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Table  À1 LCI results from LCI calculation of acetic acid, 98 % in H2 O, at plant -  
RER, ecoinvent data v2.0

Elementary Flow LCSoft SimaPro7.1 Unit Ratio
1,4-Butanediol[air high population densi-

JXl__________ ~ ___ .____________ 1.83642E-11 1.83642E-11 kg 0.999999977
1,4-Butanediol]water riverl 7.34575E-12 7.34575E-12 kg 0.99999998
2,4-Dfsoil agricultural] 1.19372E-10 1.19372E-10 kg 0.999999938
2-Propanol]air high population density] 3.43014E-07 3.43014E-07 kg 0.999999962
4-Methyl-2-
pentanonefwater unspecified] 3.28774E-13 3.28774E-13 kg 0.999999945
Acenaphthene[air high population densi-

J L 1_________ _____ __________________ 1.81092E-12 1.S1092E-12 kg 0.99999998
Acenaphthene[air_low population densi-

J d _________ _________ !______________ 5.02534E-14 5.02534E-14 kg 1
Acenaphthene]air unspecified] 7.54339E-16 7.54339E-16 kg 0.999999936
Acenaphtlienerwater ocean] 5.10534E-11 5.10534E-11 kg 1.000000004
Acenaphthenefwater river] 1.02054E-10 1.02054E-10 kg 1
Acenaphthylene]water ocean 1 3.19289E-12 3.19289E-12 kg 0.999999989
Acenaphthylene]water river] 6.38245E-12 6.38245E-12 kg 1.000000002
Acetaldehyde[air high population densi-

J d _________ ____________ 1.85791E-07 1.85791 E-07 kg 1.000000009
Acetaldehydefair low population density] 1.2785 IE-09 1.2785 IE-09 kg 0.999999976
Acetaldehyde]air unspecified] 1.46813 E-07 1.46813 E-07 kg 0.999999994
Acetaldehyde]water liver] 1.0552E-08 1.0552E-08 kg 0.999999999
Acetic acid]air high population density] 1.77062E-06 1.77062E-06 kg 0.999999969
Acetic acidfair low population density] 8.39883E-09 8.39883E-09 ke 0 999999939
Acetic acidfair unspecified] 0.005000142 0.005000142 kg 0.999999994
Acetic acid]water river] 3.49339E-08 3.49339E-08 ka 0.999999961
Acetonerair high population density] 5.84919E-07 5.84919E-07 kg 0.999999976
Acetonefair low population density] 6.61268E-08 6.61268E-08 kg 0.999999994
Acetone]water unspecified] 7.83619E-13 7 83619E-13 kg 0.999999932
Acetonitrile]air low population density] 3.51444E-10 3.51444E-10 kg 0.999999952
Acidity, unspecified]water riverl 8.45252E-09 8.45252E-09 kg 0.999999931
Acidity, unspecified]water unspecified] 1.6488 IE-11 1.6488 IE-11 kg 0.999999926
Aclonifenfsoil agricultural] 8.10428E-11 8.10428E-11 kg 0.999999954
Acroleinfair high population densityl 4.74227E-11 4.74227E-11 kg 1.000000006
Acroleinlair low population densityl 1.08524E-10 1.08524E-10 kg 0.999999996
Acrolein]air unspecified] 4.36677E-13 4.36677E-13 ke 0.999999928
Acrylate, ion]water river] 2.10042E-09 2.10042E-09 kg 0.999999989
Acrylic acidfair high population density] 8.87469E-10 8.87469E-10 kg 0.999999977
Actinides, radioactive, unspeci- 
fiedfair low population density] 2.04179E-07 2.04179E-07 kBq 1.000000013
Actinides, radioactive, unspeci­
fied] water ocean] 3.13988E-05 3.13988E-05 kfiq 0.999999996
Aerosols, radioactive, unspeci- 
fiedfair low population densityl 4.67419E-06 4.67419E-06 kBq 1.000000003
Aldehydes, unspecified[air_high popula­
tion density] 3.1513E-09 3.1513E-09 kg 0.999999957
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Table A l LCI results from LCI calculation of acetic acid, 98 % in H20 , at plant -
RER, ecoinvent data v2.0 (cont’d)

Elementary Flow LCSoft SimaPro7.1 Unit Ratio
Aldehydes, unspeeifiedfair low popula­
tion density] • 8.637E-09 8.637E-09 kg 0.999999997
Aldehydes, unspeeifiedfair unspecified] 3.21086E-12 3.21086E-12 kg 0.999999948
Aldrinfsoil agricultural] 2.28251E-11 2.2825 IE-11 kg 0.999999973
Aluminium, 24% in bauxite, 11% in 
crude ore, in ground [resource in groundl -0.000926966 -0.000926966 kg 0.999999947
Aluminumfair high population density] 3.6615E-06 3.6615E-06 kg 0.999999983
Aluminumfair low population density] 2.10364E-07 2.10364E-07 kg 0.999999939
Aluminumfair unspecified] 3.74284E-05 3.74284E-05 kg 0.999999909
Aluminum]soil agricultural] 4.85598E-07 4.85598E-07 kg 1.000000002
Aiuminumfsoil industrial] 1.46695E-05 1.46695E-05 kg 1.000000013
Aluminumfwater ground-, long-term] 0.000928711 0.000928711 kg 0.999999995
Aluminum]water ground-] 9.52744E-07 9.52744E-07 kg 1.000000001
Aluminumfwater ocean] 2.5935 IE-06 2.5935 IE-06 kg 0.999999951
Aluminumfwater river] 4.99339E-06 4.99339E-06 kg 1
Aluminumfwater unspecified] 1.14862E-08 1.14802 E-OX kg 0.999999957
Ammoniafair high population density] 1.49206E-06 1.49206E-06 kg 0.999999968
Ammoniafair low population density] 3.87895E-06 3.87895E-06 kg 0.999999966
Ammoniafair unspecified] 1.95054E-05 1.95054E-05 kg 0.999999818
Ammonium carbonatefair high popula­
tion density] 5.53682E-08 5.53682E-08 kg 1.000000004
Ammonium, ionfwater ground-, long­
term] 1.41486E-07 1.41486E-07 kg 0.999999983
Ammonium, ionfwater ground-1 1.35076E-07 1.35076E-07 kg 0.999999985
Ammonium, ionfwater ocean] 5.86257E-07 5.86257E-07 kg 1.000000002
Ammonium, ionfwater river] 2.11879E-06 2.11879E-06 kg 0.999999968
Ammonium, ionfwater unspecified] 9.66546E-10 9.66546E-10 kg 0.999999932
Anhydrite, in ground [resource in ground] -4.02895E-09 -4.02895E-09 kg 0.999999944
Antimonyfair high population density 1 8.61414E-10 8.61414E-10 kg 0.999999977
Antimony-fair low population density] 3.69282E-08 3.69283E-08 kg 0.999999972
Antimonyfair unspecified] 1.49567E-11 1.49567E-11 kg 1.000000143
Antimony]soil agricultural] 2.51621E-12 2.51621E-12 kg 0.999999968
Antimony]water ground-, long-term] 4.992S8E-07 4.99288E-07 kg 0.999999978
Antimony [water ground-1 8.31394E-08 8.31394E-08 kg 1.000000003
Antimonyfwater river] 2.02113E-07 2.02113E-07 kg 0.999999955
Antimony]water unspecified] 8.82499E-13 8.82499E-13 kg 0.999999934
Antimony-122 [water river] 1.06678E-08 1.06678E-08 kBq 0.999999958
Antimony-124[air_low population densi­
ty]__________ ___________________ 2.64603E-11 2.64603E-11 kBq 0.99999999
Antimony-124[water river] 5.14777E-06 5.14777E-06 kBq 0.999999994
Antimony-125[air_low population densi­
ty] 2.76136E-10 2.76136E-10 kBq 0.999999995
Antimony-125 [water river] 4.7023E-06 4.7023E-06 kBq 1.000000003
AOX, Adsorbable Organic Halogen as 
Clfwater ocean] 2.96524E-09 2.96524E-09 kg 1.000000003
AOX, Adsorbable Organic Halogen as 
Clfwater river] 5.83742E-0S 5.83742E-08 kg 0.999999976
AOX, Adsorbable Organic Halogen as 
Clfwater unspecified] 5.05082E-07 5.05082E-07 kg 0.999999994
Argon-41 fair low population density] 0.002462021 0.002462021 kBq 0.999999989
Arsenic, ionfwater ground-, long-term] 5.50961E-09 5.50962E-09 ___ kg 0.999999773
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Table A l LCI results from LCI calculation of acetic acid, 98 % in H20 , at plant -
RER, ecoinvent data v2.0 (cont’d)

Elementary Flow LCSoft SimaPro7.1 Unit Ratio
Arsenic, ionfwater ground-1 4.2079E-07 4.2079E-07 kg 1.000000008
Arsenic, ionfwater lake] 4.11133E-14 4.11133E-14 kg 0.999999984
Arsenic. ion]water ocean] 7.5502E-09 7.5502E-09 kg 0.999999994
Arsenic, ionfwater river] 4.4471E-07 4.4471 E-07 kg 0.999999988
Arsenic, ionfwater unspecified] 2.39605E-09 2.39605E-09 kg 0.999999939
Arsenicfair high population density] 1 95226E-08 1.95226E-08 kg 0.99999998
Arsenicfair low population density] 2.60133E-07 2.60133E-07 kg 0.999999959
Arsenicfair unspecified] 9.0081E-11 9.0081E-11 ks 1 000000117
Arsenicfsoil agricultural] 2.94214E-10 2.94214E-10 kg 0.999999969
Arsenicfsoil industrial] 5.86779E-09 5.86779E-09 kg 0.999999994
Arsinefair high population densityl 1.03446E-14 1.03446E-14 kg 0.999999957
Atrazinefsoil agricultural] 5.98795E-12 5.98795E-12 kg 0.99999997
Barite, 15% in crude ore, in 
groundfresource in ground] -0.002577373 -0.002577373 kg 1.000000001
Baritefwater ocean] 0.00014158 0.00014158 kg 0.9999999S4
Bariumfair high population densityl 4.3179E-08 4.3179E-08 kg 0.999999984
Bariumfair low population density] 9.8082E-08 9.8082E-08 kg 0.999999993
Bariumfair unspecified] 1.35137E-16 1.3513 7E-16 kg 1.000000024
Bariumfsoil agricultural] 8.55137E-11 8.55137E-11 kg 0.99999997
Bariumfsoil industrial] 7.33474E-06 7.33474E-06 kg 0.999999996
Bariumfwater ground-, long-term] 1.30676E-05 1.30676E-05 kg 0.999999959
Bariumfwater ground-] 1.36361E-07 1.36362E-07 kg 0.999999984
Bariumf water ocean] 7.15772E-06 7.15772E-06 kg 1
Bariumf water river] 1.43392E-05 1.43392E-05 kg 1.000000021
Bariumf water unspecified] 2.2322E-08 2.2322E-08 kg 0.999999942
Barium-140fair low population density] 1.79622E-08 1.79622E-08 kBq 1.000000004
Barium-140fwater riverl 4.67306E-08 4.67306E-08 k'Bq 1.000000007
Basalt, in groundf resource in groundl -0.000158534 -0.000158534 kg 0.999999802
Benomylfsoil agricultural] 7.51559E-13 7.51559E-13 kg 0.999999941
Bentazonefsoil agricultural] 4.13605E-11 4.13605E-11 ks 0.999999959
Benzal chloridefair unspecified] 5.5398 IE-17 5.53981 E-l 7 kg 0.999999936
Benzaldehydefair high population densi-

Jy ]_____________ ___________________ 2.47423E-11 2.47423E-11 kg 1.000000012
Benzene, chloro-fwater river] 5.0996E-08 5.0996E-08 kg 0.999999964
Benzene, etliyl-[air_high population den­
sity] 5.17951 E-07 5.17951 E-07 kg 0.999999998
Benzene, ethyl-fair low population densi-

Jy ]__________ ___ __________________ 9.27005E-12 9.27005E-12 kg 0.999999989
Benzene, ethyl-fwater ocean] 1.97027E-07 1.97027E-07 kg 0.999999983
Benzene, ethyl-fwater river] 3.93797E-07 3.93797E-07 kg 1.000000007
Benzene, ethyl-fwater unspecified] 7.39124E-12 7.39124E-12 kg 0.999999937
Benzene, hexachloro-[air_high population 
density] 3.89602E-12 3.89602E-12 kg 0.999999896
Benzene, hexachloro-fair unspecified] 2.97082E-10 2.97083E-10 kg 0.999999949
Benzene, pentachloro-fair high popula­
tion density] 9.77715E-12 9.77715E-12 kg 0.999999891
Benzenefair high population densityl 4.7664 IE-06 4.76641E-06 kg 1.000000007
Benzenefair low population densityl 2.9121 IE-06 2.9121 IE-06 kg 0.999999999
Benzene[air_lower stratosphere + upper 
tropospherel 3.08793E-12 3.08793E-12 * 0.999999975
Benzenefair unspecified] 2.58674E-07 2.58674E-07 kg 0.99999998
Benzenefwater ocean] 6.781S9E-07 6.78189E-07 kg 0.999999997
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Table A l LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

Elementary Flow LCSoft SimaPro7.1 Unit Ratio
Benzenefwater riverl 1.17535E-06 1.17535E-06 kg 1.000000029
Benzenefwater unspecified] 1.3151 E-10 1.3151 E-10 kg 0.999999915
Benzo(a)pyrene[air_high population den-
sily] __________ I.69074E-10 1.69074E-10 kg 1.000000006
Benzo(a)pyrene[air_low population den­
sity] 1.2567SE-0S 1.25678E-08 kg 0.999999977
Benzo(a)pyrenefair unspecified] 2.11826E-09 2.11S26E-09 kg 0.999999933
Berylliumfair high population density 1 4.6663 IE-10 4.6663 IE-10 kg 0.999999993
Berylliumfair low population density] 2.09345E-10 2.09345E-10 kg 0.999999973
Berylliumfair unspecified] 2.24393E-11 2.24393E-11 ke 1.000000118
Berylliumfwater ground-, long-terml 1.10967E-07 1.10967E-07 kg 0.999999988
Berylliumfwater ground-] 1.35613E-10 1.35613E-10 kg 0.999999971
Berylliumfwater river] 1.71755E-10 1.71755E-10 kg 0.999999992
Beryllium]water unspecified] 7.86091 E-l 3 7.86091E-13 kg 0.999999936
BOD5, Biological Oxygen De­
mand! water ground-, long-terml 0.00015759 0.00015759 kg 0.999999945
BOD5, Biological Oxygen De­
mand] water ground-] 2.69525E-08 2.69525E-08 kg 0.999999997
BOD5, Biological Oxygen De- 
mand[water ocean] 0.000779538 0.000779538 kg 0.999999997
BOD5, Biological Oxygen De­
mand] water river] 0.004469213 0.004469213 kg 0.999999993
BOD5, Biological Oxygen De- 
mandfwater unspecified] 9.62628E-05 9.62628E-05 kg 0.999999996
Borax, in ground]resource in ground] -3.775 IE-09 -3.775 IE-09 kg 0.999999995
Boron trifluoride[air_high population 
density] 7.7204E-17 7.7204E-17 kg 0.999999979
Boronfair high population density] 1.63808E-07 1.63808E-07 kg 1.000000022
Boronfair low population density] 6.80954E-06 6.80954E-06 kg 1.000000004
Boronfair unspecified] 7.80019E-16 7.80019E-16 kg 0.999999993
Boron]soil agricultural] 1.489E-11 1.489E-11 kg 0.999999963
Boron[soil industrial] 1.46695E-07 1.46695E-07 kg 1.000000013
Boronfsoi! unspecified] 5.24642E-08 5.24642E-08 kg 0.999999992
Boronfwater ground-, long-tennl 1.39242E-05 1.39242E-05 kg 1 000000022
Boron]water groirnd-] 1.63054E-07 1.63054E-07 kg 0.999999988
Boron]water ocean] 6.7127E-08 6.7127E-08 kg 0.999999992
Boronfwater river] 4.22296E-07 4.22296E-07 kg 0.999999995
Boronfwater unspecified] 2.4621E-10 2.462 IE-10 kg 0.999999955
Bromatefwater river] 1.00593E-07 1.00593E-07 kg 0.999999955
Brominefair high population density] 1.59014E-08 1.59014E-0S kg 0.999999975
Brominefair low population density] 7.44222E-07 7.44222E-07 kg 0999999994
Brominefair unspecified] 6.3903E-16 6.3903 E-16 kg 0.999999989
Brominefwater ground-, long-term] 1.94222E-07 1.94222E-07 kg 0.9999999
Brominefwater ground-] 1.96285E-07 1.96285E-07 kg 0.999999999
Brominefwater ocean] 5.74556E-06 5.74556E-06 kg 1.000000004
Brominefwater river] 1.23616E-05 1.23616E--05 kg 1.000000029
Brominefwater unspecified] 1.68095E-08 1.68095E-08 kg 0.999999934
Butadienefair low population density] 4.81372E-13 4.81372E-13 kg 0.999999978
Butadiene[air_lower stratosphere + upper 
troposphere] 2.92543E-12 2.92543E-12 kg 0.999999961
Butadienefair unspecified] 6.8260 IE-12 6.82601 E-l 2 kg 0.99999998
Butanefair high population density] 2.7868E-05 2.7868E-05 ____kg____ 0.999999999

๐
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Table A l LCI results from LCI calculation of acetic acid, 98 % in HjO. at plant -
RER, ecoinvent data v2.0 (cont’d)

Elementary Flow LCSoft SitnaPro7.1 Unit Ratio
Butanefair low population densityl 4.36763E-06 4.36763E-06 ' kg 1.000000007
Butanefair unspecified] 7.92869E-10 7.92869E-10 kg 0.999999934
Butanol]air high population densityl 5.69292E-14 5.69292E-14 kg . - 0.99999997
Butanol!water river] 5.78E-09 5.78E-09 kg 0.999999981
Butene]air high population density] 5.12664E-07 5.12664E-07 kg 0.999999993
Butenefwater river] 1.47351E-09 1.47351E-09 kg 0.999999955
Butyl acetate]water river] 7.51392E-09 7.51392E-09 kg 0.999999973
Butyrolactonefair high population densi­
ty] 5.31429E-12 5.31429E-12 kg 0.999999966
Butyrolactonef water river] 1.27545E-11 1.27545E-11 kg 0.999999962
Cadmium, 0.30% ill sulfide, Cd 0.18%, 
Pb, Zn, Ag, In, in ground[resource_in 
ground]

