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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 w~th  

Eco-indicator 99. The results showed that Ethyl-benzene dehydrogenation w~th 

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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& i u a n ~ l ~ 4 u i ~ w ~ j ~ i u ~ ~ a z ~ m ~ ' i u d 1 ~ ~  qauiiqaaqLidu~ddnunon~i~~~aa~'au rdaui - asnio1uniodjiud~~utflfimw~fi~iinuansznudai~uam6a~6nud~m 



n i d o : d u , j , ' , ~ ~ i j ~ n ~ i i ~ d ~ ~ n s i 7 4 ~ i n ~ ~ ' w 4 ~ o n i 4 f 4 ~ 9 f i d o ~ ~ i i ~ ~ u  'io nio 

IlozrijuTg<no45~1~i~unozu~uniorlo~~~uriiu~no~nu~ij~of~u~~bo~ao~uGwfia.n' 
w 

(Product) uhu6idao-auG~1fia6 (Function) FIRoATg<n5%RYo4uf R n ' a n ' l h  ~ B U L ~ U W A  

r~.al~10uiaikfi~qu 

LCA @ n ~ i u i ~ ~ u n ? o f i ~ u w n @ ~ n ~ ~ ~ z f i i u u ~ u ~ ~ u i ~ ~ i u f ~ ~ ~ ~ ~ ~ u ~ ~ z ~ ~ u d ? u  
d 

~ d 4 ~ ~ 4 ~ ~ n n i ~ ~ l 4 i ~ n @ n ~ 9 9 ~ ~ ~ 1 ~  lnternational Standard for Organization (ISO) 14000 

~ i 6 l ; l u r " o o 4 l d n u ~ n ' ~ u i s \ o ~ i u n i ~ ~ n l o ~ 4 ~ 9 ~ ~ ' 0 u  (Environmental Management Standard) 
d 

rwofiiuumgrlrruu?8niou~z~u:utilnunioIloz~ijuT~<no~?~~o~ut~n'an'oyntuao~ ISO 

14000 nd~tr94f14fil.1 LCA K~LL~A~IURI?I-I~$ 2.1 

lnternational Standard IS0 14040 (1997) on principles and framework. 

lnternational Standard IS0 14041 (1998) on goal and scope definition and 

inventory analysis. 

lnternational Standard IS0 14042 (2000) on life cycle impact assessment. 

lnternational Standard IS0 14043 (2000) on life cycle interpretation. 











2.1.5.1 ns~un?si?i7riiua?unaa LCA 

n7wd 2.1 nwunioi i~Guqiu LCA a a ~ a y n o u u i n ~ ~ j i u  ISO 14040 

(&I: International Standard IS0 14040: 1997(E)) 

2.1.5.2 n i f ~ i ~ ~ ~ l ~ i j i ~ ~ i w u ~ : : n a u ~ ' ~ ~ m n a a n ~ ~ ~ n ~ ~  (Goal and Scope Definition) 

n i s i i u u n ~ f l i ~ u i ~ ~ ~ : ~ a ~ ~ a ~ ~ a ~ n i o ~ n l r r i ~ ~ u ~ u ~ a u d d ~ ~ ~ l u n ~ ~ ~ ~  LCA 
d 

~ ~ a l i i r ' i m n ~ i u ~ m n u l u ? n ~ d t ~ a ~ ~ h ~ ~ n i ~ d n l r r i ~ ~ ~ ~ f i i u u m ~ : ~ ~ ~ ~ ~ d n u ~ l i i n ~ ~ t i l ~ u  

n~iu6aqnio ~ ~ ~ ~ u < ~ r d ~ r n a ~ ~ , d r ; i ~ ~ ~ ~ ~ r ~ ~ u d d i ~ ~ l i ; ~ ~  

n i f ~ i ~ u ~ ~ i j i H u i o n a . r n i ~  (Goal) 



n?.in'?%uwaouram~a~n7~dn117 (Scope) 

- niqiiivuniqdqzdnwmuiqiiivumvdquvrjiii 

- iiivum[ii?~~dq (parameter) ~ ~ v u i z m u l u n i 0 1 l ~ z ~ j j u u a n 0 z n ~ i a ~ ~ ~ ~ ~ ~ a u  

- n i ~ ~ . r ~ n s z u ~ u n i ~ u ~ ~ d i i ~ l ~ n i ~ i ~ u ~ n ~ n u ~ u ~ z ~ ~ ~ ~ m f i m w ~ ~ u ~ u ~ ~ u  

~i]iuuiuaa~niqdozIjjuigGn&m 

- n i ~ i i i v u n ~ a ~ ~ ~ ~ ~ ~ a ~ ~ z u z ~ ~ a i l u n i ~ i i ~ ~ u ~ i u  ~ ~ u ~ ~ i i i v u n ~ n f i l u l a l j ~ ~ z  

d i u i l ~ u s z u u u z n ~ m 6  
4- z 

- nidud?uaa~uans:nuni~~~LL~nn"au (allocation) nmnau~uo:uuu~~fim6 

n7?ri7%u~%lhi (Functional Unit) 



aauramaaq%uu (System Boundary) 

anuranan.rtzuu1udd~=rramq~1qaouvawozviiqtzuuuiiwfiwn' (Product system) 
cd .4 3 ~u~.rrr~~Einuu~"4aKuuiiwfimnoul Tmudtzuuuiiwfitun'~~ t z u u n ~ n i i a n . r a u ~ i n  

d 
ntzuquniociocr TmcrGit=u~nozu~uniotintl (unit process) ~aiuno=u~unituiraoudnKu 

T m u o i ~ u n i t l u a a ~ ~ u i i ~ f i m n ' a o ~ ~ ~ t i i ~ ~ n o : u ~ u n ~ t ~ o c r ~ ~ u ~ ~ ~ ~ o u T c r ~  Kq6ulut=uu 

uiiwfimni.rdtznoum*?cr ns=uqunittiocr C~nioluaaa.rn~wcrino 5'mq~uu~"oowiY~~iuqin 
4 -  3 

~ ~ r r ~ m ~ a u ~ a ' i ~ s ~ u u r m ~ ~ ~ n i t l u a a n ~ u ~ w f i m n ' u ~ n a o ~ r ~ c r n m ~ a u ~ i n n o : u ~ u n i o t i i i ~ ~  

nnn$&uqm&nu 

qruniwaaqa'oyn (Data Quality) 

d 
r u o ~ ~ i n n i t f i n a i  LCA ~ n ~ ' l ~ + o ~ a ~ i u ~ u u 1 n ~ ~ ~ i r d ~ 6 o ~ i j n 1 t t = ~ m u a ~ ~ " a c r m  

r r a ~ o ~ K u Q ~ i w a ~ ~ a ' ~ r ? ~ ~ w t ~ z A . ~ n ~ w a n ~ + n ~ a d l ~ u ~ u m o u n ~ t ~ ~ m t ~ ~ G 1 ? r y ~ m c r n ~ t  

