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In this work, life cycle assessment (LCA) is used to assess the environmental
impacts of styrene production processes using Ethyl-benzene dehydrogenation with
steam route and Ethyl-benzene dehydrogenation with Carbon dioxide route. The
assessment is performed in a cradle to gate approach by using SimaPro 6.0 with
Eco-indicator 99. The results showed that Ethyl-benzene dehydrogenation with
steam route has 1.44, 5.34 and 1.44 times higher environmental impacts than Ethyl-
benzene dehydrogenation with Carbon dioxide route in the production of raw
material, waste discharging and styrene production phases, respectively. All impacts
are classified into three categories including resource depletion, human health and
ecosystem. In both cases, it was found that the impact on resource depletion is the
highest. Where, the lowest impact is on ecosystem. Under uncertainty consideration,
Ethyl-benzene dehydrogenation with Carbon dioxide route leads to the same trend
with 95% confidence interval. We improve both processes by using heat exchanger
network. It was_ found that the environmental impacts of Ethyl-benzene
dehydrogenation with steam route decrease about 0.7 times. In comparison, 0.88
times decrease is obtained in.case of Ethyl-benzene.dehydrogenation with Carbon

dioxide route.
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International Standard 1SO 14040 (1997) on principles and framework.

International Standard 1SO 14041 (1998) on goal and scope definition and

inventory analysis.

International Standard ISO 14042 (2000} on life cycle impact assessment.

International Standard ISO 14043 (2000) on life cycle interpretation.
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*  msAMBanAa3IA (Category indicators)
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EP, = 2.(Qx EF)

\Wa  EP,(Environmental impact potential) A ANANEATNINN uﬂn?znunﬁQéQuQﬁﬁﬂu
dwFunansinulzzun | 1a 4 (kg substance equivalent)

Q, (Quality of Substance) An YFNIUNEN1IZA"T | flaeuaanin

EF, (Equivalency factor) i ANABLMIIENENT i il ReanIzNIN

fnfou |
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®  NITMIUUIANBBIANTENU (Normalization)
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NP ooy = EPAT X ER)
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dim WP, (Weighted Environmental impact Potential) A AMANEAINNNIHENTZNLNNG
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WF, (Weighting Factor) Aa AddadoutaminaandrAtyaadnansznunig

Awaadau | 1o Wilhasdiwunamal)
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SimaPro 5.1 Pre’ Consultants
GaBi 3.2 IKP Stuttgart el
TEAM 3.0 ECObilan d¥aAa
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KCL-Eco KCL Aunaus
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2.2.2 AUAAUNITLRDNI 6 bUNIFUTLL R UAIRNANTENUNINRILIAR ANALU NS AN
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dunaunsidenislunaslszliuAnansgnuma@waadaniuiinonudiAoyadinsia
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arntiadan1s@anign1)s s fiuNanNIENUNIIRIIARANUAL AN FIIN2.5 uaali iy
1 =y _— [ -3 L A
7135n1 s N UNANTENUARLANE Eco-indicator 99 HANUMNITANTUMAAET Wasainid
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yianas@anas Eco-indicator 89 Wunanlesifiunanszsmmasduanden tatds  Eco-
indicator 99 qzuﬁan'ajuuﬂniznuﬁﬂﬁqmﬂﬁﬂu (Impact Categories) aaniilu 3 ngu Fatl
Aa AN wuymt] (Human Health) AunawssuuiitoA (Ecosystem Quality) wazningng
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Respiratory effect HConc. SPM and VOC's| SPM
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2.2.3 9adsziiiuAnanstnulag Eco-indicator Method

RlunslsnfiuAuanseaimsdua adenluilaqiuiiva1eds 1y Ecoscarcity
Method, Environmental Theme Method, Environmental Design of Industrial Products
(EDPI), Ecoindicator Method Hluf wiia Ecoindicator 1udan\datnaunsuanainsnzsl
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- : 4 v X
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X J
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{MJ surplus Energﬁ

s ldEanEa

s ldauLs
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2. Effect Analysis Af N13g¥ A uduRussasrududivrasasiulssinmeay
L ¥ d - o .
HANFENUFBUIUININA MU detaana NI LLUTEIHARATUN
3. Damage Analysis A Nsa¥ANERUS IR TUIATEINANTENLABEAMTN 184

[N al' [} -J 1 o } 4
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PDFlmzlyear (PDF: Potentially Disappeared Fraction)
1. Fate Analysis A ns@F 19N USR8 MUsaLaana N T LKA UTFe

- [
FTHTIAUATHUNNUAM TN TY
4 = [T o ) L '3 -l ) {
2. Effect Analysis At nsafnmandiiudsssmnidiivsiasiumiooanungden
3. Damage Analysis Af mm%qm'\uﬁuﬁuﬁ%mmqmﬁmﬁum?@.mmﬂ

(PDF/m°fyear)

- HANRINISAARINRINITNEINS

HareIN1FRARIIRIMINEInsLdaniumingFunruraandun i lunisadaus

Viadamaa (MJ surplus energy)

1. Resource Analysis A8 N1sa¥ A NdNRuT IR saiamFnensdwinlugng
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41NN Classification WAZ Characterization Aa n1suanuaig1sidrglszumessnanss

NUULAENINTATUIUNNIATIAIHANTENUUARZUTELAN ATNUUATNINIFNITUIAT Y



28

nansenuwsiazngutimunelaglddl Normalizaton Taanaslianuddnysasusdazngu

wWhwanaaz @ Weighting 189135 Pre’ Consuitant

(Single Scare) AW Y
#aun1AT Eco-Indicator Mettiod Was

=i >
A9 2.7 LARYA

o
NI|E

Human Health

Ecosystermn Quality

Resource Depletion

fan - Phylipsen (2001

+ 4 P
uﬂi C szg}ﬂuﬂm iasanndiaain

{1 ) o4 & o
ERIGER AT mﬂumucﬂuﬁmmmmﬂwmni'ﬁmuﬂi’w@mﬂwmumnnmmﬂmﬁ

- ' .4
WumrliinnsAne’LeA ﬁ'ﬂdﬂ’]ﬁ'ﬂi;jﬂ1.‘uﬂ"1T"Jwﬁﬁﬂmﬁﬂﬂuﬁ‘.‘:ﬂau’lmuﬂﬂm'ﬂl‘mﬁ'ﬂﬁ

FUHIMENTNEINT
QRIAINTAUUNIINGIAY



29

2.3 dlasu

alsdwflunsuswaaiiani fgmemaansil  CH.CH=CH, alatwuasiliiu
ativuninane TauGuiussitasamuianaf 2 lUgARIMNIIHHANSANUAZNITHRALN
Fuaseilaanszuounenaaueflswiureslsiulanadalrtuiunanius amedals
Fuflunaramnainfiilszlanfinnlugaswnrsuiiagiiu wazilumaadinafinf wfigalu

