBoing ekmoun®v oto eovopevo Beppoknriov/Emissions potential contributing to the greenhouse effect

AmoBinta/Waste 5.544 144.921 | 4.340 4388 |116.529| 4.650

Yvppoin otov topéa amoPAntev/Contribution to waste sector, % 3,58 93,62 2,80 3,49 92,80 3,70

ZHvoro Orwv tov topéwv/Total of all sectors 3.125.520 | 440.055 |394.320|3.069.536 | 366.345|338.520
Tvvokn cvpBoin/Total contribution, % 78,93 11,11 9,96 81,33 9,71 8,97
Avvapikd cuvolkmv ekmopnmv/Potential of total emissions 3.959.895 (100,00%) 3.774.401 (100,00%)
ZvpBoin topéa anofrntwv/Contribution of waste sector 154.805 (3,91%) 125.567 (3,33%)

Ilivoxag 7: Exmounés CO,, CH, kou N,O ko1 ovpflors] oto poaviue-
Vo Ogpuoknmiov ava. exi UEPOVS IPOTTHPIOTHTA TOD TO-
uéa amofiitawv oty EE-15 yia ta étp 1990 xor 1999.
Table 7: Emissions of CO, CH, and N,O and contribution to the
greenhouse effect per individual activity of waste sector
in EU-15 for years 1990 and 1999.

Apaotnpromta/ ‘Eto¢/Year
Activity 1990 1999
CO, | CH, [N,O|CO,]| CH, [N,O
Gg
YT/LF 263 16478 | 0 | 53 [5.025| O
YA/WW 0 302 | 12| 0 286 | 12
KA/IN 5.170| 40 2 |4.151| 48 3
AAAeg/Others 111 | 80 0 | 184 | 191 0
Zvvoho/Total 5.5441 6901 | 14 |4.388|5.549| 15
Zopporn YT/ 4,74 19387 | 0 |1,21]90,56| 0
Contribution of LF, %

Avvopiké kot copBoin (%) oto eowvopevo Beppoknmiov/Potential
and contribution (%) to the greenhouse effect

YT/LF 136.301 (88,05) | 105.578 (84,08)
YA/WW 10.062 (6,50) 9.726 (7,75)
KA/IN 6.630 (4,28) 6.089 (4,85)
AMec/Others 1.791 (1,17) 4.195 (3.32)

Tovoro/Total 154.805 (100,00) | 125.567 (100,00)

H peioon tov exnmopundv oegpiov Beppoknmiov mpoPié-
neton va. eBdoet 6to 60% amd to 1990 £wg to 2010, Kupiog
AOY® €QOPLOYNG TNG 0ONYIOG Yo TNV VYELOVOLUKT| TP TV
anoBArtov [21]. Hapdiinlo, To CH, arotekel o€pio kocio
Le evépyelo mov TpémeL va avaktdtal. H tumkn Beppoyovog
dvvaun tov Proaepiov mov TopdyETOL aTd ovaEePOPLo YDOVEL-
on avépyeton og 17 £wg 25 MJ/m? (65% CH, ko1 35% CO,). H
€£OKOVOLN O EVEPYELNG KOL TOP@V LLE TAPAAANAT LETOTPOTN
tov CH, og avtictotyov dykov CO, odnyel o€ ehayiotonoinon
TOV EMMTOCEDY Beppoknmiov.

4.2. Encepyoocia frodiacmaoipmy amofintov

poxatapkticég ektipnoelg £xovv deifel 0ti, 1 CLU-
BoAn g Proroyikng enefepyociog PlodlooTacIL®Y OTO-
AtV o aépla Beppoknmiov avépyetal og 10odvvapa 30
xar 90 kg CO,/1000 kg eneéepyacuévov anofintmv, oTig
TEPUITAOCELS TNG AMTOGUATOTOINGCNG Kol TNG ovaepoplog
ydvevong, avtiotorya. To 35% (37-60% yuo eAAnvikég
noreg [23]) Tov aoTKOV oTEpE®V amoPATtv gival Pi-
0010.GTACIHO VAKO Kal, ¢ €K ToVTOV, Ba TV dvvath N
peimon emoimg oty EE-15 exnopndv aepiov Oeppoknmi-
ov g ta&ng v 2 Gg ot wodvvapo CO, oy nepintmon
Mmacpatonoinong kot 6 Gg oty mepintwon avaepofiog
yovevong [22].