~ a u ~ u n d o q ~ i w a o ~ u n a P d a o ~ n i t d o : ~ ~ u ~ ~ ~ o $ i ~ a o ~ ~ ~ d a u l  niot:q~mniwan.r 

i ~ i o y n m ~ t m ~ u ~ ~ u ~ ~ ~ ~ r r d o d d ~ ~ r y  rdu 



2.1.5.3 n79?~~1nz6@~91unq? (Life Cycle Inventory Analysis: LCI) 

n ~ ~ 5 ~ m ~ 1 z C f i ~ % ~ ~ ~ n ~ ~ ~ ~ u ~ ~ r r ~ m 6 a u r ~ u n ~ ~ r ~ u ~ ~ u ~ ~ u u n = i ~ u ~ m l a y n ~ l &  
d "4 

qinns:u?uniriiq-, n~uniriiiuunl~u~~~ukumauni~iiiuumrilquuiuunzaa~~amna~ 

n~~~nmrnu~~m3;7~rruuiina~aa~~:uu~ijmn'mn' (product system) n i ~ i ~ u ~ m u q f i u i m  
d na~~1m1~41un:a1ra1aan~1ns~uuna~uijmn'run'kufi~1sm1"ons'wu?nsun~w~~~1un 

l~un~ou~unno=nusiad~rr~~6auwna~?'g<n&waa~u~mn'mn' 

n?9&~san+~ya (Data Selection) 

n ~ ? n ~ u n ? n ~ w n u r n m n ~ ~ ~ ~ u u  (Refining System Boundaries) 



%ni?~ i~? t -u  (Calculation Procedures) 

~??~~nw'84¶iQ4&i~a (Validation of Data) 

n~?<ma?saw~ym~"s~ni?ilud?u (Allocation) 

2.1.5.4 nqodsr~Guaanznu (Life Cycle Impact Assessment: LCIA) 



nisR'ndenn~uuansnu (impact categories) 



~ ~ S A V S I L S B ~ A V ? ~ ? " ~ ~  (Category indicators) 

nisi irrunrj%~nn (Classification) 

n7sri7wu~unu7n (Characterization) 

n~rfiiHumunuinLfluniruam~dr:Lnnro~uanr=nulGo~luedao~w'?li~~ 

(Indicator) lAu~$aYdiudn~wa~ (Characterization Factor) ~un i r~mr~ord~cruq~n fou im~ i  

u ~ n ~ f l u d i l i ~ ~ r ~ ~ u n n s = n u ~ ~ n ~ i i n i m u ~ ~ ~ ~ ~ u m a o ~ u a n r n u  thaunir 

d 
wo EP,(Environmental impact potential) Zo aYdi~~n~niw~o~uanrznun7~i~uamrjou 

~ l H s ' ~ ~ a n r ~ n ~ d ? : L n n  j l m  1 (kg substance equivalent) 
d 

Qi (Quality of Substance) i o  fmimuaniazai? j nddocroonui 

EF, (Equivalency factor) Zo f i i ~ i u u ~ i i a o ~ a q r  i &11~~'imuatl~=n~n14 

aq11~m6ou j 



nisulaui6lan.auan~nu (Normalization) 

d 
8 NP,-, (Normalized Environmental Impact Potential) &I d~dn2inidnuninaaq 

unnoznuniqdq~~aw~bu j ~ w l  ao~uzslfiwniwl 

T (Life Time of Product) &a a i $ n i ? ' L ~ ~ i ~ a o . r u ~ ~ f i w n '  

ER, (Normalization Reference) Zs di6 i~Z~dn' iao. ru~noznuni~6~~~am~'au i d ~ i i m  
d 9 i n n i ? n o z v i i a n ~ ~ 1 ~ u ~ ~ ~ ~ i o i l  (kg substance equivalenVperson/year) 

nis<mn?u (Grouping) 

ni91H'di~lu~n (Weighting) 

n i o l ~ d i ~ i u ~ n ~ f l ~ ~ u m a u l u n i ~ l ~ ~ a i u i i ~ ~ ~ a o ~ ~ n i r r w z ~ n ~ u n n o = n u ~ ~  3 
" " 4 "  " 

doz Lnn ;a q a n i ~ u y ~ o z u u i i ~ w d  n i ? ~ ~ n ~ n i ~ ~ i n ~ ~ n z ~ a u d i a a ~ w ¶ u ~ a a m n ' ~  3 d7:Lnn 

1H'~flunz~~uu~Zua 

WPj = WF,x NP, 



d 
N o  WP, (Weighted Environmental Impact Potential) iia 618ntln7wni~ufinq:nuni~ 

" 
a~u?m6ou j ' L m l  v ~ ~ n ~ ~ ' L f i 6 i ~ i u C n n ? i u d i ~ r y u 6 ~  (person for target: Pt) 

4 
" 

WF, (Weighting Factor) ~a d i ~ ~ d ? u i i u C n n ~ i u d i 6 r y ~ a ~ u n n ~ ~ n u n i ~  

idqu?w&au j ' ~ m l  1 u ~ d i q ~ i l 7 u u i t ~ a i 1 ? ~  

2.1.5.5 nwudauw (Interpretation) 

" 
4 4 

ni.sds~~iju?~<nsfjw6sq'L4a'aynun~6~~nuuinuiu K~Cuqqunioi7ldqunou 

di~%;d~%i4i?tl'Luni'5?~~qi~6un ~ ~ ~ i ~ a i u i o n ~ m n i ~ ~ ~ % o y ~ ~ a ' o ~ i ~ ~ ? m ~ " o ?  a:m?nauitl 
a 

l l R : ~ ~ N n i ~ u i n ¶ ~  & l ~ u ~ o u ~ % d s u n s u  Microsoft Excel u% Spreadsheets 'Lldnl? 
a d iiu?cu ~~hi j9~f iu~ufiuu~I%dq~~nqudi~q~duin~u ~ u o ~ ~ ~ n a i u i ~ n 1 4 ~ i u I ~ ~ i t l  mu& 

A d -  
dozuCm~?ni~~n=rii'L44itl uan~7n6~qaiuion'~~~~unqzu?uniquiiwnuqiu?ukuwau 

u i n l  un=~dou~t l . r~u~iua 'ayn LCA n"$i\~nL?~nn nl?ati~~ldllo~~nsudi~3~;d~~tlu'Ldd1~~~ 

n i o j n w  LCA uamq~uniol.ri 2.3 













2.2.3 3Zdmru'udiuanmnufnu Em-indicator Method 

-4 

?filun?odo:riiudi uans=nuniqidq~~a mdouluilqqu'uu"uaiu;j"sdu Ecoscarcity 

Method. Environmental Theme Method, Environmental Design of Industrial Products 
-4 d 

(EDPI), Ecoindicator Method L ~ u ~ u  uu?l Ecoindicator ~ ~ ~ ? f i ~ ~ # ~ ~ i ~ ~ ~ ~ ~ ~ i ~ L ~ t i : ~  

.A o:uunio16s;%iuCn~a~ua~u#o~ani~~iud~u~mdauno.r?sl~~uua:u~~fimm wi'unou 
4 "  1 nido:LjjuuAns:nun14id4u?mFiouao.r Ecoindicator Method UA4U 