NAAANILALTY

- -
Jamiiiolil : Styrene; Vinyl benzene

4 4
IANDNBUY : Phenylethylene; Styrol ; Cinnamene; Ethenylbenzene; Annamene;
Styrolene; Cinnamene; Cinnamol; Cinnamenol; Diarex hf 77;
Phenethylene; Phenylethene; Styron; Styropol; Styropor; Vinylbenzol;

CH,

gasluena : CH, gasiAseaing
2.3.1 ANUANIINIENN

=] nan 2 ' d Y
A9V 2.8 ugaaNIFinaRAnduardayasiae inuafualsidu

CAS number 100-42-5
gasluang CgH,CH=CH,
1‘?;'nnl’niﬂmmqa 104.6
AHANAINIL 0.805
AR 1452
QAVRAHIUAY -30.6°C
9R291 W 31°C
anumila(25)°C 0.8666k Pa
ANNITREAE araneluilgiEntaslszanm 300 mg/Lazaralalulaweiia
gnaf enuea  asilau acaruliluwndu unstllas@en
Bnaf
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2.3.2 ANURNIAH

alrruiianiusiluaaan

ARLAUBILASAINITON AN

r=) ) k3 =) -‘ z \ : L) =,
MFHARTBAE Tuiand miee; Unsaldidninitin ussq
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wefiue Tatnssudun ) W¥ansilsznavdiGanda T
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1ﬁunwm§mm~ﬁnﬂuﬁuﬂ: wen alAsvesAnlallnT (Styrene-Acrylonitrile, SAN) Uaz

azAalalulaiDangl ane, f(‘BS] Fagnugriun g
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o a [ — I < e ot | L]
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<
AnN2.4 nstlag neildaasalsTu

2.3.4 Andaunaldals=Tagdrasdladuvialan

Polystyrene 59.4%

i ABS/SAN Resins16.4%
S SBL 5.75%

Other 6.5%

&

o tu ey
atane

e

Unsaturated

Polyester Resins 4.9%
SBR and Latex 4.7%

el

B Styrenic Copolymer 2.4%

AWN25 dadaunnslfls tamiaesalsiuinlanlusl a.a. 2008 [6]

d 1 L3 = =
NNN2.5  Wi9T) A A 2008 HArndeansalriulunisadanweas lasunanity
fudumile rsasnsurnantsuanalaruaraalalulag (Styrene-Acrylonitrile, SAN) “uagas
nanozAalalulnslongladualsaiu (Acrylonitrile Butadiene Styrene, ABS) waziipa1u

paansidalszulunisuanalsisting Talwawas (Styrenic Copolymer) Yaeyiga



32

2.3.5 dsunniAruAsanIs lumsaanalasu [6]

Butylene 2%
Butadiene 2%
Propylene 7.8%
Toluene 2.3%
Xylene 3.1%
Styrene 9%

B0 @A 3B

&

Benzene 7.1%

Ethylene 48.7%
= o ) o =l
2.6 dedouranfuuanuseanirasnauiiinaailull a.A. 2008 [7]

2.3.6 Aning

ianisszApIRBINBuaNMIETa G2 155004 420 fiadnFusagnuiAfiuasuiedi
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[ | H 1 - o J d. dl d. i+ L :‘ &
Tsuuasnudnfiannuidsisaniafianzdauiiadeinude iiussuiindaquas sy

dan
& e ]
2.3.7 mannusne (&@lsisu)

- nulumrusussqnilaliade
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- diulwiFuafidusacwi (gamgiainda+15 asraadoa)
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2.4 NFTUMUNTHARALATY

a o Al Y v P Y o a
ﬂ?:l_l'mmi‘nalilleli‘NVlN’)@’\ﬂﬂ’]‘a‘ﬁNmuva“nmummum’mﬂu 2 N3EUIUNTITARD

NITLAUNITHAANINATUALATLLANANTHARN 198 DY

2.4.1 NSZUIUNTHRAR LATUNIIATS

27.1.1 lnuudnalsfuanufiedlaln@udurasefianniu

=l = ar o < t o’ 5’
L n?zmum?m‘lzﬁmm WAUARILANAULUUTUTIN nu”l,ﬂu'\

Ethyl benzene Recycle Ethyl benzene
i Benzene

A

Off gas

Inhibitor

Toluene
—>| Styrene monomer
Steam product

Condensate
. Tar

nani2.7 nsznuniswamalainanefiandusaiule
Ufnsenalalnsaudueaseiamdullfualabu
PACHCE 14 S YO8N €171 &) § (1)
winuuiuargniasuliidenlausaliifadjitanishalalasiaueanainieiia

widy feflladnusalfannadaudmiud fisen wesfisentiihuljisengannuiaug

d ] i o o . . [ :’, = ~
Fernsuasuulasgnandasdeniaranga (Equiibrium) feiudrdiaansadnglasuls
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o 4 = 4 =y
wnduiludedldanizluntsandiunisigumgligalrzun 550-650 asAgaiag Ay
AuRtlTziNL 100-300 Alawiada uariilewrfndreluniganliunig mazazinlinnog

- { o . ; - X
anasideulinie Tafluainlidmaluuwlsirevefianndugeay
v
L g a 4 L TR -
drlaniveslamdhnlinsealalariuduisfaundu

[ [ = ol .J =
1.  douamAdnuAutintesenauuiu alrfuuaslalasiay Tedeusliinianiranas
ADIANNAUFIN
¥ .
2. lewnasfidgoudaglunsidaenidauundiidenfissaniuwuugeanaeu

3. lewiignlunnrdredudinsazenassmfusuinimzuuiagal i

dadade nmnun iiluleulasnisvasfaugainaziid lddna luntsaiiu

< X .
AUNEININT WIUNU

5‘1’0Ls‘qﬂﬁﬁ?mﬂ?:nauﬁoa‘las‘auaanhﬁtﬂuﬁqﬁujquuaxﬁiwumLiﬂutﬂuﬁoﬁﬁu
YU (Promoter) Lﬁmqqn‘[mmaﬁﬂuﬂdowﬂoﬂmmﬂﬁuﬁqn?smmﬁméaﬂﬁﬁ?ﬂ']ua:ﬁa
draaansaranafuauLuiTesiEnlfiEm Sa il fisenidosddaenauuenn
Tu uananidadaljitudanlszneudaalanzaanlediiug arfidu landioueanlad

AFunueenled LduRineanled uazoAunsanles 1ay
e aandnvalalasiiuiureaiisuuiu
nszuaunseandmtuliianszasd Wandnalafunazarding lamahaunGuazgn
o - cJ 'S - ] oy = = d
santladlifluasdinATun Fafluaueniuua arfuamiludodnljizen gumgiinldly

WisliFen 115-145 asAngnidon AoanAl 344.74 HlamInAa

CHCH,CH,+ 0, ———— CH,COCH, + HO ..o, (1)
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s

antduasiinlgnrenidnduresdtonlliuiean Alaeiisweanaaad tneld
lalasiauuaziinethles Tasdiaw laseudlusaga{ien goumgAnliluljisen 150 agen