I.42741E-07 1.42741E-07 kg 1.000000048
Cadmium, ionfwater ground-, long-term] 6.19729E-08 6.19729E-08 kg 0.99999999
Cadmium, ion[water ground-] 7.4699E-11 7.4699E-11 kg 1.000000001
Cadmium, ionfwater lake] 3.49198E-14 3.49198E-14 kg 0.99999996
Cadmium, ion]water oceanl 3.01321E-09 3.01321E-09 kg 0.999999998
Cadmium, ionfwater river] 1.02217E-08 1.02217E-08 kg 0.99999993
Cadmium, ionfwater unspecified] 8.3117E-09 8.3117E-09 kg 0.999999926
Cadmiumfair high population density] 1 54979E-08 1.54979E-08 kg 0.999999974
Cadmiumfair low population density] 7.7952 IE-08 7.7952 IE-08 kg 0.999999954
Cadmium[air_lower stratosphere + upper 
troposphere] 1.54785E-15 1.54785E-15 kg 0.999999996
Cadmiumfair unspecified] 1.16342E-09 1.16342E-09 kg 0.999999941
Cadmium]soil agricultural] 6.44049E-10 6.44049E-10 kg 0.999999989
Cadmiumfsoil unspecified] 2.78827E-11 2.78827E-11 kg 1.000000011
Calcite, in grotmdfresource in ground] -0.027132338 -0.027132338 kg 1.000000018
Calcium, ionfwater ground-, long-term] 0.002526441 0.002526441 kg 0.999999985
Calcium, ionfwater ground-] 8.21632E-07 8.21632E-07 kg 0.999999997
Calcium, ionfwater lake] 8.52735E-07 8.52735E-07 kg 1.000000002
Calcium, ionfwater ocean] 0.000269472 0.000269472 kg 0.999999993
Calcium, ionfwater riverl 0.000614528 0.000614528 kg 0.999999999
Calcium, ionfwater unspecified] 2.52142E-07 2.52143E-07 kg 0.999999932
Calciumfair high population densityl 1.51285E-06 1.51285E-06 kg 0.9999^*962
Calciumfair low population densityl 3.45996E-08 3.45996E-08 kg 0.999999979
Calcium]soil agricultural] 6.51565E-06 6.51565E-06 kg 0.99999999S
Calciumfsoil industrial] 5.86779E-05 5.86779E-05 kg 0.999999994
Carbetamidefsoil agricultural] 1.5703 IE-11 1.5703 IE-11 kg 0.999999939
Carbofuranfsoil agricultural] 4.12033E-10 4.12033E-10 kg 0.999999935
Carbon dioxide, biogenicfair high popu­
lation density] 0.022122988 0.022122988 kg 0.999999994
Carbon dioxide, biogenic[air_low popula­
tion density] 0.003114523 0.003114523 kg 1.000000009
Carbon dioxide, biogen­
icfair unspecified] 0.000438648 0.000438648 kg 1.000000017
Carbon dioxide, fossil[air_high popula­
tion density] 0.667920557 0.66792056 kg 0.999999995
Carbon dioxide, fossilfair low population 
density] 0.565607804 0.56560781 kg 0.999999989
Carbon dioxide, fossilfair lower strato­
sphere + upper tropospherel 4.87572E-07 4.87572E-07 kg 0.999999975
Carbon dioxide, fossilfair unspecified] 0.099315522 0.099315523 kg 0.999999989
Carbon dioxide, in air]resource in air] -0.027926729 -0.02792673 ____kg____ 0.999999964

o
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Table A l LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

Elementary Flow LCSoft SimaPro7.1 Unit Ratio
Carbon dioxide, land transfor- 
mationfair low population density] 5.8972 IE-05 5.89721E-05 kg 0.999999993
Carbon disulfide[air high population
densityl •2.62604E-12 2.62604E-12 kg 0.99999981
Carbon disulfide[air low population den­
sity] 6.75131E-06 6.7513 IE-06 kg 0.999999946
Carbon disulfidefair unspecified] 1.02748E-17 1.02748E-17 kg 0.999999939
Carbon monoxide, biogenic[air_high 
population density] 2.38428E-06 2.38428E-06 kg 0.999999957
Carbon monoxide, biogenic[air low pop­
ulation density] 2.75795E-06 2.75795E-06 kg 0.999999985
Carbon monoxide, biogen- 
icfair unspecified] 6.31221E-05 6.31221E-05 kg 0.999999942
Carbon monoxide, fossil[air_high popula­
tion density] 0.000181283 0.000181283 kg 1.000000023
Carbon monoxide, fossil[air_lo\v popula­
tion density] 0.00034921 0.00034921 kg 1.000000005
Carbon monoxide, fossil[air_lower strato­
sphere + upper troposphere] 5.72704E-10 5.72704E-10 kg 0.999999978
Carbon monoxide, fossilfair unspecified] 0.007273194 0.007273194 kg 0.999999991
Carbon, in organic matter, in 
soilfresource in ground] -5.2045 IE-07 -5.2045 IE-07 kg 0.999999949
Carbonfsoil agricultural] 3.96384E-07 3.96384E-07 kg 0.999999992
Carbonfsoil industrial] 4.40084E-05 4.40085E-05 kg 0.999999989
Carbon-14fair low population density] 0.019157515 0.019157515 kBq 0.999999989
Carbonatefwater river] 7.98229E-07 7.98229E-07 kg 0.999999963
Carboxylic acids, unspeci­
fied] water ocean] 4.68541E-05 4.6854 IE-05 kg 0.999999995
Carboxylic acids, unspeci­
fied] water riverl 6.03792E-05 6.03792E-05 kg 0.999999996
Cerium, 24% in bastnasite, 2.4% in crude 
ore, in ground]resource in groundl 5.91914E-23 5.91914E-23 kg 0.999999984
Cerium-14 l]air low population density] 4.35445E-09 4.35445E-09 kBq 0.999999995
Cerium-141 ]water river] 1.86837E«S>S 1.86S37E-08 kBq 1
C'erium-144]water river] 5.68792E-09 5.68792E-09 kBq 1.000000007
Cesium]water ocean] 8.20794E-09 8.20794E-09 kg 1
Cesium]water riverl 1.64073E-08 1.64073E-08 kg 0.999999985
Cesium-134]air low population densityl 2.0855E-10 2.0855E-10 kBq 1.000000002
Cesium-134]water river] 4.30785E-06 4.30785E-06 kBq 0.999999988
Cesium-136]water river] 3.31599E-09 3.31599E-09 kBq 1.000000006
Cesium-137]air low population density] 3.6969 IE-09 3.6969 IE-09 kBq 1.000000002
Cesium-13 7]water ocean] 0.00359801 0.00359801 kBq 0.999999986
Cesium-137fwater river] 1.4549E-05 1.4549E-05 kBq 0.999999979
Chloratefwater river] 8.54197E-07 8.54197E-07 kg 0.999999974
Chloride]soil agricultural] 7.30969E-08 7.30969E-08 kg 1
Chloridefsoil industrial] 5.13432E-05 5.13432E-05 kg 1.000000001
Chloridefsoil unspecified] 3.04924E-05 3.04924E-05 kg 1.000000428
Chloride]water ground-, long-tenn] 4.03075E-05 4.03075E-05 kg 0.999999988
Chloride]water ground-1 0.001729449 0.001729449 kg 0.999999986
Chloridefwater ocean] 0.004118459 0.004118459 kg 1.000000011
Chloride]water river] 0.008799396 0.008799396 kg 1.000000001
Chloridefwater unspecified] 0.003133614 0.003133614 kg 0.999999924

o
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Table A l LCI results from LCI calculation of acetic acid, 98 % in H20 , at plant -
RER, ecoinvent data v2.0 (cont'd)

Elementary Flow LCSoft SimaPro7.1 Unit Ratio
Chlorinated solvents, unspeci- 

■ fied[water ocean] 6.28025E-U) 6.28025E-16 kg 0.99999998
Chlorinated solvents, unspeci- 
fiedโwater river] 9.25036E-10 9.25036E-10 kg 0.999999923
Chlorinefair high population density] 4.65964E-07 4.65964E-07 kg 0.999999965
Chlorine fair low population density 1 2.61002E-11 2.61002E-11 kg 0.999999989
Chlorinefair unspecified] 5.16001E-11 5.16001E-11 kg 0.999999947
Chlorine]water ground-] 7.71S12E-0S 7.71812E-08 kg 0 999999998
Chlorine]water river] 5.96992E-0S 5.96992E-08 kg 0.999999996
C'hlorofonnfair high population density] 1.80057E-09 1.80057E-09 kg 0.999999984
Chloroformfair low population density 1 9.66036E-12 9.66036E-12 kg 0.999999988
Chloroformfair unspecified] 4.67502E-18 4.67502E-18 kg 0.999999941
Chlorofonnfwater river] 1.17364E-10 1.17364E-10 kg 0999999987
Chlorosilane, trimethyl-[air_high popula­
tion density] 1.59432E-11 1.59433E-11 kg 0.999999958
Chlorothalonil]soil agricultural] 1.0494E-09 1.0494E-09 kg 0.999999971
Chromium Vlfair high population densi-
ty] 1.21559E-09 1.21559E-09 z 0.999999995
Chromium VI[air_low population densi­
ty] 4.79937E-08 4.79937E-08 kg 0.999999972
Chromium Vlfair unspecified] 4.49898E-12 4.49898E-12 kg 1.000000103
Chromium Vlfsoil unspecified] 2.9619E-07 2.9619E-07 kg 0.999999992
Chromium VI]water ground-, long-term] 4.64354E-06 4.64354E-06 kg 0.999999947
Chromium Vlfwater ground-] 2 43828E-07 2.4382SE-07 kg 1.000000006
Chromium Vlfwater river] 1.4239E-06 1.4239E-06 kg 0.999999922
Chromium Vlfwater unspecified] 3.56627E-09 3.56627E-09 kg 0.999999959
Chromium, 25.5% in chromite, 11.6% in 
crude ore, in ground]resource in ground] -0.000551332 -0.000551332 kg 0.999999972
Chromium, ionfwater ground-] 1.9371 IE-08 1.9371 IE-08 kg 1.00000002
Chromium, ion]water ocean] 4.2593E-08 4.2593E-08 kg 1.00000001
Chromium, ionfwater river] 4.39999E-08 4.39999E-08 kg 0.999999989
Chromium, ionfwater unspecified] 2.15543E-08 2.15543E-08 kg 0 999999974
ChromifSilfair high population density] 2.47162E-08 2.47162E-08 kg 0.999999993
Chromium]air low population density] 1.88313E-06 1.88313E-06 kg 0.99999997
Chromiumfair lower stratosphere + upper 
troposphere] 7.73933E-15 7.73933E-15 kg 0.99999998
Chromiumfair unspecified] 3.9499E-08 3.9499E-08 kg 0.999999956
Chromium]soil agricultural] 4.86106E-09 4.86106E-09 kg 0.999999989
Chromium]soil industrial] 7.33474E-0S 7.33474E-08 kg 0.999999996
Chromiumfsoil unspecified] 1.32982E-10 1.32982E-10 kg 0 999999969
Chromium-51 [air_low population densi­
ty] 2.79032E-10 2.79032E-10 kBq 0.999999988
Chromium-51]water river] 5.71991E-06 5.71991E-06 kBq 0.999999994
Chrysotile, in ground]resource in ground] -1.90265E-0S -1.90265E-08 kg 0.999999972
Cinnabar, in ground]resource in ground] -1.78516E-09 -1.78516E-09 kg 0.999999957
Clay, bentonite, in ground[resource_in 
groundl -0.00057481 -0.000574S1 kg 0.999999971
Clay, unspecified, in ground[resource in 
ground] -0.028075868 -0.028075869 kg 0.999999954
Coal, brown, in ground[resource_in 
ground] -0.265901187 -0.26590119 kg 0.999999987
Coal, hard, unspecified, in 
ground]resource in ground] -0.185808781 -0.18580878 kg 1.000000005



Table A l LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

Elementary Flow . LCSoft SimaPro7.1 Unit Ratio
Cobalt, in groundfresource in groundl -7.32585E-10 -7.32585E-10 kg 0.999999991
Cobaltfair high population density! 4.3311 IE-08 4.33111E-08 kg 0.99999999
Cobaltfair low population density! 4.6722SE-08 4.67228E-08 kg 0.999999981
Cobaltfair unspecified! 6.7821 IE-11 6.7821E-11 kg 1.00000013
Cobaltfsoil agricultural 4.1493 IE-10 4.14931E-10 kg 1
Cobaltfwater ground-, long-term! 3.28568E-06 3 2S568E-06 kg 0.999999982
Cobaltfwater ground-] 1.17868E-09 1.17868E-09 kg 0 99999999
Cobaltrwater oceanl 1.08387E-10 1.08387E-10 kg 0.999999977
Cobaltf water river! 1.5971 IE-08 1.5971 IE-08 kg 0.999999987
Cobaltfwater unspecified! 1.73781E-12 1.73781E-12 kg 0.99999991
Cobalt-57f water river! 1.05262E-07 1.05262E-07 kBq 0.999999955
Cobalt-58fair low population density] 3.88564E-10 3.88564E-10 kBq . 0.999999996
Cobalt-5Sfwater rivet'l 4.18318E-05 4.18318E-05 kBq 1.000000009
Cobalt-60fair low population density] 3.4326E-09 3.4326E-09 kBq 0.999999995
Cobalt-60fwater riverl 3.28764E-05 3.28764E-05 kBq 0.999999988
COD. Chemical Oxygen De­
mand! water ground-, long-term] 0.00047436 0.00047436 kg 0.999999958
COD, Chemical Oxygen De- 
mandfwater ground-1 2.69525E-08 2.69525E-08 kg 0.999999997
COD, Chemical Oxygen De- 
mandfwater ocean] 0.00078632 0.00078632 kg 0.999999995
COD, Chemical Oxygen De- 
mandfwater river] 0.004508963 0.004508963 kg 1.000000001
COD, Chemical Oxygen De­
mand] water unspecified! 0.00025284 0.00025284 kg 0.999999997
Colemanite, in groundfresource in 
ground] -4.66405E-06 -4.66405E-06 kg 0.999999966
Copper, 0.99% in sulfide, Cu 0.36% and 
Mo 8.2E-3% in crude ore, in 
groundfresource in ground]

-5.81723E-05 -5.81724E-05 kg 0.999999958
Copper, 1.18% in sulfide, Cu 0.39% and 
Mo ร.2E-3% in crude ore, in 
groundfresource in groundl

-0.000319883 -0.000319883 kg 0.999999963
Copper, 1.42% in sulfide. Cu 0.81% and 
Mo 8.2E-3% in crude ore, in 
groundfresource in ground!

-8.48535E-05 -8.48535E-05 kg 0.999999956
Copper, 2.19% in sulfide, Cu 1.83% and 
Mo 8.2E-3% in crude ore, in 
groundfresource in ground]

-0.000425014 -0.000425014 kg 0.999999963
Copper, ionfwater ground-, long-terml 2.53185E-06 2.53185E-06 kg 0.999999953
Copper, ionf water ground-] 6.80654E-09 6.80654E-09 kg 1.000000002
Copper, ionfwater lake] 1.58501E-12 1.58501E-12 kg 0.999999968
Copper, ionfwater ocean] 6.87209E-08 6.87209E-08 kg 0.999999971
Copper, ionfwater river] 9.94689E-08 9.94689E-08 kg 0.999999971
Copper, ionfwater unspecified] 2.5229E-08 2.5229E-08 kg 0.999999939
Copperfair high population density] 4.39632E-07 4.39632E-07 kg 1.000000002
Copperfair low population density] 8.38008E-07 8.38008E-07 kg 0.999999961
Copperfair lower stratosphere + upper 
troposphere] 2.63127E-13 2.63127E-13 kg 0.999999976
Copperfair unspecified] 2.71313E-0S 2.71313E-08 kg . 0.999999965
Copper]soil agricultural] 8.30773E-09 8.30773E-09 kg 0.999999982
Copper]soil industrial] 3.32155E-10 3.32155E-10 kg 0.999999978
Copper]so il unspecified] 1.86822E-07 1.86822E-07 kg 0.999999991



82

Table A l LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

Elementary Flow LCSoft SimaPro7.1 Unit Ratio
Cumenefair high population densityl 6.19901 E-OS 6.1990 IE-08 kg 0.999999936
Cumenefair low population density] 5.36687E-13 5.36687E-13 kg 0.999999997
Cumenefair unspecified] 4.19553E-19 4.19553E-19 kg 0.99999994
Cumenef water river] 1.48961E-07 1.48961E-07 kg 0.999999962
Cyanidefair high population density] 1.68748E-08 1.68748E-08 kg 0.999999946
Cyanidefair low population density] 2.65515E-08 2.65515E-08 kg 0.99999997
Cyanidefair unspecified] 1.97789E-16 1.97789E-16 kg 0.999999933
Cyanidefwater ocean] 1.27186E-07 1.27186E-07 kg 0.999999983
Cyanidefwater river] 4.32162E-07 4.32162E-07 kg 0.999999962
Cyanidefwater unspecified] 2.37872E-08 2.37872E-08 kg 0.999999936
Cypemiethrinfsoil agricultural] 5.85518E-11 5.85518E-11 kg 0 999999939
Diatomite, in groundf resource in ground] -3.51725E-11 -3.51725E-11 kg 0.999999984
Dichromatefwater river] 7.72756E-09 7.72756E-09 kg 0.999999995
Dinitrogen ruonoxidefairjiigh population 
density] 9.76167E-06 9.76167E-06 kg 0.999999991
Dinitrogen monoxidefairjow population 
density] 9.79125E-06 9.79125E-06 kg 0.999999999
Dmitrogen monoxide[air_iower strato­
sphere + upper troposphere] 4.64356E-12 4.64356E-12 kg 0.999999982
Dmitrogen monoxidefair unspecified] 8.31403E-06 8.31403E-06 kg 0.999999998
Dioxins, measured as 2,3,7,8- 
tetrachlorodibenzo-p-dioxin[air_high 
population densityl

7.45361E-14 7.45361E-14 kg 0.999999941
Dioxins, measured as 2,3,7,8- 
tetrachlorodibenzo-p-dioxin[air_low pop­
ulation density]

7.74883E-14 7.74883E-14 kg 0.999999977
Dioxins, measured as 2,3,7,8- 
tetrachlorodibenzo-p- 
dioxinfair unspecified]