?'nq'iu WRY~IU u~:ao.~~~uq:~n~qn~q~~i]udo:mnno~uano~uf~ 1 1  dszmn 
* 

uans:nuG 1 1  do:mnq:~n4mnAuoon~flu 3 nqu miu~nm:no~nqutiliuuiu 

~ ~ ? I ~ ~ ~ ~ C ~ ~ % ~ ~ ? ~ ~ ~ I A ' ~ U A : ~ ~ ~ ~ : U U U L ~ ~ A : L L ~ U L ~ ~ ?  

aaniwlryna' (Human Health) dmnnu&9u 

- aioriau:t?q (Carcinogenic) 

- uano:nubi7uni0uiukqintun"4u'~io (Respiration of organic substance) 

- uano:nu~iunimiuk~ino~un"4u'dio (Respiration of inorganic substance) 

- f l i o l L ~ ? 4 ~  (Radiation) 

- ni?:lanhu (Climate change) 

- nioama4ao4lolnu (Ozone depletion) 

muuiir9m6 (Ecosystem) dmnauhu 

- ni?:A?iu~gunom (Acidification) I nia:;boi;lm%u (Eutrophication) 

- A ? I U L ~ ~ % U  (Ecotoxicity) 
"-4 d - fli?l¶w~n (Land use) 





2. Effect Analysis ;a ni?mh~~?1u8u$u~na~~?1u~$u~una~dio6udo:mnna~ 
w d u~no:numaGiuCnno~aimd6auaanq1no:uuaa~u2mfimn' 

w 

3. Damage Analysis ;a ~ I ? B ~ ~ A ? I ~ ~ ~ $ ~ ~ ~ ~ ~ ~ U I ~ ~ ~ ~ U A ~ ~ : ~ U ~ ~ ~ I U ~ ~ ~ ~ ~  

( D A L Y ~ ~ )  

uano:nudao:uu~~?~u~nu1uam~~uud?u8md?un1o~ryu1uaa~~1?1uu~1nu~1~ 
....a * d d  

a a ~ ~ ~ u n ~ w d a w u n ~ u a ~ ~ ~ n u a n o = n u u ' r a n ~ o : n ~ ~ ~ ~ u ~ m A a u  r r a a ~ l u u d ? u a a ~  

~ ~ ~ l m ~ l y e a r  (PDF: Potentially Disappeared Fraction) 

1. Fate Analysis ;a nioah~~?iu8u$u~aa~d19n$d6auaanqino=~uu~m~mn'eia 
* d" o=u=~~~i~~a=wunnu~~?iu~%u%u 

2. Effect Analysis ;a ~ ~ M ~ ~ A ? I ~ ~ ~ ~ ~ < ~ ~ ~ A ? ~ ~ L $ ~ % ~ ~ ~ ~ ~ ~ ~ ~ u u ~ ? ~ P I ? ~ ~ L ~ ~ ~  

3. Damage Analysis ;a n1~h~~?1u8u$u<na4~?1u~~u~6unlo@'ryulu 

( ~ ~ ~ l m ~ l y e a r )  

u ~ a a ~ n i o ~ m ~ ~ a a ~ n 5 w u i n o u a m ~ ~ ~ u u d ~ u ~ u i m n ~ ~ w ~ ~ ~ i u ~ l ~ u n i o a 6 m u ~  

U%L&LW& (MJ surplus energy) 

1. Resource Analysis ;a n l ~ 6 h ~ ~ ? 1 ~ 8 ~ $ ~ ~ ~ ~ 4 ~ 1 ~ d ~ ~ h ~ l ~ ~ ~ ~ l ~ ~ ~ l ~  

am~qnaqnhuino 

2. Damage Analysis ;a n ~ M ~ ~ ~ ~ ? ~ u & ~ ~ u ~ n a ~ n ~ o ~ m ~ ~ n a ~ n h u l n o n ' ~ ~ ? ~ u  
d ' 3  wuiuiun~~uaulunioan'Pln5wiuu7noluaui~w 

UA91nnl?il Fate Analysis, Effect Analysis LLA: Damage Analysis L U ~ ~ U ~ U A  

7 l ~ n l ? i l  Classification LLA: Characterization ;a n i ~ ~ ~ n ~ ~ ~ d l S L % l ' ? n g d ~ : ~ n ~ ~ ~ ~ A n ~ ~  
w 

n u ~ ~ ~ i 1 n 1 s ~ 1 ~ ? m u l d l n ~ 4 ~ ~ n o ~ n ~ ~ ~ e i ~ ~ d o : ~ n n  ~inCuq:l i in iouiauimna~ 





d 4 L  
rnmun?\d : Styrene; Vinyl benzene 

d d 
Tm6a4a~l : Phenylethylene; Styrol ; Cinnamene; Ethenylbenzene; Annamene: 

Styrolene; Cinnamene; Cinnamol; Cinnamenol; Diarex hf 77; 

Phenethylene; Phenylethene; Styron; Styropol; Styropor; Vinylbenzol; 

CAS number 1 100-42-5 

4 

nrnni Lnniuoa n:%Inu a:a1ol&"wlu~uu4~ LLR:XROL%JU 
d 

arnni 







Butylene 2% 

Butadiene 2% 

- . . 

Toluene 2.3% 

Xylene 3.1% 

Stvrene 9% 
I 

Benzene 7.1% 

Ethylene 48.7% 





6a~hd~ii94uid?=nnu&au1aonunnn1¶6~flu~ai?wa yiuun=ikunn~4uu~flu~aaCu 
d mYu (Promoter) ~ u n ~ ~ i n ~ w ~ ~ n a ~ ~ u u ~ d a u d a u ~ u n i ? ~ ~ u ~ ~ n ? ' 1 u % ~ 4 ~ a ~ + 4 d ~ i i m i u a ~ ~ 4  

daunmni?a=aumihnu~u~aan~~aj?~~d~~mi ~~GilGn'a~9~daiiwi$da~%ti1uiauiuuin 

ju u a n ~ i n ~ 6 a ~ + ~ d ~ ~ u i G ~ d ~ ~ n n ~ w ' a u T a ~ ~ n n n l a 6 6 a ~ u  aiGtdu C~o~$uunnnl¶6 

1huaan l~6hZu~Cunanla6  ~~a=ai~u~Zuunnnl¶6 rar  









d  
qinfiisiqn2.9 u a m ~ ' L ~ ~ ~ u ~ i n ~ z ~ ~ u n i m a n ' r ~ m ~ v ( ~ ~ a k s " i u m Y u a a ~ ~ a G n ~ u u ~ u  

P Y  ql d i ~ u 6 u i i i . a a a n ' r ~ ~ u ~ u 1 ~ 1 ~ G i u ~ ~ ~ i ~ ~ i l u ~ i u ~ q ~ u  ~uaqqinijdini~~i;an~iim'11aqal~"4u 
d -  A' d i iunzd~~cr in~nm'~~uFiaua' i~a 'uw~~~~ua~qinni~~i im ~ o t  spot i~~i;anAnmnszuaunis 

u'iwalfi7u 2 nszu?unis Sa ns~u~unis~lalmA~u%una~~an'n~uu~ui~uK~niudu41 

~ ~ n z n o z u ~ u n i ~ ~ l a ~ ~ ~ i ~ u % u n a ~ ~ a n ' n ~ u u ~ u i ~ u n l Y n i ~ l 4 n i ~ u a u l m a a n l ~ ~ u n i ~ a ~ i ~  
d 

