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OepuikEC MEB0OOI ETreCepyaoiag

EmikKivouvwyv AtTToBARTWYV



Opiouoi

OepMIKN ETTECEPYATI

KOATOOTPO®I TWV ETTIKIVOUVWYV ATTORBAATWYV HE
BepuIKA atTTodOuNOoN

O1 yEBodoI BepIKNG eTTECEPYATiIOg TTEPIAAUBAVOUV:

=  ATOTEQPWON — TTAPNG KAUON TTAPOUCIa TTEPICTEING
o¢uyovou

=  Agplotroinon — ateANG Kauon HE EAAEIYN ETTAPKEIOG
o¢uyovou

* [MupoAuon — OgpMIKE) ATTOOOMNOT UTTO OUVONKEG
TTANPOUG EAAEIYNG OSuyovou



[NoocoTnTa agpa (oEuyovou)

Increasing air supply

Pyrolysis Gasification incineration



E@appoyn BepuiknG eTegepyacioc EA

KaTtdAANAn yia opyavikéG OUCIEG

Agv gvdeikvuTal yia ere¢epyacia EA pe upnAn
TTEPIEKTIKOTNTA O€ TOSIKA HETAAAQ Kol aAoyova (TT.X.
APOEVIKO, UdpApYyuUpo, PpOOpPIO, BpwHIo, MOAURBDO, Ka.)

EyKaTaoTAOEIGC OEPUIKAG ETTECEPYATINAG:

e AmaiTouv uynAo KOOTOC £yKATAOTAONG

* To TTPOCWTTIKO OPEIAEI va gival IDIAITEPA ECEIDIKEUPEVO KAl
EKTTAIOEUEVO

*  YWnAOTATO ETTITTEDO TEXVIKWYV TTPOdIAYPAPWYV (AEITOUPYIAG
KAl KOVOVWYV aoPAAEIaC)

 MEeTpio pe upnAo KOaTOC AgiToupyiag



EtmiAoyn peBodou OepuIKAG eTTECEpYaTiac EA
[Tp€tTel va acioAoynBouv ol TTapakAaTw TTaPAMETPOIL:
» H 11T000TNTO KOI N OPOIOYEVEIQ TWV ATTORANTWYV
» Ta QUOIKA Kal XNUIKA XOPAKTNPIOTIKA TOUG (TT.X. MEYEBOC
owuaTidiwyv, uypaacia, €10IKO PAPOC Kal ETTIPAVEIA, ICWOEC,
onMeio avapAegng, Bepuoyovog dUvaun, TTEPIEKTIKOTNTA O€

TITATIKA, TTOIOTIKA OUCTOON, KATT.)

» O1 duvatoTnTEC Kal IDIATEPOTNTEC WC TTPOC TNV TPOPODOTia KAl
QVAUEICA TOUC O€ £va oUOTNMA BEPUIKAG ETTECEPYOATIAC

» Ta gETPpa TTPOANWNC Kal EAEYXOU TWV TTAPAYOUEVWY ATTAEQIWY



Atrotéppwon Twv EA

= 3 Ts Kavoveg:

» Time (XpOvog — eTTAPKNGS YIa TTARpN Kavon/
adpavoTToinon — HEPIKA OEUTEPOAETTTA £WG WPEG)

» Temperature (Oeppokpacia — TouAaxioTov 850 °C)

» Turbulence (Avauign EA kail agpa / o§uyovou)

"  AI0@OPETIKOI TUTTOI ATTORBAATWYV £XOUV JIA@OPETIKI
Bepuoyovo duvaun



MoapadeiypaTa Ogeppoyovou dUvaung

ATTOBANTA ATTO ETTIXEIPNOCEIG

KaBapiopouU 10 — 30 MJ/kg
Biopnxavikn Ado1rn 1-10 MJ/kg
Bag@ég kai Bepvikia > 20 MJ/kg
XAwpiwpévol udpoyovavlpakeg 5-20 MJ/kg
Na ouykpion, MSW ~10 MJ/kg
Waste Heating value [MJ/kg]
Kerosene 44
Waste oil 14 - 42
Tar or Asphalt 36
Linoleum scrap 25.6
Wood waste 16.2
Coffee grounds 23.3
Animal fats 39.5