2.53632E-13 2.53632E-13 kg 0.999999972
Dissolved solids]water ground-] 2.89787E-05 kg
Dissolved solidsfwater river] 1.74829E-05 kg
Dissolved solidsfwater unspecified] 3.4855E-06 kg
DOC, Dissolved Organic Car­
bon] water ground-, long-terml 0.000197359 0.000197359 kg 0.999999967
DOC, Dissolved Organic Car­
bon] water lakel 1.68182E-09 1.6S182E-09 kg 0.999999969
DOC, Dissolved Organic Car- 
bonfwater ocean! 0.000262388 0.000262388 kg 0.999999995
DOC, Dissolved Organic Car­
bon] water river] 0.001326054 0.001326054 kg 1.000000009
DOC. Dissolved Organic Car- 
bonfwater unspecified] 0.000121909 0.000121909 kg 0.999999964
Dolomite, in groimdfresource in ground] -7.6172E-05 -7.6172E-05 kg 0.99999995
Energy, gross calorific value, in biomass, 
primary forestf resource bioticl -3.60818E-05 -3.60818E-05 MJ 0.99999995
Energy, gross calorific value, in bio- 
massfresource bioticl -0.27283371 -0.27283372 MJ 0.999999965
Energy, kinetic (in wind), convert­
edfresource in air] . -0.10919406 -0.10919406 MJ 0.999999996
Energy, potential (in hydropower reser­
voir), convertedfresource in water] -0.761863288 -0.76186329 MJ 0.999999997
Energy, solar, convertedfresource in aii'l -0.001571889 -0.001571889 MJ 0.999999966



83

Table Al LCI results from LCI calculation of acetic acid, 98 % in H20 , at plant -
RER, ecoinvent data v2.0 (cont’d)

Elementary Flow LCSoït SimaPro7.1 Unit Ratio
Ethane, 1,1,1,2-tetrafluoro-. HFC- 
134a]air high population density] 9.93379E-11 9.93379E-11 kg 0.999999979
Ethane, 1,1,1,2-tetrafluoro-, HFC- 
134a]air low population density] 4.51987E-10 4.51987E-10 kg 1.000000002
Ethane, 1,1,1-trichloro-, HCFC- 
140]air low population density] 1.971 IE-12 1.971 IE-12 kg 0.999999994
Ethane, 1,1,1-trichloro-, HCFC- 
140[air imspecifiedl ร.64792E-18 8.64792E-1S kg 0.999999939
Ethane, 1, 1,2-trichloro-l ,2,2-trifluoro-, 
CFC-113]air high population density] 4.21189E-11 4.21189E-11 kg 0.999999978
Ethane. IJ-riifluûio-, HFC-152a[air_high 
population density] 5.78585E-10 5.78585E-10 kg 0.999999992
Ethane, l,2-dichloro-[air_high population 
density] 2.38515E-08 2.38515E-08 kg 0.999999966
Ethane, 1,2-dichloro-[air low population 
density] 3.93733E-12 3.93733E-12 kg 1.000000001
Ethane, l,2-dichloro-]water river] 1.65616E-09 1.65616E-09 kg 0.999999964
Ethane, 1,2-dichloro-1,1,2,2-tetrafluoro-, 
CFC-114fair low population density] 7.82322E-09 7.82322E-09 kg 1.000000001
Ethane, hexafluoro-, HFC-116[air_high 
population densityl 2.91697E-09 2.91697E-09 kg 0.999999964
Ethane, hexafluoro-, HFC- 
llôfair unspecified] 1.92739E-08 1.92739E-08 kg 0.999999929
Ethanefair high population densityl 8.93477E-06 8.93477E-06 kc 0.999999998
Ethanefair low population densityl 9.61012E-05 9.61012E-05 kg 0.999999996
Ethanefair unspecified] 1.17304E-09 1.17304E-09 kg 0.999999919
Ethanolfair high population density] 3.42056E-07 3.42056E-07 kg 1.000000009
Ethanol[air low population density] 2.35856E-09 2.35856E-09 kg 0 999999986
Ethanol]water river] 1.32995E-08 1 32995E-08 kg 0.999999977
Ethene, chloro-[air_high population den­
sity] 1.56661E-08 1.56661E-08 kg 0.999999968
Ethene, chloro-fair unspecified] 3.16805E-18 3.16805E-18 kg 0.999999941
Ethene, fhloro-]water riverl 2.05847E-10 2.05847E-10 kg 0.999999955
Ethene, tetrachloro-[air high population 
density] 6.18904E-13 6.18904E-13 kg 1
Ethene, tetrachloro-[air low population 
density] 4.23495E-12 4.23495E-12 kg 0.999999988
Ethene, tetrachloro-fair unspecified] 6.84984E-15 6.84984E-15 kg 0.999999932
Ethenefair high population densityl 2.09245E-06 2.09245E-06 kg 1.000000014
Ethenefair low population density] 5.49695E-07 5.49695E-07 kg 0.999999947
Ethene]water river] 4.8376E-08 4.8376E-08 kg 0.999999943
Ethyl acetatefair high population densityl 1.59284E-06 1.59284E-06 kg 0.999999987
Ethyl acetate]water river] 9.07212E-13 9.07212E-13 kg 0.999999971
Ethyl cellulose[air_high population densi-

J2Ü________________________________ 3.22186E-09 3.22186E-09 kg 0.999999986
Ethylene diamine[air high population 
density] 3.04406E-13 3.04406E-13 kg 0.999999968
Ethylene diamine]water river] 7.37954E-13 7.37954E-13 kg 0.999999963
Ethylene oxide[air high population densi­
t y ] ________________ 1.71423E-09 1.71423E-09 kg 0.999999957
Ethylene oxidefair low population densi­
tyl 4.65323E-12 4.65323E-12 kg 0.99999996S

o
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Table A l LCI results from LCI calculation of acetic acid, 98 % ill H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

Elementary Flow LCSoft SimaPro7.1 Unit Ratio
Ethylene oxidefair lower stratosphere + 
upper troposphere] 2.S2787E-11 2.82787E-11 kg 0.999999964
Ethylene oxidefair unspecified] 6.5986E-11 6.5986E-11 ะ'' kg 0.999999982
Ethylene oxidefwater river] 9.98111E-10 9.9811 IE-10 kg 0.999999975
Ethynefair high population densityl 1.71042E-07 1.71042E-07 kg 0.999999999
Ethynefair low population density] 1 S0724E-0S 1.80724E-08 . kg 0.999999955
Ethynefair unspecified] 1.18216E-09 1.18216E-09 kg 0.999999933
Feldspar, in ground]resource 111 ground] -3.22704E-10 -3.22704E-10 kg 0.999999972
Fenpiclonilโsoil agricultural] 4.40983E-11 4.40983E-11 kg 0.999999959
Fluoridefsoil industrial] 7.33474E-07 7.33474E-07 kg 0.999999996
Fluoridefsoil unspecified! 2.00519E-07 2.00519E-07 kg 1.000000002
Fluoride]water ground-, long-tenn] 0.00014062 0.00014062 kg 0.999999956
Fluoridefwater ground-] 4.83121E-07 4.83121E-07 kg 0.999999985
Fluoridefwater ocean] 9.85714E-07 9.85714E-07 kg 0.999999997
Fluoridefwater river] 9.50512E-06 9.50513E-06 kg 0.999999974
Fluoridefwater unspecified] 6.11232E-08 6.11232E-08 kg 0.999999989
Fluorine, 4.5% in apatite, 1% in crude 
ore, in groundfresource in ground] -3.41582E-06 -3.41582E-06 kg 0.999999975
Fluorine, 4.5% in apatite, 3% in cmde 
ore. 111 groundfresource in ground] -1.5121E-06 -1.5121E-06 kg 0.999999989
Fluorinefair high population density] 8.73137E-09 8.73137E-09 kg 0.999999989
Fluorinefair low population density] 3.68926E-08 3.68926E-08 kg 0.999999963
Fluorinefair unspecified] 1.50909E-13 1.50909E-13 kg 0.999999991
Fluorspar, 92%, in ground[resource_in 
ground] -0.000107903 -0.000107903 kg 0.999999939
Fluosilicic acidfair high population den­
sity] 2.25264E-08 2.25264E-08 kg 0.999999945
Fluosilicic acidfwater river] 4.05475E-08 4.05475E-08 kg 0.999999948
Formaldehyde[air_high population densi­
t y ] _________________ 1.62028E-06 1.62028E-06 kg 0.99999997
Fonnaldefiyde[air_low population densi­
ty]_________ ________________________ 3.26739E-07 3.26739E-07 kg 0.999999964
Formaldehydefairlower stratosphere + 
upper troposphere! 2.43795E-11 2.43795E-11 kg « 0.99999999
Fonnaldehydefair unspecified] 5.73035E-07 5.73035E-07 kg 0.999999959
Fonnaldehydefwater river] 1.02725E-09 1.02725E-09 kg 0.999999926
Formaldehydefwater unspecified] 5.05082E-05 5.05082E-05 kg 0.999999994
Fonnic acidfair high population densityl 1.99373E-09 1.99373E-09 kg 0.99999997
Formic acidfair low population density] 2.35059E-09 2.35059E-09 kg 0.999999954
Furanfair low population densityl 6.67459E-10 6.67459E-10 kg 0.999999936
Furanfair unspecified] 6.72997E-19 6.72997E-19 kg 0.999999939
Gadolinium, 0.15% in bastnasite, 0.015% 
in cmde ore, in groundfresource in 
ground]

6.83615E-27 6.83615E-27 kg 0.999999975
Gallium, 0.014% in bauxite, in 
groundfresource in ground] -4.4558 IE-12 -4.4558 IE-12 kg 1.000000007
Gas, mine, off-gas, process, coal min­
ing]resource in ground] -0.001807344 Nm3
Gas, natural, in ground[resource_in 
ground] -0.596313063 -0.59631306 Nm3 1.000000005
Glutaraldehydefwater ocean] 1.74791E-08 1.74791E-08 kg 1.000000001
Glyphosatefsoil agricultural] 1.52579E-09 1.52579E-09 kg 0.999999945
Glyphosatefsoil industrial] 2.25426E-08 2.25426E-08 kg 0.999999991
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Table A l LCI results from LCI calculation of acetic acid, 98 % ill HrO, at plant -
RER, ecoinvent data v2.0 (cont’d)

Elementary Flow LCSoft SimaPro7.1 Unit Ratio
Gold, All l.lE-4%. Ag 4.2E-3%, in ore. 
in ground [resource in ground] -3.15607E-09 -3.15607E-09 kg 0.999999962
Gold, Au 1.3E-4%, Ag 4.6E-5%, in ore, 
in ground!resource in ground] -5.78713E-09 -5.78713E-09 kg 0.999999979
Gold, Au 1,4E-4%, in ore, in 
ground!resource in ground] -6.92938E-09 -6.92938E-09 kg 0.99999997
Gold. All 2.1 E-4%, Ag 2.1 E-4%, in ore, 
in ground [resource in ground] -1.05838E-08 -1.05838E-08 kg 0.999999977
Gold, All 4.3E-4%, in ore, in 
ground!resource in ground] -2.62312E-09 -2.62312E-09 kg 0.999999957
Gold, All 4.9E-5%, in ore, in 
groundfresource in ground] -6.28271E-09 -6.2827 IE-09 kg 0.999999977
Gold, Au 6.7E-4%, in ore, in 
ground!resource in ground] -9.72665E-09 -9.72665E-09 kg 0.999999976
Gold, All 7.1 E-4%, in ore, in 
ground!resource in ground! -1.09678E-08 -1.09678E-08 kg 0.999999963
Gold, Au 9.7E-4%, Ag 9.7E-4%, Zn 
0.63%, Cu 0.38%, Pb 0.014%, ill ore, in 
ground!resource in ground]

-6.57205E-10 -6.57205E-10 kg 0.999999969
Granite, in ground!resource in ground] -2.14137E-12 -2.14137E-12 kg 0.999999812
Gravel, ill ground!resource in ground] -0.125088126 -0.12508811 kg 1.000000131
Gypsum, in ground!resource in ground] -1.01825E-07 -1.01825E-07 kg 0.999999898
Heat, wastefair high population density] 14.90154126 14.901541 MJ 1.000000017
Heat, wastefair low population density] 10.25272062 10.252721 MJ 0.999999963
Heat, waste[air_lower stratosphere + up­
per troposphere] 7.05817E-06 7.05817E-06 MJ 0.999999976
Heat, wastefair unspecified] 1.267040587 1.2670406 MJ 0.99999999
Heat, waste!soil industrial] 0.000210297 0.000210297 MJ 0.999999998
Heat, waste [soil unspecified] 0.034052566 0.034052566 MJ 1.000000003
Heat, waste!water ground-, long-term] 0.002830945 0.002830945 MJ 0.999999993
Heat, waste!water ocean] 0.000119027 0.000119027 MJ 0.999999988
Heat, waste!water riverl 1.150445756 1.1504458 MJ 0.999999962
Heat, wastefwater unspecified] 0.202283587 0.20228359 MJ 0.999999984
Helium, 0.08% in natural gas, in -t 
ground]resource ill groiuid] L -2.24978E-11 -2.24978E-11 kg 0.999999995
Heliumfair low population density] 9.54427E-07 9.54427E-07 kg 1.000000005
Heliuin[air unspecified] 5.02266E-16 5.02266E-16 kg 0.999999984
Heptane fair high population density] 5.1205E-06 5.1205E-06 kg 0.999999998
Hexanefair high population density] 1.27602E-05 1.27602E-05 kg 0.999999976
Hexanefair low population density] 1.84465E-07 1.84465 E-07 kg 1 000000001
Hexanefair unspecified] 6.7899E-10 6.78991E-10 kg 0.999999938
Hydrocarbons, aliphatic, alkanes, cy- 
clicfair high population density! 1.11853E-09 1.11853E-09 kg 0.999999901
Hydrocarbons, aliphatic, alkanes, cy- 
clicf air low population density! 5.7084E-11 5.7084E-11 kg 0.999999995
Hydrocarbons, aliphatic, alkanes, unspec- 
ifiedfair high population density] 1.79588E-06 1.79588E-06 kg 1.000000024
Hydrocarbons, aliphatic, alkanes, unspec- 
ifiedfair low population density] 4.58089E-06 4.58089E-06 kg 1.000000005
Hydrocarbons, aliphatic, alkanes, unspec- 
ifiedfair unspecified] 3.75579E-06 3.75579E-06 kg 0.999999966
Hydrocarbons, aliphatic, alkanes, unspec- 
ifiedfwater ocean] 1.06703E-06 1.06703E-06 kg 1.000000034

o
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Table A l LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

Elementary Flow LCSoft SimaPro7.1 .Unit Ratio
Hydrocarbons, aliphatic, alkanes, unspec- 
ifiedfwater river] 2.13295E-06 2.13295E-06 kg 1.000000008
Hydrocarbons, aliphatic, unsaturat- 
edfair high population densityl • 7.4573E-07 7.4573E-07 kg 0.999999998
Hydrocarbons, aliphatic, unsaturat- 
edfair low population densityl 1.02048E-06 1.02048E-06 kg 1.00000002
Hydrocarbons, aliphatic, unsaturat- 
edfair ruispecifiedl 2.40465E-16 2.40465E-16 kg 0.999999987
Hydrocarbons, aliphatic, unsaturat- 
edfwater oceanl 9.84953E-08 9.84953E-08 kg 0.999999998
Hydrocarbons, aliphatic, unsaturat- 
edfwater riverl 1.96888E-07 1.96888E-07 kg 0.999999984
Hydrocarbons, aromatic[air_high popula­
tion densityl 7.05244E-08 7.05244E-08 kg 0.999999982
Hydrocarbons, aromatic[air_low popula­
tion densityl 1.8593E-06 1.8593E-06 kg 0.999999993
Hydrocarbons, aromatic[air unspecified] 1.15001E-06 1.15001E-06 kg 0.999999945
Hydrocarbons, aromatic!water oceanl 4.59069E-06 4.59069E-06 ke 0.999999998
Hydrocarbons, aromatic!water river] 8.62097E-06 8.62097E-06 kg 0.999999998
Hydrocarbons, chlorinated[air_high popu­
lation density] 5.17597E-09 5.17597E-09 kg 0.999999975
Hydrocarbons, chlorinated[air_low popu­
lation density] 2.00038E-11 2.00038E-11 kg 1.000000007
Hydrocarbons, chlorinat- 
edfair unspecified] 1.33156E-0S 1.33156E-08 kg 0.999999806
Hydrocarbons, unspecified!water ocean] 2.68242E-06 2.68242E-06 kg 0.999999983
Hydrocarbons, unspecified!water river] 1.63361E-07 1.63361E-07 kg 0.999999941
Hydrocarbons, unspeci- 
fied!water unspecified] 7.45956E-08 7.45956E-08 kg 0.999999956
Hydrogen chloride[air high population 
density] 1.45338E-05 1.45338E-05 kg 0.999999987
Hydrogen chloride[air_low population 
density] 4.43515E-05 4.43515E-05 kg 0.99999999
Hydrogen chloride[air_lower stratosphere 
+ upper troposphere] 1.33115E-13 1.33115E-13 kg 1.000000001
Hydrogen chloridefair unspecified] 3.68161E-06 3.68161E-06 kg 0.999999726
Hydrogen fluoride[air_high population 
densityl 5.28267E-07 5.28267E-07 kg 0.999999998
Hydrogen fiuoride[air_low population 
density] 9.6484 IE-06 9.6484 IE-06 kg 1.000000001
Hydrogen fluoridefair unspecified] 8.99555E-07 8.99556E-07 kg 0.999999945
Hydrogen peroxide[air_high population 
density] 2.38734E-09 2.38734E-09 kg 0.999999989
Hydrogen peroxide!water river] 2.00207E-08 2.00207E-08 kg 0.999999994
Hydrogen sulfide[air high population 
density] 6.01832E-1Ü 6.01833H-10 kg 0.999999912
Hydrogen sulfide[air low population 
density] 9.03112E-06 9.03112E-06 kg 0.999999997
Hydrogen sulfidefair unspecified] 3.2217E-07 3.2217E-07 kg 0.999999959
Hydrogen sulfide!water_ground-, long­
term] 4.57813E-07 4.57814E-07 kg 0.999999767
Hydrogen sulfidefwater river] 3.22063E-08 3.22063E-08 kg 0.999999954
Hydrogenfair high population density] 3.17509E-06 3.17509E-06 kg 0.999999969