~ ~ ~ ~ i n ~ ~ n s z u ? u n i s ~ ' i f i  ~ u a ~ ~ i n n ~ z u ? ~ n i ~ ~ ~ a ~ m ~ ~ u % u n a ~ ~ a ~ n ~ ~ u ~ u ~ ? u 6 ~ n i ~ ~ ~  

l a~ i~~unszu~un isd~cru lu~wa i~n~~uu ic r i~u iu  L ~ d n i s l % a ~ i ~ ~ i u . 1 9 a u ~ ~ d a u a ' i ~  

iinfii~~m~~azdqunnsznuha~qL~~m&au i ~ i i ~ i i i n i ~ ~ ~ c r u ~ ~ c r ~ n ' u n ~ z u ~ u n i ~ ~ 1 a l m ~ 7  

~ u % u a a ~ ~ a ~ n ~ u u ~ u i ? u ~ u n i ~ 1 ~ ~ i f ~ a u 1 m a a n 1 . 1 ~ ~ n u d n i ~ 1 ~ a ~ i ~ ~ ~ i i u a u 1 f i a a n 1 n 6  
4 sl a i ~ ~ f l u u ~ f i 6 m s i P ? u a ~ q n o z u ? u n i ~ u ~ ~ ' L u ~ ~ ~ ~ i u ~ a a i r r n o o u ~ ~ u s i ~ i ~ n ~ n z d ? c r n m  

unnsznuhnidqn?m~'au lmcrnszu~unis6C~a~lusz~uls~~iu6uuuu 





1 
~~a:i id~3cli i~r~u.rPn~adi 'Ll i"LB;ut~n'm6~~uiia ~uuqu~~a:1ng"a luno:u?u 

n i ~ u ~ r n ~ : ' ~ ~ a % i n ? i u ~ a u ~ ~  &iiqmuq~df:uim 720 D4fil1¶91~130~ 

1 ~ ~ i i n ~ ~ B u d ~ ~ c l i ~ ~ u u ~ ~ ~ ~ i u ~ a ~  q m ~ Q ~ d ~ ~ u n i f ~ i i ~ d ~ 3 c l i d ~ : ~ i m  650 a ~ f i i ~ m  

Acla n?iuKu 2.4 uif ~moid~ubaan~aiui lau6ida~aGa~uu~u~vi in l~  I I .75 1iiclidini0 

~ d ~ o u u d a ~ a a ~ ~ a G a ~ u u Q u  (conver~ion) 47.45 ua:din i~~~anr i i i i  (Selectivity) 
d ,  d aa4alnh5~;nclfi: 84.66 aa4uaunlniiaulu~~d4a4dan~& &n<l DEHYDROGENATION 

MIXTURE (DM) & d ~ ~ n ~ ~ l & ? i ? ( l  alrn%d L B ~ L U U % ~  LYU%~ 1ng'du ~ l ¶ \ ~ ~ i i Y l ~ I d  la%&d 18 
%I iilnu UR:AI~BUUDUD~~~¶A[~] 

.4 
V-101: ugminn DEHYDROGENATION MIXTURE aan7inlnd4~4d~n4&7:~ii 

d d 
L ~ ~ ~ ~ u R ~ L ~ R ~ ~ ~ ~ ? I u ~ ~ u  ~ 4 7 : ~ l ~ ~ l d 1 ~ ~ l Y R ~ ~ ~ ~ ~ ~ B ~ 4  DEHYDROGENATION 

MIXTURE u~47in~uf :uuQZi in i fuc ln6iua:n" i¶aanQin DEHYDROGENATION 

MIXTURE ~ i i c l ~ ~ k ~ ~ ~ u n a i ~  3 5 p - n ~  (Three phase separator) "A :I anaria? ua:iii¶ 

DEHYDROGENATION MIXTURE d ~ ~ ~ i n ~ : ~ ~ n i f ~ c l n ? ' ~ n i ~  ~ Z L ~ U P B ~ U ~ ~ U  

Y=H<IQ artilk L D ~ P A ~ U ~ U  LLIUQU LLR:~~Q;U IW" DEHYDROGENATION MIXTURE 67zQn 

d~ldn~uuunaln~uuauas' 

T-100: ~ ~ U ~ ~ ~ ' L U ~ ~ T ~ ~ U ~ L U ~ ~ B ~ I L ~ U ~ U L L R ~ ~ ~ ~ ~ " ~ U ~ ~ ~ ~ ~ ~ L U U ~ U L L R : ~ ~ ~ $ U  bcl 
" 

n a d l ~ ~ m u ~ Z u n i i u ~ d ~ ~ u i m  58 a4~1i~¶a~j1cla n?iuKud~:uim 225 ZaZu i j  US: 

qmriqQfiuuad~:uim I 12 a ~ m i ~ ¶ a ~ & ~ a  ~?iuKudt:uim 425 5aZuis' [IO] na4uau 

' S Z H < I ~ L U U ? U W : ~ ~ ~ ~ U ~ Z ~ ~ ~ ~ I ~ ~  BTX plant i ~ a i i n i o u u n ~ 1 u ~ u u ~ u ~ ~ a : ~ n ~ ~ u d a ~  







u a = ~ d ~ % u i % 1 ~ ~ 4 u ~ ~ ~ m ~ u i i l ~ & ~ ~ ~ f i w & ~ u 7 u r r ~ z C n ~ ~ u  CmudFjEuiihii~ 
f n~ iu~ur~dw~d~n?&r~ud~ksr r i r ruu~a~? iu~u  q ~ ~ Q ~ ~ ~ ~ ~ ~ i ? ~ ~ ~ d ~ ~ ~ i d ? ~ ~ l ~  

550 a.rflir¶ar~un A?IU&~ 0.75 u??uinifl ~ m ~ d ? u ~ ~ a n o ~ ~ i u f i ~ u ~ i ~ u o u ~ ~ o o n ~ ~ ~ ~ i o  

roSarudurriiKu 5 c A u ~ ~ ~ I ~ I ? L ~ ~ u ~ u ~ ~ ~ ~ B . ~ L B I ~ L u ~ ~ ~  (conversion) 74.1 rraz 
d, x dinisr~onr'im (Selectivity) .ao.rfilmh $ouaz96.9 aaqununmanulu~~$oqd~n?& t%~n<i 

DEHYDROGENATION MIXTURE (DM) d~dsznau~?u n1m;u LBG~LUUIU ~uuqu Cn~iiu 

;?'I )11CA?~qld d l n ~  LD%&.I fiihou)lmoonla6 A I ~ U C U B ~ U D ~ D ~ ~ ~ ~ U R ~ I B ~ I  [I21 

CRV-101: n ? z u ? u n i ? u ~ m n i i ~ o u ~ ~ o o n ~ n 6 ~ ~ u ~ ~ ~ i i m d ~ % u i  Water-gas shift 

Cmudnistlau~irrh~ntzu?uni? rAod id~Eui i?uKu~i iuouuouan ln~d~w~~i i  220 
d -  f oqmir¶adua A?IU&I I u~4?uini~i d~%uinmnaur9ud@ui~iu~~iuiau Cmuddin~s 

d rdauuudaq (conversion) niiu'uouuouonlam%ua- 90 [12] 

