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Mia patid otnv Biounxavikil OikoAoyia

(Industrial Ecology)
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H évvoia Tn¢ Biwoipdtnrag (sustainability)

Biounxavikn oikoAoyia (industrial ecology)

EpyaAcia Tn¢ Biounxavikric OikoAoyiag

41173

2ulntnon — Epwtnoceig



[Mp1v EEKIVA\OOUE...

> MNou d1ddackeTal n Biopnxavikn OikoAoyia;
57 MavemoTtiiuia otnv Apepikni kal 23 AieBvwg (AekEpBpiog 2007)

Mepika atrd Ta OoTTOIq €ival...
» Yale University
» Harvard University
» Massachusetts Institute of Technology
» Michigan Technological University
» Dartmouth University
» Mount Royal College
» Delft University of Technology
» Technische Universitat Munchen
» Polytechnic University of Catalonia
» Royal Institute of Technology
» Swiss Federal Institute of Technology Zurich
» Cranfield University
» The University of Birmingham ...



Mou Oa Bpw TTEPICCOTEPEG TTANPOPOPIEG;

» HAeKTpOVIKA:

» www.isdie.org (International Society for Industrial Ecology)
» wwwa3.interscience.wiley.com (Journal of Industrial Ecology)
» www.yale.edul/jie (Yale School of Forestry & Environmental Studies)

A
A International Society
' for Industrial Ecology
v

= BiAloypa@ika:
> [MAfpNn¢ Aiota BIBAiwy oTtnv dieuBuvon: www.indigodev.com/Biblio.html

» ['vwoToi ouyypageic: T.E. Graedel, B.R. Allenby, Robert U. Ayres, Leslie Ayres, Suren
Erkman, Robert A. Frosch, Nicholas E. Gallopoulos K.4.
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Mepiypaen Tng avaykng

v' AU&non Tou TTPocdOKIUOU HEoou Opou (wNG N oTToia cuvodeUEeTal OTTO TV
au¢non Tou TTaykOopiou TTANBucuou.

v' Eunuepia onuavTikou TToo000TOU TOU TTANBUCOU, TOUAGYXIoTOV 600V agopd
TNV KATOXN UAIKWYV ayaBwv.

v Ala@aivopevn, £€0Tw Kal TTPOCWPIVA, ATTOPUYH EVOC TTUPNVIKOU TTOAEUOU.

KaTta 11000 01 UYXPOVEG AvnNOUXIEG TTEPi KIvOUVOU
KATAPPEUONG TWV KOIVWVIKOOIKOVOMIKWY KAl TTEPIBAAAOVTIKWV
OUOTNUATWY gival OvTw¢ aAnbEic ;;;

«Mnmwc¢ urrepBalouue; »



Mepiypaen Tng avaykng

TpeIg PACIKEC ETTIKPATOUCES TAOEIC UTTOVOUEUOUV TNV BIWOCINOTNTA TOU OUYXPOVOU
kKoouou (Bond et al., 2012):

1) H u@ioTauevn @épouca IKAOVOTHTA TOU TTAAVATN adUVaTEi VA IKAVOTTOINOEI
TTAAPWC TIC CUYXPOVEC AVAYKEC TOU AVOPWTTOU.

» H 1axéwg auavopevn {NTnon o€ eVEPYEIQ, TIPWTEG UAEG,
TTPOIOVTA, PAYNTO KAl VEPO £XEI OONYNOEI ME TNV OEIPA TNG OF:
" QUCOVOUEVEC EKTTOUTTEC AEPiIWYV TOU BEPUOKNTTIOU,
= yYnAd eTTITTEDO ATTOPPITITEWV OTEPEWV ATTORAATWY,
= JIaTaPALEIC TOU UOPOAOYIKOU KUKAOU,

" N QVAOTPEWIMEG METAUOPPWOEIC TWV £DAPWV K.A.



Mepiypagn TNG avaykng

Fig. 2: HUMANITY'S ECOLOGICAL FOOTPRINT, 1961-2003
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Mepiypagn TNG avaykng

Fealogical Deficit
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Blue represents insufficient data.

> Countries have been stretched o indicate their
effective consumpticn based upon 7006 Global
Foatprint Natwork and corresponding 2002 CIA
World Fact Book data. The basemap is an edited
ESRI ArcIMS world shapafile inthe Mollweide
equal area projection. Created with ArcMap 9,
MAPrasso 1.3, OpenOffice 22 &Perl 5.8
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Mepiypagn TNG avaykng

TpeIC BATIKEC ETTIKPATOUOEC TACEIC UTTOVOUEUOUV TNV BIWOCINOTNTA TOU OUYXPOVOU
koouou (Bond et al., 2012):

2) Ta o@EAN TTOU ATTOPPEOUV ATTO TNV OIKOVOUIKI) QVATITUEN CUCOWPEUOVTAI
KOTd BAocn, oToug RGN TTPOVOUIoUXoUG. (TT.X. TOo 25% Tou TTANBucuou
KATavaAwVeEl TO 75% TnNG OUVOAIKNG EVEPYEING).

3) H mBavdétnTa BabuTtepwyv eVTACEWY KAl CUYKPOUOEWV aucaveral. H au¢non
auT oPEiAETAlI TOOO O€ PUOIKA OO0 Kal avOpwWTTOYEVH aiTIa OTTWC YIa TTAPAdEIYUA
TO EUBPAUOTO OTTWG ATTODEIKVUETAI OIKOVOUIKO CUCTNHA, TIG KOIVWVIKEG ADIKIEG
(T1.X. TTPpOORacIuOTNTA OE VEPO/NAEKTPIOUO), TNV EUKOAN TTPOCBacn o€ OTTAIKA
OUCTAMOTA K.ATT.

Biwoiun avarmrtuén...



Biwoiyornta (Sustainability)

» [Tw¢ TNV avTINauBdaveoTe? # Aev UTTAPXEI CEKABAPOG OPIoHOG.