Table A l LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

Elementary Flow . LCSoft SimaPro7.1 Unit Ratio
Hydrogenfair unspecified] 0.000296008 0.000296008 kg 0.999999997
Hydrogen-3, Tritium[air low population 
density] 0.110468554 0.11046855 kBq 1.000000039
Hydrogen-3, Tritiumfwater ocean] 7.475367881 7.4753679 kBq 0.999999997
Hydrogen-3, Tritiumfwater river] 0.799481813 0.7994S181 kBq 1.000000003
Hydroxide]water river] 6.64498E-08 6.64498E-08 kg 0.999999967
Hypochlorite]water ocean] 2.27981E-07 2.2798 IE-07 kg 1.000000008
Hypochloritefwater river] 2.1781 IE-07 2.1781 IE-07 kg 1.000000005
Indium, 0,005% in sulfide, In 0,003%, Pb, 
Zn, Ag, Cd, in ground[resource_in 
ground]

2.16658E-09 2.16658E-09 kg 1.000000031
Iodide]water ground-, long-tenn] 3.2595E-13 3.2595E-13 kg 1.000000006
Iodide]water ground-] 2.38876E-08 2.38876E-08 kg 0.999999992
Iodide]water oceanl 8.20794E-07 8.20794E-07 kg 1
Iodide]water river] 1.66491E-06 1.6649 IE-06 kg 0.999999978
Iodinefair high population density] 3.8988 IE-09 3.8988 IE-09 kg 0.99999999
Iodinefair low population density] 4.00792E-07 4.00792E-07 kg 0.999999993
Iodinefair unspecified] 3.25422E-16 3.25422E-16 kg 0.99999999
Iodine-129]air low population density] 1.93309E-05 1.93309E-05 kBq 1.000000021
Iodine-131 fair low population density] 0.000973985 0.000973985 kBq 0.999999993
Iodine-131]water river] 9.38669E-07 9.38669E-07 kBq 0.999999999
Iodine-133fair low population density] 4.56454E-08 4.56454E-08 kBq 0.999999989
Iodine-133fwater river] 2.93365E-08 2.93365E-08 kBq 0.999999983
Iodine-135fair low population density] 5.24189E-08 5.24189E-08 kBq 1.000000003
Iron, 46% in ore, 25% in crude ore, in 
groundfresource in ground] -0.031461718 -0.03146172 leg 0.999999942
Iron, ion]water ground-, long-term] 0.000489433 0.000489433 kg 0.999999998
Iron, ion]water ground-] 0.00042571 0.00042571 kg 0.999999995
Iron, ionfwater ocean] 4.4023E-07 4.4023E-07 kg 1.00000001
Iron, ionfwater river] 4.0365E-06 4.0365E-06 kg 0.999999987
Iron, ionfwater unspecified] 1.68S15E-06 1.68815 E-06 kg 0.999999925
Ironfair high population density] 1.618E-06 1.618E-06 kg 1.000000004
Ironfair low population density 1 9.22316E-08 9.22316E-08 kg 0.999999953
Ironfair unspecified] 2.39697E-07 2.39697E-07 kg 0.999999951
Ironfsoil agricultural] 6.44985E-07 6.44985E-07 kg 0.999999992
Iron]soil industrial] 2.9339E-05 2.9339E-05 kg 1.000000011
Ironfsoil unspecified] 4.29453E-05 4.29453E-05 kg 0.999999987
Iron-59fwater riverl 8.06522E-09 8.06522E-09 kBq 1
Isocyanic acid[air_high population densi­
ty] 1.01304E-08 1.01304E-08 kg 0.999999947
Isoprenefair low population density] 3.09728E-11 3.09728E-11 kg 0.999999948
Isoprenefair unspecified] 8.99042E-18 8.99042E-18 kg 0.999999934
Kaolinite, 24% in cnide ore, in 
groundfresource in groundl -3.15445E-06 -3.15445E-06 kg 0.999999967
Kieserite, 25% in cnide ore, in 
groundfresource ill ground] -1.50953E-08 -1.50953E-08 kg 0.999999985
Krypton-85fair low population density] 0.007708449 0.007708449 kBq 0.999999993
Krypton-85mfair low population density] 0.000382099 0.000382099 kBq 0.999999995
Krypton-87fair low population density] 0.000151192 0.000151192 kBq 1.000000003
Krypton-88fair low population density] 0.000149297 0.000149297 kBq 0.999999975
Krypton-89[air low population density] 3.84563E-05 3.84563E-05 kBq 1.000000011
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Table A l LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

Elementary Flow LCSoft SimaPro7.1 Unit Ratio
Lanthanum, 7.2% in bastnasite, 0.72% in 
crude ore, in groundfresource in ground] -1.8662E-22 -1.8662E-22 kg 1.00000001
Lanthanum-140[air low population den­
sity] 1.53516E-09 1.53516E-09 kBq 1.000000016
Lanthanum- 140[water river] 4.9772E-08 4.9772E-08 kBq 0.999999991
Lead, 5.0% in sulfide, Pb 3.0%, Zn, Ag, 
Cd, In, in groundf resource in ground] -8.95914E-06 -8.95914E-06 “ 8 0.999999983
Leadfair high population density] 8.41336E-08 8.41336E-08 kg 1
Leadfair low population density] 7.6239E-07 7.6239E-07 kg 0.999999957
Lead[air lower stratosphere + upper trop­
osphere] 3.09577E-15 3.09577E-15 kg 0.999999979
Leadfair unspecified] 1.26966E-07 1.26966E-07 kg 0.999999984
Leadfsoil agricultural] 2.1471E-09 2.1471E-09 kg 1.000000009
Leadfsoil unspecified] 1.1475E-09 1.1475E-09 kg 1.000000002
Leadfwater ground-, long-terml 6.12504E-07 6.12505E-07 kg 0.999999966
Lead]water ground-] 6.31091 H-11 6.31091E-11 kg 1
Leadfwater lake] 1.03474E-13 1.03474E-13 kg 0.999999943
Leadfwater oceanl 6.93277E-08 6.93277E-08 kg 0.999999995
Leadfwater river] 2.43125E-07 2.43125E-07 kg 0.999999978
Leadfwater unspecified] 1.77802E-08 1.77802E-08 kg 0.999999958
Lead-21 Ofair high population density] 1.590131-1-05 1.59013E-05 kBq 0.999999965
Lead-2 lOfair low population density] 0.000102604 0.000102604 kBq 0.999999957
Lead-210fair unspecified] 1.35137E-13 1.35137E-13 kBq 1.000000024
Lead-21 Ofwater ground-] 3.28297E-08 3.28297E-08 kBq 0.999999978
Lead-21 Ofwater ocean] 3.87111E-05 3.87111E-05 kBq 0.999999973
Lead-21 Ofwater river] 4.5242E-05 4.5242E-05 kBq 0.999999988
Lead-21 Ofwater unspecified] 2.2692SE-08 2.26928E-08 kBq 0.999999932
Linuronfsoil agricultural] 6.29358E-10 6.2935SE-10 kg 0.999999955
Lithium, ionfwater unspecified] 8.42947E-08 8.42947E-08 kg 0.99999994
Magnesite. 60% in crude ore, in 
groundfresource in ground] -0.00043602 -0.00043602 kg - 0.999999935
Magnesium, 0.13% in water[resource_in 
water] -1.90433E-08 -1.90433E-08 kg 0.999999991
Magnesiumfair high population density] 1.3603 IE-06 1.36031E-06 kg 0.999999973
Magnesiumfair low population densityl 8.03898E-08 8.0389SE-08 kg 0 99999996
Magnesiumfair unspecified] 1.626S4E-12 1.62684E-12 kg 0.999999951
Magnesiumfsoil agricultural] 7.36247E-07 7.36247E-07 kg 1.000000001
Magnesiumfsoil industrial] 1.17356E-05 1.17356E-05 kg 0.99999996
Magnesium]water ground-, long-terml 0.000374529 0.000374529 kg 0.999999987
Magnésium]water ground-] 1.60437E-07 1.60437E-07 kg 1.000000007
Magnesium]water ocean] 4.52258E-05 4.52258E-05 kg 0.999999991
Magnesium]water river] 9.63255E-05 9.63255E-05 kg 0.999999999
Magnesium]water unspecified] 4.91925E-08 4.91925E-08 kg 0.99999994
Mancozebfsoil agricultural] 1.36296E-09 1.36296E-09 kg 0.999999962
Manganese, 35.7% in sedimentary depos­
it, 14.2% in crude ore, in 
groundf resource in groundl

-5.92791 E-05 -5.92791E-05 kg 0.9999999
Manganesefair high population, density] 4.6788E-08 4.6788E-08 kg 0.999999989
Manganesefair low population densityl 1.43261E-07 1.43261E-07 kg 0.99999996
Manganesefair unspecified] 3.19474E-08 3.19474E-08 kg 0.999999965
Manganesefsoil agricultural] 4.57057E-07 4.57057E-07 kg 0.999999997
Manganese]soil industrial] 5.86779E-07 5.86779E-07 kg 0.999999994
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Table Al LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

Elementary Flow LCSoft SimaPro7.1 Unit Ratio
Manganese] water ground-, long-term] 8.63565E-06 8.63565E-06 kg 0.999999982
Manganese]water ground-’] 2.01397E-07 2.01397E-07 kg 1.000000008
Manganese]water ocean] 3.62384E-07 3.62384E-07 kg 1.000000001
Manganese]water river] 1.16915E-06 1.16915E-06 kg 0.999999997
Manganese]water unspecified] 2.42423E-08 2.42423E-08 kg 0.999999932
Manganese-54[air low population densi­
ty]

1.42895E-10 1.42895E-10 kBq 1.000000003
Manganese-54]water river] 2.57238E-06 2.57238E-06 kBq 0.999999978
Mercuryfair high population density] 3.10844E-09 3.10844E-09 kg 1 000000009
Mercuryiair low population density] 5.73742E-08 5.73742E-08 kg 0.999999991
Mercttry[air_lower stratosphere + upper 
troposphere] 1.08349E-17 1.08349E-17 kg 0.99999999
Mercuryfair unspecified] 3.54156E-08 3.54156E-08 kg 0.999999953
Mercuryfsoil agricultural] 3.72387E-12 3.72387E-12 kg 0.999999971
Mercuryfwater ground-, long-tenu] 1.2549E-08 1.2549E-08 kg 0.999999938
Mercury]water ground-] 1.16974E-12 1.16974E-12 kg 1.000000017
Mercuiyfwater lake] 8.95042E-16 8.95042E-16 kg 0.999999969
Mercuiyfwater ocean] 2.65704E-10 2.65704E-10 kg 1.000000009
Mercury]water river] 1.2412E-09 1.2412E-09 kg 0.999999959
Mercuiyfwater unspecified] 1.42233E-09 1.42233E-09 kg 0.999999974
Metaldehydefsoil agricultural] 3.22547E-12 3.22547E-12 kg 0.999999953
Metamorphous rock, graphite containing, 
in groundfresource ingroundl -1.21617E-06 -1.21617E-06 kg 0.999999946
Methane, biogenicfair high population 
density] 1.54846E-07 1.54846E-07 kg 0.999999988
Methane, biogenicfair low population 
density] 1.0217E-05 1.0217E-05 kg 0.99999995
Methane, biogenicfair unspecified] 7.13017E-06 7.13017E-06 kg 0.999999999
Methane, bromo-, Halon 
1001 fair unspecified] ' 1.26722E-17 1.26722E-17 kg 0.999999899
Methane, bromochlorodifluoro-, Halon 
1211 fair low population density] 1.84115E-08 1.84115E-08 kg 1
Methane, brotnotrifluoro-, Halon 
1301 fair high population density] 1.67242E-15 1.67242E-15 kg 1
Methane, bromotrifluoro-, Halon 
1301 fair low population density] 1.33151E-08 1.33151E-08 kg 0.999999985
Methane, chlorodifluoro-, HCFC- 
22]air high population density] 1.46492E-09 1.46492E-09 kg 0.999999986
Methane, chlorodifluoro-, HCFC- 
22]air low population density] 6.80219E-08 6.80219E-08 kg 1.000000006
Methane, dichloro-, HCC-30[air_high 
population density] 6.05412E-11 6.05412E-11 kg 0.999999983
Methane, dichloro-, HCC-30[air_low 
population densityl 2.85908E-11 2.85908E-11 kg 0.999999985
Methane, dichloro-, HCC-30]water river] 3.7138E-07 3.7138E-07 kg 0.999999987
Methane, dichlorodifluoro-, CFC- 
12]air high population density] 1.1435E-10 1.1435E-10 kg 1.000000001
Methane, dichlorodifluoro-, CFC- 
12]air low population densityl 6.35774E-11 6.35774E-11 kg 0.999999992
Methane, dichlorodifluoro-, CFC- 
12]air unspecified] 8.4253E-18 8.4253E-18 kg 0.999999932
Methane, dichlorofluoro-, HCFC- 
21 fair high population densityl 2.82623E-13 2.82623E-13 kg 0.999999972

o
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Table A l LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

E lem entary  Flow LCSoft Sim aPro7.1 Unit Ratio
Methane, fossil[air high population den­
sity! 5.90387E-05 5.90387E-05 kg 0.99999999
Methane, fossil[air_low population densi­
ty] 0.004220022 0.004220022 kg 0.999999996
Methane, fossilfair lower stratosphere + 
upper troposphere! 7.73933E-12 7.73933E-12 kg 0.99999998
Methane, fossilfair unspecified] 0.004992026 0.004992026 kg 1.000000001
Methane, monochloro-, R-40[air high 
population densityl 9.7881E-13 9.788 IE-13 kg 0.999999973
Methane, monochloro-, R-40[air_low 
population densityl 5.2205E-11 5.2205E-11 kg 0.999999991
Methane, tetrachloro-, R-10[air_high 
population densityl 9.30352E-10 kg
Methane, tetrachloro-, R- 
lOfair unspecified] 3.76741E-15 kg
Methane, tetrafluoro-, R-14[air_high 
population density] 2.97571E-11 kg
Methane, tetrafluoro-, R- 
14fair unspecified] 1.73465E-07 kg
Methane, trichlorofluoro-, CFC- 
11 [air high population density] 4.58824E-13 4.58824E-13 kg 0.999999984
Methane, trifluoro-, HFC-23[air_high 
population densityl 8.99256E-11 8.99256E-11 kg 0.999999977
Methanolfair high population density] 3.86877E-07 3.86877E-07 kg 1.000000006
Methanollair low population density] 0.000267714 0.000267714 kg 0.999999985
Methanolfair imspecified] 0.002520071 0.002520071 kg 0.999999999
Methanolfwater ocean] 2.55159E-07 2.55159E-07 kg 0.99999999
Methanol]water river] 3.78565E-0S 3.78565E-08 kg 0.999999979
Methanolf water unspecified] 1.51525E-05 1.51525E-05 kg 0.999999987
Methyl acrylatefair high population den­
sity] 1.00692E-09 1.00692E-09 kg 0.99999993
Methyl acrylate]water riverl 1.96704E-0S 1.96704E-08 kg 0.999999998
Methyl aminefair high population densi­
ty] 1.91562E-12 1.91562E-12 _ kg 0.999999984
Methyl amine]water river] 4.5974E-12 4.5974E-12 kg 0.999999979
Methyl borate[air_high population densi-

Jy ]_________________________________ 3.39915E-16 3.39915E-16 kg 0.999999967
Methyl ethyl ketonefairhigh population 
density] 1.59284E-06 1.59284E-06 kg 0.999999944
Methyl formate[air_high population den­
sityl 3.90514E-12 3.90514E-12 kg 0.999999963
Methyl formate]water river] 1.559 IE-12 1.5591 E-12 kg 0.999999952
Metolachlorfsoil agricultural] 4.51913E-09 . 4.51913E-09 kg 0.999999944
Metribuzinfsoil agricultural] 4.79907E-11 4.79907E-11 kg 0.999999966
Molybdenum, 0.010% in sulfide, Mo 
8.2E-3% and Cu 1.83% in crude ore, in 
groundfresource in ground]

-7.89833E-06 -7.89834E-06 kg 0.999999951
Molybdenum, 0.014% in sulfide, Mo 
8.2E-3% and Cu 0.81% in crude ore, in 
groundfresource in groundl

-1.11456E-06 -1.11456E-06 kg 0.999999944
Molybdenum, 0.022% in sulfide, Mo 
8.2E-3% and Cu 0.36% in crude ore, in 
groundfresource in ground]

-2.53459E-05 -2.53459E-05 kg 0.99999992
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Table A l LCI results from LCI calculation of acetic acid, 98 % in EEO, at plant -
RER, ecoinvent data v2.0 (cont’d)

E lem entary Flow LCSoft Sim aPro7.1 Unit Ratio
Molybdenum, 0.025% in sulfide. Mo 
8.2E-3% and Cu 0.39% in crude ore, in 
ground!resource in ground]

-4.08408E-06 -4.08408E-06 kg 0.999999948
Molybdenum, 0.11% in sulfide, Mo 4.1E- 
2% and Cu 0.36% in crude ore, in 
groundfresource in ground]

-5.11326E-05 -5.11326E-05 kg 0.999999926
Molybdenum[air_high population densi­
ty] 1.41739E-08 1.41739E-08 kg 1.000000031
Molybdenumfair low population density] 5.96228E-09 5.96228E-09 kg 1.000000004
Molybdenumfair unspecified] 7.67348E-13 7.67348E-13 kg 1
Molybdenum!soil agricultural] 8.67448E-11 8.67448E-11 kg 0.999999998
Molybdenum]water ground-, long-term] 3.49565E-09 3.49565E-09 kg 0.999999936
Molybdenum!water ground-] 5.59299E-07 5.59299E-07 kg 1.000000004
Molybdenumfwater ocean] 1.67819E-09 1.67819E-09 kg 0.999999994
Molybdenunrfwater river] 2.24903E-07 2.24903E-07 kg 1.000000005
Molybdenum]water unspecified] 1.80208E-12 1.80208E-12 kg 0.999999921
Molybdenum-99!water river] 1.71603E-08 1.71603E-08 kBq 0.999999997
Monoethanolamine[air_high population 
density] 4.92351E-0S 4.9235 IE-08 kg 0.999999961
m-Xylene!air high population densityl 2.0878E-08 2.087SE-08 kg 0.999999994
m-Xylene]water unspecified] 2.37558E-12 2.37558E-12 kg 0.999999919
Napropamidefsoil agricultural] 5.70659E-12 5.70659E-12 kg 0.999999952
Neodymium, 4% in bastnasite, 0.4% in 
crude ore, in groundfresource in ground] 2.21552E-23 2.21552E-23 kg 1.000000001
Nickel, 1.13% in sulfide. Ni 0.76% and 
Cu 0.76% in crude ore, in 
ground!resource in ground]