3. ~ u u n i ~ u m n 5 ' g n i ~  

V-101: ~ ~ q q i n i  DEHYDROGENATION MIXTURE oonqin~dsoqdfjn?&~=~n 
d ~ i ~ % i ~ L ~ + o 4 u a n r d a u u n ? i u i o u  ~ ~ ~ ~ ~ i ~ ~ i ~ ~ u n i t a m q ~ ~ ~ i i n o ~  

" " 
DEHYDROGENATION MIXTURE ~ ~ q ~ i n ~ u ? z u u ~ z ~ i n i ? ~ u n ~ ~ r r a z ~ i a o o n q i n  

DEHYDROGENATION MIXTURE ~murpPdo.~~un~l? 3 nnluz (Three phase separator) 
" 
Jl noqLHa? rrazz1a 

DEHYDROGENATION MIXTURE ~ l & q i n ~ : u u n ~ ~ ~ u n ~ ~ n ~ ~  qzrBuaa.~unu 

?:Mil4 nlGl%d lo?aruu%d ~uu~urra=Cn$u TAU DEHYDROGENATION MIXTURE &zQfl 

d~'ldnkurruna'lm%uouoi 



T-100: rii~CidIunitnkurronro~nrudu~rnzaIm"ouoon~innlu3urra=In~du ko 

u a 6 1 ~ ~ m ~ q ~ u a n ~ o d s ~ u i m  58 aqflir¶nr;ua n~iuKudtzuim 225 GnGuif un: 

qm~qi jn 'u~adt=u~m i 12 aaclirrar~ua ~qiuiudo:uim 425 Ijniiui4C ti01 qoquau 

t=d i~n lu~uunz~n~du~:~nd~Idd  BTx plant r ~ o ~ i n i t ~ w n r ~ u ~ u u ~ u u ~ z ~ n ~ d u ~ o ~ d  
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Expanded polystyrene (EPS) LLn: corrugated paperboard (CPB) pnJiuil4 

doduahiiq1 lugnawnoou lmu&uila"riluuoo~Km9iTa~n'unorunn h'aqhao.ra0m 
d 

sii~d~unnornu~ak~~?m6aunuflndi~n'ul~uu~ns:nuuon"A ~alfi~iimunni?:mrnifl4 
d ,  I d l ,  I * 

n~uinsl~u~nnsrnunrn~muurnmmus:uii~no:u~uniout~ma~Ta~~~ma~~rn~uanornu 
* d ," dl ndaaq"~ n i o r ~ u ~ u d l u n i o 8 ~ n a u u i n a u ~ w a r i i 4 m ~ a ~ ~ ~ m a ~  lmuluqiu~suu1871 LCA 

d r d  I 
r~ur~1sa~uand~ulunio1]o:~~u~nnsrnu<r~mnunoru~uniou~mna~ EPS UR: CPB I A ~  

* * 
Rqinmi~n~uolouaa~nis1]o:~i juTg<n~~ lmurr4uur3uu EPS unr. CPB uuumjrZuh 

I ," dl d ,  I 
EPS ttnr CPB ~ O n a a n ~ r u u a w i l u r j  ~~qiu~~uu~A1]o:r~u~ii~nnsrnunrnmnu~ia 

~ . r l~?m6auaa~ao~~ iu 'Lud?r~nn~~n~d i  uar'l~dsrrnou SimaPro LCA Version 5.0 
d I 

software's ~ n r %  Eco-indicator 99 method lunisdio?l 5 unno:nunriimmuBjai~rr?m 
I 

ni?rlnnYlou ni?:n?iu~?lunom ni?:aybff~n%u n?iur3uQu n1ol3rslarwt.r unr 

n i ~ i n i u o r u u n i s u i u l ~ r ~ a ~ u i ~ i n a 0 u n ~ a i o  
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Renou ua%Rcu% [I71 

1 ~ ~ n u ~ " o n n 7 ? d z = r ~ u ~ ~ 9 ' n ~ ? m ~ ~ i u ~ ? n d ? = ~ n f l ~ n ~ y n ~ ? f i ~ y ' ~ 1 : ~ ~ 8 ~  lmu6  

n q ? d o z r 5 u u ' ~ u n o ~ ~ n t t 1 ~ ~ 3 ~ ~ 0 ~ ~ q u 0 u ~ m l u ~  lmcll8'u6nnqAunq?dozrijuuan0znu 
4P d a  

~ ~ 4 ' i @ h ? ¶ ? m  ¶4u 5 ?%n?? i;a CML 2000. ECO Indicator 99. EDlP 96,EPS rrsz 

Ecopoints 97 nqd?=r~uuen?znu?z~iqq%n??dq~~ tu:ldl~uaidnm~&oqn'u~a uan?=nu. 

ni~a'?ueni?zPmunozqn nioamnqanqnFwclin ua:nni~=n?iur3unow nw=~ lnoT l r~  
4 %uq:gnd?=u~madq~~nn"a~u~nuo~uan?znu~aiqr~wauq?nrruuni? nq?fiifimrrdWI& 

uaqinqsiiiuumunu~n0a~nq?:~~nfir~%u n q ? ~ n w d r i u ~ t ~ n ' u n ~ ~ u ~ ~ u % w ' i l ~ u ~ ~ d  

~nmunaww+!au ~~wuu~ns:u i~~uds : : ' ~ ,nqd~z~uuan~~nu  
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a 
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P 
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3.1.1 b ~ i ~ ~ i f l ~ b ~ Z % Q ~ ~ % ~ % 0 4 4 1 ~ ? 7 ' ~  (Goal and Scope Definition) 

3.1 .I . I  ?'n~d%a4iuaraauLumu'il441~~7'fl (Objective and purpose) 

A -  4 ~~~drzr2ur raz~~uu~~n"uu~1~n~:nunrnmau~innrzu~uni~u5malm~u~~u~~ni~  
w 

a" 4 iiq ~ a ~ ~ a ~ a a ~ n i ~ f i n w i n r z ~ ~ u n i r ~ ' i ~ a l m i u l u ~ i u ~ ~ u u ~ i 9 u n i 0 f i n ~ ~ ~ u  "Cradle-to- 

Gate" ~ m u i i a a ~ ~ ¶ ~ ¶ ~ ~ ~ z ~ ~ ~ r ~ u ~ ~ u ~ ~ ~ i z n i r u ~ m ? w q ~ u ~ a z n ~ z u ? u n i ~ u ~ m a ~ ~ i u  - * 
d i~Fu~uwaun i raudq  n i r i i l d l ~ ~ i u  ni?1+iii nir13ilqFnwi n i q i i n ~ u u i l f t u i  

P" 4' 
niqhCmaaqriau q z l ~ ~ n i i ~ i W ' q i ~ ~ i l u ~ i u ~ q u u  

Raw material Raw material 

Emission 

Emission 

Emission 

Emission 

/ i 

Styrene Styrene 

n i w i  3.1 ~ ~ a m ~ ~ u r n m a e ~ n i ~ ~ z ~ ~ u ~ g ~ n ~ m n ~ ~ n i ~ u ~ m ~ I m h  