= 'EpXovTal 0TO HUOAG pag AEGEIG OTTWG «ETTOUEVEG YEVEEGY, «UTTEUBUVOTNTAY,
«OPACEICY, «TTEPIBAAAOVY, «OPIa»

»H 1TTpOKANGN TTOU £XOUME UTTPOOTA UAG Eival VO AvayVWPIGOUNE Kal va
£PAPUOOOUE OPITPEVEG UTTEUBUVEG EVEPYEIEG, Ol OTTOIEG BA KAVOUV TO
mePIBAAAOV QvVATIOOTTIOOTO KOPUATI TG OIKOVOUIag Uag oeBouEVOl TTAvTa T
TEPIBAANOVTIKA OpIa, WOTE VO KATAOTNOOUUE dUVATO Yia EUAG Kal yid TIG
ETTOPEVEG YEVEEG VA OUVEXIOOUME va (OUPE O€ auTOV TOV TTAQVATN,.

"Evag atrAdG Kail ypriyopog oplouog. ..

«H BiwoipdéTnTa €ivail n aréAutn oxéon d6pdong Kal cuvéTrelag.”
(Kirsten Childs, in Sustainable Architecture - White Papers, 2004)

«H BiwoipdétnTa agopd Tnv BeTIKA aAAayn Kol 6X1 aTTAd TnV

EAAXIOTOTTOINO TWV APVNTIKWYV ETTITITWOEWV» (Pope et al.
2004).




a. H Buwoipomta avamapiotatol wg
Saypoppo Venn.

Lepifoiiov

!Omovqu{a!

v. H Brocwotrta avarapictator og tpels
TPOCKEIUEVOL KUKAOL.

ATtreiIkévion TNG BIWCIPOTNTAG

Llepifaliov

Kowvawvia

Oixovouia.

B. H prwocdtmrta avarapictaton og TpeLg
OUOKEVTPOL KOKAOL.

O1KoVOUIKES/ XPIUOTIKES

OVVOALOYEC
Dooikég Meuovwuéveg/
/Proloyikég TPOCWOTIKES
01EPYOTIES OTOYELS
Nou ta. Kowawvio,
/ToAITIKG, .
, /TOMTIOUOG
OLOTALUOTO.
Teyvikég/o101knTiKeS
IKOVOTHTES

0. H Prowcotnta avaroapictator og
eEdymvo.



T1 atraitei N BIWCIMN AVATTTUSN

O1 Hopwood et al. (2005), diEkpivav TPEIC DIAPOPETIKEC TTPOCEYYIOEIC OO0V apopda TNV
ETTITEUEN TNG BIWOINOTNTAC AVAAOYA PE TIC AAAAYEC TTOU ATTAITOUVTAI OTIC
KOIVWVIKOOIKOVOMIKEC QOMEC KAl TNV OXE0N avOpwTTOU-TTEPIBAAAOVTOC:

o) cUPPWVA JE TNV TTPWTN TTPooéyyion (status quo), duvaral va emmTeuxOei n
BiwoIuoTNTa HEOO OTO UPIOTAUEVO DOUIKO TTAdiolo. H drrown auTth uloBeTeiTal
KUPiwg atrd TIC KUBEPVATEIC KAl TIG ETTIXEIPNOEIC Ol OTTOIEC BewpPOoUV OTI N
avatTu¢n Ba Auoel To TTPORANUa.

B) oupowva pe Tnv deUTEPN Trpooéyyion (reform) atraiteital pia OgpeAiwdNg
AVAUOPPWON TWV UPICTANEVWY DOUWY, DIATNPWVTAG WOTOCO KATTOIOUG ATTO TOUG
€V 10XU Kavoviououg. H arrown autr) uloBeTeiTal Kupiwg atrd akadnuaikoug Kal Jn
KUBEPVNTIKEC OPYAVWOEIC.

Y) oupowva ye Tnv TPitTn Trpooéyyion (transformation) atraiteital pidikr) aAAayr
OTNV OIKOVOWMIa KAl TV KOIVWVIa yIa TNV €TTITEUEN TNS Piwoludtntac. H atmoywn
auTA UIoBETEITAI KUPIWG aTTd 0IKOAOYOUGS (Oev @Taive OAol TO idlo yia Ta

TTEPIBAAAOVTIKA TTPOBAAMATA, Ol ETTITITWOEIC TOUC WOTOOO £TTNPEACOUV OAOUC TO
i010).



T1 atraitei N BIWCIMN AVATTTUSN

Biwoiun

VATTTUSN

B

» 1. 2UO0TnNMIKN €IKOVA - TTEPIEKTIKA TTPOCEYYION

» 2. To TepIBAAANoV TTAOPAAANAQ PE TNV KOIVWVIKA EUunUEPIa
Kal TV OIKOVOoia

» 3. Avayvwpion Twv opiwv

> 4. Avattapaywyikd cuoTAPATA - Ta atroBANTa pIag
dladIkaagiag yivovTal TpO@Iha yia pia AGAAN

> 5. Xpron Twv TTAAVNTIKWY TTOPWV UE MIKPOTEPO PUBUO
atrd AUTOV TNG avayEvvnong Toug

» 6. TotmkA TTapaywyr) 600 10 duvaToV YiveTal

» 7. MokpOTTpOBEOUN EIKOVA - UTTOXPEWAT OTIC
MEAANOVTIKEG YEVEEC

» 8. [NpoANTITIKN TTPOCEYYION

> 9. 2eBaoOC TNG PIOAOYIKAG Kal TTONITIOTIKNAG
TTOIKINOJOP®Iag

> 10. Koivwvikn dikaioouvn



H BiwoipétnTa wg
ETTICTNHUOVIKO TTEdIO

SUSTAINABILITY POLICY

AN
\ PRINCIPLES

*RVeRE 5

*R2
£l o pp *RFy RE ¢ RGS P

esr *MRU

ENVIRONMENT

ECONOMY
SUSTAINABLE DEVELOPMENT

CP, cleaner production: DE, degradation; EA, environmental accounting; ED, eco-design;
EE, environmental engineering; El., ethical investment; EL, environmental legalisation;
EMS, environmental management strategy: ET, environmental technology: E2, eco-
efficiency: FX, factor X; GC, green chemistry: HS, health and safety; IE, industrial ecology;
IPPC, integrated pollution prevention and control; LCA, life cycle assessment; M, mutual-
ism; MRU, minimization of resource usage; P, purification: PC, pollution control; PO,
policy; PP, “polluter pays™ principle; PSS, product service system: P2, pollution preven-
tion: RC, responsible care; R, reporting to the stakeholders: RE, recycling; RF, remanufac-
turing: RG, regeneration; RP, repair: RU, reuse; RV, recovery: R2, renewable resources;
SC, sustainable consumption; SCM, supply chain management; SD, sustainable develop-
ment: SP, sustainable production; SR, source reduction; SRE, social responsibility: VEA,
voluntary environmental agreement; WM, waste minimization; and ZW, zero waste.