Hospital waste 15.0




ATTOTEQPPWON

ATrauTei:

» Tpopodooia TTrepicCOEING AEPA

= Mnyxavik avadeuon Twv atToBARTWV

= OpoiopopPN KATAVOMN KAl KAOAR aAVAMIEN TWV
aTTOBAATWYV ME AP

* OgppoKpacia peyoaAUTEPN TWV 850 °C

= Eav Ta améBAnTa TTEPIEXOUV XAWPIO TTAVW aTTO 1%,
TOTE n Bepuokpacia TTpETrel va gival avw Twv 1,100 °C

(Xpovog TTapapovinG > 2 sec)



ATTOTEQPPWON

Combustion (Oxidation) Reactions

C+ 0, «<— CO» Oxidation of carbon
202 + Hy «— H0O Oxidation of hydrogen
N + O2«— NO2 (NOx) Oxidation of Nitrogen

S + O, «—=>S0, (SOx) Oxidation of Sulfur
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EA 1TOU TTEPIEXOUYV B€i0, aAoyova, A{wTo
KOl avopyava

v Atrotéppwon EA atmoBAfRTwyv e Bgio Trapdyouv SO,

v Amroté@pwon EA ammoARTwWYV TTOU TrEPIEXouV aloyova (Cl,
F & Br) mapayouv 6&iva agpia (HCI, HF ka1 HBr) péow
AVTIOPACEWYV ATTOTEPPWONG

v O1 alWTOUXEG EVWOEIS OTO KAUCIMO TTOPOUCIAlouV Hida
TepITTAOKOTNTA ETTEION OoXNUaTi{ouv NO, kaTta Tnv
ATTOTEPPWON

v NO, dev gpavileTal oTa aTTaépIo O€ BEpOKpATia TTAVW
atré 1200°C

v" NO givai To kupiapxo NO, ota atragpia



TeEXVOAOYIEC ATTOTEPPWONG

» PeuoTtotroinuévn KAivn (fluidized bed): Ta amroAnta
TPOYOOOTOUVTAI OE EVO OTPWHA AMHUOU TTOU BPICKETAI OE

aiwpnon
—  XpnoigoTrolgital yia atmrofAnTa JE TTAPOMOIO NEYEBOGS Kal

TTUKVOTNTA

» Kivoupeveg eoxdpeg (moving grates): Ta amropAnta
TPOPOOOTOUVTAI TTAVW O& ECXAPES Ol OTTOIEG AVAKIVOUV TO
Aa1TOBANTO WOTE VA £EACQAAI(ETAI ETTAPKAG AEPIOHUOG
—  XpnoligoTrolgital yia oTeped atroAnTa 1.X. AZA, OXI1 uypd N

AdOTTEG

> [leploTpeopevog KAifavog (rotary kiln): Ta amréBAnTa
TOTTOOETOUVTOI O€ EVA OPYA TTEPICTPEPOMEVO KUAIVOPO
—  KaTtaAAnAo yia oteped, AAOTTEG Kal uypd atroRAnTa
O1 TrepIoTPEPONEVOI KUAIVOPOI ATTOTEAOUV TO 75% TWV Hovadwyv
atroTéPpwong yia EA



Kivouueveg eoXApeg

[ BoLER

COMBUSTION GRATE

Combustion gases from the
burning waste move through
a sophisticated refuse boiler

electric power

TURBINE-GENERATOR

High-speed precision turbine blades, driven by
the high-pressure steam from the bailer, drive
a generator to produce electricity, Water
condensed after this process is recirculated to
the boiler system.

combustion and maximum energy recovery.