4- Produclion 4 

I I 
Steam Route CO, Route 

\ 
4 4 



(uogdwnssv pue uoge~!w!i) ~~~$0,azv,nnL!$it~ E'L'L'E 



-4 -" 3.4: 
?sniodozi~uuanoznu~u~iu?~uuuaumou zo nitrii Characterization rionoiutiq 

-1 * 
~uimu7odiJiu~nuanoznuni?ima~1u8;iu~i~ niorQouud.ro (normalization) uaznio 

d d 
riilfi~iuJnuanoznud~ziiuuLmo~ (single score) aqdir~vln~nof (factor) diuFuJiuignr 

d n ' u ~ o ~ a f l ' l d i ~ n ' u ? ? u o ? u % o y a ~ ~ o d o z ~ ~ u u ~ n t z n u ~ d ~ o ~ ~ ~ ~ ? m ~ o u w ' ? o ~ ~  Eco-Indicator 

99 'lbiuamq'l.illdninuu?n a 

3.1.4 nisudaua (Life Cycle Interpretation) 

d 
3.2.1 ~nm~nauSs~mof 

3.2.1 Idounm Window XP@ 

3.2.3 ldoiinm Hysys.Plant Version 3.2 

3.2.4 Wo~~noudi~%p.l simaprom 6.0 

3.2.5 ldounou Microsoft Office XP@ 



1. ~ ~ f l ? ~ n ~ 6 i n q I I n i ~ ~ I p t 6  (Human Health) l]f:nnubi?cr ml?ri8~:1~4 

(Carcinogenic), uan?znu6iuni?u~cr~qqin~un~6ai? (Respiration of 

organic substance). ~~n?:nu~iuni fu1cr~~~in~~un?6~1? (Respiration of 

inorganic substance) dl?ud?41 (Radiation), n l ? : ~ ~ n h d  (Climate change), 

ni?ama4an4lnlau (Ozone depletion) ~ ~ L L ~ R Q ' I U U ~ ? ~ ~ ~ ~  DALYs 

2. uan?:nuPino:uu~r?rn~ (Ecosystem) d?:nnu6?cr ni?:~?iuriSun?m 

(Acidification) I ~I?:;~IP~LA& (Eutrophication), R ? I U L ~ ~ ~ U  (Ecotoxicity), 
e.4 A d 

ni9l.awun (Land use) ¶~rrm~4'luud?uan~ ~ ~ ~ l m ~ l ~ e a r  (PDF: Potentially 

Disappeared Fraction) 

3. uans:nudnnisama~ao~n?wcrin~ (Resource depletion) l]fznn~di?(r 17-19 
3 

l.a"turri (Mineral), ni?l.a"r¶n~w% (Fossil Fuel) d~rrmm~luud?(r~ninJ (MJ 

surplus energy) 



















































A l ~ ~ ~ r d l a o o n l ~ & d ~ ~ a n 4 = n ~ ~ ~ n i 0 ~ ~ ~ ~ 3 ~ ~ n f ~ ~ 1 1  (Resource depletion) d?:uinr 

309 mPt ~il4~r4uii% ~ ~ 9 4 : n ~ 6 i q ~ n l ~ ~ ~ ~  (Human Health) d4:ul~ 58 rnPt ua=ljlDu 
d 
nqmh uano:nudoo=uuilram (Ecosystem) d4:uinr 11 rnPt 

4.4.1. n79i7Gqmun79 (Life Cycle Inventory: LCI) 

niGiflq~o?un?o (Life Cycle Inventory: LCI) na.rlJ30ui~n1~~iinm~~~u 1 Elafiu 
d 

niu1n"~aiulrjrdunuan~an~a:1ur~~o~danc6q:d~uaio~u~nr?fi~~u w&qiunlflu 

n s : u a r m ~ r u i i m u a ~ f i u i ~ ~ o ~ r ~ u ~ ~ n d a m d 6 o u ~ i n n r : u a u n 1 l  ~quaaqlumio?qi 

4.7 

























d a dd flltdt:rijuTg<fl*81 (Life Cycle Assessment : LCA) r f l u r ~ ~ a . ~ u o n u ~ ~ i u ~ ~ u i z  

aui i~~unitdt : r i ju~~ntznut i ia~~u~n6ou~~nn~inuSwfimn'  r~aq~inaiu i to&duaz 
a d -  

~ ~ ~ ~ I ~ ~ ~ ~ ~ I ~ ~ ~ I ~ ~ ~ L L ? ~ ~ ~ ~  (Environmental loads) 1u~nii9notuiriu?io4HfonLnfl 
2 
nuwaon?g<n~nno~u~wfimn'~u~ uan~ini~~niui tod~~urra:Hidino~uant:nudo 

~ ~ u ? n & o u i i j ~ o n i a r i i f l ~ ~ ~ i o ~ ~ ~ a i ~ i o o d ~ z ~ i j u ~ i ~ o n i a ~ u n i t d h d ~ ~ n i ~ i ~ ~ ? n & o u  

~ d o ~ f l u o 4 ~ t ~ f l 8 ~ 1 ~ f l l t ~ R a ~ 1 9  ~ ~ l 8 ~ ~ ~ l H ~ l f l ~ ~ ~ ~ ~ ~ 1 ~ ~ t t ~ ' L ~ ~ l 0 ~ ~ ~ l t ' L $ ~ ~ ~ ~ l ~ t  

e" 3 
6 i i 4 1  o?ui;~na~dui~ndandR'ofloon~i~u?m6ou ~ ~ l ~ i u ~ 9 ~ u l 6 i i n i d t z ~ i j u T g < n t  
& 

.aannaqntzu?uniruiiwaIwiu rdo~~inal~iurfluuouo~uoi~~~]uiiuil~unituSwwsii 

a ln iu  ~ ~ w n S n l ~ i u a i u i t o i i u i l ~ u n i t u ' i ~ n o ~ ~ R ' u  ttn"?waiafin waia'ln~rfluTaq 

i i~Fuirnuf iqrnof qdnom.%ri%Tnoii~ uo t~ f imn '~ i iu i? inTdu ~IU;~<~~~~L&LIUL$(IU 
i d  a 

uantznunuwnrrn&~u~o~nt :~~~n i tu~nna lw?utz~ i i . 1n t~~~unio~1a lno; j ru%uno~ 

~ o G a ~ ~ u ~ u i ~ u n ' u n i ~ l ~ ~ ~ i r m : n t z ~ ~ u n i o ~ l a l n t ~ ~ u 4 u n o . 1 r ~ ? a r ~ u ~ u 9 1 ~ n i t l ~  

n i f u o u ~ n o o n ~ ~ 6 ~ i n t : ~ ~ u n i ~ 1 ~ d ~ u a n t : n u a r r m o u u i n n  Tnulfidtunsu 
d i i rhzd simaprog 6.0 ~ u n i t ~ ~ ~ ~ ? i z ~ ~ t l a n ~ ~ n u r u o ~ ~ i n r f l u ~ d t u n s u i i i n i f i r ~ ~ i z ~ u ' u s  