4.3. Kavon

H kadon tov anoPfAtov cuvelcQipel o€ eKTOUnég po-
TOV GTNV oTHLOCPALPa (0EPLOV EVDGEWDY, TEQPPUG, OKOVNG
Kot oBAANG), vYPA ATOPANTO, VITOAEILLOTO KOL OCUES. XTOV
KAiPavo kadong, To LETAALD KOl Ol EVDGELG TOVG UITOPEL Vol
e&oyvobovv kol €meiTto. vo GUUTVKVEOBOUYV GE LIKPOOKO-
mKd ogpocopotidw. H evdeyduevn meplektikdmmra t@v
amoptov o gvaoeg Cl, F, S, N, ko1 dAlov ctotysiov
oLpPaAAEL otV Tapay@y TOEIKOVY 1 SofpOTIKGOV aEPimV.
AT ™V 0t KaHoT TOV GTEPEDV OTOPANTOV TopdyovToL
povo&eidlo tov avipaka (CO), TTikég opyaviKég EVAGELS
(moAvkvkAkol apopatikoi vopoyovavOpakes, dto&iveg Kot
QOLPAVLLL), CAAG Kol KOTVOLOAAN.

Ta vypd amdPANTO TOL TOPAYOVTOL KATA TV KOVGT] TV



Teyv. Xpov. Emot. 'Exd. TEE, 1, te0y. 2-3 2005, Tech. Chron. Sci. J. TCG, 1, No 2-3 29

OTEPEDV ATOPANTOV TPOKOTTTOVY KUPIMS amd Tov Kabapiopd
TOV Kavooepimv Kot To offotpto g téepas. Ta amofinta
avtd avépyovor mepimov og 2,5 m® ava 1.000 kg otepedv
AmOBANT®V OV OTOTEPPMVOVTOL Kot TEPLEYOLV Popéa pé-
TOAA KOt ovOpYova, VAIKA, VA TopoLctdlovy DYNAES TIEG
o0& tag N ahkaAKdTNTAG Kot £x0uv anénuévn Beppokpaci-
a. H amoppym tovg enttpémetal petd amd enelepyocio Kot
€POGOV TNPOVVTOL Ol OPLOKES TILES EKTOUTOV GOUQMVO LE
v Odnyia 2000/76/EK [24].

O1 d10&iveg Kot oL ovPAVLY, TTOV Eival TPOTOVTO ATEAODG
KOOT|G KOl GUVOVTMVTOL GTO, 0EPLOL KO VITOAEILLLOTOL, 0O~
VIOl TANPOG pe Topdivot Kot dev Bo wpénetl va vrepPaivouv
ota kavoagplo. to 0pro 0,1 ng/m? ko oTig amoppivel Avud-
Tov KaBopiopod kovcaepiov o 6po 0,3 mg/L [24,25]. O
EMATAOCELS TOV EVDCEDYV OVTOV GTNV ovOpdTIVY LYeio Tept-
Aoppdavouv acBéveleg SEPIATOG Kot NTTATOG, £MG KoL KOPKIVO.
Agrypotolnyia £3G¢povg Kot BAGGTNONG Yo TOV TPOGOOPIGUO
S10&WVAVY Kot POVPAVIMY KOVTH G LLoVAda Koo G OTIV TTEPLOYN
™G Bapkehdvng mov Aettovpyel amd to 1975, £de1&e OTL ta emti-
7edd Tovg aENBNKAY ELaPpPd 6€ Ypovikd oo 12 pnvav,
Yo0plg ®OTOCO 01 SLPOPES aVTEG Vo PBAGOVY TO OTATIOTIKO
opdipa [26]. Emonuoroywkny peiétn ot FoArio og xatol-
Knuéveg Teployég Yopw amd 70 povadeg kovong £0g1&e mbovn
TAON EMKIVOLVOTNTOG GTOVG EKTIOEUEVOLG TANBVGHOUS, OH®G
TOPOAQ CVTA OL EPEVVITES AVAPEPOLY OTL 1] KAWGT) BaL amoTehE-
O€L GTO Queco pEAAOV TV Kopa péBodo dayeipiong AXA ot
yopo ovt [27]. H cuvelspopd 610 atpoceaipikd ¢optio yvo-
oTOEI®V KL AVIOVTOV (TPOTOVIMV KAVGTG) GTNV TEPLOYT TOV
Albany g Néog Yopkng o6 Lovada Tov ypnGUYLOTOLEL KOG
po mopayopevo amd amoppippoate (RDF) ftav apeintéo [28].
Evdwgpépov, eniong, mapovctd{ovy ot EKTOUTEG COUATIOIMV 1|
Koviopto, aepimv o&éwv (HCI, HF, SO,) kot Bapémv petdiimv
(Hg, Cd, Pb). H anotelecpatikdmmra ¢ Kodong meplopileton
and v ekmopm CO kat opyavikov avBpaka. Me Tig véeg Te-
YvoAoYieG KaVGNG EmTLYYGVETOL S1AGTaCT] Ko EE0VOETEP®O
TV SEVaV Kot govpaviav, TEN TOV KOTUAOITWOVY, GTEPED-
moinon kot E0VOETEPMOT TG TOEIKOTTAG TOVG LLE dLVATOTITA
YPNOILOTOINCNG GTOV KATACKELOOTIKO TopEn v yével [25].
Ta eknepumdpevo GOUOTIOWN, TOL OTOTEAOLVTOL KUPIOG omd
TEQPQ, LEWDVOLV TNV OPUTOTNTA TG OTHOGPUPOG KOl GUYVA
10 Kowod mapamoveitor. EmmAéov, dArotl to&kol pumot (Bopéa
pétoAla, S1o&ives, POVPAVID) TPOSPOPOVTUL OTO COUATIOWL.
Q¢ ek TOVTOL 1| EAYLOTONOMON TNG EKTOUMNG COUOTIOIMV
gtvon amapoitn .