Fig. I. Classification of sustainability oriented terms.



BiwoIyn avatmTugn Kal ETIXEIPAOCEIG

* YQIOTAMEVN KATAOTAON
»Xpron TTARBoug BeIKTWV (TTEPIBAAAOVTIKWY, KOIVWVIKWY, olkovouikwy, GRI)

m.X. kW/year, TT0000T0 TwV KaBapwv KeEPOWV TTou diaTtifevTal yia Adyoug BIOTTOIKIAGTATAG,
apIBuoc epyalopEvwy K.ATT. AAAOI BeikTEG??7?

»Avagpopéc Biwaoipotntag (Sustainability Reports)

Illinois State University
2008 Sustainability Progress Report

SUSTAINABILITY REPORT \
& iraaion ssiurions -

—

Sustainability Report

SUSTAINABILITY
REPORT

&

»Ek@padeTal TTpaydaTIKA N BIWOCIYOTNTA HE AUTOV TOV TPOTTO;;;



Biwoiyn avatmTugn Kail TeXxvoAoyia

O1 avBpwTTIveEC dpaoaTnNPIOTNTES eCeAicoovTal aTTO DIAOOXIKEC EQPEUPEDEIC Kl
Kalvotopiec. Méxpl oTiyuig Ta TTpoBAAuaTa Adyw tng UTTEPBOAIKAC Xpriong AUvovTayv Je
TNV AVOKAAUWYN VEWV TEXVOAOYIWV KAl TTOPWYV Kal OXI ME TNV MEIWON TNG XPRONS.

Envi tal T { = Population X GDP ” Environmental impact 5
nvironmental impact = ropulation . e
P : Person Unit of GDP :
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21571 pOUp'YlU. XU)\.‘UBQQ MT]X(WT] Aaponopla Ngu p'az;“(a “800* ﬂ:)‘npocpommv W World [ Eastern Europe [l Western Europe  [7] Western ¢ 'ﬂ'shom’

E0MTEPIKNG KodoNg Mnyaviké yeoovotipoto



Biopnyaviki OikoAoyia

»ETTouévwe 0 0TOXOC ival va emITEUXOEi BiwoiudTnTa o€ OAa Ta £TTITTEdA. AAAG
TWG;

»H @uon pag dcixvel Tov dpdpo. Ta QUOIKA OIKOOUCTAMATA Eival BIWCIMO
(Trapadeiypa pe aAucideg-KUKAOUG).

»>IAEA: Ac TTpooTTaBACOUNE VA PIKNBOUUE TNV UON KAl VO KAVOUUE T BIOPNXAVIKA
OUOTHAMOTA VO OOUAEUOUV HUE TOV TPOTTO TWV QUOIKWY ouoTnuaTtwy (Frosh 1989).

»AUTOC gival 0 0TOX0G TNG Blopnyavikng oikoAoyiag, va KATAOTHOEl TA
BiopnXavikd cuoTAMATA JAG BIWOIMA KAVOVTOC TA VA UTTOKOUV OTOUG VOUOUG TNG

Quong.



Biounxavikn OikoAoyia
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With Recycle
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Biopynyavikn OikoAoyia

II0c0 anéyovpe amo To va Eovpne frooipa cvoTinoTo;

®Pvoi1kd cveTHHOTO Biopunyzovika svetiuoto
Asv vdpyovy cmoppiLLOTC. [Toird amopinta. Oyt xheiotol
To amdfinto nog d1dKaciog xokirot [Iopot edyovian
sivol TO Qoi (o dAANS KO CAAOUD UEVD

dpacmpromtas. KAsiotol KUKAOL | VAIKG EMOTPEQOVIUL GTO
nepifdiiov

Ta vixd petoforilovion Tao vixa voloTovTot
LETOLOPODCELS

Xpnon evepysiog oS Xpnon eveprysiog oS

youniec Bepuokpacisc oAV VWNAEC Bepuokpacisc
Mn amodotikn ypnon

Asv vdpyEl KEVIPIKOS AcBsvnc KevTpikog Eleyyog

EAEYYOC (xamot101 Kavoviolot)

Meydin mowtiio Kot Mson mowiria o=

apBovie s =101 OPUCTNPOTNTES

Mn ypoppkémzres omy Mn ypoppémzies omy

cvunsppopd ({ncs 2vunsprpopd (kEpdog 1 Khetver

nebave) SMysipnon
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KaTi avaAoyo otnv Bioynxavia
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(xprion Cu o€ PC)



O1 Téooepig voupol TnG OikoAoyiag

Ta Tadvra ouvdEovTal JETAEU TOUG

To KaBeTi TTagl KATTOU — TITTOTA OEV XAVETQI

H ¢quon ¢€pel KaAuTepQ

Titrota dgv gival dwpPedv — OAQ £€XOUV KATTOIO TiuNua.

B nh =

Barry Commoner 1971, 33-48



Oiko-BiognXaviKEG apXES Kal BIOMNXAVIKE OIKOAoOYyid

AvTioTOIXO ME TOUG TTPONYOUHMEVOUG «VOMOUG» YIA TNV Blopgnxavia:

» H Biounxavia gival Eva aAANAEVOETO cUOTNUA £CaYWYNAG, TTAPAYWYNG,
dlavoung, KatavaAwong kal d1abeong.

> H Biopnxavikn Trapaywyn TTPETTEN va UTTOKEITAI 0T "avAAuon Tou KUKAOU
(wn¢ (life-cycle analysis, LCA)" woTe va TTpoadIopicel TNV por) TwV UAIKWVY
(BropnXaviKOG HETABOAIOHOG).