WaLTad ANNAL 1032.2 Alaniada

H2
CHCOCH, ———+ _CH.CHOH)CH, ...ooovvicirerevve.. (2)

qavhesuiemlffteiatansdurewusanesad thilualsiu Ina i lnnuilodusiag
insen Qmuqﬁﬂl‘ﬂuﬂﬁﬁ?mwhﬁ’u 250 aaAIATE A AN AWYINTY 101.32 Alawia
Aa

CH,CH(OHICH, ey CoHCH=CH, + H,0 ......ccccccc...0... (3)

faderaenszueuniseandinduiiae lwiuwrasljisereandinduaziianszuiunis
ar ] Qs a = Dol v al =t o’ = = dl e‘n <&
danfauuastandaglarulddndinsruanisalalastidueiauuduiaiunlisnides
ax 10

2.4.2 NFZUIUNTITHAAA IATUNIIBDN

e wslwsau aanlas uazalssu la-Tussnduy

propene

Off gas

= a
NNA2.8 neziaunsuanalesuaning lnau
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- E--Y 1 ﬂl .3 [ { d
nizuounsuana lwiulaefiiGuainnszuountsudnins nsauaanled Jealsiun

THluneandnfusisnlunssusunig

(1) dfjidewialuannzasemal lannasiiedjiiuteanimdurasasmuuiuly
L 8 e - - - J - -
dhulalnndefeanleasiniuasalnW luuuacWlia-1 laniuastuiluadndusidaies Tae

Ufftandsniiulfideramanufaugs quugfinlilunlfiiien 125150 asAnaadua
AIMNAL 1500 filannana

CH-CHyCH, + 0, ———>  CH-CHOOH-CH, ........ccooecceeen(1)
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R.M. Mustafaeva and Z. Ch. Salaeva [25]
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tanaWiTuatinamazay Truileiadie gunsel MdluasAnmuasTanaiiameiao]
3.1 AgnsanfiunuisauasnTiiaTs
3.1.1 MNWIELAS 12 VIAATR91UISE (Goal and Scope Definition)
3.1.1.1 AaglssasAuasrauiaA1aInuIdn (Objective and purpose)

y = =4 ln 4‘ = =
WwaLrsiuasuFuufisunanssnuifi atuannszinunisuanaledudatianig
F19q TEULIRTIEIN AN N TELONN HBRA laTL I AT liiunsAnuLIY “Cradie-to-
Gate" [Pl 19UIIRATDITTULATAUAGUIRWIZNTHARIAQALLATNITUIUNTTHA R TATY

&~ L 4
dmfudunauniraude nastalildeau nasldsn nasingafnmn nasdanduu gl
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=i

nsmdneed @ azhignisnfiarsunluanisy

Raw material Raw material
Vs ~
Y Y o
Emission : , Emission
N Production Production =
Y ) 4 .
Emission . EmMmission
= Steam Route CO, Route v
| § J
Y Y
Styrene Styrene

d ] - bt -
AWM 3.1 uamITaLEATeINITr s iiud AN IR IN INE AR lHTY
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3.1.1.2 WueWi ¥ (functional unit)

. 4 , a & da
wiainh (Functional unit) AldlunsufauRauuaniznuniadadandanlu

A mFuswdduiiAe diinmsudealatu 1 flaniy

3.1.1.3 dRauyA§IMUALEBS A (Limitation and Assumption)

AJ - 4 - 4’ ] - o 4 o
JayanldlumnlssdiunanssnuniiiarusaRawasdenluaniddnil TRAusurn
URINUNATUINMENAITNRIINITEAUNIWNINER Uaddneniinud/aulinuslulszns

Inauazligufoysufadusianlilsunsudndagy simaPro®6.0

3.1.2 nsvinitydsnanas (Life Cycle inventory: LCI)
TumaunaTiAs iy Mmanisfiuiawandau (Life Cycle Inventory: LCI) (iluns
[~} 1 [ 7 o o [ A d' L =
WiusaumudaysAaunaslingau niwu sauttendenildaseenannnszuaunsuan
alsfusaanszuauni s lalassiudusausfiaiuuiuvdannunislflotuaznszuiunnsila
- - [3 . - 3 - A
Tnsdwturauefiawuiviannunasldarfuaulasonless TauiivauaanisAniaenla
o :’.a L] A o A %
asugluiusaun s muadihvinauazsauAga N AN 1iuda 399ddaiilallsunsy
Hysys.Plant Version 3.2 ABRFNULLAIASINFZUIUNEITL 0 YAGN AANIARITUAZ HAINY
4 Y e‘l‘ a a 4 = ar q 4 b ] o
BenAdailldfninivsnsandayasinaudduseg uazldswisyaanlusunsudda

71 SimaPro®6.0 Tatiusudanssuaunisusaslunaean n

3.1.3 msudsziiunansenu (Life Cycle Impact Assessment: LCIA)
lunrstsdiunanssnuiildadauandes dmfunszuaunisudng lsduiduwuy
“Cradle “to Gate" Mu3satAMNIslsxfiudanssnusenszuaunisua s laiulag
Tsunsu@nFagil SimaPro®6.0 uatAs Eco-indicator 99 ifhAdluuaniszmuazuidn

HAaNIsynuU
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oed - PR 4 <4 o . . P <
Jansdsziiuvuansenutuan@deiidiiumeu A N3N Characterization [HaNFLA4
= [ :’ » J - :_ [] =l ] N .

UhnmreAnimdnuanssnuniatutudusie Mafeumios (normalization) uaznas
o ant u 4 4, e o o
wlidminaanssnuiinzuuuian (Single score) TAWANNBIRT (factor) dmFninanAm
. vy = 4 y det o o - ,
Mufeysflfifumunmudayafadsnliunanssnuiiidefauaiadeansaedd Eco-Indicator

99 WuamaWluntAnwan o

3.1.4 msuilaua (Life Cycle Interpretation)

w 1 ]
luiurauarsulausidunislszdivla nnandlulllélunisannansenusoduaa

k2

L4 » L4
denypanRainueiing sniussuesinsdssdiusanssnuin ansoddatianszuounig
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#nalfiiaransgnumasdnaasenniniigs Taaasiinmsuldauulaaielfuls heanna
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3.2 yanuazalnsallunnside

3.2.1 1Fifapanfiames

3.2.1 Tlsungu Window XP®

3.2.3 Tdsunsu Hysys.Plant Version 3.2
3.2.4 WaunsudnFag simaPro” 6.0
3.2.5 sunsu Microsoft Office XP®
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11 dssum Talsznaudan 3 nduuansznufs

1. #ansznuARgINIMuYRE (Human  Health) 1sznaudon ansieusida
(Carcinogenic), - HanFENUAIUNML 99 NAUYTEHR?  (Respiration  of
organic substance), #ansznuunITelaanativnidans (Respiration of
inorganic substance) FREIUEAL (Radiation), n1aslan¥au (Climate change),

4 .
niranatiadlelau (Ozone depletion) Sauanalumioeaay DALYs

2. _HANFENURRZEULEAN  (Ecosystem) Utznaumas n1asauiunga

(Acidification) / nnazainsfiadu (Eutrophication), AndLlune (Ecotoxicity),
x 3 4 : :

n3lINUR (Land use) Taudmilumionees PDF/m’fyear (PDF: Potentially

Disappeared Fraction)