4.4. Avaxokioon

Q¢ avakvrhwon opiletor n enaveneiepyacio oe StadKocio
TOPOYDYNG TOV OTOPATOV GLGKEVAGIOV 1] GAADY TPOIOVTIWV,
TPOKEWEVOD VOL YPNOYLOTOMH0HY Y10l TOV apYIKO TOVG GKOTO 1|
Yo GAAOVG GKOTOVG, CUUTEPIAQUPAVOLEVIG KOL TNG OPYOVIKTC
OVOKOKAMGOTG, OAAG €EOPOVUEVIG TNG OVAKTNONG EVEPYELNG
[29]. To. o@éAn moL TaPdyovToL OO TIV OVOKVKAMGT TTEPL-
Aoppdavoov TV amo@uyn Aettovpyikdv Kot AAwov eE66mv
nov oyetilovron pe T didbeon Twv anofMitov (T.y. doppon
OTPOYYICUAT®V, EKTOUTEG OTOV 0£pa), TO OOV OQELOG amd
TNV TOANGT) TOV OVIKVKAG®UEVOV DVAK®V, dAAG Kot TNV £0tko-
VOUNGT GUGIKAOVY TOP®V Kot EVEPYELNG. [Tepifaiiovikég mapd-
LETPOL TTOV EVIGYDOLV TN YPTON TG UVOKVKAMGCTG OTOTEAODY
1N SloTNPNoN TOV TEPIOPICHEVOV TOP®YV cLUPAAAOVTOG OTN
BrwodmTa Kot aeipopia, 1 pEl®OT TG KaTovIA®oNg evép-
YELOG OTIV TTOPAYOYT], O TEPLOPIGLLOG TG EKTOUTNG TV POTMV
Kol omoPfANT@V Tov SNovPYodVTOL KOTO TNV TOPOy®YIKN
Sadacio kon o, 0PEAN amd TV TEPPOALOVTIKY Oy®YR TOVL
KOWVOU LLE T1] CULETOXN TOV 01 SLO1KOOL0 TG OVOKDKAMGTG.
H ovppol) g avokvkAmong og Slapopovg TopaymyKong
Topeig divetan otov mivaka 8 [17]. H eowcovounon evépyetog
cLVNBWG Bepeiton TEPLGGATEPO GTUAVTIKY OO TNV OVAKTNON
VMK®OV, VO T TEPIPUAROVTIKG OQEAT OO TNV OVAKOKAMOT)
SLOPOPETIKAV GUOTOTIKOV TOV OmOPATOV £0pTMOVTOL OO TO
VAMKO-GTOYO TNG TOMTIKNG OVAKOKAMOT|C.

O1 gpyalOHeEVOL GTO YEPOVIKTIKO SL0YOPICUO OIKIOKMV
ATOPPUUATOV KOBDS Kol 68 HovAdes MTOGUATOTOINGOTG
AVTILETOTILOVY CUUATMOUOTO, OTMS TO CUVOPOUO TOEIKTG
OPYOVIKNG OKOVNG Kol TPOPANUATE [LE TO YOOTPOEVIEPIKO
cOOTNHA Kot TOV €peBIoO d€pLOTOG Kot 0pOoAp®Y K.4. Eml
mAéov, Exouv avaeepbel kot coPfapés aoBéveleg TVELUOVOV.
Katd ) yepovaktikny dwwdoyn arofintov sival mbovi 1
€KBE0T TOL TPOCOTIKOV GE PEYUAEG TOGOTNTEG PoKTnPIdimV
Ko EVOOTOEIVOV PETAPEPOLEVOV HESH TOoV aépa. [30].