» O QUOIKOG KOOMOC gival hia TTNYN TTPOTUTTWYV ATTOOO0TIKOTNTAC KAl
AVAVEWOINNG EVEPYEIAG KAI TTOPWV.

> Ol un avavewaoluol TTOPOI TTPETTEI VA ETTIOTPAPOUV, VA aVAKUKAWBoUV ) va
ETTAVAXPNOIMOTTOINBOUV £TO1 WOTE VA £XOUMNE KAEIOTOUC KUKAOUG UAIKWV KAl
VA EAQXIOTOTTOINOOUME TNV KATAVAAWGOT EVEPYEIQG.



Mepikoi opiopoi TnG Biopnxavikn OikoAoyiag

»>H "Blounxavikr] oikoAoyia" PTTOPEI va opIoTeEl WC Ta JEOA PE TA OTTOIA HIO
KatdoTtaon Biwoiung avattuéng Trpooeyyiletal kal dlarnpeital. ATToTEAEITAI
aTTO MIa CUCTNUIKI avTiAnyn TNS avpwTrivnG OIKOVOUIKAS dpacTnpIidTnTAG
Kal TNG aAANAEEAPTNONG TNG WE BepeAiudn PIoAoyIKA, XNUIKA, KAl QUOIKA
OUOTAMOTA JE OTOXO TNV BepegAiwon Kal diatipnon Tou avBpwTrivou €idoug
o€ €TTTEdA TTOU PTTOPOUV va dlatnpnBouv 11" aopIoTo, O€ CUVOUACUO JE
OUVEXN OIKOVOUIKN, TTONITIOTIKI) KQI TEXVOAOYIKI €CEAIEN.

Braden Allenby, “Achieving Sustainable Development Through Industrial Ecology,
International Environmental Affairs 4, no.1 (1992).



Mepikoi opiopoi TnG Biopnxavikn OikoAoyiag

»>H kapdid Tn¢ BlounxavikAG olkoAoyiag €ival pia atrAfl avayvwplion Ot Ta
Blounxavikd OouoTAUPOTA KAl TO OUCTAMOTA  UTTNPECIWV  €ival  OTNV
TTPAYMATIKOTNTA QUOIKA CUCTAMOTA, TTOU OUVOEOVTal OTEVA PE TA TOTTIKA
TOUG KaI TTEPIPEPEIAKA TOUC OIKOCUOTHHATA Kal TNV TTAyKOoMIa Bido@palpa.
O amréAutog oTOXO0G gival va @EpEl TO BIOUNXAVIKO ocUOCTNMA OCO TTIO
KOVTA YiVvVETAlI OTO va Egival éva ouoTnpa KA&lIoTwv Bpoyxwv, ME
oXEOOV TTARPN AVOKUKAWOT OAWV TWV UAIKWV.

Ernest Lowe. “Industrial Ecology — An Organizing Framework for Environmental
Management. "TQEM (Autumn 1993).



Mepikoi opiopoi TnG Biopnxavikn OikoAoyiag

» «H Bropnxavikr olkoAoyia gival n ETICTAMN TS BIWCIMOTNTAGY

Tpia ouotaTtika yia IE:
» BeATioTotroinon Twyv mopwv (Aiyotepn katavaAwaon, Aiyotepa attoBAnTta)
= BeATIOTOTTOINON TNG EVEPYEIQG

» BeATIOTOTTOINON TOU KEPOAQiou (avOpWITIVO KAl XPNUATIKO)

Graedel & Allenby (1995)



EpvaAcia kal apxég TnG Biopnxavikng OikoAoyiag

[TIpdotwvn Xnueia (Green Chemistry)

Oiko-Brounyovikd ndpka (Eco-Industrial Parks-EIP)
[TpoAnym ¢ PYravong (Pollution Prevention-2P)
Xyedao g yio to meptPdirov (Design for Environment-DfE)
Avdivon Porc Yakav (Material Flow Analysis-MFA)
Avdivon kokiov (mnc (Life Cycle Assessment-LCA)

Industrial Ecology
(imitation of nature)

v

Firm Level

Between Firms Level

Regional Global Level

- design for environment
- design for recycling

- eco efficiency

- green accounting

- pollution prevention

- eco-industrial parks
(closing material loops,
industrial symbiosis)

- product life cycles
(considering all steps, from
manufacture, use and end
of life)

- industrial sector
initiatives

- budgets & cycles

- materials & energy flow

studies (MFA)

- dematerialization (doing

with less) and
decarbonization




Oiko-Biouynxavika MNMapka

Main goal:
SUSTAINABILITY
(responsibility toward future generations)

l

Basic approach:
INDUSTRIAL ECOLOGY
(imitation of nature)

— g

Imitation of ecosystem: In addition:
ECO-INDUSTRIAL PARKS GREEN TECHNOLOGIES
(closing material loops, (pollution avoidance rather

energy efficiency) than pollution treatment)



Oiko-Biouynxavika MNMapka

= T1 gival éva EIP - Opiouég

» Eva oiko-Biounxaviko tmapko (EIP) civar uia koivornta ammo dIAQOpEC ETAIPIEC
mTapaywyns TmPOoIOVIWY KAl  UTTHPECIWV  TTOU  EMMIOIWKOUV  UIAQ  EVIOXUUEVN
ITEPIBAAAOVTIKY) KQl OIKOVOUIKY) ETTIOOCN MEOW TNG ouvepyaoiag orn OlaxeEipion
mepiBaAdoviikwy CnNThuATwY Kal CNTNUATwy TTopwv, OCUUTTEPIAQUBAvouEvNG THG
EVEQYEIQC, TNC UOPEUONG, Kal Twv UAIKwv. AouAsvovra¢ upadli, n Koivornta twv
ETTIXEIPNTEWV ETTIOIWKEI Evad OUAAOYIKO OQEAOC TTOU va gival UEYAAUTEPO ATTO TO
aBpoioua Twv ETTi UELOUS OPEAWV av n KaBsuia dpouae uovn ..