3. HANTINUARNITAAAIIEINTHEINST (Resource depletion) Uzznaudan 2
o 3 a _ - .
19&uus (Mineral), N1 @an®y  (Fossil  Fuel) Tauamlumisaaay  (MJ

surplus energy)
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antuay m'lﬁﬂgj'mgﬂuu-wmm flagninieumioauaznisliAimn dlein

mTmuunw}ﬂuﬁvmmwnuﬁ’aa.ﬂnmmqq mﬂﬂ'lu;ﬂmﬁﬂq-ammnu (Single score) 4

q:uﬂmLﬂunﬂﬂa:uuuﬁ-ammw //"ﬂ’mmammﬁ'\h

4.1 madmyininydsns AnRaN __—____Wtory LCI)

~_;*
unnl

dasiniunsasardiarassaneanansziuaeduanAne lnoasantmineans

Heat (k 30,679.8166

30,853.8623

AU TR NN
ARIANTUNNINYAY

Cooling water (kJ
‘ - ng (kJ)
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Material (kg)

E-benzene

Hydrogen

Methane

Ethyl

Water

Styreng

Benzene

QW"IMN?WN?H’]’JVIEJ']QEI




412 figdsamssudswandan (ife Cycle Inventory: LCI): nszuaunisean
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Benzene-Toluens 0.0570
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A191994.6 FunuansadnuasaeanaasiunaunIsnang leisw (Cradle-to-gate)

nventory S aput e Output

Materiél (kg)’

E-benzene 1.0849 -

Water 01687 -

Carbon dioxide 0.0088

Energy (kJ) 8,822.2984 -

Cooling water (kJ) 9,164.3512

Electricity (kJ) 2,497.3347

Emission (kg)

Carbon dioxide - 0.0069

Carbon monoxide - 0.0176

Hydrogen - 0.0213

Water - 0.1588

Styrene - 0.0001

Benzene = 0.0004

Toluene - 0.0002

E-benzene - 0.0001

Product (kg)

Styrene - 1

By-product (kg)

Benzene-Toluene - 0.057
Total 1.2624 1.2624
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4.2 nsdsziiiunansen (Life Cycle Assessment: LCIA)

nrruqunisudnalasulaanszuqunisslalasauduieafauudusiuduleuuas
L% =Y [ ar [ g d :’/ A
nsruaun1sa lalasddweiaiundusoununiiuaulaaanlas deiinsldanssasuiuan

[ 3
] o’ A o g o

A19A4 9192 BRRNINITUs s uNanssnufaddiaadantaalisunsu SimaPro 6.0 @9t

=

7% Eco-indicator 99" Teazwilinsdsziiunanseminfly 3 dqsde Fusaunisuaningau
nsdamldesarsingRarndaslunszuaunisn@aaleiu uacqavingazniinislssiiung
] A ¥ 5 o = L3
nesnusefandanravivnanlunssuunsdna tasg lagasiinisulans lugluuuees
: : A = < A a 3 :
neuansenudulant (Damage Assessment). IWABTLNEDINANTENUNLAATUN 11

o A L A 1 d‘ ] ]
Usziny waznd W deAzuMLAEN (Single score) NiivHaeniTy P INadreand1udn 14

421 uanasU s lUINANS TR URINSTUIUNTUR AR AT UURINTLUIUNG

Alalasaiudulanatuudusaunulaua

- & a o a
4.2.1.1 Llﬂﬂﬂﬂﬂﬂ?gﬂ‘uﬂ@a\iLL'Jﬂﬁﬂ“’u@ﬂ‘ﬂum'ﬂun']?ﬂﬂm’)ﬂq@]u
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N
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5.4

N ey,

QWD
NESESSSS S
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SLE]
ssxs
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T rereyh
STESSSEEE

\Q\

NN
AN

§

]

B Carbon dioxide route H Ethyl benzene B Water, deionised
CO2 B250 Heat Ll Cooling energy
[ Electricity, natural gas Electricity, lignite [ Electricity, oil

B Electricity, hydropower

as a ]

o o > a a
NINN4.1 Nam:wum'aaau.qmﬁﬂmﬂwumaun'rmammnmmmamum

q

(Damage Assessment)
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c) la J 1 y :l/ 4 o o
AMNATNN4A. 1T WARASEANIZNUNNATUABRILIARANTBIANTAIGUR LTHININER
alsifu lnansuanssnudutlans (Damage Assessment) 2a4nszuunisilalnsaiuiu
o I 3 as "; ] :// £ :1 1 N 17 } 4 ] :’4 9 o
haiuu Fusaniuleaun wudnaissesifidanansenuseauaadanliun anssafiuaniauy
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energy) T itiifinanfrasssuaatsen1sldlwinandruiuanlut Iaanisldans
:// 8/ = =] ] . v 9 v o
Fasm Lofialuuduazdananssnusia@auiadanluyng dantasianiuanssnuaUnTi
o P P v o a v o 9 v
antiszuunns laliasinannaunstians nieldimanas uaznas linaaanulunnslaanusau
1 ¥ A 4 L4
(Heat) danansznumeaanlusivnisanaradlalan nasldnunluanicnnisldnasanuly
; . .
n1ranAIINTaN (Cooling energy) danansenudanngaludunisldduns uaznisiiluans

Wi §ag

300
2501
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mPt 150"

1004’

Carcinogens B Resp. organics Resp. inorganics
B Climate change Radiation E3 Ozone layer

B Ecotoxicity B Acidification/ Eutrophication 3 Land use

M Minerals B4 Fossil fuels

[% o ]

< y e, -4 a a
NINA4.2 HANTENUFBRINLI AR ANT BT UAB LN FHART RO A LILFR I U

9

(Single score)
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RMNNINI4.2 udaanansznusadwandangasdunaunsudningaulnansinida

4 . Y - o
AZUWMLALA (Single  score)  WUdAATTAsUBRALIMTURNansEnUsaRILIAdaNGIgn
Uszanol 285 mPt 72498911 A8 NANFENUNIAILN1T IR ulun sl ANFal (Heat)
gzantu 150 mPt wazn1sidwaearulunisamnaaniau (Cooling energy) Uszuno 97 mpt
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T Emission ( Steam route)

A ] ; ¥ 1 3 = =l
NINN4.3 HANFENULFABRAILIAND NUBY ﬂ’]i‘ﬂﬂﬂﬂﬂ’ﬂﬂ‘ﬂ’ﬂ%aﬂlu‘ﬂuﬂﬂuﬂ”ﬁﬂﬂ ﬂﬂlﬂi‘u

(Damage Assessment)
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o da &, :