5. XYI'KPIXH TEXNOAOI'TQN
MNPOOIITIKEX

H EE éye1 e€etdoet and otkovopikn Kot mepiforiovri-
KN Gmoyn TNV amodoTIKOTNTO Kol duvaTOTNTO EPAPULOYNG

ITivokag 8: XZoufoln e avaxdkiwaons oty elotkovounon mopwy Kol UEIWCN TV EMITTOCEDY GT0 TEPIFEALOV.
Table 8: Contribution of recycling to resource savings and reduction of impact on the environment.

Enittoon/ Y\ucod/Material
Impact Alovpivio/Aluminum | XéhvBog/Steel | Xapri/Paper | Tvahi/Glass
Meiwon/Reduction, %
Xpnomn evépyelac/Energy use 90-97 47-74 23-74 4-32

Atpoceaipikn pvraven/Atmospheric pollution 95 85 74 20
PYmavon vddrov/Water pollution 97 76 - 35
AmopAnta opuyeiov-Aotopeiov/Mining wastes - 74 - 80
Xpnon vepov/Water use - 40 58 50




30 Teyv. Xpov. Emot. 'Exd. TEE, 1, te0y. 2-3 2005, Tech. Chron. Sci. J. TCG, I, No 2-3

OPICUEVAV PETPAOV LE XPNON KOTOAANA®Y TEYVOAOYIOV Y10,
m peioon tov ekroundv and XYTA [20]. Xtov mivoka 9
divovtat TYég K6GTOVG 68 OPoVG NALG dVVNTIKNG UelOTg
TV gkmopndv CH, pe epappoyn tov LETpeV autdv, OoTe
va givat duvoTh Hio TPOTY EKTIUNGCT] TOV OLKOVOLIKOTEPOL
a6 TEPPAALOVTIKY ATOWT] GLVOLOCLOL TEXVOAOYLDY KOTH
nepintmon.

Merém g EE e&étaoe Tig S1dpopeg eVOANLIKTIKEG TEYVO-
Aoyieg AXA (0vakOKA®GOT), ATOGUOTOTOINoT, avoepopla ym-
vevor, unyavikn-proroykn eneEepyocio kol otabeponoinom,
VYELOVOLLIKT TOQT KOl KOVGT)) LE GTOYXO TOV TPOCILOPICHUO TNG
kaBopng cvpPfoing Tovg og aépta Beppoknmiov [22]. Ta amo-
teléoparta £6e1&av OTL, pe SloAoyn oty TN Tov AXA oKo-
AovBovpevn amd avokOKA®OoT (YopTi, LETAAAL, VOAGHOTO Kot
TAQOTIKA) Kol MaGHaToToinom 1 avaepofia ydvevon (Prodt-
0OTAGIHO HEPOG), TPOKVTTEL 1) YOUNAOTEP KaBOpT EKTOUTN
aepiov Oeppoknmiov, oe cOyKplon pe GAAES TEXVOAOYIES YO
mv enefepyoocio Tov AXA v cLVOA®. ZUYKPITIKG pE TNV
VYEIOVOUIKT TOQN OVETEEEPYOOT®V OTEPEDV AMOPANT®V, 1
Mmacpotoroinon 1 avaepofia ydvevon Tov BlodiacTAGLOL
LEPOVG KO 1] AVOKVKA®MGT] TOL YAPTIOV TOPGYOLV T1 GUVOALKEL
peyootepn peimon oty kabopn ekmoumn aepiov Oeppokn-
7oV, KOl HEYIGTN CLVEICPOPA GTO OMOTELEGUA QVTO EXEL M
amopuyn ekmounmv amd toug XYTA, emedn mponynonke
aVOKOKA®GT) TOL Prodlactdoipon pépovg twv AXA. H epap-
poyn ovakdKA®oNg, yio to PlodieoTdcilo oTeped andfinta
Kot 1o yopti, avti TG vygovokng Taeng otovg XY TA mov
Ag1TOVPYOLV LLE EVPOTAIKO LEGOV OPO TPOdIAYpaP®V, B0 pei-
@ve v kabapn exmopnt| aepimv Beppoknmiov katd 260 Emg
470 kg wwodvvapov CO,/1000 kg AZA. Enopévag, n emota,
kaBopn peimon exmopndv oepiov Beppoknmiov Bo propovoe
vo. gfvan dve Tov 100 Gg og 1wodvvapo CO,.