= O o1OX0C £vOC EIP €ival va BeATILOOEI TNV OIKOVOUIKI) ETTIOO0N TWV ETTIXEIPNOEWV
TTOU CUMMETEXOUV EAAXIOTOTTOIWVTOC TNV TTEPIBAAAOVTIKI ETTIOPAOCT] TOUG.



Oiko-Biouynxavika MNMapka-Yo@iotrapevn Karaotaon

= 100 TTEPITITWOEIC OIKO-BIOUNXAVIKWYV TTAPKWYV O OAO TOV KOO0
»>Apepikn (42%)
»EupwTrn (36%, Kupiwg atnv AyyAia)
>Acia (11%)
> Kavadag (6%)

» K&trola yvwoTa Tapadeiyuara:
»Kalundborg, Denmark
»Parc Industriel Plaine de I'Ain, (PIPA) Lyon
»Fairfield Ecological Industrial Park, Baltimore, Maryland
»Brownsville Eco-Industrial Park, Brownsville, Texas
»Red Hills Ecoplex, Choctaw County, Mississippi




Oiko-Biounxavika MNMapka - Kalundborg

plasterboad

Flant Indlustrial Ecosystem at Kalundborg, Denmark

P pp—

da= fﬁ.
aypeum  sludge ERENCN s

road construction pig farmers !
da= yviest
weer &%
P waste heat bioplant
oil refinery electric power station {return)
waste
heat
steam 't:'g;te fermentation
sulfur sludge
volatile -~ o
ashes m Municipality of Kalu ndtorg
fish culture
sludge

sulfuru_ ac |rJ 7
producer ——

local farmers
cament factory



Oiko-Biounxavika NMapka - Kalundborg

ACHIEVED ANNUAL RESULTS
Reduction of resource consumption

Qil 19,000 tons
Coal 30,000 tons
Water 1,200,000 m?
Reduction in emissions

CO, 130,000 tons
SO, 25,000 tons
Re-use of waste products

Fly ash 135,000 tons
Sulphur 2,800 tons
Gypsum 80,000 tons
Nitrogen from biosludge 800 tons

Phosphorus from biosludge 400 tons




O@éANn Twyv EIP

1. Xpnuarika oQEAN OTIC ETTIXEIPHOEIS: + ’

| Aatrdveg TTapaywyng (ayopadlovtag-TrouAwvTag aveTTiOuunTa UTTOTTPOIOVTA O€
OUMQPEPOUOEC TIUEG)

| KaravaAwaon evépyelag (AMyoTeEPEC HETAPOPEG)

| Alaxeipion Twv atroBAATWY

| AaTtraveg CUPNOPPWONG

| KOOoTOG KATTOoIaG Jovadag eTTecepyaciag atmroBAATWY (KOIVIC HE AAAEC
ETTIXEIPAOEIC)

2. lMepiBaAAovTikd o@éAn: 4 )

| ATTaITioEWV O€ PUOIKOUG TTOPOUG

| ATTOBANTa (0€ OAEC TIC HOPPEC: OTEPEA ATTOPANTA, EKTTOUTTEC AEPIWV,
uypa atropANTa)

| TheavaTnTeC aTtuXNUATWY OTN METAPOPA (CWAAVEC aVTi QOPTNYWV)



O@éAn Twyv EIP

3. Koivwvikd o@éAn: 4 )

v KaAUTepn olkovouia — TTEPIOCOTEPES BETEIC EpyaaTiag

v OTNVr B€ppavaon (kal 0To TTAPKO Kal OTIC KATOIKNWEVES YEITOVIEG)

v KaBapdTtepog aEpag Kal vepd — KAAUTEPN uyEia

| ATTaITAoewy yia ocUoTNPA UTTOVOUWY, XWPEOUG TAPNG ATTOPPIMMATWY K.ATT...



2NMAVTIKOI TTAPAYOVTEG YIO TNV ETTITUXia evog EIP

» O1 ETTIXEIPAOCEIC TWV CUPMETEXOVTWYV TTPETTEI va TaIpIAlouv aAAG va Pnv gival
iOIEC.

> Ta oxédia ( projects) rpétrel va gival TTEPIBAAAOVTIKA Kal d1a@nUICTIKA
EAKUOTIKA.

» MIKpr] QUOIKN aTTOOTAON METACU TWV ETTIXEIPNOEWV.

» AKOUN TTI0 JIKPN «TTVEUUATIKI» OTTOOTACN METACU TWV OUPUETEXOVTWYV
(avtaAAayr) OeOOUEVWV-IOWC TO PEYAAUTEPO TTPOBANUA-, KOIVOi OTOXOI)

» oAU KaAn tTKoIvwvia.
» EBeAOVTIKI) CUPMETOXN.
» [MOANEC Kan peYAAEC BlopnXavieg 0€ MIKPO XWPEO.



2XeOI100MOG YIa TO TTEPIBAAAOV
Design for Environment (DfE)

Primary goal:
SUSTAINABILITY
(responsibility toward future generations)

l

Basic approach:
INDUSTRIAL ECOLOGY
(imitation of nature)

/

Imitation of ecosystem: In addition:
ECO-INDUSTRIAL PARKS GREEN TECHNOLOGIES
(closing material loops, (pollution avoidance rather
energy efficiency) ' than pollution treatment)

DESIGN FOR ENVIRONMENT

POLLUTION PREVENTION (green design)
(green processes) _— \
DESIGN FOR RECYCLING DEMATERALIZATION

(to promote material loops) (doing with less)



H onuacia Tou otadiou Tou oxediaouoU

»To 70% Tou KOOTOUC QVATITUENG, KATAOKEUNC KAl XPriong VO TTPOIOVTOC
arro@acifovral Katad 10 aTAdIO TOU OXEDIQOOU

(1991 National Research Council Report titled “Improving Engineering Design”)

* [Napdadeiyua:

To 80% ToU KOOTOUG
Mia¢ Rolls Royce atrogaaileral
KOTA TO OTADIO TOU OXEDIAOUOU




2Xe0I100MOG YIa TO TTEPIBAAAOV
Design for Environment (DfE)

» YTTapyouv TTOAAG €TTiTTeda OXEDIQOMOU. AUTO TTOU ATTACOXOAEi TNV Blounxavikn
OikoAoyia kai TTapouciddel 1I01aiTEPO eVOIAPEPOV AOYW TWV TTEPIBAAAOVTIKWV
ouvOnkwv gival o oxedlaouog yia To mrepifaAAlov (design for environment-
DfE)

= Apopad 1600 TO TIPOIOV 000 Kal Tnv Oladikacia. MTropei va XpelaoTei va
ETTAVAOXEQIACOUME TOOO KATTOIO TUNMA TOU TTPOIOVTOG 1 TS d1adIKaaiag 1) Kal
OAOKANpPaQ.