NNNH43  ugmuansenuiinandedswanfanasinisdanilaansende
ludunaunsuanalsisulnansauansenudulane (Damage Assessment) 284n3TL9Y
= < o o ] o ?;’ ‘ 1 3 : =
nsalalasdudueiaundusniulan woddamansenugegalusrumatiuasianziia

o AJ =~ o o = L
nsianaszuumelaliasunaanguvitansneslanfeu uazniminataszuutinAy
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pPt 600+ -
400+°
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0 1
Emission ( Steam route)
B4 Carcinogens Resp. organics Ed Resp. inorganics
& Climate change Radiation H Ozone layer
Ecotoxicity B Acidification/ Eutrophication [ Land use
B Minerals Fossil fuels

e — ) L -
NN 4 dansEnLAaRIIAdaNaasnIslantaessaud s luluneunsuana LT
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A 1] nl U :’J
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- &
4.2.1.3 WAAIHANTENUABRAUIARANUBIMUABUMTHARA LATY

T e
e a

A0}
0
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eﬁ aﬁ
[ steam route t Ethyl benzene B Water, deionised
Heat = g Cooling enargy Bf Electricity, natural gas
[ Electricity, lignite -~ E Elactricity, of M Electricity, hydropower

al ] . 7 : o ol
MNN4.5 HanTEnUAIRIN ARBNIDNEINRBUNTENA R A 67U (Damage Assessment)
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energy) 79154 i1 aqn e s s itarngld i na Ui il wenannii
faanninlamldasvnsdeeengfutednutaansruaunisuasiasy Tndnnsldansiedy
finuAudansEnsiaRg adeTuyn Ay Tnuamzdunslddemas poainang
s itam st ssimieladaninasnetuidats sudeduavinraatasdindu

e x
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snludugeanisaanszaalaleu nsldiui wanefinasldwdaanulunisanauiou
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4.2.2 pansdsziiiuipansdinrasnssurunisudndlnivaasnstuauniss
lalasdiudwadiawudusaniumivaulaeanlas

. &£ o
4.2.2.1 UWARIKANTENUARRIUINFR TR UABUNTUARIADAL
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nawulunisiimnu¥au (Heat) denansenuatinaunnlugiueaanisanadaeaialau nnsld
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MAHUIN B AN Damage factor Wa938 Ec0-99

1.2 Damage category Human Health (H,A)

n979 U1 Carcinegenic effect on humans

Com-part- Damage factor
ment Substances (DALY/kg)
Air 1,2-dibromoethane 2.60E-04
Air 1.2-dichloroethane 2.98E-05
Air 1.3-butadiene 1.58E-05
Air 1.4-dioxane 1.39E-07
Air 2.4.8-trichlorophenc! 2.05E-06
Air acetaldehyde 2.16E-07
Air acrylonitriie 1.69E-05
Air atpha-hexachlorogyclohexan 3.00E-04
Air Arsenic 2.46E-02
Air Bis(chloromethylether 7.48E-03
Air benzene 2.50E-06
Air benzo(a)anthracene 5.86E-02
Air benzo(a)pyrene 3.98E-03
Air benzotrichloride 6.60E-03
Alr benzyichloride 1.04E-05
Air beta-chlorocyclohexan 9.99E-05
Air bremodichloromethane 8.76E-06
Air Cadmium 1.35E-01
Ar Chromium (V1) 1.75

Air di(2-ethylhexyl)phthalate 3.38E-05
Air dibenz(a)anthracene 3.10E+01
Air dichloromethane 4,36E-07
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Air
Air
Air
Air
Air
Adr
Air
Air
Air
Air
Air
Air
Air
Air
Alr
Air
Air
Air
Air
Air
Air
Water
Water
Water
Water
Water

Water

Dichlorvos
2.3.7.8-TCDD Dioxin
epichlorohydrin
ethylene oxide

formaldehyde

gamma-HCH (Lindane)

Hexachlorobenzene
metals

Nicket
Nickel-refinery-dust
Nickel-subsulfide
PAH's

particles diesel soot
Polychlorcbiphenyis
pentachlorophenol
propyleneoxide
styrene
perchloroethylene
carbontetrachloride
chloroform

vinyl chloride
1.2-dibromoethane
1.2-dichloroethane
1.3-butadiene
1.4-dioxane
2.4.6-trichlorophendg!

acetaidehyde
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3.15E-05
1.79E+02
3.02e-07
1.83E-04
9.91€-07
3.49E-04
8.25E-02
5.20E-03
2.35E-02
4.74E-02
9.48E-02
1.70E-04
9.78E-06
1.97E-03
7.21E-03
1.17E-05
2.44E-08
4.82E-07
8.38E-04
2.63E-05
2.09E-07
1.24E-03
2.98E-05
3.37E-04
9.21E-07
1.05E-05

9.23E-07



Water
Water

Water

Water

Water
Water
Water
Water
Water
Walter
Water
Water
Water
Water
Waler
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water

Water

acrylonitrile
alpha-hexachlorocyclohexan
Arsenic
Bis(chloromethyl)ether
benzene
benzo{alanthracene
benzola)pyrene
benzctrichloride
benzylchloride
beta-chlorocyclohexan
bromodichloromethane
Cadmium

Chromium {V1)
di{2-elhylhexyl) phthalate
dibenz{a)anthracene
dichloromethane
Dichlorvos

dioxins (TEQ)
epichioornydrin
ethylene oxide
formaldehyde
gamma-HCH {Lindane)
hexachlorobenzene
Nickel
Nickel-—-subsulfide
Nickel-refinery-dust

PAH's

4.16€E-05
6.85E-03
6.57E-02
1.54E-02
4 12E-06
6.58E-01
2.99
9.46E-03
1.98E-05
5.75E-03
9.36E-06
7.12E-02
3.43E-0
6.64E-04
4.07E+01
4 97E-07
1.17E-05
2.02E+03
9.90E-07
1.39E-04
4.97E-06
4,16E-03
1.25E-01
3. 1ME-02
5.02€-03
1.00E-02
2.60E-03
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Water
Water
Water
Water
Water
Water
Water
Water
Soil
Sail
Soil
Soil
Sail
Soil
Soil
Soil
Soil
Soil
Soil
Sail
Soil
Soil
Soil
Soil
Soil
Sail

Soil

Polychlorobiphenyls
pentachlorophenal
propylene oxide

styrene

perchloroethylene
carbontetrachloride
chloraform

vinyl chloride
1,2-dibromoethane (ind.)
1,2-dichlaroethane (ind.)
1,3-butadiene (ind.)
1,4-dioxane {ind.)
2.,4,6-trichlorophenal (ind.)
acetaldehyde (ind.)
acrylonitrile (ind.)
alpha-hexachlorocyclghexan (agr.)
Arsenic (ind.)
Bis(chloromethyl)ether (ind.)
benzene (ind.)
benzo(a)anthracene (ind.)
benzola)pyrene (ind.)
benzotrichioride (ind.)
benzylchloride (ind.)
beta-chlorocyclohexan (agr.)
bromodichloromethane (ind.)
Cadmium (ind.)

Chromium {ind.)