3NV TPOOVOPEPOLEVT HEAETN eKTYWHONKAY €miong Téo-
oepa EVOALOKTIKG oevipla AXA katd to €tog 2020 kot ov-
YKpiOnKaV 01 EMATOGCELS GE EKTOUTES aepimV BepoknTiov e
avtég Tov £T0vg 2000 [22]. Me Vv mtpotimdbeon 6Tt Ba wpary-
potomomBei o otdyog mov Bétetn Odnyia 1999/31/EC [11] yw

LEeloN TG VYEIOVOUIKNG TOPNG avenesépyaotmv Plodiacmd-
OL®V aoTIKOV omofANTav o €10 2016 610 35% TV emimé-
dwv Tov 1995, mpoekTiunOnie N GUVOAKN UEI®OT) EKTOUTDV
aepiov Beppoknmiov petaéd tov etdv 2000 kon 2020 arnd ™
Betuc) ekmopmn S50 oty apvnticy ekmopnny 200 kg i1coduvd-
pov CO,/1000 kg AXA mepinov. Xe nepintoon kabvotépnong
g emitevéng tov 6to)ov ™G EE-15 ém¢ 10 2020, 1 apymikn|
exkmopnn Oa yiver og 140 kg icodvvéapov CO,/1000 kg AZA.
[Ipdchet etrolo peimon TV eKTopTOV aepimv Oeppoknmi-
ov mepimov katd 490 kg 1wodvvapov CO,/1000 kg AZA Oa
Umopovoe va EMLTEVYDEL e AVOKOKAMGT), KOO LE OVAKTNOT
evépyewg Kot pnyovikn-proroywn enegepyacio. Evaida-
KTUKG, Yopig kovon kot péylot ProAoyikn enelepyacio Tmv
amoPMtev, TPoPAETETAL GUVOMKT LEIMOT) EKTOUTOV aepimV
Oeppoxnmiov katd 440 kg 1codvvapov CO,/1.000 kg AZA.

6. XYMIIEPAXMATA

Katomy eneéepyaciog kot cvvagloddynong dabécipuov
otoyelov and evponaikés yopeg ko vanpeoieg g EE,
KaO®OG Kol GAAOV TNY®V, CUUTEPOIVETAL OTL YO TV AL
GTOTOINGN TV TOTIKAV Kol TAYKOCLLOV TEPPUALOVTIKOV
EMNTAOCEMY TOV TEYVOAOYIOV AXA omattovvTaL:

- Meiwon tov aéplov Kol vYpAV EKTOUTOV KLPIOS amd
XYTA ko teplopio s g EKTUONG TOV XDOPOV.

- [poenetepyoosio ToV oTEPEOV AMOPANTOV TPV OO TNV
TeMkT) Tovg dtifeon o XY TA, cOpemva pe to TpoPremod-
peva oty Odnyia 1999/31/EC.

- Epappoyn g mpotewvopevne otpoatnykng g EE 1
oAokAnpopévn AZA pe A0y GUVOLOCHOD TEXVOAOYL-
MV, GKOTEHOVTAG GE EANYLIOTOTOINON TOV EKTOUTMV KOl
TOV GUVOALKOD KOGTOVG dloyeipiong.

Edv n ohoxdnpopévn AXA (mhéov g mpoPremdpevng
SWAOYNAG OTNV TNYN YO AVOKOKA®MGT), ATAGHATOTOMGOT Ko
avoepoPio ydvevon Tov dy®plopevoy anofAnTmv) Teple-

Hivaxag 9: Kéarog avé palo svvnrixig peimons CH, kai oxomiuotnta uétpwy yia peimon exmounav amé XYTA.
Table 9: Cost per CH, mass of potential reduction and scope of measures to reduce landfill emissions.

Métpo peimong/ Mitigation measure ‘Etog/Year
2000 | 2010 | 2020
Kootog/Cost, € avé 1000 kg CH4/€ per 1000 kg CHy

Beltiopévn avaxtnon Broaepiov pe:/Improved gas recovery by: 2230 3683

- Apeon ypnon Proaepiov/Direct use of landfill gas -76

- Mopaywyn evepyeiog/Power generation 44

- Kavon og mopod/Flaring 23
Beltiopévn kédAvyn /Improved capping 833 1937
Meiwon Prodiacndoipmv VAGV amofAntov apw and YT pe:/ 1942 1336
Reduce biodegradable waste before LF by:

- Avaxbdkioon yaptiov/Paper recycling -2208

- Aumooporonoinon/Composting (turned windrow) 1033

- Kavon/Incineration 1423

- Ammoopotonoinon og ofjpayya)/Tunnel composting 1794

- Avaepofa ydvevon/Anaerobic digestion 1858




Teyv. Xpov. Emot. 'Exd. TEE, 1, te0y. 2-3 2005, Tech. Chron. Sci. J. TCG, 1, No 2-3 31