Ta di1d@opa eTTiTTEd TOU OXEDIAOUOU YIA TO
mTeEPIBAAAOV
The various levels of DESIGN for ENVIRONMENT:

DfM Design for Manufacturability To enable pollution prevention during manufacturing
For less material
For fewer different maternials
For safer matenals and processes

DfEE Design for Energy Efficiency For reduced energy demand during use
For flexible energy use
Design for use with renewable energy
Design for Zero Emission
Design for Carbon Neutrality

DfZT Design for Zero Toxics
DfD Design for Dematerialization
DfLP Design for Less Packaging
DfLT Design for Less Transportation Use of local materials
Arrange outsourcing to minimize transportation
DfL Design for Longevity Design for Modularity
Design for Serviceability
DfMo Design for Modularity To ease upgrading —= Delay replacement
To ease serviceability and, later, disassembly
DfSe Design for Serviceability For ease of repairs = longer life

For recapture of used/broken parts



Ta di1d@opa eTTiTTEd TOU OXEDIAOUOU YIA TO
mTEPIBAAAOV

DfRM

DfRMV

DfHM

DfD

DfR

DfER

DfC

DfER

DfC

The various levels of DESIGN for ENVIRONMENT
(continuation)

Design for use of recycled materials
Design for reduced material variety
Design for healthy matenals
Design for Disassembly To promote re-use of components
For quicker and cheaper disassembly
For more complete disassembly
For dismantling by simple tools
Design for Recycling For greater materials recovery
Use of materials that can be locally recycled
For easier materials identification
For safer disposal of non-recyclables
Design for Economic Recycling To promote recycling

Design for Compostability

Design for Energy Recovery For safe incineration of residues
For composting of residues

Design for Compliance To meet regulations more easily
To prepare for future regulations



ECapTdaTal atrd eudg To TOCO BEAOUME Va
oieiocdvooupe oto DFE

To TrapddEIypa PE TO AUTOKIVNTO

1. Emavaoxediaoudg pepwv (AAaTIXa Kal UTTATAPIEG TTOU diapKoUV
TTEPICTOTEPO, UNXAVEC ATTO CidNEO ] AAOUNIVIO)

2.  Emavaoyediaoudg ng ouvappoAoynang (PIAIKEG TTpog To TrEpIBAAAOV
BagEc, avakUKAWGN TwV TTAACTIKWY, YPOUMA aTTOCUVAPHOAOYNOoNG)

3. Etmavaoxedliaoudg Tou idIou TOU QUTOKIVITOU (EVAAAOKTIKA KAUOIUQ)

4. Emmavaoxedlaouog Twv OCUCTNHATWY METAQOPAC (‘€gutTvorl’ dpdpol,
ONMOCIa CUYKOIVWVIa)

5. EmavegéTtaon TnG avAykng yia JETaKivnon (EIKOVIKO ypageEio,
TNAETTIKOIVWVIEC)

Ooo kateBaivw eTTiTreda TOOO KATEUBUVOMAI o€ TTOI0 BaBIA OIKOAoyia



2Xe0100MOG YiIa AVOKUKAWOT
Design for Recycling (DfR)

Primary goal:
SUSTAINABILITY
(responsibility toward future generations)

l

Basic approach:
INDUSTRIAL ECOLOGY
(imitation of nature)

/

Imitation of ecosystem: In addition:
ECO-INDUSTRIAL PARKS GREEN TECHNOLOGIES
(closing material loops, (pollution avoidance rather
energy efficiency) ' than pollution treatment)

.

DESIGN FOR ENVIRONMENT
(green design)

N

DESIGN FOR RECYCLING DEMATERALIZATION
(to promote material loops) (doing with less)



2Xe0100MOG YiIa AVOKUKAWOT
Design for Recycling (DfR)

= MaTi gival 1I810iTEPA ONUAVTIKOG;

»> Apxicel va TTaparnpeital EANEIPN XWPWV eVaTTOBe0oNC KAl TTPWTWY UAWV.

> [epitrou 10 80% TWV NAEKTPOVIKWYV EVATTOTIOETAI WG OKOoUTTidIa. 14 dIC KIAG
TTAQOTIKO £xouv TNV idla poipa pe Ovo 10 1% va avVOKUKAWVETA.

AvakUkAwon:

» Mia og1pd dpaoTNPIOTATWY, CUUTTEPIAANBAVONEVWY TNG GUAAOYNG, TOU
dlaXWPIOUOU, KAl TNG ETTECEPYATIAC, aTrd TIC OTTOIEC TA TTPOIOVTA ) GAAQ UAIKG
QVOKTWVTAI 1] EKTPETTOVTAI ATTO TO PEUPA OTEPEWV ATTORARTWYV YIia TN Xpron
TOUG UTTO HOP®@N TTPWTWYV UAWYV OTNV KOTAOKEUN VEWV TTPOIOVTWV.

» AANO avakUKAwonN Kal GAAO eTTavaypnoIJoTTOINoN.



2Xe0100MOG YiIa AVOKUKAWOT
Design for Recycling (DfR)

Recycled plastics (shown in green) in the BMW 3-series



Ymrapyxel évrovn cuoxétion DR kol DfD
(AtTTOoOOUVOpPUOAOYNON)

Tea kettle designed for disassembly
by Polymer Solutions, Inc., for Great
British Kettles Ltd.