3.91E-02
2.29€-02
1.74E-05
1.22E-06
4,72E-07
8.29E-04
2.60E-05
2.84E-07
3.81E-03
4.58E-04
1.20E-05
3.10E-07
2.76E-06
4.77E-07

7.01E-05
2.32E-02

1.32E-02
1.68E-02
1.33E-05
1.60E-01
2.06E-03
1.32E-01
4.16E-05
7.36E-03
7.82E-05
3.98E-03

2.71E-01
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Soil
Soil
Soll
Sail
Soil
Soil
Soil
Soll
Soll
Soil
Soit
Soil
Soit
Soil
Soil
Soil
Soil
Soil
Soil
Soail

Soil

di(2-ethythexyl)phthatate(ind)
dibenz{a)anthracene (ind.)
dichloromethane (ind.)
Dichlorvos (agr.)
2,3,7,8-TCDD Dioxin {ind.}
epichloorhydrn {ind.)
ethyleenoxide {ind.}
formaldehyde {(ind.)
gamma-HCH (Lindane) {agr.)
hexachlorobenzene (ind.)
Nickel {ind.)
Nickei-refinery-dust {ind.)
Nigkel-subsulfide {ind.)
PCBs (ind.)

pentachloorfeno! (ind.)
propyleenoxide (ind.)
styrene (ind.)
perchloroethylene (ind.)
carbontetrachloride {ind.)
chloroform (ind.)

vinylchloride (ind.}

3.18€E-07
2.44E+01
5.99E-06
2.25E-05
7.06
1.30€-06
2.38E-03
1.83E-06
8.64E-03
1.47E-01
3.94E-03
6.37E-03
1.27E-02
2.04E-02
1.26E-05
1.40E-04
2.09E-08
6.00E-06
3.99E-02
4.12E-06

767E-07
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M99 12 Respiratory effects on humans caused by organic substances

(H.A)

Damage factor

Com-part-ment Substances {DALY/kg)
Air 1,1, 1-trichloroethane 1.96E-08
Air 1,2,3-frimethyl benzene 2.72E-06
Air 1,2, 4-trimethyl benzene 2.72E-06
Air 1,3.5-trimethyl benzene 2.98E-06
Air 1,3-butadiene 1.87E-06
Air 1-butene 2.30E-06
Air 1-butoxy propanal 9.36E-07
Air 1-hexene 1.87E-06
Air 1-methoxy 2-propanol 7.91E-07
Air 1-pentene 2.13E-06
Air 2,2-dimethyl butane 5.19E-07
Air 2,3-dimethyl butane 1.19E-06
Air 2-butoxy ethanol 9.36E-07
Air 2-ethoxy ethanol 8.34E-07
Air 2-hexanone 1.19E-06
Air 2-methoxy ethanol 6.47E-07
Air 2-methyt 1-butanol 8.51E-07
Air 2-methyl 1-butene 1.70E-06
Air 2-methyl 2-butanol 3.06E-07
Air 2-methyl 2-butene 1.79E-06
Air 2-methyl hexane 8.51E-07
Air 2-methyl pentane 9.36E-07

Air 2-pentanone 1.19E-06



Air
Air
Alir
Air
Air
Air
Air
Air
Air
Air
Air
Air
Ar
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air

Air

3,5-diethyl toluene

3.5-dimethyl ethyl benzene

3-hexanone
3-methyl 1-butanol
3-melhyl 1-butene
3-methyl 2-butanal
3-methyl hexane
3-methyl pentane
3-pentanol
3-pentanone
acetaldehyde
acetic acid
acetone
propionaldehyde
alcohols
aldehydes
atkanes

alkenes

benzene

butane

butancl

butene

cis 1,2-dichloroethene
cis 2-butene

cis 2-hexene

cis Z2-pentene

CxHy aromatic

2.81E-06
2.81E-06
1.28E-06
8.51E-07
1.45E-06
7.91E-07
7.83E-07
1.02E-06
9.36E-07
8.51E-07
1.36E-06
2.13E-07
2.04E-07
1.70E-06
7.60E-07
1.40E-06
7.50E-07
2.10E-06
4.68E-07
7.57E-07
1.36E-06
2.4TE-06
9.36E-07
2.47E-06
2.30E-06
2.38E-06

2.10E-06

11



Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
AIr
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air

Air

CxHy chioro
CxHy halogenaled
cyclohexane
cyclohexanol
cyclohexanone
decane
di-i-propyl ether
diacetone alcohol
dichloromethane
diethyl ether
dimethyl ether
dodecane

esters

ethane

ethane diol
ethanol

ethene

ethers

ethyl t-butyl ether
ethylacetate
ethylbenzene
acetylene
formaldehyde
formic acid
heptane

hexane

i-butane

3.50E-07
3.50E-07
6.21E-07
9.36E-07
6.47E-07
8.26E-07
1.02E-06
5.62E-G7
1.45E-07
1.02E-06
3.74E-07
7.66E-07
3.70E-07
2.64E-07
8.26E-07
8.34E-07
2.13E-06
7.40E-07
4.60E-07
4.60E-07
1.53E-06
1.87E-07
1.11E-06
6.88E-08
1.11E-06
1.02E-06

6.64E-07
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Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Alr
Air
Air

Air

i-butanol
i-butyraldehyde
i-pentane

i-probanol

i-propy! acetate
i-propyl benzene
isoprene

ketones

m-ethy! toluene
m-xylene

methane

methanol

methyl acetale
methyl chloride
methy! ethyl ketone
methyl formate
methyl i-butyl ketone
methyl i-propyi ketone
methyl propene
methyl \-buty! ether
methyl t-butyl ketone
n-butanol

n-butyl acetate
n-butyraldehyde
n-propanol

n-propyl acetate

n-propyl benzene

8.09E-07
1.11E-06
8.51E-07
2.98€-07
4.60E-07
1.11E-06
2.38E-06
B.70E-07
2.21E06
2.38E-06
1.28E-08
2.81E-07
1.02e-07
1.11E-08
8.09e-07
7.15E-08
1.02E-06
7.83-07
1.36E-06
3.32E-07
6.98€-07
1.36E-06
5.19€-07
1.70E-06
1.19E-06
6.21E-07

1.36E-06
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Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air

Air

neopentane
NMVOC

nonane

o-ethyl toluene
o-xylene

octane

p-ethyl toluene
p-xylene
pentanal
pentane
propane
propane diol
propene
propanoic acide
s-butanol
s-butyl acetate
t-butanol

t-butyl acelale
perchloroethylene

foluene

trans 1,Z2-dichloroethene

trans 2-butene
trans 2-hexene
trans 2-pentene
trichloroethylene
chloroform

undecane

3.74E-07
1.28E-06
8.51E-07
1.96E-06
2.30E-06
9.36E-07
1.96E-06
2.21E-06
1.62E-06
8.51E-07
3.83E-07
1.02E-06
2.38E-06
3.23e-07
8.51E-07
5.79E-07
2.64E-07
1.36E-07
6.21E-08
1.36E-06
8.43E-Q7
2.47E-06
2.30E-06
2.38E-06
6.98E-07
4.94E-08

8.26E-07
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Air VOC 6.46E-07

Air xylene 2.21E-06

A9 U3 Respiratory effects on humans causedby inorganic substances (H,A)