AdpPove avakdKA®o, Koo HE AVAKTNGOT) EVEPYELNG KOl [U1)-
yaviki-proroywn eneEepyocio mpv amd v teMKN didbeon
oe XYTA, Bo emroyyavotav 1 peyaAdtepn peioon o€ eKmo-
Umég aepimv Beppoknmiov Ko EA0YIGTOTOMGT) TOV GUVOAKOD
Kk6oTOVG droeiptong. Avtd Ba 0dnyodoe o eminedo avoKy-
KAoong (coumepiapPovopévng Kot TG MTUGHATOTOMGNS)
50-55%, pe towTOXPOVN MTMOCN TNG VYEWOVOMIKNG TAPTS GE
emimeda g T6ENG ToV 25%, MEPimOV GLYKPICYLA LE BVTA TG
Kavorg pe avaktnon evépyetog 20-25% yio ta AXA.
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Extended summary

Environmental Impact of Solid Waste Management
Methodologies and Perspectives

I. D. MANARIOTIS
Civil Engineer, PhD, Region of Western Greece

Abstract

The environmental impact from the implementation of the basic
methodologies for municipal solid waste management (SWM),
according to the European Union (EU) policy for integrated SWM,
are analyzed. Landfilling has a local environmental impact and
contributes to global effects, due to the emission of greenhouse
gases, 10 times more than do recycling (including composting)
and incineration, which cause mostly local impacts. Based on
EU data and assuming achievement of the EU targets up to 2020,
the levels of recycling (including composting), incineration with
energy recovery and landfilling should approach 50-55%, 20-25%
and 25%, respectively. During the same period, local and global
environmental impact and total SWM costs could be minimized
if the integrated SWM, in addition to sorting at the source for
recycling, composting and anaerobic digestion, included recycling,
incineration with energy recovery and mechanical-biological
treatment before lanfilling. The implications have a high relevance
for public and private entities dealing with SWM.

1. INTRODUCTION

The realistic ultimate strategy for integrated solid waste
management SWM? in the European Union (EU) is fully
harmonized with the principle of sustainability [1,4]. This
strategy is based on the hierarchical use of the actions of
prevention, reuse, recycling, recovery of materials and
energy, and safe final disposal, optimized through life-
cycle analyses [2,5]. The basic methodologies involved
are recovery of materials (sorting, recycling, composting),
energy recovery (incineration with thermal and electric
energy recovery) and final disposal in landfills (landfilling)
[3]. Optimization in compliance with environmental policy
requires combined implementation and suitability of the
above methodologies to actual conditions. The impact of
the application of these methodologies is examined and the
perspectives of the EU strategy are considered.

2 Abbreviations are defined under “Xvpfolopoi/Abbreviations” of the
Greek text.
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2. PROGRESS OF SOLID WASTE
MAMANAGEMENT

Based on data related to municipal solid waste (MSW)
quantities and management for every EU member-state [6,7],
table 1 and figure 1 were prepared. Values in the final table
column were computed in order to get a total year percentage
equal to 100. It is noted that after 28.8.2003 EU available
statistical data incorporate composting within recycling;
however, data available before this date show that in the EU-
15 composting was limited (3-6%) on average and the EU is
taking measures to improve this situation in the near future.
Taking into consideration all available data, it is concluded
that recycling including composting showed considerable
progress in Austria, Belgium, Germany, Denmark, France,
Italy, Netherlands, Sweden and Norway, as well as EU-15
and EU-25, while there was a simultaneous rapid decline
in landfilling, primarily because of problems arising from
landfills [8,9]. Given that recycling (including composting)
constitutes the most environment friendly action of SWM,
and also complies with sustainability, application in the
entire EU should in the near future reach a level around 50-
55%. This would establish incineration and landfilling levels
0f 20-25% and 25%.

Incineration is used by 13 member-states of EU-15 (96%
of the EU population), excluding Greece and Ireland [8].
Other EU-15 Mediterranean countries, France, Italy and
Spain, recover 0.7, 3.8 and 6.6 TJ/10° kg MSW, respectively,
which would indicate that Greece could also recover
comparable energy levels. EU achievements in the SWN
sector are reflected by the total wastewater expenditures
(WSE) given in figures 2a and 2b [7]. High levels of WSE
representing relatively high percentages of environmental
protection expenditures (EPE) reflect high performance
levels in the solid waste sector. An overview of investments
(not including operational expenditures) per category of
works and activities in the MSW sector during the period
1994-1999 is shown for Greece in table 2 [10]. The yearly
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average investment yields 3.77 €/capita which is 12.4% of
the total expenditures given in figure 2b.