-1.42327E-05 -1.42327E-05 kg 0.999999994
Nickel, 1.98% in silicates, 1.04% in etude 
ore, in groundfresource in ground] -0.001591099 -0.0015911 kg 0.999999983
Nickel, ion]water ground-, long-term] 1.27522E-05 1.27522E-05 kg 0.999999962
Nickel, ionfwater ground-] 1.6012E-0S 1.6012E-08 kg 0.999999977
Nickel, ionfwater lake] 1.40544E-13 1.4Ü544E-13 kg 0.999999989
Nickel, ionfwater ocean! 9.2225E-09 9.2225E-09 kg 0.999999981
Nickel, ionfwater river] -et 1.00839E-07 1.00839E-07 kg 1.000000003
Nickel, ionfwater unspecified] 4.57849E-08 4.57849E-08 kg 0.999999956
Nickelfair high population density] 3.84833E-07 3 84833E-07 kg 0.999999998
Nickelfair low population density] 6.0342 IE-07 6.0342 IE-07 kg 0.999999964
Nickel[air lower stratosphere + upper 
troposphere] 1.08349E-14 1.08349E-14 kg 0.999999991
Nickelfair unspecified] 2.16726E-08 2.16726E-08 kg 0.999999935
Nickelfsoil agricultural] 3.67075E-09 3.67075E-09 kg 0.999999972
Nickelfsoil unspecified] 3.60335E-10 3.60335E-10 kg 1
Niobiunt-95fair low population density] 1.69629E-11 1.69629E-11 kBq 0.999999996
Niobium-95 fwater river] 3.96023E-07 3.96023E-07 kBq 0.999999989
Nitratefair high population density] 1.69776E-09 1.69776E-09 kg 0.999999945
Nitratefwater ground-, long-term] 3.93475E-07 3.93475E-07 kg 0.999999932
Nitrate!water ground-] 8.66164E-07 8.66164E-.07 kg 0.999999948
Nitratefwater ocean] 3.72302E-06 3.72302E-06 kg 1.000000008
Nitratefwater riverl 7.9463 IE-06 7.9463 IE-06 kg 0.999999993
Nitritefwater ground-, long-term] 7.69364E-09 7.69364E-09 kg 0.999999987
Nitritefwater oceanl 4.87184E-08 4.87184E-0S kg 1.000000008
Nitritefwater river] 2.49584E-0S 2.49584E-08 kg 0.999999958

๐
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Table A l LCI results from LCI calculation of acetic acid, 98 % in H20 , at plant -
RER, ecoinvent data v2.0 (cont’d)

Elem entary Flow LCSoft SimaPro7.1 Unit Ratio
Nitrogen oxides[air_high population den-
sity]________ ______ *______ 0.00075366 0.00075366 kg 0.999999999
Nitrogen oxides[air low population den­
sity] 0.001426942 0.001426942 kg 1.000000021
Nitrogen oxidesfair lower stratosphere + 
upper troposphere] 2.16695E-09 2.16695E-09 kg 0.999999956
Nitrogen oxidesfair unspecified] 0.000415095 0.000415095 kg 0.999999986
Nitrogen, organic boundjwater ground-, 
long-term] 2.31045E-07 2.31045E-07 kg 0.999999996
Nitrogen, organic boundfwater ocean] 2.91892E-06 2.91892E-06 kg 0.99999999
Nitrogen, organic boundfwater riverl 3.314E-06 3.314E-06 kg 0.999999981 -
Nitrogenfwater oceanl 4.05008E-08 4.0500SE-08 kg 0.999999997
Nitrogenfwater river] 6.34804E-06 6.34804E-06 kg 0.99999999
NMVOC, non-methane volatile organic 
compounds, unspecified originfair high 
population density]

1.8763E-05 1.S763E-05 kg 0.999999978
NMVOC, noil-methane volatile organic 
compounds, unspecified origin[air_low 
population density]

0.000634492 0.000634492 kg 0.999999999
NMVOC, non-methane volatile organic 
compounds, unspecified origin[air_lower 
stratosphere + upper troposphere]

1.03854E-10 1.03854E-10 kg 1.000000013
NMVOC, non-methane volatile organic 
compounds, unspecified 
originfair unspecified]

5.62246E-05 5.62246E-05 kg 0.999999959
Noble gases, radioactive, unspeci- 
fiedfair low population density] 185.7631208 185.76312 kBq 1.000000005
Occupation, arable, lion- 
irrigated] resource landl -2.39643E-05 -2.39643E-05 m2 a 0.99999996
Occupation, construction 
sitefresource land] -0.000238864 -0.000238864 m2 a 1.000000007
Occupation, dump site, ben- 
thosfresource land] -0.000227228 -0.000227228 m2a 1.000000011
Occupation, dump sitefresource landl -0.002514143 -0.002514143 nt2a 0.999999984
Occupation, forest, intensive, nor- 
malfresource landl -0.02780032 -0.027800322 ni2a 0.999999937
Occupation, forest, intensive, short- 
cyclefresource land] -9.05112E-06 -9.05112E-06 m2a 0.999999937
Occupation, forest, inten- 
sivefresource landl -0.00023404 -0.00023404 m2 a 0.999999876
Occupation, industrial area, ben- 
thosfresource land] -1.93058E-06 -1.93058E-06 m2a 0.999999847
Occupation, industrial area, built 
upfresource land] -0.001642627 -0.00164263 m2 a 0.999998198
Occupation, industrial area, vegeta- 
tionfresource land] -0.000528585 -0.000528586 m2 a 0.999998562
Occupation, industrial ar- 
eafresource land] -0.001915845 -0.001915845 m2a 1.000000006
Occupation, mineral extraction 
sitefresource land] -0.001030401 -0.001030401 m2a 1.000000054
Occupation, permanent crop, finit, inten- 
sivefresource land] -1.26356E-05 -1.26356E-05 m2a 0.999999978
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Table A l LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

Elementary Flow LCSoft SimaPro7.1 Unit Ratio
Occupation, shrub land, scle- 
rophyllousfresource land] -2.81727E-05 -2.81727E-05 m2a 1.000000048
Occupation, traffic area, rail embank- 
mentfresource land] -0.000334919 -0.000334919 m2 a 1.000000011
Occupation, traffic area, rail net- 
workfresource land] -0.000370343 -0.000370343 m2 a 0.999999997
Occupation, traffic area, road embank- 
mentfresource land] -0.000304655 -0.000304655 m2a 0.99999995
Occupation, traffic area, road net­
work]resource landl -0.00039779 -0.00039779 m2 a 0.999999967
Occupation, urban, discontinuously 
builtfresource landl -6.83049E-08 -6.83049E-08 m2 a 0.999999976
Occupation, water bodies, artifi- 
cialfresource land] -0.001502887 -0.001502887 ท)2a 0.999999978
Occupation, water courses, artifi­
cial]resource landl -0.000631148 -0.000631148 m2a 0.999999994
o-Diclilorobenzene[water river] 2.46964E-09 2.09615E-08 kg 0.117817802
o-Dichlorobenzenefwater river] 8.90091E-12 kg
Oil, crude, in groundfresource in ground] -0.386024813 -0.38602481 kg 1.000000009
Oils, biogeniclsoil forestry] 3.24612E-07 3.24612E-07 kg 0.999999938
Oils, biogeniclsoil unspecified] 2.42494E-07 2.42494E-07 kg 0.999999994
Oils, unspecifiedfsoil forestry] - 0.001752214 0.001752214 kg 0.999999998
Oils, unspecifiedlsoil industrial] 1.3785E-07 1.3785E-07 kg 0.99999997
Oils, unspecifiedlsoil unspecified] 6.12736E-06 6.12736E-06 kg 1.000000005
Oils, unspecified|water ocean] 0.000248737 0.000248737 kg 0.99999999
Oils, unspecifiedfwater river] 0.00140791 0.00140791 kg 0.999999975
Oils, unspecifiedfwater unspecified] 5.5558E-07 5.5558E-07 kg 0.999999859
Olivine, in groundfresource in ground] -1.70258E-09 -1.70258E-09 kg 0.999999914
Orbencarbfsoil agricultural] 2.59155E-10 2.59155E-10 kg 0.999999978
o-Xylene|water unspecified] 1.73039E-12 1.73039E-12 kg 0.999999937
o-Xylene|water unspecified] 3.65373E-14 3.65373E-14 kg 1.000000012
Ozonefair high population density] 3.73045E-09 3.73045E-09 kg 0.999999991
Ozonefair low population density] 2.90684E-10 2.90684E-10 kg 0.999999983
Ozone[air unspecified] 6.68651E-06 6.6865 IE-06 kg 0.999999996
PAH, polycyclic aromatic hydrocar- 
bonsfair high population density] 7.3834E-08 7.3834E-08 kg 1
PAH, polycyclic aromatic hydrocar- 
bonsfair low population density] 1.99459E-08 I.99459E-08 kg 0.999999975
PAH, polycyclic aromatic hydrocar- 
bonsfair unspecified] 8.54182E-08 8.54182E-08 kg 0.999999949
PAH, polycyclic aromatic hydrocar­
bons! water ocean] 6.49948E-08 6.49948E-08 kg 0.999999996
PAH, polycyclic aromatic hydrocar­
bons] water river] 8.11905E-0S 8.11905E-08 kg 0.999999992
Paraffinsfair high population density] 5.31639E-13 5.31639E-13 kg 0.999999785
Paraffinsfwater river] 1.54287E-12 1.54287E-12 kg 0.999999794
Particulates, < 2.5 um[air_high population 
density] 4.9207 IE-05 4.9207 IE-05 kg 0.999999988
Particulates, < 2,5 um[air low population 
density] 0.000224787 0.000224787 kg 0.999999997
Particulates, < 2.5 umfair lower strato­
sphere + upper troposphere] 5.88187E-12 5.88187E-12 kg 0.999999975
Particulates, < 2.5 umfair unspecified] 2.82247E-05 2.82247E-05 kg 0.999999986
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Table A l LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

Elem entary Flow LCSoft SimaPro7.1 Unit Ratio
Particulates, > 10 um[air_high population 
density] 2.14176E-05 2.14176E-05 kg 1.000000016
Particulates, > 10 um[air_low population 
density] 0.000630025 0.000630025 kg 0.999999986
Particulates, > lOumlair unspecified] 2.55536E-05 2.55536E-05 kg 0.999999985
Particulates, > 2.5 um, and < 
10um]air high population density] 1.81625E-05 1.81625E-05 kg 1.000000024
Particulates, > 2.5 um, and < 
lOumfair low population density] 0.000149435 0.000149435 kg 0.999999981
Particulates, > 2.5 um, and < 
10um[air unspecified] 3.54919E-05 3.54919E-05 kg 0.999999973
Pd, Pd 2.0E-4%, Pt 4.8E-4%, RIi 2.4E- 
5%, Ni 3.7E-2%, Cu 5.2E-2% in ore, in 
groundfresource in ground]

-1.08802E-09 -1.08802E-09 kg 1.000000016
Pd, Pd 7.3E-4%. Pt 2.5E-4%. Rh 2.0E- 
5%, Ni 2.3E+0%, Cu 3.2E+0% in ore, in 
ground]resource in groundl

-2.61482E-09 -2.614S2E-09 kg 0.999999967
Peat, in ground[resource bioticl -6.24897E-06 -6.24897E-06 kg 0.999999967
Pentanefair high population density] 3.728 IE-05 3.728 IE-05 kg 1.000000003
Pentane]air low population density] 6.82728E-07 6.82728E-07 kg 0.999999998
Pentanefair unspecified] 9.84665E-10 9.84665E-10 kg 0.999999934
Phenol, pentachloro-[air_high population 
density] 2.4795 IE-12 2.47951E-12 kg 0.999999941
Phenol, pentachloro-[air_low population 
density] 5.26763E-09 5.26763E-09 kg 0.999999993
Phenolfair high population density] 6.99448E-09 6.99448E-09 kg 0.999999932
Phenolfair low population density] 3.09387E-08 3.09387E-08 kg 0.999999822
Phenolfair unspecified] 2.37448E-09 2.37448E-09 kg 0.999999955
Phenol[water ocean] 1.04814E-06 1.04S14E-06 kg 0.999999967
Phenol]water rivei'l 1.34705E-06 1.34705E-06 kg 0.999999966
Phenol]water unspecified] 5.05085E-06 5.05085E-06 ■ kg 0.999999994
Phosphatefwater ground-, long-term] 3.58053E-05 3.58053E-05 kg 0.999999962
Phosphatefwater ground-] 1.46768E-08 1.46768E-08 kg 0.999999967
Phosphatefwater ocean] 6.53046E-07 6.53046E-07 kg 0.999999981
Phosphatefwater riverl 8.9672 IE-07 8.9672 IE-07 kg 0.999999972
Phosphinefair high population density] 7.67116E-13 7.67116E-13 kg 0.99999997
Phosphorus, 18% in apatite, 12% in crude 
ore, in groundfresource in ground] -6.08005E-06 -6.08005E-06 kg 0.99999999
Phosphorus, 18% in apatite, 4% in crude 
ore, in groundfresource in ground] -1.36633E-05 -1.36633E-05 kg 0.999999974
Phosphorusfair high population density] 7.47549E-08 7.47549E-08 kg 0.999999997
Phosphorusfair low population density] 1.21029E-09 1.21029E-09 kg 0.999999936
Phosphorus]air unspecified] 5.4689E-11 5.4689E-11 kg 0.999999937
Phosphorus]soil agricultural] 2.23859E-07 2.23859E-07 kg 0.999999985
Phosphorusfsoil industrial] 7.33474E-07 7.33474E-07 kg 0.999999996
Phosphorus[water_ground-] 5.72468E-11 5.72468E-11 kg 0 99999995
Phosphorusfwater ocean] 6.57986E-08 6.57986E-.08 kg 1.000000001
Phosphorusfwater river] 1.15SE-07 1.158E-07 kg. 0.999999965
Phosphorusfwater unspecified] 5.05085E-06 5.05085E-06 kg 0.999999998
Pirimicarbfsoil agricultural] 3.91243E-12 3.91243E-12 kg 0.999999963
Platinum[air high population density] 9.07486E-15 9.07486E-15 kg 1
Platinum]air low population density] 2.57369E-13 2.57369E-13 kg 0.99999998

o
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Table Al LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

Elem entary Flow LCSoft SimaPro7.1 Unit Ratio
Plutonium-238[air_low population densi-

Jy ]____________ I ___________________ 2.63705E-12 2.63705E-12 kBq 0.999999981
Plutonium-alphafairlow population den­
sity] 6.045 IE-12 6.045 IE-12 kBq 0.999999995
Polonium-210[air_high population densi­
ty]_________  _________________ 2.90669E-05 2.90669E-05 kBq 1.000000011
Polonium-2lOfair low population densi-
ty] 0.000180929 0.000180929 kBq 1.000000016
Polonium-21 or air unspecified] 2.46923E-13 2.46923E-13 kBq 0.999999985
Polonium-2lOfwater ground-] 4.99583E-08 4.99583E-08 kBq 0.999999981
Polonium-21 Of water oceanl 5.90761E-05 5.90761 E-05 kBq 0.999999988
Polonium-210fwater river] 4.5242E-05 4.5242E-05 kBq 0.999999988
Polychlorinated biphenyls[air_high popu­
lation density] 3.23332E-14 3.23332E-14 ; 0.999999963
Polychlorinated biphen- 
ylsfair unspecified] 5.08496E-10 5.08496E-10 kg 0.99999996
Potassium, ionfwater ground-, long-term] 7.S4193E-05 7.84193E-05 kg 0.999999999
Potassium, ionfwater ground-1 4.36609E-05 4.36609E-05 kg 0.999999996
Potassium, ionfwater ocean] 3.4646E-05 3.4646E-05 kg 1.000000005
Potassium, ionfwater river] 8.91037E-05 8.91037E-05 kg 1.000000002
Potassiumfair high population density] 4.50346E-06 4.50346E-06 kg 0.999999995
Potassiumfair low population density] 2.3641 IE-08 2.3641 IE-08 kg 0.999999941
Potassiumfsoil agricultural] 1.24493E-06 1.24493E-06 kg 1 00000003
Potassiumfsoil industrial] 5.13432E-06 5.13432E-06 kg 1.000000001
Potassium-40[air_high population densi­
ty] 4.61649E-06 4.61649E-06 kBq 0.999999996
Potassium-40fair low population density] 2.2938E-05 2.2938E-05 kBq 1.000000011
Potassium-40fair unspecified] 3.32378E-14 3.32378E-14 kBq 0.999999981
Potassium-40fwater ground-] 3.96818E-09 3.96818E-09 kBq 0.999999994
Potassium-40fwater ocean] 4.67906E-06 4.67906E-06 kBq 0.999999981
Potassium-40fwater river] 5.67932E-05 5.67932E-05 kBq 0.999999989
Praseodymium, 0.42% in bastnasite, 
0.042% in crude ore, in 
ground]resource ill ground]

-3.45078E-24 -3.45078E-24 kg 0.999999997 *

Propanalfair high population density] 3.51473E-11 3.51473E-11 kg 0.999999995
Propanalfair unspecified] 3.00537E-17 3.00537E-17 kg 0.999999935
Propanefair high population density] 2.46333E-05 2.46333E-05 kg 1.000000017
Propanefair low population density] 2.34613E-05 2.34613E-05 kg 0.999999987
Propanefair unspecified] 6.03642E-10 6.03642E-10 kg 0.999999936
Propanolfair high population density] 2.02436E-11 kg
Propenefair high population density] 1.23264E-06 1.23264E-06 kg 1.000000021
Propenefair low population density] 1.11633E-07 1.11633E-07 kg ' 0.999999943
Propenefair unspecified] 7.11545E-13 7.11545E-13 kg 0 999999932
Propenefwater river] 8.2484 IE-08 8.24841 E-08 kg 0.999999953
Propionic acid[air_high population densi­
ty] 1.40793E-07 1.40793E-07 kg 0.999999999
Propionic acidfair unspecified] 1.36997E-11 1.36997E-11 kg 0.999999915
Propylene oxidefair high population den­
sity] 1.06262E-08 1.06262E-08 kg 1.000000011
Propylene oxide]water river] 2.55405E-08 2.55405E-08 kg 0.999999976

o
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Table Al LCI results from LCI calculation of acetic acid, 98 % in H20 , at plant -
RER, ecoinvent data v2.0 (cont’d)