Inclined reciprocating grate systems move the burning waste
at specific rates through the furnace, ensuring complete

NEGATIVE AIR PRESURE

The plant’s combustion air is drawn
from the enclosed receiving area
and refuse fuel pit, maintaining

a negative air pressure that controls
the release of dust and odors.

N

CRANE

Hydraulic refuse cranes mix
and load the incoming waste,
depositing it into hoppers that
feed the plant combustion
systems.

1 ton of municipal solid waste:
* produces 625 kilowatt-hours of electricity,
* is equivalent to 1.6 barrels (67 gallons of oil)

—

stack

designed to circulate purified to utility
water, extract the combustion ;
heat, and converts it to
superheated steam for turbine
electricity production. generator
steam piped to
turbine generator * condenser
boller
steam drum
refuse feed ciane
hopper spray dryer
AT
> f—l
é fabric filter
H
"‘ a o
a o
enclosed
receiving area hydraulic
ram feeder \
'P&‘g&[:“ ash conveyors
refuse systen':y
fuel pit

MATERIALS RECOVERY

The inert combustion ash residue is size and
magnetically separated after combustion, enabling
efficient metal recovery for recycling.

combustion grate

!! .h
H to ash disposal
o

recovered materials
for recycling

S AR A o,

SPRAY DRYER (SCRUBBER)

A precise mixture of lime and water
is sprayed into the combustion
exhaust gases to remove acid
gases, heavy metals, and trace
organic emissions.

(?
e A AP

[ FABRIC FILTER (BAGHOUSE)

Hundreds of Teflon® fabric tubes filter
more than 89.9% of the particulate
material from the combustion flue
gases. The filtered ash is recovered
and safely disposed.

///& Wheelabrator Technologies Inc.

A Waste Management Company



[epioTpePOUEVOS KAIBavocg
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[epioTpePOUEVOS KAIBavocg
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OepUOKPATIO TTEPICTPEPOMNEVOU KAIBavou
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AgutepoyevS BAAaNOG KaAUONG

Secondary combustion chamber (SCC)

O deutepoyevg BAAANOG KAUONG €ival ATTAPAITNTOG, YIOTI O
TTPWTOYEVNG OAAAMOG OEV TTAPEXEI APKETO XPOVO, AVAUIEN N
Oepuokpacia yia TTARPN ATTOdOuNOoN (KATACTPOP) TWV
OPYOAVIKWYV OUCIWV TwV EA ota emiBuunTta etTitreda

H KuploTtepn AsiIToupyia TOU TTPWTOYEVOUG BaAduou gival n
OEPIOTTOINCT TWV OPYAVIKWYV OUCIWYV TwV EA

O oKOTTOG TOU DEUTEPOYEVOUG BaAdOU gival n OEppavon Twy
TITNTIKWYV OPYAVIKWYV EVWOEWYV (AEPIOTTOINMEVWYV) OE
Oeppokpacia TTou 0¢e1dwvovTal TTARPWG

H diadikacia o¢eidwong cuuBaivel o Oeppokpacia peragu 980-
1200 °C



MeproTpe@opevog KAIBavog (d1aypapua)

| Mnkog: 8 - 12 m KAion: 3-5 % Tpogodoaia: 0.1 — 20 t/h
Aiduetpog: 1-5m  lepioTtpoon: 0.05 - 2 rpm

Solid waste

Barrels

Primary air

Burner for fluids / auxiliary
fuel

Injection for fluids or pasty
substances / auxiliary fuel
Rotary kiln

Rotary kiln drive
Afterburner

Injection for wastewaters
0. Slag removal

N~

o
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looCUyio padag yia
Movdada atrotéppwong EA

Emikivouva ESeuyeviopuéva
atroAnTa aTtragpia
(1000 kg) (770 kg)

|

,| ETmedepyaoia

MeploTPEPOPEVOG | AEUTEPOYEVNHG

A 4

Boiler QiATpo

KUAIVOpOG 0dAapog ATTaEPiWV
v v l
Slag TEppa AAaTa

(160 kg) (25 kg) (45 kg)



Movdada atroteppwong EA

.