Based on the above data, the national SWM plans of
the EU member-states [6] and the landfill Directive [11], a
projection of the EU MSW management situation after 2020
is given in table 3 and compared to that for 2000.

3. ENVIRONMENTAL IMPACTS

3.1. Landfilling

The environmental pressures from landfilling are local,
regional or global [8]. The most important of these include
surface and groundwater pollution due to toxic substances
and nutrients leaching from the waste, ecotoxicity and
eutrophication problems [9]; odor, dust and noise problems in
neighboring areas, up to several km from landfill sites (LS),
during landfill operation; greenhouse effects mainly due to
methane (CH,) and carbon dioxide (CO,) emissions; land use,
including loss of natural areas; health problems for people
who live near landfill sites because of exposure to chemical
compounds released into the air, water and soil [12,13,14]; and
increased public sector (PS) expenditures for monitoring and
clean-up operations due to permanent loss of resources and
the need for pollution control. The extent of these problems
varies according to the type of solid waste landfilled, the
construction of the landfill and the existing hydrogeological
conditions [12]. It has been shown that leachate may be a risk
for groundwater pollution for up to 600 years [8].

Quality characteristics for leachate are given in table 4
[15,16], and the content of major gases emitted from LS is
given in table 5 [18]. Besides CH, and CO,, air is polluted with
other gases and dust where toxic chemicals can be adsorbed,
presenting risks for severe health consequences. Observations
in the neighborhood of hazardous solid waste landfills have
shown health effects (mainly congenital anomalies) up to 6
km from the sites [12,13,14]. The presence of dioxins and
furans in landfill leachate has also been reported without
originating these toxic chemicals [17]. People living near
landfills often complain of odors; these are associated with
traces from anaerobic digestion by-products and can be
reduced by effective and frequent waste covering.

Emissions of CH, from landfills significantly contribute to
the greenhouse effect. In 1994, CH, levels were 1720 (standard
conditions) ppb compared to 700 ppb during the pre-industrial
period. After 1993, the rate of CH, emissions was reduced to
8 ppb/year, and it has been estimated that during the 2008-
2012 period the global emission levels should be reduced to
8% from the 1990 levels [20], which is an EU target of high
priority [21]. This reduction is rather lower than those required
for CO, and nitrous oxide (N,O) [9,22]. The greenhouse effect
contribution of activities per sector in the EU for the years
1990 and 1999 is given in table 6 [22]. The global warming

potential® of each greenhouse gas produced, i.e. a measure
of the relative average gas global radiative forcing effect, is
estimated by using equivalence factors in regard to CO,: 1
for CO,, 21 for CH,, 310 for N,O [19,20]. Based on table 6,
the total CH, emissions contributed about 10% in 1990-1999,
showing a reduction of 20% for the waste sector, reaching
26% in 2000 [21]. However, the relative contribution of CH,
from waste in 1990-1999 was about 93%, in proportion to the
total greenhouse gas emissions from waste, while as shown
in table 7 the contribution of landfilling was greater than 90%
compared to other actions. The data of table 6 show that the
relative contribution of landfilling in the greenhouse effect
was more than 84% in 1990-1999, exceeding by an order
of magnitude the contribution of any other methodology (4-
5% for incineration and 1-3% for all other methodologies).
The total contribution of the waste sector to the greenhouse
effect decreased from 3.91% to 3.33% between 1990 and
1999. Considering the data in tables 6 and 7, the contribution
of landfilling to greenhouse effects decreased from 3.44% to
2.80% from 1990 to 1999, in contrast to the contribution of
incineration and other actions (apart from wastewater), which
increased from 0.21% to 0.27% however, the latter was one
order of magnitude less than the landfilling contribution. It
is estimated that the reduction of greenhouse gas emissions
will reach 60% from 1990 to 2010, mainly because of the
implementation of the landfill Directive [21]. Furthermore,
CH, is a fuel [the heat of combustion of biogas (65% for
CH, and 35% for CO,) is 17 to 25 MJ per m’] and its energy
should be recovered.

3.2. Biodegradable waste treatment

Since about 35% (37-60% for Greek cities [23]) of
MSW is putrescible savings in greenhouse gas emissions
of 2 Gg equivalent CO, may be realized annually in the EU
in the case of composting and 6 Gg in the case of anaerobic
digestion [22].