Elem entary Flow LCSoft SimaPro7.1 Unit Ratio
Protactinium-234[air low population 
density] 2.63359E-Q6 2.63359E-06 kBq 0.999999989
Protactinium-234]water river] 4.85416E-05 4.85416E-05 kBq 0.99999999
Pt. Pt 2.5E-4%, Pd 7.3E-4%, Rh 2.0E- 
5%, Ni 2.3E+0%, Cu 3.2E+0% in ore, in 
ground [resource in ground]

-2.20822E-11 -2.20822E-11 kg 1.000000007
Pt. Pt 4.8E-4%, Pd 2 OE-4%, Rh 2.4E- 
5%, Ni 3.7E-2%, Cu 5.2E-2% in ore, in 
groundfresource in ground]

-7.91613E-! 1 -7.91613E-11 kg 0.999999999
Radioactive species, alpha emit­
ters/water river] 1.18138E-07 1.18138E-07 kBq 0.999999962
Radioactive species. Nuclides, unspeci- 
fied[water ocean] 0.018772224 0.018772224 kBq 1.000000013
Radioactive species, Nuclides, unspeci­
fied] water river] 5.71978E-05 5.71978E-05 kBq 0.999999989
Radioactive species, other beta emit- 
tersfair high population density] 5.64139E-05 5.64139E-05 kBq 0.999999991
Radioactive species, other beta emit- 
tersfair low population density] 1.13457E-07 1.13457E-07 kBq 0.999999968
Radium-224]water ocean] 0.000410397 0.000410397 kBq 1.000000012
Radium-224]water riverl 0.000820366 0.000820366 kBq 0.999999998
Radium-226fair high population density] 4 .10356E-06 4.10356E-06 kBq 0.999999994
Radiunt-226[air low population density] 0.000110865 0.000110865 kBq 0.999999958
Radium-226fair unspecified] 3.48773E-14 3.48773E-14 kBq 0.99999999
Radium-226]water ground-] 3.6827E-08 3.6827E-08 kBq 0.999999981
Radium-226fwater ocean] 0.000700228 0.000700228 kBq 0.999999991
Radium-226]water river] 0 031533399 0.031533399 kBq 1.000000001
Radium-226]water unspecified] 1.03823E-07 1.03823E-07 kBq 0.999999954
Radium-228[air high population density] 2.2227 IE-05 2.2227 IE-05 kBq 1.000000011
Radium-228[air low population density] 8.70404E-06 8.70404E-06 kBq 0.999999993
Radiunt-228]air unspecified] 1.0334E-14 1.0334E-14 kBq 1.000000029
Radium-228fwater ocean] 0.000820794 0.000820794 kBq 1
Radium-228]water river] 0.001640732 cfto1640733 kBq 0.999999985
Radium-228]water unspecified] 1.46094E-07 1.46094E-07 kBq 0.999999939
Radon-220[air high population density] 3.42185E-07 3.42185E-07 kBq 0.999999996
Radon-220]air low population density] 0.00105035 0.00105035 kBq 0.999999965
Radon-220fair unspecified] 7.25368E 13 7.25368E-13 kBq 0.999999991
Radon-222fair high population density] 3.42094E-07 3.42094E-07 kBq 0.999999988
Radon-222[air low population density, 
long-term] 339.7913007 339.7913 kBq 1.000000002
Radon-222]air low population density] 8.117460656 8.1174607 kBq 0.999999995
Radon-222[air unspecified] 4.07399E-13 4.07399E-13 kBq 1.000000004
Rh, Rh 2.0E-5%, Pt 2.5E-4%, Pd 7.3E- 
4%, Ni 2.3E+0%, Cu 3.2E+0% in ore, in 
ground]resource in ground]

-1.20784E-11 -1.20784E-11 kg 1.000000022
Rh, Rlt 2.4E-5%, Pt 4.8E-4%, Pd 2.0E- 
4%, Ni 3.7E-2%, Cu 5.2E-2% in ore, in 
ground]resource in ground]

-3.78312E-11 -3.78312E-11 kg 1.000000006
Rhenium, in crude ore, ill 
ground]resource in ground] -1.15914E-11 -1.15914E-11 kg 1.000000004
Rubidiumfwater ground-] 1.87613E-09 1.87613E-09 kg 0.999999997
Rubidium[water ocean] 8.20794E-08 8.20794E-08 kg 1
Rubidiumfwater river] 1.64073E-07 1.64073E-07 ____kg 0.999999985

๐



Table A l LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

E lem entary  Flow LCSoft Sim aPro7.1 Unit Ratio
Ruthenium-103[air low population densi­
ty]

3.72687E-12 3.72687E-12 kBq 0.999999987
Ruthenium-103[water river] 3.62098E-09 3.62098E-09 kBq 0.999999991
Samarium, 0.3% in bastnasite, 0.03% in 
crude ore, in ground]resource in ground] 5.4S317E-25 5.48317E-25 kg 1
Sand, unspecified, in ground[resource_in 
ground] -2.47381E-06 -2.4738 IE-06 kg 0.999999985
Scandiumfair high population density] 4.30S66E-10 4.30S66E-10 kg 0.999999992
Scandiumfair low population density] 4.50236E-11 4.50236E-11 kg 0.99999996
Scandium]water ground-, long-tenn] 2.06595E-07 2.06595E-07 kg 1.000000008
Scandium]water ground-] 2.6189E-08 2.6189E-08 kg 0.99999999
Scandium[water riverl 2.29414E-08 2.29414E-08 kg 1.000000003
Seleniumfair high population density] 1.22937E-08 1.22937E-08 kg 1.000000006
Seleniumfair low population density] 7.93041 E-08 7.93041 E-08 kg 0.999999988
Selenium[air_lower stratosphere + upper 
troposphere] 1.54785 E-15 1.54785E-15 kg 0.999999996
Seleniumfair unspecified] 8.75233E-11 8.75233E-11 kg 1.000000016
Selenium]water ground-, long-term] 1.24322E-07 1.24322E-07 kg 0.999999965
Selenium]water ground-] 5.92344E-08 5.92344E-08 kg 1.000000003
Selenium]water ocean] 2.51537E-09 2.51537E-09 kg 0.999999988
Selenium]water river] 3.82663E-08 3.82663E-08 kg 0.999999989
Selenium]water unspecified] 1.74275E-13 1.74275E-13 kg 0.999999951
Shale, in grotmd]resource in ground] -1.14072E-08 -1.14072E-08 kg 0.999999912
Silicon tetrafiuoride[air_low population 
density] 1.02771E-10 1.02771E-10 kg 0.999999967
Siliconfair high population density] 5.43632E-06 5.43632E-06 kg 0.999999999
Siliconfair low population density] 3.70878E-07 3.70878E-07 kg 0.999999943
Siliconfair unspecified] 1.98368E-15 1.98368E-15 kg 0.999999971
Siliconfsoil agricultural] 1.91038E-06 1.91038E-06 kg 0.999999984
Siliconfsoil industrial] 1.46695E-06 1.46695E-06 kg 1.000000013
Silicon]water ground-, long-term] 0.009466036 0.009466036 kg 0.999999983
Siliconfwater ground-] 3.23443E-05 3 23443E-05 kg 0.999999999
Silicon]water ocean] 4.06777E-09 4.06777E-09 kg 0.999999978
Siliconfwater ri'ftr] 1.34692E-05 1.34692E-05 kg 0.999999956
Silver, 0.007% in sulfide, Ag 0.004%, Pb, 
Zn, Cd. In, in ground]resource in ground] -7.01006E-08 -7.01006E-08 kg 0.999999968
Silver, 3.2ppm in sulfide, Ag 1.2ppm. Cu 
and Te, in crude ore, in 
ground[resource in ground]

-5.00097E-08 -5.00097E-08 kg 0.999999983
Silver, Ag 2.1E-4%, Au 2.1E-4%, in ore, 
in ground]resource in ground] -4.61688E-09 -4.61688E-09 kg 0.999999982
Silver, Ag 4.2E-3%, Au l.lE-4%, in ore, 
in ground]resource in groundl -1.05444E-08 -1.05444E-08 kg 0.999999952
Silver, Ag 4.6E-5%, Au 1.3E-4%, in ore, 
in ground]resource in ground] -1.03358E-08 -1.03358E-08 kg 0.999999981
Silver, Ag 9.7E-4%, All 9.7E-4%, Zn 
0.63%, Cu 0.38%, Pb 0.014%, in ore, in 
ground]resource in ground]

-6.8197E-09 -6.8197E-09 kg 0.999999978
Silver, ion]water ground-, long-terml 3.20375E-10 3.20375E-10 kg 0.999999965
Silver, ionfwater ground-] 8.3977E-11 8.3977E-11 kg 0 999999997
Silver, ionfwater ocean] 4.92477E-09 4.92477E-09 kg 1.000000006
Silver, ionfwater river] 1.47921 E-08 1.47921 E-08 kg 1.000000021
Silver, ionfwater unspecified] 1.64387E-10 1.64387E-10 kg 0.999999946



Table A l LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

E lem entary  Flow LCSoft SiinaPro7.1 Unit Ratio
Silverfair high population density 1 9.29082E-11 9.29082E-11 kg 0.999999993
Silverโair low population density! 1 62539E-12 1.62539E-12 kg 1.000000013
Silver-11 Of air low.population density! 3.69361E-11 3.69361E-11 kBq 1.000000006
Silver-1 lOfwater river! 3.06635E-05 3.06635E-05 kBq 0.999999992
Sodium chlorate[air_high population 
density! 1.30305E-09 1.30305E-09 kg 0.99999997
Sodium chloride, in ground[resource in 
ground] -0.001226199 -0.001226199 kg 0.999999987
Sodium dichromate[air_high population 
density! 2.10708E-09 2.10708E-09 kg 1
Sodium formate[air high population den­
sity] 4.17663E-11 4.17663E-11 kg 0.999999912
Sodium formate!water river] 1.00341E-10 1.00341E-10 kg 0.999999876
Sodium hydroxide[air high population 
density] 8.90215E-09 ร. 90215E-09 kg 0.99999997
Sodium nitrate, in groundfresource ill 
ground] -1.35949E-12 -1.35949E-12 kg 0.999999947
Sodium sulphate, various forms, in 
ground [resource in ground] -2.69463E-05 -2.69463E-05 kg 0.999999996
Sodium, ionfwater ground-, long-term] 0.000144627 0.000144627 kg 0.999999938
Sodium, ionfwater ground-! 9.12878E-05 9.1287SE-05 kg 0.999999993
Sodium, ionfwater oceanl 0.00251254 0.00251254 . kg 1.000000018
Sodium, ionfwater river! 0.005134548 0.005134548 kg 0.999999996
Sodium, ionfwater unspecified] 2.36837E-05 2.36837E-05 kg 1.000000001
Sodiumfair high population density! 9.17027E-07 9.17027E-07 kg 0.999999997
Sodiumfair low population density] 1.14341 E-08 1.14341 E-08 kg 0.999999943
Sodiumfair unspecified! 1.84729E-11 1.84729E-11 kg 0.999999535
Sodiumfsoil industrial] 2.9339E-05 2.9339E-05 kg 1 000000011
Sodiuntfsoil unspecified] 6.11036E-07 6.11028E-07 kg 1.000014291
Sodium-24fwater river] 1.2984E-07 1.2984E-07 kBq 0.999999999
Solids, inorganicfwater ground-! 0.000936485 0.000936485 kg 0.999999993
Solids, inorganicfwater river] 1.99017E-05 1.99017E-05 kg 0.999999946
Stibnite, in ground]resource in ground] -3.65518E-12 -3.65518E-12 kg 0.999999986
Strontiumfair high population density] 6.49753E-08 6.49753E-08 kg 0.999999988
Strontium]air low population density] 9.66168E-08 9.66168E-08 ks 0.999999994
Strontiumfair unspecified] 1.23213E-16 1.23213E-16 kg 0.999999994
Strontium]soil agricultural! 1.37544E-10 1.37544E-10 kg 1.000000029
Strontium]soil industrial] 1.46695E-07 1.46695E-07 kg 1.000000013
Strontium]water ground-, long-term] 1.2504E-05 1.2504E-05 kg 1.000000028
Strontium]water ground-] 6.9069 IE-07 6.9069 IE-07 kg 0.999999995
Strontiumfwater ocean] 1.48916E-05 1.4S916E-05 kg 1.000000024
Strontium]water river] 2.97228E-05 2.97228E-05 kg 0.999999999
Strontium]water unspecified] 4.27653E-09 4.27653E-09 kg 0.999999946
Strontium-89fwater riverl 5.553 IE-07 5.553 IE-07 kBq 0.999999993
Strontium-90]water ocean] 0.000400027 0.000400027 kBq 0.999999996
Strontium-90[water river] 0.02652055 0.02652055 kBq 0.999999997
Styrenefair high population density] 2.34768E-09 2.34768E-09 kg 0 999999625
Styrenefair low population density] 6.95138E-11 6.95138E-11 kg 1
Styrenefair unspecified] 1.97789E-18 1.97789E-18 kg 0.999999929
Sulfatefair higli population density] 4.737E-06 4.737E-06 kg 0.999999991
Sulfatefair low population density] 4.71309E-12 4.71309E-12 kg 0.999999984
Sulfatefair unspecified] 2.09603E-10 2.09603E-10 kg 0.999999929



Table A l LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

Elem entary Flow LCSoft SimaPro7.1 Unit Ratio
Sulfatefwater ground-, long-term] 0.002129098 0.002129098 kg 1.000000005
Sulfatefwater ground-1 0.00166499 0.00166499 kg 1.000000002
Sulfatefwater ocean] 7.05122E-05 7.05122E-05 kg 0.999999997
Sulfatefwater river] 0.000599812 0.000599812 kg 0.999999975
Sulfatefwater unspecifiedl 2.59628E-08 2.59628E-08 kg 0.999999918
Sulfide]water oceanl 1.96056E-08 1.96056E-08 kg 0.999999974
Sulfide]water l'iverl 4.36746E-08 4.36746E-08 kg 0.999999999
Sulfite]water river] 1.21077E-06 1.21077E-06 kg 0.999999967
Sulfur dioxide[air_high population densi-

J i J _________ _ _ _ _ _________________ 0.000804073 0.000804073 kg 1.000000003
Sulfur dioxidefair low population densi­
ty] 0.003374275 0.003374275 kg 1.000000001
Sulfur dioxide[air_lower stratosphere + 
upper tropospherel 1.54785E-10 1.54785E-10 kg 0.999999996
Sulfiir dioxidefair unspecified] 5.38443E-05 5.38443E-05 kg 0.99999997
Sulfur hexafluoride[air_low population 
densityl 8.32793E-11 8.32793E-11 kg 0.999999974
Sulfiir hexafluoridefair unspecified] 9.93558E-0S 9.93558E-08 kg 0.999999999
Sulfur, in ground]resource in ground] -8.40365E-07 -8.40366E-07 kg 0.999999968
Sulfur]soil agricultural] 2.17423E-07 2.17423E-07 kg 1.000000002
Sulfiirfsoil industrial] 8.80169E-06 8.80169E-06 kg 1
Sulfiir]water ocean] 1.30438E-07 1.30438E-07 kg 1.000000033
Sulfiirfwater river] 4.55036E-06 4.55036E-06 kg 0.999999995
Sulfur]water unspecified] 2.07894E-10 2.07894E-10 kg 0.999999947
Sulfuric acidfair high population density] 1.86365E-09 1.86365E-09 kg 0.999999984
Sulfuric acidfair low population density] 5.74348E-13 5.74348E-13 kg 1 000000006
Sulfuric acidfsoil agricultural] 1.15067E-12 1.15067E-12 kg 0.99999996
Suspended solids, unspeci- 
fiedfwater ocean] 0.000507215 0.000507215 kg 1.000000004
Suspended solids, unspeci­
fied] water river] 4.08578E-05 4.08578E-05 kg 0.999999994
Suspended solids, unspeci­
fied] water unspecified] 1.67712E-05 1.67712E-05 kg 0.999999957
Sylvite, 25 % in sylvinite, in 
groundfresource in ground] -4.93527E-06 -4.93527E-06 kg 0.999999961
Talc, in ground]resource in ground] -3.54773E-07 -3.54773E-07 kg 0.999999935
Tantalum, 81.9% in tantalite, 1.6E-4% in 
crude ore, in groundfresource in ground] -5.52663E-08 -5.52663E-08 kg 0.999999965
t-Butyl methyl ether[air high population 
density] 5.46818E-10 5.46818E-10 kg 0.999999949
t-Butyl methyl ether]water ocean] 5.31732E-08 5.31732E-08 kg 1
t-Butyl methyl ether]water river] 9.4182E-12 9.4182E-12 kg 0.999999946
t-Butyl methyl ether]water riverl 5.66003E-13 5.66003 E-13 kg 0 999999988
Tebutamfsoil agricultural] 1.3522E-11 1.3522E-11 kg 0.999999976
Technetium-99m[water river] 3.973 IE-07 3.9731E-07 kBq 0.999999987
Teflubenzuronfsoil agricultural] 3.19938E-12 3.19938E-12 kg 0.999999966
Tellurium, 0.5ppm in sulfide, Te 0.2ppm, 
Cu and Ag, in crude ore, in 
groundfresource ingroundl

-7.50158E-09 -7.50158E-09 kg 0.999999973
Tellurium-123 m]water river] 5.5678E-07 5.5678E-07 kBq 1.000000002
Tellurium-132]water riverl 9.93616E-10 9.93616E-10 kBq 0.999999997
Terpenesfair low population densityl 2.9287E-10 2.9287E-10 kg 0.999999947
Thalliumfair high population density] 5.40747E-10 5.40747E-10 kg 1
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Table A l LCI results from LCI calculation of acetic acid, 98 % ill H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

E lem entary  Flow LCSoft Sim aPro7.1 Unit Ratio
Thallium]air low population densityl 1.37257E-11 1.37257E-11 kg 0.999999978
Thalliumfair unspecifiedl 9.7197E-11 9.7197E-11 kg 1.000000117
Thalliumfwater ground-, long-term] 1.40321E-08 1.40321E-08 kg 1.000000015
Thallium!water ground-] 3.60266E-12 3.60266E-12 kg 1.000000004
Thallium]water river] 2.30608E-09 2.3060SE-09 kg 0.999999992
Thallium]water unspecified] 1.86388E-13 1.86388E-13 kg 0.999999939
Thiramfsoil agricultural] 1.33335E-12 1.33335E-12 kg 0.999999946
Thorium]air high population density] 6.4972E-10 6.4972E-10 kg 1
Thoriumfair low population density] 4.50248E-11 4.50248E-11 kg 0.999999948
Thorium-22S[air high population densi-
ty]