EilL1UI6l'f j l U  IS0 ~ ~ ~ ~ ~ 1 ~ 1 4 0 0 1 ~ ~ 1 ~ ~ ~ ~ f l ~ ~ d ~ 1 ~ ~ ~ ~ : ~ 1 ~ 1 4  i i l ~ ~ i u d o ~ ~ i u ~ i i l ~  URZ 

1%; Eco-Indicator 99 ~ f l ~ ~ ~ ~ U n i f i r ~ ? i z H ' u ~ n ~ z n u  

~ i n n i P l l t z r i j u T g < n ~ ' l ~ o ~ n s z u ~ u n i ~ d n a ' l n ~ o z ~ i i ~ n t : u ~ u n i o f l l a I m ~ r u  

~ u n o ~ r o ~ a r u u ~ d ~ u n ' u n i ~ ' l ~ a ~ i r r a z n ~ z u ~ u n i t f l ' l a ~ n o ~ ~ u ~ u n o ~ r a ~ a ~ u u ~ u i ~ u n ' u  

n1sla"Aiiuou~naan'laA 6?fl~d?un?uilt?qfl SimaPro 6.0 Inu lK6 Eco-Indicator 99 ' 1 ~  
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n7muuan 91 d7 Damage factor 9184% EcO-99 

9.2 Damage category Human Health (H,A) 

nlm4 911 Carcinogenic effect on humans 
- - 

Damage factor 

ment Substances (DALYlkg) 

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 2.4.6-trichlorophenol 2.05E-06 

Air acetaldehyde 2.16E-07 

Air acrylonitrile 1.69E-05 

Air alpha-hexachlorocyclohexan 3.OOE-04 

Air Arsenic 2.46E-02 

Air Bis(chloromethyl)ether 7.48E-03 

Air benzene 2.50E-06 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

benzo(a)anthracene 

benzo(a)pyrene 

benzotrichloride 

benzylchloride 

beta-chlorocyclohexan 

bromodichloromethane 

Cadmium 

Chromium (VI) 

di(2-ethylhexyDphthalate 

Air dibenz(a)anthracene 3.10E+01 

Air dichloromethane 4.36E-07 



Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Water 

Water 

Water 

Water 

Water 

Water 

Dichlowos 

2.3.7.8-TCDD Dioxin 

epichlorohydrin 

ethylene oxide 

formaldehyde 

gamma-HCH (Lindane) 

Hexachlorobenzene 

metals 

Nickel 

Nickel-refinery-dust 

Nickel-subsulfide 

PAH's 

particles diesel soot 

Polychlorobiphenyls 

pentachlorophenol 

propyleneoxide 

styrene 

perchloroethylene 

carbontetrachloride 

chloroform 

vinyl chloride 

1.2-dibromoethane 

1.2-dichloroethane 

1.3-butadiene 

1.4-dioxane 

2.4.6-trichlorophenol 

acetaldehyde 



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 

acrylonitrile 

alpha-hexachlorocyclohexan 

Arsenic 

Bis(chloromethyl)ether 

benzene 

benzo(a)anthracene 

benzo(a)pyrene 

benzotrichloride 

benzylchloride 

beta-chlorocyclohexan 

bromodichloromethane 

Cadmium 

Chromium (VI) 

di(2-ethy1hexyl)phthalate 

dibenz(a)anthracene 

dichloromethane 

Dichlo~os 

dioxins (TEQ) 

epichloorhydrin 

ethylene oxide 

formaldehyde 

gamma-HCH (Lindane) 

hexachlorobenzene 

Nickel 

Nickel--subsulfide 

Nickel-refinery-dust 

PAH's 



Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Polychlorobiphenyls 

pentachlorophenol 

propylene oxide 

styrene 

perchloroethylene 

carbontetrachloride 

chloroform 

vinyl chloride 

1.2-dibromoethane (ind.) 

1.2-dichloroethane (ind.) 

1 ,3-butadiene (ind.) 

1.4-dioxane (ind.) 

2.4,6-trichlorophenol (ind.) 

acetaldehyde (ind.) 

acrylonitrile (ind.) 

alpha-hexachlorocyclohexan (agr.) 

Arsenic (ind.) 

Bis(chloromethyl)ether (ind.) 

benzene (ind.) 

benzo(a)anthracene (ind.) 

benzo(a)pyrene (ind.) 

benzotrichloride (ind.) 

benzylchloride (ind.) 

beta-chlorocyclohexan (agr.) 

bromodichloromethane (ind.) 

Cadmium (ind.) 

Chromium (ind.) 



Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

di(2-ethylhexyl)phthalate(ind) 

dibenz(a)anthracene (ind.) 

dichloromethane (ind.) 

Dichlorvos (agr.) 

2,3,7.8-TCDD Dioxin (ind.) 

epichloorhydnn (ind.) 

ethyleenoxide (ind.) 

formaldehyde (ind.) 

gamma-HCH (Lindane) (agr.) 

hexachlorobenzene (ind.) 

Nickel (ind.) 

Nickel-refinery-dust (ind.) 

Nickel-subsulfide (ind.) 

PCBs (ind.) 

pentachloorfenol (ind.) 

propyleenoxide (ind.) 

styrene (ind.) 

perchloroethylene (ind.) 

carbontetrachloride (ind.) 

chloroform (ind.) 

vinylchloride (ind.) 



nl'?l.r 32 Respiratory effects on humans caused by organic substances 

(HA) 

Com-part-ment Substances 

Damage factor 

(DALYIkg) 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

1 .I  ,1 -trichloroethane 

1 -2.3-trimethyl benzene 

1.2,4-trimethyl benzene 

1,3.5-trimethyl benzene 

1,3-butadiene 

l-butene 

l-butoxy propanol 

I -hexene 

1 -rnethoxy 2-propanol 

l-pentene 

2.2-dimethyl butane 

2.3-dimethyl butane 

2-butoxy ethanol 

2-ethoxy ethanol 

2-hexanone 

2-methoxy ethanol 

2-methyl l-butanol 

2-methyl 1 -butene 

2-methyl 2-butanol 

2-methyl 2-butene 

2-methyl hexane 

2-methyl pentane 

2-pentanone 



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 

3,5-diethyl toluene 

3.5-dimethyl ethyl benzene 

3-hexanone 

3-methybl-butanol 

3-methyl 1-butene 

3-methyl 2-butanol 

3-methyl hexane 

3-methyl pentane 

3-pentanol 

3-pentanone 

acetaldehyde 

acetic acid 

acetone 

propionaldehyde 

alcohols 

aldehydes 

alkanes 

alkenes 

benzene 

butane 

butanol 

butene 

cis 1,2-dichloroethene 

cis 2-butene 

cis 2-hexene 

cis 2-pentene 

CxHy aromatic 



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 chloro 

CxHy halogenated 

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 



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 

i-butanol 

i-butyraldehyde 

i-pentane 

i-propanol 

i-propyl acetate 

i-propyl benzene 

isoprene 

ketones 

m-ethyl toluene 

m-xylene 

methane 

methanol 

methyl acetate 

methyl chloride 

methyl ethyl ketone 

methyl formate 

methyl i-butyl ketone 

methyl i-propyl ketone 

methyl propene 

methyl I-butyl ether 

methyl t-butyl ketone 

n-butanol 

n-butyl acetate 

n-butyraldehyde 

n-propanol 

n-propyl acetate 

n-propyl benzene 



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 acetate 

perchloroethylene 

toluene 

trans 1,2-dichloroethene 

trans 2-butene 

trans 2-hexene 

trans 2-pentene 

trichloroethylene 

chloroform 

undecane 



Air VOC 6.46E-07 

Air xylene 2.21 E-06 

R791Q U3 Respiratory effects on humans caused by inorganic substances (H,A) 