3.3. Incineration

The incineration of solid waste generates pollutant
emissions (gases, ash, dust and smoke), wastewater, slag
and odors. The possible presence in the waste of Cl, F, S,
N and other elements could contribute to toxic or corrosive
gases. The wastewater that originates from the treatment of
exhaust gases and quenching of incinerator ash contains
heavy metals and inorganic materials with increased acidity

* The global warming potential of greenhouse gases or aerosols is the

measure of their relative, direct or indirect, radiative forcing effect to
average global changes of radiation characteristics due to anthropogenic

activities. CO, is selected as the reference gas [19].
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or alkalinity and temperature; its disposal is permitted only
after pertinent treatment and compliance with applicable
regulations [24]. Dioxins and furans are products of
incomplete combustion, and may be decomposed completely
by pyrolysis; their limiting value permitted in the exhaust
gas is 0.1 ng/m* and in the wastewater discharged from the
cleaning of exhaust gases 0.3 mg/L [24,25]. Their impact on
human health includes skin and liver diseases, even cancer.
There are a number of risk assessment studies of incineration
emissions to nearby residents, indicating probable risk
trends of exposed populations [26,27,28]. Of considerable
importance are the particulate emissions, acid gases (HCI,
HF, SO,) and heavy metals (Hg, Cd, Pb). Novel incineration
technologies completely decompose dioxins and furans,
neutralize toxicity and stabilize the residue, which should
be used in the construction sector [25]. Released aerosols
mainly consist of ash absorbing other toxic pollutants; these
reduce atmospheric visibility, resulting in public complains,
and minimization of aerosol emissions is a must.

3.4. Recycling

Recycling is defined as the reprocessing in a production
process of the waste materials for the original purpose
or for other purposes, and includes organic recycling but
excludes energy recovery [29]. The benefits derived from
recycling include the elimination of operational and other
costs associated with waste disposal and possible benefits
from selling of the recycled material; in addition savings of
natural resources and energy are realized. Energy savings
are usually considered more important than the recovery of
materials. The environmental benefits from the recycling of
several components of waste depend on the target material
on which the recycling policy is focused (table 8). The
workers involved in MSW manual sorting and composting
may experience adverse symptoms, such as organic dust
toxic syndrome, gastrointestinal system problems, skin and
eye irritation, severe pulmonary diseases etc. Manual sorting
may also be associated with human exposure to increased
levels of bacteria and endotoxins [30].

4. COMPARISON OF METHODOLOGIES
PERSPECTIVES

The EU has examined the efficiency and applicability
of measures from an economic and environmental point

of view for the reduction of landfill emissions [20].
Costs per CH, mass of potential reduction due to use
of particular methodologies are given in table 9, so that
they may be used in optimization studies. The EU has
evaluated the SWM alternatives (recycling, composting,
anaerobic digestion, mechanical-biological treatment and
stabilization, landfilling and incineration) to determine the
clean contribution of greenhouse gases [22]. This study has
shown that overall, source segregation of MSW followed
by recycling (paper, metals, textiles and plastics) and
composting/anaerobic digestion (putrescible wastes) gives
the lowest net flux of greenhouse gases, compared with
other options for the treatment of bulk MSW. The largest
factor contributing to this is the avoidance of emissions
from landfills as a result of recycling. Achievement of the
landfill Directive target to reduce landfilling of untreated
wastes in 2020 to 35% of 1995 levels is expected to result
in an overall reduction in greenhouse gas flux between
the years 2000 and 2020 from a positive value of 50 to a
negative value of almost 140 kg eq. CO,/1000 kg MSW.
Further, yearly reductions in greenhouse gas fluxes of about
490 kg eq. CO,/1000 kg MSW could be achieved through
investment in recycling, incineration with energy recovery
and mechanical-biological treatment. Alternatively,
stopping of incineration and maximum use of biological
treatment would achieve an overall reduction of 440 kg eq.
CO,/1000 kg MSW.

5. CONCLUSIONS

To eliminate local and global environmental impact
from the application of SWM methodologies the following
measures are required:

- Reduction of landfill emissions and areas for landfilling.

- Pretreatment of MSW before landfilling, following the
landfill Directive.

- Implementation of the proposed EU strategy for an
integrated SWM, by combining methodologies to
minimize emissions and total cost.

If the integrated SWM (in addition to sorting, recycling,
composting and anaerobic digestion at the source) included
incineration with energy recovery and mechanical-biological
treatment before landfilling, the highest reduction in
greenhouse gases would be achieved with the least cost. This
would lead to application levels around 50-55%, 25% and
20-25%, for recycling (including composting), landfilling
and incineration with energy recovery, respectively.
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