Hessische Industriemull GmbH, Germany



[MepioTpe@OpEVOG KAIBOVOC
og Movada atrotéppwong EA




Movada atrotéppwong EA
AVG-Hamburg

AVG, Hamburg



Aiaypappa pong
via Movada atroté@pwong EA

Stack
Denitrificati
Dust filter Wet scrubber EL R
Afterburner -
Chamber Boiler Steam Fresh Steam
Wet scrubber ‘“'f Coal r,}

SO,

‘e

Rotary Kiln

AEH

v
Quench-Sumpf

Charcoal
Filter

AVG, Hamburg




Yokohama Eco-Clean Factory (JFE)

Bz
Chimney

L
Fly ash storage tank
\ 4

l ] W& MR TR
Heavy metal stabilizer
Storage tank

| o ' - =
- Ashhur veyor _< e Maszetcasbasty .

“&mgg

m; 5Jb
il:mﬂon ash Treated ﬂy ash



Yokohama Eco-Clean Factory (JFE)

Secondary  Forced
blower draft fan

Schematic illustration of incineration facility

Aspect of ash melting kiln






ATTOTEQ@PWTAPAG
PeuoTotroIinuEVNG KAIVNG

Steam
Generated

Steam
Generator

Heat
— Exchanger

Incinerator

Solids

Cyclone
Separator

Heat —17
Exchanger

Liquid Feed Water—-
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Sand

High
Velocity —~
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Ash Conveyor System

Sight Glass
i
To Air
Pollution Seconda;y
Control < i Combustion
Devices
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E:gg \ / Burner
Q) | : ,\ Thermo-
; / couple
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e o Fluidized
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Access Nozzle

Doors : AR

Primary
Combustion

Circulating fluidised bed

Bubbling fluidised bed




AVAKTNON EVEPYEING

H amroTtéppwon atmroBARTWYV TTapAyEl OepuodTnTa
» H kauon amoARTWY HeE XapnAR 0eppoyovo duvaun icwg aTtraITeEi
emITrAéov (BondNTIKO) KaUoIHO

H avakTnon evépyelag yiveTal NEOW TNG TTAPAYWYNS
OTMOU (NAEKTPICHOG)

AuvaTtoTnteg TTWANONG BEPUOTNTAG OE BIOPMNXAVIKEG
EYKATOAOTACEIG

NMwAnon Tng TAgovalouocag evEpyelag BEATIWVEI TA
OIKOVOMIKA TG MOVADAG ATTOTEPP WO NG



[MapaTTPOIOVTA TNGS ATTOTEPPWONG

o 2TEPEQ
 Yypa
 Aé€pia

ATTOoTEAOUVTAI ATTO:

AVOKTNMEVA UAIKA OTTWG METOAAQ

Atraépia

TEppa (kal slag)

YTTOAEIMMOATA OTTO TNV ETTECEPYATIA TWV ATTAEPIWYV
— APC residues

Yypd amoAnTa

AN NI NN

AN



2TEPEA UTTOAEIMMATO

o ATtroreAouvTal a1TO:
« Teéppa Baong N slag
e Imrrapevn Téppa (ESP)

YTOAEIiYpOTO ATTO TOV KOOAPIOHO TWV
atragpiwv — APC residues

o H vopoOeoia yia Tnv eregepyacia Kai Tn d1a0eon Twyv
OTEPEWV UTTOAEINHMATWY OIA@PEPEI METAEU TWV KPATWYV

o HTéppa Baong ytropei va diarebei oe XYTA 1 va
XPNOIHOTTOINOEi WG UAIKO avTiKaTtaoTaong (1ry.
KOATOOKEURN OPONWV)



Slag

(a1rd TTEPIOTPEPOMEVO KAIBOVO)

Hessische Industriemull GmbH, Germany



Atragpia (flue gas)

H TToodéTtnTa KAl TO €i00¢ TWV AEPIWV PUTTWV
£CAPTATAI:

= PuUTtrol ota améBAnTa

= TexvoAoyia

*  ATTOTEAEOHATIKOTNTA TNG ETTECEPYATIAG

Mepitrou 6-7 Nm3 atragpiwv ava kg
atToBARTOU

Etmreepyaocia:

=  TEé&PPa — NAEKTPOOTATIKA QIATPO

=  Bapéa HETOAAG — aTTONOKPUVOVTAI ME T
owuaTiola

=  XAwplio — scrubber pe lime
= Oc¢io — scrubber

=  Aiogiveg — EAEyXOG KAUONG, EVEPYOGS
avlpakag



Alogiveg | Poupavia

[Mepitrou 200 XAWPIWMEVEC OPYAVIKEC EVWOEIC, EK TWV OTTOIWV
KATTOIEC €ival TTOAU TOCIKEC

Eupcia diaotropd 01O TTEPIBAAAOV

KaTtroleg TTapeupiokovTal oTa £TTIKIVOUVA aTTORANTA TTOU TTAVE
TTPOGC ATTOTEPPWAN

Katroie¢ dnuioupyouvTtal Katd tn dIApKeEIa Yugns TwV ATTAEPIWY
(AOoyw vywnAnc ouykévtpwaonc Cl)

O1 3Ts kavoveg fonbouv va KataoTPEWOUV TIC EVWOEIC KATA TN
OIAPKEIA TNG ATTOTEPPWONG KAl VA JEIWOOUV TNV
eTTAvVadNUIOUPYia TOUG

Xpnon evepyou AvOpaKa yia €TTECEPYATIA TWV ATTAEPIWVY

Ta OpIa EKTTOUTTAG €ival UTTEPPOAIKA XapNAd



EKTTONTTEG ATTAEPIWYV

‘EAeyX0OG ATTAEPiWYV OE TTEPICTPEPOMEVO KAIBavo
2UVEXNG EAEYXOG OE:

HCI, CO, dust, SO,, HF, TOC, NO,, O,
Mnviaieg HETPROEIC OE:

Bapéa pEtaAAa (Hg, Cd, As, Cr, Cu, Pb, etc.)
AUo @opEg TO XpOVO:

PCDD/PCDF

EMNIZHX £éAeyxog o€: uypd atroBANTA KOl OTEPEA
UTTOAEIippOTO



ATTOTEAECHATIKOTNTA ATTOOOMNONG
Destruction and removal efficiency

O amroteppwtipag Trpétel va emituyxavel 99.99% DRE

TWV ETTIHOVWYV OpPYAVIKWYV evwoewv — Persistent Organic
Pollutants (POPs).

= DRE opiceTai:

Vvin B Wout .100%

DRE =

in

where:

DRE = Destruction and Removal Efficiency (%)

W. = Mass feed rate of a particular POP (kg/hr)

W, = Mass emission rate of the POP (kg/hr)



o Kavoviouoi atroTE@epwong

»> OcIvo aEplo, dNUIOUPYEITAl OTAV ATTOTEPPWVOVTAI XAWPIWMPEVES
OPYQVIKEC EVWOEIG

» Evag atmroTe@pwThpag ETTIKIVOUVWY atToBAATWY OV TTPETTEI va
EKTTEUTTEI TTEPIOOOTEPO aTTO 1.8 kg/h HCI

» ZWMATIOIOKA UAN
> AtroteAcital attd cwpatidla (OTEPEA ] uypa, opyavika rj avopyava), Ta
OTTOia CUMMETAPEPOVTAI Padi JE T ATTAEPIA TNG KAUONG
» Evac atmote@pwTtnpag TTIKIVOUVWY ATTORANTWY OEV TTPETTEI VA

EKTTEUTTEI TTEPIOOOTEPO ATTO 180 mg/dscm (milligrams per dry standard
cubic meter).

where

» P.is the corrected concentration of particulate matter
» P, the measured concentration of particulate matter
» Y the oxygen concentration in stack gas