Damage factor 

Com-part-ment Substances (DALYlkg) 

Air ammonia 8.50E-05 

Air dust (PM10) 3.75E-04 

Air 

Air 

Air 

Air 

dust (PM2.5) 7.00E-04 

TS P 1.10E-04 

NO 1.37E-04 

NO2 8.87E-05 

Air NOx 8.87E-05 

Air NOx (as N02) 8.87E-05 

Air SO2 5.46E-05 

Air SO3 4.37E-05 

Air SOX 5.46E-05 

Air SOX (as S02) 5.46E-05 

~ 7 5 7 4  W4 Damages to human health caused by climate change (H,A) 

Damage factor 

Com-part-ment Substances (DALYlkg) 

Air methyl chloroform -4.30E-05 

Air perfluorethane 2.00E-03 

Air trifluoroiodomethane 2.10E-07 

Air 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-141 b 

HCFC-142b 

HCFC-22 

HFC-125 

HFC-134 

HFC-I 34a 

HFC-143 

HFC-143a 

HFC-152a 

HFC-227ea 

HFC-23 

HFC-236fa 

H FC-245ca 

HFC-32 

HFC-41 

HFC-431 Omee 

methane 

nitrous oxide 

perfluorbutane 

perfluorcyclobutane 



Air 

Air 

Air 

Air 

Air 

Air 

perfluorhexane 

perfluorpentane 

perfluorpropane 

sulphur hexafluoride 

carbontetrachloride 

chloroform 

m i 9 1 4  915 Human health effects caused by ionising radiation (H.A) 

Corn-part-ment Substances Damage factor (DALYIkg) 

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 

Air 

Air 

Air 1-1 33 9.40E-15 

Air 

Air 

Air 

Air 

Air 

Air 

Kr-85 1.40E-16 

Pb-210 1.50E-12 

Po-21 0 1.50E-12 

Pu alpha 8.30E-11 

Pu-238 6.70E-11 

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 

131974 1116 Human health effects caused by ozone layer depletion (H.A) 

Com-part-ment Substances Damage factor (DALYIkg) 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 



Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

HALON-231 1 

HALON-2401 

HALON-2402 

HCFC-123 

HCFC-I 24 

HCFC-141 b 

HCFC-142b 

HCFC-22 

HCFC-225ca 

HCFC-225cb 

methyl bromide 

methyl chloride 

carbontetrachloride 

91.2 Damage category Ecosystem Quality (H,A) 

nIn4 97 Damage to Ecosystem Quality caused by ecotoxic emissions (H.A) 

Com-part-ment Substances 

Damage factor 

(PDFIkg) 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

1,2.3-trichlorobenzene 

1,2.4-trichlorobenzene 

1,3,5-trichlorobenzene 

2,4-D 

Arsenic 

Atrazine 

Azinphos-methyl 

Bentazon 

benzene 



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-ethylhexy1)phthalate 

dibutylphthalate 

D ich lo~os 

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 



Air 

Air 

Air 

Air 

AI r 

Air 

Air 

Air 

Air 

Air 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

PAWS 

Parathion 

Lead 

Polychlorobiphenyls 

pentachlorophenol 

Simazine 

Thiram 

toluene 

Trifluralin 

Zinc 

1,2.3-trichlorobenzene 

1.33-trichlorobenzene 

2.4-0 

Arsenic 

Atrazine 

Azinphos-methyl 

Bentazon 

benzene 

benzo(a)pyrene 

Carbendazim 

Cadmium 

Chromium 

Copper 

di(2-ethylhexy1)phthalate 

dibutylphthalate 

Dichlorvos 



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 

hlevinphos 

Monolinuron 

Nickel 

PAH's 

Parathion 

Lead 

Polychlorobiphenyls 

pentachlorophenol 

Simazine 

Thiram 

toluene 

Trifluralin 



Water 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

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.) 

Dichlorvos (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.) 



Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

Soil 

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.) 

Gllsl4 9l8 Damage to Ecosystem Quality caused by the combined effect of acidification 

and eutrophication (H,A) 

Damage factor 

Com-part-ment Substances (PDFIkg) 
- 

Air 

Air 

Air 

ammonia 

NO 

NO2 



Air 

Air 

Air 

Air 

Air 

Air 

NOx 

NOx (as N02) 

SO2 

SO3 

s o x  

SOX (as 502) 

(i\?mJ 719 Damage to Ecosystem Quality caused by land 

occupation and land conversion (H.A) 

Damage fact01 

(PDFIm2a) 

land use II-Ill 

land use 11-IV 

land use Ill-IV 

land use IV-IV 

Occup. as Contin. urban land 1.15 

Occup. as Convent. arable land 1.15 

Occup. as Discont. urban land 0.96 

Occup. as Forest land 0.1 1 

Occup. as Green urban land 0.84 

Occup. as Industrial area 0.84 

Occup. as lntens. meadow land 1.13 

Occup. as Organic arable land 1.09 

Occup. as organic meadow land 1.02 

Occup. as rail1 road area 0.84 

Occup. as Integrated arable land 1.15 

Occup. as less intens.meadow land 1.02 



Damage factor 

Land conversion (PDFtm2a) 

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 intensive meadow 30.62 

Conv. to Organic arable land 32.73 

Conv. to Organic meadow 

Conv. to rail/ road area 

8.3 Damage category Resources (H,A) 

t1797-19110 Damage to Resources caused by extraction of minerals (H,A) 

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

Minerals Damage factor (MJ surplustkg) 

aluminium (in ore) 2.38 

bauxite 0.5 

chromium (in ore) 0.91 65 

chromium (ore) 0.275 

copper (in ore) 36.7 

copper (ore) 0.4 15 

iron (in ore) 0.051 

iron (ore) 0.029 

lead (in ore) 7.35 



lead (ore) 0.368 

manganese (in ore) 0.31 3 

manganese (ore) 0.141 

mercury (in ore) 165.5 

molybdene (in ore) 41 

molybdenum (ore) 0.041 

nickel (in ore) 16.32 

nickel (ore) 0.245 

tin (in ore) 600 

tin (ore) 0.06 

tungsten (ore) 0.323 

zinc (in ore) 1.885 

zinc (ore) 0.075 

nlslil ?I 11 Damage to Resources caused by 

extraction of fossil fuels (H,A) 

Damage factor 

Fossil fuels (MJ surpluslkg) 

coal 

coal ETH 

Crude gas 

crude oil 

crude oil (feedstock) 

crude oil (resource) 

crude oil ETH 

crude oil IDEMAT 

energy from coal 



energy from natural gas 

energy from oil 

hard coal (resource) 

natural gas 

natural gas (feedstock) 

natural gas (resource) 

natural gas (vol) 

natural gas ETH 

oil 
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