1.88079E-06 1.88079E-06 kBq 0.999999978
Thorium-228 [air low population density] 4.68687E-06 4.68687E-06 kBq 0.999999994
Thorium-228]air unspecified] 5.56447E-15 5.5644 7E-15 kBq 0.999999996
Thorium-22 8]water ground-] 4.02515E-10 4.02515E-10 kBq 0.999999979
Thorium-228]water ocean] 0.001642064 0.001642064 kBq 1.000000001
Thorium-228]water river] 0.003281465 0.003281465 kBq 0.999999985
Thorium-230]air low population density] 9.91217E-06 9.91217E-06 kBq 0.999999998
Thorium-230]water riverl 0.00662303 0.00662303 kBq 1.000000004
Thorium-2 3 2[airjiigh population densi­
ty]________  _____________ _

1.19687E-06 1.19687E-06 kBq 0.999999981
Thorium-232]air low population densityl 7.35946E-06 7.35946E-06 kBq 0.999999993
Thorium-232]air unspecified] 8.74417E-15 8.74417E-15 kBq 0.999999998
Thorium-232]water ground-] -6.78005E-27 -6.78005E-27 kBq 0.999999975
Thorium-232]water riverl 1.05886E-05 1.05886E-05 kBq 1.000000013
Thorium-234]air low population density] 2.6341E-06 2.6341E-06 kBq 1.000000005
Thorium-234]water river] 4.8547E-05 4.8547E-05 kBq 0.999999988
Tin, 79% in cassiterite, 0.1% in crude ore, 
in ground]resource in ground] -2.43985E-06 -2.43985E-06 kg 0.99999974
Tin. ion]water ground-, long-term] 2.62304E-07 2.62304E-07 kg 0.999999965
Tin, ion]water ground-] 6.90737E-11 6.90737E-11 kg 0.999999991
Tin, ion]water river] 3.39823E-09 3.39823E-09 kg 1
Tin, ionfwater unspecified] 8.63262E-12 8.63262E-12 kg 0.999999931
Tinfair high population density] 5.29897E-10 5.29897E-10 kg 0.999999974
Tin]air low population densityl 4.34279E-08 4.34279E-08 kg 0.999999972
Tinlair unspecified] 3.3907E-09 3.3907E-09 kg 0.999999862
Tin[soil agricultural] 1.42227E-11 1.42227E-11 kg 0.999999962
Ti02, 54% in ilmenite, 2.6% in etude ore, 
in ground]resource in groundl -6.91034E-05 -6.91034E-05 kg 0.999999982
Ti02, 95% in rutile, 0.40% in crude ore, 
in ground]resource in groundl -3.3297E-10 -3.3297E-10 kg 0.999999972
Titanium, ionfwater ground-, long-term] 3.66012E-05 3.66012E-05 kg 0.999999991
Titanium, ionfwater ground-] 9.54323E-08 9.54323E-08 kg 1.000000002
Titanium, ionfwater ocean] 6.35132E-10 6.35132E-10 kg 0.99999996
Titanium, ionfwater river] 5.21712E-08 5.21712E-08 kg 0.999999968
Titanium, ionfwater unspecified] 1.35465E-11 1.35465E-11 kg 0.999999965
Titaniumfair high population density] 1.31007E-07 1.31007E-07 kg 1.000000013
Titaniumfair low population densityl 6.93402E-09 6.93402E-09 kg 0.999999957
Titanium]air unspecified] 4.07838E-10 4.07838E-10 kg 0.999999956
Titanium]soil agricultural] 3.15231E-08 3.15231 E-OS kg 0.999999985
TOC, Total Organic Car- 
bonfwater ground-, long-term] 0.000197359 0.000197359 kg 0.999999967
TOC, Total Organic Car- 
bonfwater ocean] 0.000262383 0.000262383 kg 0.99999999

o
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Table A l LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

E lem entary  Flow LCSoft Sim aPro7.1 Unit Ratio
TOC, Total Organic Carbonโwater riverl 0.001328268 0.001328268 ■ kg 0.999999986
TOC, Total Organic Car­
bon! water unspecified! 0.000121909 0.000121909 kg .. 1.000000037
Toluenefair high population density] 4.3305E-06 4.3305E-06 kg 0.999999991
Toluenefair low population density! 5.9634 IE-07 5.9634 IE-07 kg 0.999999997
Toluenefair unspecified! 8.40386E-08 8.40386E-08 kg. 0.999999995
Toluenefwater ocean] 1.16618E-06 1.16618E-06 ke 1.000000033
Toluenefwater river] 1.86982E-06 1.86982E-06 kg 1.000000012
Toluenefwater unspecified] 1.2434 IE-10 1.2434 IE-10 kg 0.999999936
Transformation, from arable, non- 
irrigated, fallow!resource landl -1.12472E-07 -1.12472E-07 m2 0.999999925
Transformation, from arable, non- 
irrigatedfresource land] -4.41792E-05 -4.41792E-05 m2 0.99999995
Transformation, from ara- 
blefresource land] -8.76912E-07 -8.76912E-07 m2 0.99999998
Transformation, from dump site, inert 
material landfillfresource land] -3.40584E-06 -3.40584E-06 m2 1.000000077
Transformation, from dump site, residual 
material landfillfresource land] -2.17004E-06 -2.17004E-06 m2 0.999999967
Transformation, from dump site, sanitary' 
landfillfresource land] -4.79376E-08 -4.79376E-08 m2 0.999999695
Transformation, from dump site, slag 
compartmentfresource land] -7.2529 IE-09 -7.25291E-09 m2 0.999999801
Transformation, from forest, exten- 
sivefresource land] -0.000219861 -0.000219861 m2 0.999999962
Transformation, from forest, intensive, 
clear-cutting!resource land] -3.23256E-07 -3.23256E-07 m2 0.999999934
Transformation, from for- 
estfresource land] -0.000638696 -0.000638696 m2 1.000000001
Transformation, from industrial area, 
benthosfresource landl -1.14008E-08 -1.14008E-0S m2 0.999999782
Transformation, front industrial area, built 
upfresource land] -4.85309E-09 -4.85309E-09 m2 0.999999976
Transformation, from industrial area, 
vegetation!resource landl -8.2788 IE-09 -8.2788 IE-09 m2 0.999999982
Transformation, from industrial ar- 
eafresource land] -4.37518E-06 -4.37518E-06 m2 1.000000119
Transformation, from mineral extraction 
sitefresource land] -2.1409E-05 -2.1409E-05 m2 1.000000029
Transformation, from pasture and mead­
ow. intensivefresource land] -3.59765E-08 -3.59765E-08 m2 0.999999966
Transformation, from pasture and mead- 
owfresource land] -1.68049E-05 -1.68049E-05 m2 1.000000028
Transformation, from sea and 
oceanfresource land] -0.000227421 -0.000227421 m2 0.999999996
Transformation, from shrub land, scle- 
rophyllousfresource land] -9.16403E-06 -9.16403E-06 m2 1.000000016
Transformation, from tropical rain for- 
estfresource landl -3.23256E-07 -3.23256E-07 m2 0.999999934
Transformation, from Ult­
imo wnfresource land] -0.000156394 -0.000156394 m2 0.999999539
Transformation, to arable, noil-irrigated, 
fallow]resource land] -2.24568E-07 -2.24568E-07 m2 0.999999946
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Table A l LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

Elem entary Flow LCSoft Sim aPro7.1 Unit Ratio
Transformation, to arable, non- 
irrigatedf resource land] -4.42161E-05 -4.42161 E-05 m2 0.99999995
Transfonnation, to arablefresource landl . • -3.06582E-05 -3.06582E-05 m2 0.999999993
Transformation, to dump site, ben­
thos [resource landl -0.000227228 -0.000227228 m2 1.000000011
Transfonnation, to dump site, inert mate­
rial landfillfresource landl -3.40584E-06 -3.40584E-06 m2 1.000000077
Transformation, to dump site, residual 
material landfillfresource landl -2.17007E-06 -2.17007E-06 m2 0.999999985
Transformation, to dump site, sanitary 
landfillf resource landl -4.79376E-08 -4.79376E-08 m2 0.999999695
Transformation, to dump site, slag com- 
partmentfresource landl -7.25291E-09 -7.25291E-09 m2 0.999999801
Transformation, to dump 
sitefresource landl -1.92056E-05 -1.92056E-05 m2 0.999999963
Transformation, to forest, intensive, clear- 
cuttingfresource land] -3.23256E-07 -3.23256E-07 m2 0.999999934
Transfonnation, to forest, intensive, nor- 
malfresource land] -0.000215876 -0.000215876 m2 0.999999946
Transformation, to forest, intensive, 
short-cyclefresource landl -3.23256E-07 -3.23256E-07 m2 0.999999934
Transformation, to forest, inten- 
sivefresource land] -1.55887E-06 -1.55S87E-06 m2 0.999999914
Transformation, to forestfresource land] -1.21103E-05 -1.21103 E-05 m2 1.000000127
Transformation, to heterogeneous, agri- 
culturalfresource landl -2.41585E-05 -2.41585E-05 m2 0.999999978
Transformation, to industrial area, ben- 
thosfresource landl -1.93117E-07 -1.93117E-07 m2 0.999999809
Transformation, to industrial area, built 
upfresource land] -3.63299E-05 -3.633E-05 m2 0.999998363
Transfonnation, to industrial area, vegeta- 
tionfresource land] -1.19319E-05 -1.19319E-05 m2 0.999998746
Transformation, to industrial ar- 
eafresource landl -1.70234E-05 -1.70234E-05 m2 1.000000023
Transformation, to mineral extraction 
site[resource landl -0.000651572 -0.000651572 m2 1.000000002
Transfonnation, to pasture and mead- 
owfresource landl -3.08695E-06 -3.08695E-06 m2 1.000000161
Transformation, to permanent crop, fruit, 
intensivefresource landl -1.77873E-07 -1.77S73E-07 m2 0.999999945
Transformation, to sea and 
ocean [resource land] -1.14008E-08 -1.14008E-08 m2 0.999999782
Transformation, to shrub land, scle- 
rophyllousfresource land] -5.63108E-06 -5.631Û8E-06 m2 1.000000031
Transformation, to traffic area, rail em- 
bankmentfresource land] -7.7933E-07 -7.7933E-07 m2 1.000000003
Transformation, to traffic area, rail net- 
workfresource landl -8.56619E-07 -8.56619E.-07 m2 0.999999993
Transformation, to traffic area, road em- 
bankmentfresource landl -2.2288E-06 -2.2288E-06 m2 0.999999933
Transformation, to traffic area, road net­
work^resource land] -5.54905E-06 -5.54905E-06 m2 0.99999999

๐
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Table A l LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

Elem entary Flow LCSoft SimaPro7.1 Unit - Ratio
Transformation, to un- 
known[resource land] -4.48649E-06 -4.48649E-06 m2 0.999999973
Transformation, to urban, discontinuously 
builtf resource landl -1.36059E-09 -1.36059E-09 ทใ2 0.999999993
Transformation, to water bodies, artifi­
cial ["resource land] -1.72257E-05 -1.72257E-05 m2 1.000000034
Transformation, to water courses, artifi- 
cialfresource land] -7.55656E-06 -7.55656E-06 m2 0.999999994
Tributyltin compounds]water ocean] 2.91887E-08 2.91887E-08 kg 0.999999983
Triethylene glycol [water ocean] 2.31147E-07 2.31147E-07 kg 0.999999989
Tungsten]water ground-, long-term] 1.11322E-07 1.11322E-07 kg 0.999999954
Tungsten]water .ground-] 4.6812E-08 4.6812E-08 kg 0.999999987
Tungsten [water river] 2.0675 IE-08 2.0675 IE-08 kg 1.000000015
Ulexite, in groundfresource in ground] -2.26913E-07 -2.26913E-07 kg 1.000000008
Uranium alpha[air_low population densi­
ty] 0.000143094 0.000143094 kBq 1
Uranium alpha]water rivei'l 0.002796598 0.002796598 kBq 1.000000007
Uranium, in groundfresource in ground] -1.07115E-05 -1.07115E-05 kg 0.999999995
Uraniumfair high population density] 8.65156E-10 8.65156E-10 kg 0.999999993
Uraniumfair low population density] 2.28923E-11 2.28923E-11 kg 0.999999942
Uranium-234[air low population density] 3.07947E-05 3.07947E-05 kBq 0.999999992
Uranium-234[water riverl 5.82499E-05 5.82499E-05 kBq 1.000000004
Uranium-235fair low population density] 1.48537E-06 1 48537E-06 kBq 0.999999999
Uranium-23 5 [water river] 9.61124E-05 9.61124E-05 kBq 0.999999994
Uranium-238[airjngh population densi­
ty] 3.41963E-06 3.41963E-06 kBq 0.999999987
Uranium-238[air low population density] 4.8857E-05 4.8857E-05 kBq 0.999999995
Uranium-238fair unspecified] 2.90644E-14 2.90644E-14 kBq 1.000000002
Uranium-238[water ground-] 1.6843 IE-08 1.68431E-08 kBq 0.999999985
Uranium-23 8[water oceanl 1.9861 IE-05 1.9861 IE-05 kBq 0 99999999
Uranium-238[water river] 0.000168735 0.000168735 kBq 0.999999989
Vanadium, ionfwater ground-, long-term] 3.87249E-06 3.87249E-06 kg 0.999999973
Vanadium, ionfwater ground-1 5.23569E-08 5.23569E-08 kg 0.999999988
YaiJ&dium, ionfwater ocean] 5.01566E-09 5 01566E-09 kg 0.999999994
Vanadium, ionfwater river] 9.31888E-0S 9.3188SE-08 kg 0 999999998
Vanadium, ionfwater unspecified] 2.13085E-12 2.13085E-12 kg 0.999999944
Vanadiumfair high population density] 1.2384E-06 1.23S4E-06 kg 1 000000021
Vanadiumfair low population density] 2.99344E-08 2.99344E-08 kg 0.999999998
Vanadiumfair unspecified] 1.15641E-09 1.15641E-09 kg 0.999999972
Vanadiumfsoil agricultural] 9.0229E-10 9.0229E-10 kg 0.999999996
Venniculite, in ground[resource_in 
ground] -1.09329E-07 -1.09329E-07 kg 1.000000007
VOC, volatile organic compounds, un­
specified originfwater ocean] 2.87278E-06 2.8727SE-06 kg 1.000000004
VOC, volatile organic compounds, un­
specified originfwater river] 5.86399E-06 5.86399E-06 kg 1.000000001
Volume occupied, final repository for 
low-active radioactive wastefresource in 
groundl

-2.20888E-08 -2.20S88E-08 m3 0.999999985
Volume occupied, final repositoiy for 
radioactive wastefresource in ground] -5.5739E-09 -5.5739E-09 m3 0.999999996



Table A l LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -
RER, ecoinvent data v2.0 (cont’d)

• E lem entary Flow LCSoft SimaPro7.1 U nit Ratio
Volume occupied, reservoir[resource_in 
waterl -0.014245173 -0.014245173 m3 a 0.999999979
Volume occupied, underground depos- 
it[resource in ground] -4.02259E-08 -4.02259E-08 m3 0.999999981
Water, cooling, unspecified natural 
origin]resource in water] -0.106784118 m3
Water, lake]resource in water] -0.000114789 -0.000114789 m3 1.000000022
Water, river]resource in water] -0.005549403 -0.005549403 m3 1.000000001
Water, salt, ocean[r«source in water] -0.001066949 -0.001066949 m3 0.999999996
Water, salt, solefresource in water] -0.000306148 -0.000306148 m3 0.999999988
Water, turbine use, unspecified natural 
origin]resource in water] -5.961019495 -5.9610195 m3 0.999999999
Water, unspecified natural 
origin]resource in water] -0.002180705 m3
Water, well, in ground]resource in water] -0.001404695 -0.001404695 m3 0.999999965
Water]air high population density] 9.22999E-09 9.22999E-09 kg 0.999999989
Water]air low population density] 3.15814E-08 3.15814E-08 kg 0.99999999
Waterfall' lower stratosphere + upper 
troposphere] 1.91929E-07 1.91929E-07 kg 0.999999999
Waterfair unspecified] 5.79537E-05 5.79537E-05 kg 0.999999907
Wood, hard, standing]resource biotic] -6.49287E-06 -6.49287E-06 m3 0.99999999
Wood, primary forest, stand- 
ingfresource biotic] -3.34699E-09 -3.34699E-09 m3 0.999999955
Wood, soft, standing[resource biotic] -2.06218E-05 -2.06218E-05 m3 0.999999965
Wood, unspecified, stand- 
ingfresource biotic] -4.38761E-11 m3
Xenon-131 111]air low population density! 0.000696309 0.000696309 kBq 1.000000004
Xenon-133]air low population density] 0.022218148 0.022218148 kBq 1.000000013
Xenon-133tn]air low population density] 9.35735E-05 9.35735E-05 kBq 1.000000001
Xenon-135fair low population density] 0.009104532 0.009104532 kBq 1.000000001
Xenon-;35m]atr iow population density] 0.005376923 0.005376923 kBq 1
Xenon-137]air low population density] 0.000105422 0.000105422 kBq 0.999999967
Xenon-138[air low population density] 0 000925085 0.000925085 kBq 0.999999999
Xylenefair high population density] 2.11055E-06 2.11055E-06 kg 1.000000016
Xylenefair low population density] 4.34937E-06 4.34937E-06 kg 0.999999986
Xylenefair unspecified] 9.8031 IE-08 9.8031 IE-08 kg 0.999999995
Xylene]water ocean] 9.71795E-07 9 71795E-07 kg 0.999999996
Xylene[water river] 1.5521 IE-06 1.5521 IE-06 kg 1.000000009
Xylenefwater. unspecified] 6.27884E-11 6.27884E-11 kg 0.999999939
Zinc, 9.0% in sulfide, Zn 5.3%, Pb, Ag, 
Cd, In, in gromidfresource in ground] -0.000289137 -0.000289137 kg 0.999999935
Zinc, ionfwater ground-, long-term] 3.95862E-06 3.95862E-06 kg 0.99999997
Zinc, ionfwater ground-] 2.75525E-08 2.75525E-08 kg 0.999999994
Zinc, ion]water lake] 1.01959E-13 1.01959E-13 kg 0.999999994
Zinc, ionfwater ocean] 7.49818E-06 7.49818E-06 kg 0.999999997
Zinc, ionfwater river] 1.93351E-06 1.9335 IE-06 kg 1.000000013
Zinc, ionfwater unspecified] 1.35933E-07 1.35933E-07 kg 0.999999962
Zincfair high population density] 4.28018E-07 4.28018E-07 kg 0.999999993
Zincfair low population density] 1.22648E-06 1.22648E-06 kg 0.999999971
Zinc[air_lower stratosphere + upper trop­
osphere] 1.547S5E-13 1.54785E-13 kg 0.999999996
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Table Al LCI results from LCI calculation of acetic acid, 98 % in H2O, at plant -  RER, ecoinvent data v2.0 (cont’d)
Elem entary Flow LCSoft SimaPro7.1 Unit Ratio