AN

Koo ToGg

2 XETICETAI UE TO MEPOGC KAl TN XWPA (OXETIKOI TTAPAYOVTEG)
YWnAO eTTiTTed0 oXeDIAOUOU KAl EAEYXOU = UWPnAO KOOTOC
KATOOKEUNG

KooTtog eAEyxou Kal Treploplopou atragpiwv = 30-40%
OUVOAIKOU KOOTOUC AgIToupyiag

KooTog etrecepyaaiag ava 1ovo (EUR/ton) ttapouolo ue
AAAEC TEXVOAOYIEC

Oikovopia (TTEPIOPIOUOC) KOOTOUG AOYW HEiwong OyKou,
Bapouc Kai ETTIKIVOUVOTNTAG ATTORANTWYV Yia TEAIKN d1A0eon
H avaktnon kail TwAnon evépyeiag/BepuoTnTag arro TNV
eTTECEPYAOIa BEATIWVEI TO OIKOVOUIKA TNG MOVADdAG



KooTn

Gate Fees in EUR/ton

Country MSW Hazardous Waste
Belgium 56-130 100-1500
Denmark 40-70 100-1500
France 50-120 100-1500
Germany 100-350 50-1500
Italy 40-80 100-1000
Netherlands 90-180 50-5000
Sweden 20-50 Not available
United Kingdom 20-40 Not available




[MupoAuon

» [MupoAucn = BepuIK atTTodOuNoN TTOU AauBAVEI
XWPO ATTOUCIia OEUYOVOU

» [poidvta TTupOAuongG:
v EU@AeKTO Qépia
v Miypara eAaiwv

» [lAgovekTAMOTA:
v’ XaunAn Bgppokpacia AsiToupyiag
v XAaMNA£EG EKTTOUTTEG ATTAEPIWV
v Ta TapatrpoiovTa gival EUPAEKTA



Epapuoyn Tng TupoAuong

Na poég atroBARTWY

OTTWG:
« AAQOTIXO aQUTOKIVNTWV
* [1AaOTIKG

Na ere€epyaoia
PUTTOOHEVWYV E0APWV




Waste Tires and Plastics To Fuel Oil Plant

«| Fuel oil

" Raw material "y

Qe
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10%-15%
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Pyrolysis plant



Refractory Brick Oil to Heat the Reactor Gas to Heat the Reactor

l

.'_‘"'3”# = .. o
Build Houses EU Emission Standard Discharge



Agplotroinon

Agplotroinon = ateANG Kauon ME EAAEIYPN ETTAPKEING
o¢uyovou

ETTITUYXAVEI ATTOTEAECHATIKA ATTOOOMNON ETTIKIVOUVWYV
ATTOBANTWYV O€ XOUNAOTEPES BEPUOKPATIEC OE OXEON ME
TNV ATTOTEPPWON

H OepuIK) a1tTOOOMNON ETTITUYXAVETAI HE OUVOUAOHO
oécidwong (oe uPnAn Oeppokpacia) akoAouBoupuevn
a1rd avaywyn (o€ upnAnR Beppokpacia)

[MpoiovTa:
v EU@AekTa aépia 1.X. udpoyodvo, CO (syngas)
v Zreped eCavOpdakwua (char)



TEAIKES ATTOWEIG

H peiwon ammoBARTwWY atrd Toug TTapaywyouc TTPETTEI TTAVTA
va gival TTPoTEPAIOTNTA

[Mp€tTel va An@Bouv uttown 1A UTTOAEIPPATA ATTO TIC
O1adIKaOieC €TTECEPYATiac Kal N dlIABeor) TouC

H Bepuiki eTeCepyaoia ival n KaAuTepn d1aBEoIuN
TEXVOAOYIQ VIO JEPIKA OpYyaVIKA ETTIKIVOUVA aTTORANTA

2.UXVQA UTTAPXEl avTiBeon Kolvou Kal TTEPIBAAAOVTIKWY
OPYOVWOEWYV, BACIONEVWY OTIC EKTTOUTTEC DIOCIVWV



Questions

& Answers