Damage factor

Com-part-ment Substances {DALY/kg)
Air ammonia 8.50E-05
Adr dust (PM10) 3.75E-04
Air dust (PM2.5) 7.00E-04
Air ISE 1.10E-04
Air NO 1.37E-04
Air NO2 8.87E-05
Air NOx 8.87E-05
Air NOx (as NO2) B8.87E-05
Air 502 5.46E-05
Air S0O3 4.37E-05
Air SOx 5.46E-05
Air SOx (as SO2) 5.46E-05

A9 14 Damages to human health caused by climate change (H A)

Damage factor

Com-part-ment Substances (DALY/kQ)
Air methyl chloroform -4.30E-05
Air perfluorethane 2.00E-03
Air trifluoroiodomethane 2.10E-07
Alr perfluormethane 1.40E-03

Air CFC-11 2.20E-04



Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air

Air

CFC-113

CFC-12

carbon dioxide

methylene chloride

HALON-1301
HCFC-123
HCFC-124
HCFC-141b
HCFC-142b
HCFC-22
HFC-125
HFC-134
HFC-134a
HFC-143
HFC-143a
HFC-152a
HFC-227ea
HFC-23
HFC-236fa
HFC-245¢ca
HFC-32

HFC-41

HFC-4310mee

methane

nitrous oxide

perfluorbutane

perfluorcyclobutane

6.30E-04
1.40E-03
2.10E-07
1.90E-06
-7.10E-03
6.60E-06
8.50E-05
9.20E-05
3.40E-04
2.80E-04
5.70E-04
2.10E-04
2.70E-04
6.30E-05
7.80E-04
2.90E-05
5.90E-04
2.60E-03
1.40E-03
1.20E-04
1.40E-04
3.. 10E-05
2.70E-04
4.40E-06
6.90E-05
1.50E-03

1.90E-03
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Air

Air

Air

Air

Alr

Air

perfluorhexane
perflucrpentane
perflucrpropane
sulphur hexafluoride
carbontetrachloride

chloroform

1.60E-03
1.70E-03
1.50E-03
5.30E-03
-2.60E-04

8.30E-07
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1919 15 Human heaith effects caused by ienising radiation (H,A)

Com-part-ment Substances Damage factor (DALY/kQ)
Air C-14 2.10E-10
Air Co-58 4.30E-13
Air Co-60 1.60E-11
Air Cs-134 1.20E-11
Air Cs-137 1.30E-11
Air H-3 1.40E-14
Alr 1-129 9.40E-10
Air [-131 1.60E-13
Air 1-133 9.40E-15
Air Kr-85 1.40E-16
Air Pb-210 1.50E-12
Air Po-210 1.50E-12
Alr Pu alpha 8.30E-11
Air Pu-238 6.70E-11
Air Ra-226 9.10E-13
Air Rn-222 2.40E-14
Air Th-230 4 50E-11
Air U-234 9.70E-11
Air U-235 2.10E-11



Air

Air

Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water

Water

U-238
Xe-133
Ag-110m
Co-58
Co-60
Cs-134
Cs-137
H-3
1-131
Mn-54
Ra-226
Sb-124
U-234
U=235

U-238

8.20E-12
1.40E-16
5.10E-13
4.10E-14
4.40E-11
1.40E-10
1.70E-10
4.50E-16
5.00E-13
3.10E-13
1.30E-13
B.20E-13
2.40E-12
2.30E-12
2.30E-12
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#1979 16 Human health effects caused by ozone layer depletion (H,A)

Com-part-ment

Substances

Damage factor (DALY/kg)

Air

Air

Air

Air

Air

Air

Air

Air

Air

Air

1,1,1-trichloroethane
CFC-11

CFC-113

CFC-114

CFC-115

CFEC-12
HALON-1201
HALON-1202
HALON-1211

HALON-1301

1.26E-04
1.05E-03
9.48E-04
B.95E-04
4.21E-04
8.63E-04
1.47E-03
1.32E-03
5.37E-03

1.26E-02



Air
Air
Alir
Air
Air
Air
Air
Air
Adr
Alr
Air
Air

Air

HALON-2311
HALON-2401
HALON-2402
HCFC-123
HCFC-124
HCFC-141b
HCFC-142b
HCFC-22
HCFC-225ca
HCFC-225ch
methyl bromide
methyl chioride

carbontetrachloride

1.47E-04
2.63E-04
7.37E-03
1.47€-05
3.16E-05
1.05E-04
5.26E-05
4.21E-05
2.11E-05
2.11E-05
6.74E-04
2.11E-05

1.26E-03
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9.2 Damage category Ecosystem Quality (H,A)

M1919 17 Damage to Ecosystem Quality caused by ecotoxic emissions (H,A)

Damage factor

Com-part-ment Substances (PDF/kg)

Air 1,2, 3-trichlorobenzene 3.51E-02

Air 1,2.4-trichlorobenzene 2.54E-02
Air 1,3.5-trichlorobenzene 1.29E-01

Air 2,4-D 1.46E+00
Air Arsenic 5.92E+02
Air Alrazine 2.09E+02
Air Azinphos-methyl 1.10E+04
Air Bentazon 7.33E+00
Air benzene 2.75e-03



Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air

Air

benzo(a)pyrene
Carbendazim
Cadmium

Chromium

Copper
di{2-ethylhexyl)phthalale
dibutylphihalale
Dichlorvos
2,3,7,8-TCDD Dioxin
Diquat-dibromide
Diuron

DNOC

fentin acetate
fluoranthene
gamma-HCH (Lindane)
Hexachlorobenzene
Mercury

Malathion

Maneb

Mecoprop
Metabenzthiazuron
metals

Metamitron
Metribuzin
Mevinphos
Monolinuron

Nickel

1.42E+02
2.40E+03
9.65E+03
4,13E+03
1.46E+03
1.94E-03

1.13E-01

1.61E+00
1.32E+05
2.38E+03
4.43E+03
8.19E+00
6.77E+02
4. 37E-02

2.16E+00
3.88E+01
8.29E+02
1A7E+02
3.84E+01
7.79E-02

3.07E+02
2.80E+02
3.78E+01
4.92E+02
213E+03
1.06E+02

7.10E+03
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Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Walter
Water
Water
Water
Water

Water

PAH's

Parathion

Lead
Polychlorobiphenyls
pentachiorophenol
Simazine

Thiram

toluene

Trifluralin

Zinc
1,2,3-trichlorobenzene
1,2,4-trichlorobenzene
1.3,5-trichlorobenzene
24-D

Arsenic

Alrazine
Azinphos-methyl
Bentazon

benzene
benzo(alpyrene
Carbendazim
Cadmium

Chromium

Copper

di{2-ethylhexyl)phthalate

dibutylphthalate

Dichlorvos

7.80E-04
6.05E+01
2.54E+03
8.07E+01
1.33E+01
1.44E+03
2.26E+02
2.40E-04
1.09E+00
2.89E+03
1.56E-01
1.39E-01
2.73E-01
7.56E-02
1.14E+01
5.06E+01
8.87E+02
5.81E-02
4.80E-02
3.68E+01
1.63E+02