(From Graedel & Allenby, Industrial

Ecology, 1995, page 270)




YAIKA — AoMIKOG AiB0¢ TG BIWCINOTNTAG KAI TNG
Biounxavikng OikoAoyiag

* JUVROWG OTaV OKEQPTONAOCTE TI UAIKO VA XPNOIUOTTOINOCOUME KAVOUUE
EPWTAOEIG OTTWG,

» €ival apkeTA oKANPO 1 EAAOTIKO;
» €ival apKeTA eEAa@pPU;

»ATTAITEl CUVTAPNON; K.ATT.

» 21NV Biounxavikn oikoAoyia o1 EpWTACEIG AUTEG OeV gival apKeTEG. MpéTTel
Vo avoapwTtnlouus akéun

»ATTO TTOU £pXETAl AQUTO TO UAIKO; Eival avavewaoluo;
»Eival To UAIKG eTTIBAABEG YIa TOUC XPHOTEC TOU;

»[1ou 1Tael yetd TNV Xpnon tou; Eivar avakukAwOoIUo;



‘Eva Trapadeiypa: To aAoupivio

aluminum
recyeling

transportation

S0%%
waste

70.4 kWh'ke 1.3 kWhikg transportation aluminum cans
0.07 kWh'kg 16.6 kWhikg



‘Eva mrapdadeiypa avaAuong pong UAIKWYVY o€ €0VIKO
EmiTeEdO

(Unit: gigagrams)

Misc. Machinery:
Products: 200.2 Machinery:
238.5 :
\< - . 200.2
Food: 269 /(
\\ . Misc.
Petroleum ,Ar‘ Products:
Products & 1~ i 2385
Chemicals: 5 .355
407.4 \ Road and
Additions to Building
Imports: stock: 2,420.0 Construction:
2,609.2 1,982.4
Construction Material input: ; b
Materials: 1,484 3,423.6 i G

¢

Agricultural M
; anufactured
Exports: 1201.1  Products: 100.0 Products: 1.078.9

Crude Materials: 22.1\ Residential:
2 79.3
% Landfilled: 422.1 ;
@ Commercial:

Volcanic Rock:

429.7 v 51| Wastes: 1380.4 —~ 125.1
815.6 H [ Air: 875.2  Cover
/ Released Into Environment: 858.3 217.7
Sand: 275.2 l
/ T Y |

y
!/
7'/,<C : .DD Land + H,0:
83.1

Deep Sea Water: Recycled: 30.8
108.5



AvaAuon KukAou (wNG
Life-Cycle Assessment (LCA)

Primary goal:
SUSTAINABILITY
(responsibility toward future generations)

|

Basic approach:
INDUSTRIAL ECOLOGY
(imitation of nature)

Imitation of ecosystem: GREEN TECHNOLOGIES  LIFE-CYCLE ASSESSMENT
ECD"“DUSTRI&L PARKS (pollution avoidance rather (considering all steps,
(closing material loops, than pollution treatment) from manufacture, use

energy efficiency) and end of life)

DESIGN FOR ENVIRONMENT
(green design)

|

DESIGN FOR RECYCLING



AvaAuon KukAou (wNG
Life-Cycle Assessment (LCA) - Opiouog

»H ATtrotignon tou KUkKAou {wnig (LCA) - 1 aAAiwwG avdAuon Tou KUKAou
{wng (Life-Cycle Analysis) - civar éva epyaAgio yia tnv €¢Etaon NG
OUVOAIKAG TTEPIBAAAOVTIKNAC ETTIOPACNS €VOC TTPOIOVTOC AAPBAvVOVTOC UTTOWN
KGBe Briua ™S CwNAG Tou - ammd TN AJWn Twv TTPWTWV UAWV HEXPI TNV
KOTOOKEUN TOU OTO €PYOOTAOIO, TNV TIWANCN TOU O€ €va KATAOTNUA, TNV

XPron TOU OTOV €PYACIAKO XWEO ) OTO OTTITI, KAl TNV evattoBeor) Tou. (Bishop,
2000, p.252)

Wenutachurim

VR

1 & dv-b
el s
00 L gr;

Llfe Cyc C e
Assessment L— |




KivnTpa yia Tnv epapuoyn Tou AKZ

Product process improvement i

Cost reduction

Decision making |

Proactive environmental concerns |

Customer requirements ] | FIGURE 6.2
ISO standards Motivations for implementing
Determining liabilities LCA. {Adapted from Fousl

and Gish, 1996)

Regulatory concerns
Marketing (Bishop, 2000, page 253)

Setting research priorities
Ecolabeling

Product comparison

Optimization

Reducing toxic waste

Waste stream management

" MO0

N

10 15 20 25

Frequency



BApata yia Tnv eapuoyn tou AKZ :

> 1. Z16X06 TnG AKZ:
» ETTIAOYr} TOU TTPOIOVTOG , OPACTNPIOTNTAC I} CUCTANATOC TTOU Ba ECETAOTEI.

= KaBoploudg Tou oKoTrou TnG MEAETNG (OUYKPION; BEATIWAN;), TNG AEITOUPYIKNG
MOVADdAC, TwV OEQONEVWV TTOU Ba XPEIACTOUV KAl TWV OPiwV.

Karroiol Qo Tou¢ aTtoxouc yia tnv ekmovnon AKZ eivai:

Support broad environmental assessments

Establish baseline information for a process

Rank the relative contribution of individual steps or processes
|dentify data gaps

Support public policy

Support product certification

Provide information and direction to decision-makers

V VYV V YV VYV VYV VY

Guide product and process development



T ARTTEL O&tTovTag T OpIA

The procduction of leather footwear and its subsequent use and end of life stages form
the basis of a life-cycie assessment, designed to show the environmental impacts of vari-
ous stages of the life cycle. Most of the processes of interest refer to the raising of ani-
mals and the acquisition and treatment of the hides, but textiles and paper must also be

taken into account (Figure 16.3).

S~

Figure 163 ——
A Bfecycie process Sagram for womses's footwesr (Reproduced with permussion froes Mal,
et al 1998 gee Purther Reading )




BApata yia Tnv epapuoyn tou AKZ :

» 2. AvaAuon «kataAdyou» (Inventory Analysis):

. I'Ipooélc))plcpég OAWV TWV OXETIKWYV E1I0AYyWYWV Kal ecaywywv (inputs and
outputs).