4 80E+02

6.87E+01

1.47E+02
6.37E-01
1.62E+00

1.81E-01
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Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water

Water

dioxins (TEQ)
Diquat-dibromide
Diuron

DNOC

fentin acetate

fluoranthene

gamma-HCH (Lindane)

hexachlorobenzene
Mercury

Malathion

Maneb

Mecoprop
Metabenzthiazuron
Metamitron
Metribuzin
Mevinphos
Monolinuron

Nickel

PAH's

Parathion

Lead
Polychlorobiphenyls
pentachlorophenol
Simazine

Thiram

toluene

Trifluralin

1.87E+05
1.18E+02
2.31E+02
6.73E-01

7.85E+02
3.96E+00
1.04E+01
4.55E+01
1.97E+02
1.64E+02
6.23E-01

1.35E-02

1.43E+01
3.77E-01

3.18E+00
6.7 3E+01
1.04E+01
1.43E+02
2.10E-03

2.48E+02
7.39E+00
2.58E+02
2.51E+01
6.03E+01
8.74E+02
1.73E-01

7.80E+01
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Water
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Sail
Soil
Soil
Soil
Soil
Sail
Soil
Soil
Soil
Soil
Soil
Soil
Soil
Soil

Sail

Zinc

1,2,3-trichlorobenzene (ind.)
1,2,4-trichlorobenzene (ind.)
1,3,5-trichlorobenzene (ind.)
2.4-D (agr.)

Arsenic (ind.)

Atrazine (agr.)
Azinphos-methyl (agr.)
Bentazon (agr.)

benzene (ind.)
benzo(a)pyrene (ind.)
Carbendazim {agr.}
Cadmium {agr.)

Cadmium (ind.)

Chromium {ind.}

Copper (ind.)
di{2-ethylhexyl)phthalate(ind)
dibutylphthalate (ind.)
Dichtorvos (agr.)
2.3,7,8-TCDD Dioxin {ind.)
Diquat-dibromide (agr.)
Diuron {agr.)

DNOC {agr.)

fentin acetate (agr.)
fluoranthene {ind.)
gamma-HCH (Lindane) (agr.)

hexachlorobenzene (ind.)

1.63E+01
2.41E+Q0
2.26E+00
1.19€+00
1.27E-04
6.10E+02
1.49E-01
3.55E-01
1.66E-02
4.97E-01
7.25E+03
2.34e+00
3.01e+01
9.94E+03
4.24E+03
1.50E+03
2.67E-02
1.14E+00
7.52E-04
2.09E+05
6.84E-02
4.07E-02
6.17E-03
3.84E-01
8.00E+00
1.38E+00

9.96E+01
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Sail
Soail
Soil
Soil
Soil
Sail
Soil
Sail
Soil
Saoil
Sail
Soil
Soil
Soit
Soil
Soil
Soil
Soil

Soil

Mercury (ind.)
Malathion (agr.)
Maneb (agr.)

Mecoprop (agr.)

Metabenzthiazuron (agr.)

Metamitron (agr.)
Metribuzin (agr.)
Mevinphos (agr.)
Monolinuron (agr.)
Nickel (ind.)
Parathion (agr.)
Lead (ind.)

PCBs (ind.)
pentachloorfenol (ind.)
Simazine (agr.)
Thiram (agr.)
toluene {ind.)
Trifluralin (agr.}

Zinc (ind.)
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1.68E+03
2.79E-02
2.61E-01
2.79E-06
3.15E-01
2.03E-04
4.91E-02
2.09E-01
4.38E-01
7.32E+03
3.24E-02
1.29E+01
8.35E+02
2.51E+01
3.87E-01
9.96E-01
6.79E-02
2.07E-02

2.98E+03

AT 18 Damage to Ecosystem Quality caused by the combined effect of acidification

and eutrophication (H,A)

Damage factor

Com-part-ment Substances (PDF/kQ)
Air ammaonia 15,57
Air NO 8,789
Air NO?2 5,713



Air

Air

Air

Air

Air

Air

NOx
NOx {(as NO2)
SQO2
S03
SOx

SOx (as SO2)

5,713
5713
1,041
0,8323
1,041

1,041
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#1914 U9 Damage to Ecosystem Quality caused by land

occupation and land conversion (H,A)

Damage factor

Land-occupation {PDE/m2a)
land use -1 0.51
land use -1V 0.96
land use -V 0.96
land use V-V 1.15
Occup. as Contin, urban land 1.15
Occup. as Convent. arable fand 1.15
Occup. as Discont. urban land 0.96
Occup. as Forest land 011
Occup. as Green urban land 0.84
Occup. as Industrial area 0.84
Occup. as Inlens. meadow land 1.13
Occup. as Organic arable land 1.09
OCccup. as organic meadow land 1.02
Occup. as rail/ road area 0.84
Occup. as Integrated arable land 1.15
Occup. as less intens.meadow land 1.02




Damage factor

Land conversion {PDF/m?2a)
Conv. to Continuous urban land 34.53
Conv. to Convent. arable land 34.38
Conv. to Discontinuous urban 28.73
Conv. to Green urban 25.16
Conv. to Industrial area 25.16
Conv. to Integr. arable land 34.38
Conv. to Intensive meadow 34.02
Conv. to Less inlensive meadow 30.62
Conv. to Organic arable iand 3273
Conv. to Organic meadow 30.62
Conv. to rail/ road area 25.16

1.3 Damage category Resources (H,A)

#1379 ¥10 Damage to Resources caused by extraction of minerals (H,A)

The unit of damage is MJ surplus energy per kg extracted material.

Minerais

Damage factor (MJ surplus/kg)

aluminium (in ore)

bauxite

chromium (in ore}

chromium (ore)

copper (in ore)

copper (ore)

iron (in ore)

iron (ore)

lead (in ore)

2.38
0.5
00165
0.275
36.7
0.415
0.051
0.029
7.35
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lead (ore)
manganese (in org)
manganese {ore)
mercury (in ore)
molybdene (in ore)
molybdenum (ore)
nickel {in ore)
nickel {ore)

tin {in ore)

tin (ore)

tungsten {ore)

zinc (in ore)

zinc {(ore)

0.368
0.313
0.141
165.5
41
0.041
16.32
0.245
600
0.06
0.323
1.885
0.075

719749 U119 Damage t¢ Resources caused by

extraction of fossil fuels (H,A)

Damage factor

Fossil fuels (MJ surplus/kg)
coal 0.252

coal ETH 0.155

crude gas 4.2

crude ol 5.9

crude oil (feedstock) 59

crude oil (resource) 1.44E-01

crude oil ETH 6.13

crude oil IDEMAT 6.15

energy from coal 8.59E-03
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energy from natural gas 1.50E-01

energy from oil 0.144
hard coal (resource) \\" /// 8.59E-03
natural gas \ / 4.55
natural gas m. ' ; 5.25
natural iﬁ
natural Y \.;c_)l r J

naturat

1.50E-01

oil
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