» [ToooTIKOTTOINON KAl TTPOCOEON TWV OEDOPEVWV.

(2€ autA TN @aon, Ta dedopéva sK(ppaCovml o€ MEYEDN OTTWC KAaTAVAAWON
EVEPYEIAG, TTOOOTNTEG EKTTOUTIWY, K.ATT...

Inputs Outputs
Raw Materials Acquisition Atmospheric
Emissions
¥ Waterb
Raw > Manufacturing - W aterborne
M aterials astes
v Soli
> olid
Use /Reuse / Maintenance b
Wastes
Energy — i
— Coproducts
Recycle / Waste Management
# Other
Releases

System Boundary



Avalvon «kataroyov» (Inventory Analysis):

Energy consumption (thousands Btu)

g 2 & 2 8

10

51= 54k}

3.7 = i.'El k)

Warm water wash/machine dry Cold water wash/air dry
k)

FIGURE &6.10

A life-cycle inventory for a
woman's polyester blouse. (a)
Distribution of life-cycle energy
requirements, (H) Encrgy con-
sumption comparisons for one
load of home laundry. {Adapted
from Franklin Associates, Laud.,
1993)

(Bishop, 2000, page 279)



BApata yia Tnv epapuoyn tou AKZ :

» 3. AvdAuon emimrtwoewyv (Impact Analysis):

KaBopIiouog Twv TEAIKWV TTEPIBAAANOVTIKWY ETTIOPATEWV

(Z€ auTO TO OTADIO, TA TTPONYOUNEVA OTOIXEIO EiVAIl HETAPPAOHUEVA OE TTOCOOTA
KAPKivou, TTOO0O0TA HEiWoNG BIOTOTTWY, BavATouC Wapiwyv K.ATT....)

100°
)(.’ £ —— T T
. Iransport

10k |
; B Waste
1)

management

|

0 [ Pocovss |

manufacture

[
x

II I I B Eee—

Global Aar Water Human Non- Water Non-
Warming  Pollution  Pollution  Toxicity = Renewable Consumption Renewable
Potential ' Resources Energy
Depletion Source
Depletion

Contributions of different life-cycle stages in women’s footwear to major environmental concerns.
(Reproduced from Mila, et al., 1998)



BApata yia Tnv epapuoyn tou AKZ :

> 4. Eppnveia: Xpnoigotroinon Twv 0edouévwy yia agloAdynon ocup@wva
E TOUG OKOTTOUG TNG £PEUVAG.

TIG TTEPIOCOTEPEC POPEC META TNV TTPWTN EPUNVEIQ XpEIAleTal va
ETTAVECETAOTEI TO TTPOIOV KAl va TPOTToTToiNBouv 1a opia Tng AKZ

Goal and Scope

Definiton

Inventory _

Analysis -+—— Interpretation
Impact

Assessment

Page = 59



AvaAuon KukAou (wNG
Life-Cycle Assessment (LCA)

XAapTivn 1 TTAACTIKI) CAKOUAQ;;;

75-100%

L

&

m

%ﬂum Plastic | Plastic
o

p

EEE—% Plastic | Plastic  Plastic = Plastic
-

B

T 0-25% | Plastic | Plastic | Plastic | Plastic
L1

0-25% i  S0-TS% Ta- 100%
Recycling Rates for Plastic Bags
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Aoyiouika yia LCA

SimaPro 7

ECO-it 1.3

Eco-indicator tool

consultants



KuUpia XapaKTNPIOTIKA
» AevOPOEIONG ATTEIKOVION

»MeyaAecg Baoeig dedouévwy (UAIKWYV Kal dIEpyaciwy) atrd TIC OTTOIEC O
XPNOTNG DIOAEYEI EKEIVEC O OTTOIEC OUVOETOUV TO TTPOG £CETAON
avTiKeipevo (11.X. Franklin USA 98).

»ETTIAOYN TEXVIKWYV QTTOTIHNONG TWV TTEPIBAAAOVTIKWY ETTITITWOEWV (TT.X.
Eco-Indicator 99)

»Auvatotnteg avaluong aBepaidtnrag, risk assessment



Npaoivn Xnueia (Green Chemistry)

» H [Npdoivn Xnueia avapEpeTal 0TO
Tedio eKkeEivo TNG XNMEIQG TO OTT0I0
aoXOAciTal ye TNV ouvBeon,
KATEPYOAOIa Kal Xprnon XNUIKWY TTou
MEILVOUV TOV KivOUVO YIQ TOUG
avOpWTTOUC Kal TNV €TTIOPACN OTO
TTEPIBAAAOV.

= O amméAUTOC OTOXOG TNG, €ival n
QVATITUEN KOl QVTIKATAOTACN TWV
UTTAPYXOUCWYV XNMIKWYV JE VEQ TTIO
QINIKA TTPOC TO TTEPIPAAAOV .

" YTTapxel EVTovn aAANAOCUCXETION
TTPACIVNG XNUEIAS Kal TwV AAAWV
epyaAcgiwv TNG Biopnxavikng
OikoAoyiag (kupiwg pe DFE kai 2P).

Sustainable
Development

Industrial
Ecology

Green
Chemistry

(Adapted from P. T. Anastas & J. J. Breen, J. Cleaner Production, 1997)



ETtriAoyog

» ¢ veoouoTaro 1Tedio, N Biopnxavikr OikoAoyia atroTeAei Eva peiyua
Bewpiwyv, EPYOAEIWV, HETAPOPWYV KAl UTTODEIYUATIKWY EQAPUOYWYV KAl
OTOXWV. KATTola KOPJUATIA TOU AVTIKEIMEVOU Eival EUDIAKPITA Kal KOAA
OPICHEVA VW GAAO OopadOTTOIoUVTAlI ACAPWGS DIEYEIPOVTAG TTOIKIAEG

EpPMNVEIeC.
* [10 OPIOPEVOUG QUTO ATTOTEAEI HEIOVEKTNMA YIa AAAOUGC EuKaipia yia
ONMIOUPYIKOTNTA, ETTOIKOOOMNTIKA oulrTnon Kai TTpoKANan.
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