Zinclair unspecified] 5.36214E-07 5.36214E-07 kg 0.999999967
Zincfsoil agricultural] 4.53919E-08 4.53919E-08 kg 0.999999993
Zinc[soil industrial] 2.20042E-07 2.20042E-07 kg 0.999999989
Zincfsoil unspecified] 7.87486E-08 7.87486E-0S kg 0.999999992
Zinc-65fair low population density] 7.1351 IE-10 7.1351 IE-10 kBq 0.999999992
Zinc-65fwater river] 1.76033E-06 1 76033E-06 kBq 1.000000018
Zirconium, 50% in zircon, 0.39% in crude 
ore, in groundfresource in ground] -7.56318E-08 -7.56318E-08 kg 0.999999978
Zirconiumfair low population density] 5.54781E-10 5.54781E-10 kg 0.999999947
Zirconium-95fair low population density] 6.9743E-10 6.9743E-10 kBq 1.000000002
Zirconium-95fwater river] 2.0385 IE-08 2.03851E-08 kBq 0.999999994
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Appendix B Characterization Factors of New Impacts Categories

Table B1 Characterization factors contained in Cumulative Energy Demand (Frischknecht et a i, 2007)
C a te g o r y C o m p a r t m e n t S u b - C o m p a r t m e n t S u b s ta n c e F a c to r U n i t  p e r

N o n  r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c if ie d C o a l, 18 M J p e r  kg , in  g r o u n d 18 M J e q k g

N o n  r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c if ie d C o a l ,  2 6 .4  M J p e r  kg , in  g r o u n d 2 6 .4 M J  eq k g

N o n  r e n e w a ­
b le ,  fo ss il R e s o u r c e u n s p e c if ie d C o a l, 2 9 .3  M J p e r  kg , in  g r o u n d 2 9 .3 M J  e q k g

N o n  r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c if ie d C o a l, u n p ro c e s s e d  b i tu m in o u s ,  in  

g ro u n d 2 4 .8 M J  eq k g
N o n  r e n e w a ­

b le ,  fo ss il R e s o u rc e u n s p e c if ie d C o a l ,  b i tu m in o u s , 2 4 .8  M J  p e r  k g 2 4 .8 M J  e q k g
N o il r e n e w a ­

b le ,  fo ss il R e s o u rc e u n s p e c if ie d C o a l ,  b itu m in o u s , 2 4 .8  M J p e r  k g , in  
g ro u n d 2 4 .8 M J  e q k g

N o n  r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c if ie d C o a l ,  b i tu m in o u s ,  2 4 .8  M J /k g , in  

g ro u n d 2 4 .8 M J  e q k g
N o n  r e n e w a ­

b le ,  fo ss il R e s o u rc e u n s p e c if ie d C o a l ,  b ro w n , 10 M J  p e r  k g . in  g ro u n d 10 M J e q k g
N o n  r e n e w a ­

b le ,  fo ss il R e s o u r c e u n s p e c if ie d C o a l, b ro w n , 8 M J p e r  k g , in  g r o u n d 8 M J eq k g
N o n  r e n e w a ­

b le ,  fo ss il R e s o u rc e u n s p e c if ie d C o a l, lig n ite , in  g ro u n d 9 .9 M J  e q k g
N o n  r e n e w a ­

b le ,  fo ss il R e s o u rc e u n s p e c if ie d L ig n ite  ( in  M J) 1 M J  e q M J
N o n  r e n e w a ­

b le ,  fo ss il R e s o u r c e u n s p e c if ie d L ig n ite  c o a l, a t  su rfa c e  m in e 9 .9 M J  e q k g
N o n  r e n e w a ­

b le ,  fo ss il R e s o u r c e u n s p e c if ie d L ig n ite  c o a l, a t  su rfa c e  m in e 9 .9 M J  e q k g
N o n  r e n e w a ­

b le ,  fo ss il R e s o u rc e u n s p e c if ie d L ig n ite , 11 M J  p e r  k g . in  g r o u n d 11 M J eq k g
N o n  r e n e w a ­

b le ,  fo ss il R e s o u rc e u n s p e c if ie d C o a l, b ro w n , in  g ro u n d 9 .9 M J  e q k g
N o il r e n e w a ­

b le ,  fo ss il R e s o u rc e u n s p e c if ie d C o a l ,  fe e d s to c k , 2 6 .4  M J  p e r  k g ,  in 
g ro u n d 2 6 .4 M J  eq k g

N o n  r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c if ie d H a rd  c o a l ( in  M J) I M J eq M J

N o n  r e n e w a ­
b le ,  fo ss il R e s o u r c e u n s p e c if ie d C o a l, h a rd , u n sp e c if ie d , in  g r o u n d 19.1 M J  eq k g

N o il r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c if ie d C o a l, h a rd , 2 6 .4  M J  p e r  k g , in  g r o u n d 26 .4 M J  e q k g

N o n  r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c if ie d C o a l, h a rd , 3 0 .7  M J  p e r  k g 3 0 .7 M J  e q k g

N o il r e n e w a ­
b le ,  fo s s il R e s o u rc e u n s p e c if ie d C o a l ,  h a rd , 3 0 .7  M J p e r  k g , in  g ro u n d 3 0 .7 M J  e q k g

N o n  r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c if ie d E n e rg y , fro m  c o a l 1 M J  eq M J

N o il r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c if ie d E n e rg y , f ro m  c o a l, b ro w n I M J  e q M J

N o n  r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c if ie d E n e rg y , fro m  g a s , n a tu ra l 1 M J  e q M J

N o n  r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c if ie d E n e rg y , fro m  o il 1 M J  eq M J

N o n  r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c if ie d E n e rg y , fro m  p e a t 1 M J  e q M J

N o n  r e n e w a ­
b le ,  fo s s il R e s o u rc e u n s p e c if ie d E n e rg y , fro m  su lfu r 1 M J  e q M J

N o n  r e n e w a ­
b le ,  fo ss il R e s o u r c e u n s p e c if ie d E n e rg y , u n s p e c if ie d 1 M J eq M J

O
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Table B1 Characterization (Frischknecht et a i, 2007) factors contained in Cumulative Energy Demand
(cont’d)

C a te g o r y C o m p a r t m e n t S u b - C o m p a r t m e n t S u b s t a n c e F a c t o r U n i t  p e r
N o n  r e n e w a ­

b le ,  fo ss il R e s o u rc e u n s p e c if ie d G a s, m in e , o f f -g a s ,  p r o c e s s ,  c o a l 
m in in g /k g 4 9 .8 M J  eq kg

N o n  r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c if ie d G as, m in e , o f f -g a s ,  p r o c e s s ,  c o a l 

m in in g /m 3 3 9 .8 M J  eq m 3
N o n  r e n e w a ­

b le ,  fo ss il R e s o u rc e u n s p e c if ie d G a s, n a tu ra l, 3 0 .3  M J  p e r  k g ,  in 
g ro u n d 3 0 .3 M J  eq k g

N o n  r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c if ie d G as, n a tu ra l, 35  M J  p e r  m 3 , in  

g ro u n d 3 5 M J eq m 3
N o n  r e n e w a ­

b le ,  fo ss il R e s o u rc e u n s p e c if ie d G a s, n a tu ra l. 3 6 .6  M J  p e r  m 3 , in 
g ro u n d 3 6 .6 M J  e q m 3

N o n  r e n e w a ­
b le ,  fo ss il R e s o u r c e u n s p e c if ie d G a s, n a tu ra l, 4 6 .8  M J  p e r  k g , in  

g ro u n d 4 6 .8 M J  eq k g
N o n  r e n e w a ­

b le ,  fo ss il R e s o u r c e u n s p e c if ie d G a s, n a tu ra l, f e e d s to c k , 3 5  M J  p e r  
m 3 , in  g ro u n d 3 5 M J  eq m 3

N o n  r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c if ie d G a s , n a tu ra l, f e e d s to c k . 4 6 .8  M J  p e r  

k g , in  g ro u n d 4 6 .8 M J  e q k g
N o n  r e n e w a ­

b le ,  fo ss il R e s o u rc e u n s p e c if ie d G a s , n a tu ra l, 4 9 .8  M J  p e r  k g , in  
g ro u n d 4 9 .8 M J  e q k g

N o n  r e n e w a ­
b le ,  fo ss il R e s o u r c e u n s p e c if ie d G a s , n a tu ra l, 5 0 .0  M J  p e r  k g , in  

g ro u n d 50 M J  e q k g
N o n  r e n e w a ­

b le ,  fo ss il R e s o u r c e u n s p e c if ie d G a s . n a tu ra l 3 7 .3 M J  e q m 3
N o n  r e n e w a ­

b le ,  fossil R e s o u rc e u n s p e c i f ie d G as, n a tiira l , in  g ro u n d 3 7 .3 M J  eq m 3
N o n  r e n e w a ­

b le ,  fo ss il R e s o u r c e u n s p e c if ie d N a tu ra l g a s  ( in  M J ) 1 M J  e q M J
N o n  r e n e w a ­

b le ,  fo ss il R e s o u rc e u n s p e c if ie d G a s, o ff -g a s , o il  p r o d u c t io n ,  ill 
g ro u n d 3 9 .8 M J  e q m 3

N o n  r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c if ie d G a s, p e tro le u m , 35  M J  p e r  m 3 , in 

g ro u n d 3 5 M J  e q m 3
N o n  r e n e w a ­

b le ,  fo ss il R e s o u r c e u n s p e c if ie d M e th a n e 3 5 .9 M J  e q k g
N o n  r e n e w a ­

b le ,  fo ssil R e s o u rc e u n s p e c if ie d O il, c ru d e , 3 8 4 0 0  M J  p e r  m 3 , in 
g ro u n d 3 8 4 0 0 M J e q m 3

N o n  r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c if ie d O il, c ru d e , 41 M J p e r  k g , in  g r o u n ç b . 41 M J  e q k g

N o n  r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c if ie d O il, c ru d e , 4 2  M J  p e r  k g , in  g ro u n d 42 M J  e q k g

N o n  r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c i f ie d O il, c ru d e , 4 2 .6  M J  p e r  k g ,  in  g ro u n d 4 2 .6 M J  e q kg

N o n  r e n e w a ­
b le ,  fo ss il R e s o u r c e u n s p e c i f ie d O il, c ru d e , 4 2 .7  M J  p e r  k g ,  in  g ro u n d 4 2 .7 M J  eq k g

N o n  r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c if ie d O il, c ru d e , 4 3 .7  M J  p e r  k g , in  g ro u n d 4 3 .7 M J  e q k g

N o n  r e n e w a ­
b le ,  fo ss il R e s o u r c e u n s p e c if ie d O il. c ru d e , 4 5 .2 5  M J  p e r  k g ,  in

g ro u n d 4 5 .2 5 M J  eq k g
N o n  r e n e w a ­

b le ,  fo ss il R e s o u r c e u n s p e c if ie d O il, c ru d e , fe e d s to c k , 41  M J  p e r  k g , 
in  g ro u n d 41 M J eq k g

N o n  r e n e w a ­
b le ,  fo ss il R e s o u rc e u n s p e c i f ie d O il, c ru d e , fe e d s to c k , 4 2  M J  p e r  kg , 

in  g ro u n d 42 M J e q kg
N o n  r e n e w a ­

b le ,  fo ss il R e s o u rc e u n s p e c i f ie d O il, c ru d e , in  g r o u n d 4 5 .8 M J  e q k g
N o n  r e n e w a ­

b le ,  fo ss il R e s o u r c e u n s p e c if ie d O il, c ru d e 4 5 .ร M J  e q k g
N o n  r e n e w a ­

b le ,  fo ss il R e s o u rc e u n s p e c if ie d C ru d e  o i l  ( in  M J ) 1 M J  e q M J
N o n  r e n e w a ­

b le ,  fo ss il R e s o u r c e u n s p e c i f ie d P e a t, in  g ro u n d 13 M J  e q k g
N o n  r e n e w a ­

b le ,  fo ss il R e s o u r c e u n s p e c if ie d P e a t  ( in  M J ) 1 M J  e q k g

๐
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Table B1 Characterization factors contained in Cumulative Energy Demand
(Frischknecht e t  a i ,  2007) (cont’d)

C a te g o r y C o m p a r t m e n t S u b - C o m p a r t m e n t S u b s t a n c e F a c t o r U n i t  p e r
N o n  r e n e w a ­

b le ,  fo s s il R e s o u rc e b io t ic P e a t, ill g ro u n d 9 M J eq kg
N o n  r e n e w a ­
b le , n u c l e a r R e s o u rc e u n s p e c if ie d E n e rg y , f ro m  u r a n iu m 1 M J eq M J

N o n  r e n e w a ­
b le ,  n u c l e a r R e s o u rc e u n s p e c if ie d U ra n iu m  o re ,  1 .11  G J  p e r  k g , in  

g ro u n d 1 1 10 M J eq k g
N o n  r e n e w a ­
b le ,  n u c l e a r R e s o u rc e u n s p e c if ie d U ra n iu m , 2 2 9 1  G J  p e r  k g , in  g ro u n d 2 2 9 1 0 0 0 M J  eq k g

N o n  r e n e w a ­
b le ,  n u c l e a r R e s o u rc e u n s p e c if ie d U ra n iu m  o x id e  ( บ 3 0 8 ) ,  3 3 2  G J  p e r  

k g , in  o re 3 3 2 0 0 0 M J eq kg
N o n  r e n e w  a ­
b le , n u c l e a r R e s o u rc e u n s p e c if ie d U ra n iu m  o x id e , 3 3 2  G J  p e r  k g , in  o re 3 3 2 0 0 0 M J  eq k g

N o n  r e n e w  a ­
b l e ,  n u c l e a r R e s o u r c e u n s p e c if ie d U ra n iu m , 4 5 1  G J p e r  k g . 111  g ro u n d 4 5 1 0 0 0 M J eq k g
N o n  r e n e w a ­
b le ,  n u c l e a r R e s o u rc e u n s p e c if ie d U ra n iu m , 5 6 0  G J  p e r  k g , in  g ro u n d 5 6 0 0 0 0 M J eq k g

N o n  r e n e w a ­
b le , n u c l e a r R e s o u rc e u n s p e c if ie d U ra n iu m  n a tu ra l  ( in  M J ) 1 M J  eq M J

N o n  r e n e w a ­
b le .  n u c l e a r R e s o u rc e u n s p e c if ie d U ra n iu m , in  g ro u n d 5 6 0 0 0 0 M J eq k g
R e n e w a b le ,

b io m a s s R e s o u rc e u n s p e c if ie d B io m a s s ,  f e e d s to c k 1 M J eq M J
R e n e w a b le ,

b io m a s s R e s o u rc e u n s p e c if ie d E n e rg y , f ro m  b io m a s s 1 M J  eq M J

R e n e w a b le ,
b io m a s s R e s o u rc e u n s p e c if ie d W o o d  a n d  w o o d  w a s te ,  2 0 .9  M J  p e r  

k g , o v e n d r y  b a s is 2 0 .9 M J  eq k g

R e n e w a b le ,
b io m a s s R e s o u rc e u n s p e c if ie d W o o d  a n d  w o o d  w a s te ,  9 .5  M J  p e r  k g 9 .5 M J  eq k g

R e n e w a b le ,
b io m a s s R e s o u rc e u n s p e c i f ie d E n e rg y , f ro m  w o o d 1 M J eq M J

R e n e w a b le ,
b io m a s s R e s o u rc e u n s p e c if ie d E n e rg y , g ro s s  c a lo r i f ic  v a lu e ,  in  b io ­

m a s s 1 M J  e q M J

R e n e w a b le ,
b io m a s s R e s o u rc e u n s p e c if ie d E n e rg y , g ro s s  c a lo r i f ic  v a lu e ,  in  b io ­

m a s s ,  p r im a r y  fo re s t 1 M J  e q M J

R e n e w a b le ,  
w in d ,  s o l a r ,  
g e o th e r m a l

R e s o u rc e ■ fihspecified E n e rg y , g e o th e rm a l 1 M J  eq M J

R e n e w a b le ,  
w in d ,  s o l a r ,  
g e o th e r m a l

R e s o u rc e u n s p e c if ie d E n e rg y , g e o th e rm a l ,  c o n v e r te d 1 M J  eq M J

R e n e w a b le ,  
w in d ,  s o la r ,  
g e o th e r m a l

R e s o u rc e u n s p e c if ie d E n e rg y , k in e t ic ,  f lo w , ill w in d I M J  e q M J

R e n e w a b le ,  
w in d ,  s o la r ,  
g e o th e r m a l

R e s o u rc e u n s p e c if ie d E n e rg y , k in e t ic  ( in  w in d ) ,  c o n v e r te d 1 M J e q M J

R e n e w a b le ,  
w in d ,  s o l a r ,  
g e o th e r m a l

R e s o u rc e u n s p e c if ie d E n e rg y ,  s o la r 1 M J  e q M J

R e n e w a b le ,  
w in d ,  s o la r ,  
g e o th e r m a l

R e s o u rc e u n s p e c i f ie d E n e rg y , s o la r ,  c o n v e r te d 1 M J  eq M J

R e n e w a b le ,
w a t e r R e s o u rc e u n s p e c if ie d E n e rg y , f ro m  h y d r o  p o w e r 1 M J  eq M J

R e n e w a b le ,
w a t e r R e s o u rc e u n s p e c if ie d E n e rg y , f ro m  h y d r o g e n 1 M J e q M J

R e n e w a b le ,
w a t e r R e s o u rc e u n s p e c if ie d E n e rg y , p o te n t ia l  ( in  h y d r o p o w e r  

re s e rv o ir ) ,  c o n v e r te d 1 M J  eq M J

๐
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Table B1 Characterization factors contained in Cumulative Energy Demand
(Frischknecht e t  a i ,  2007) (cont’d)

C a te g o r y C o m p a r t m e n t S u b - C o m p a r tm e n t S u b s t a n c e F a c t o r U n i t  p e r
R e n e w a b le ,

w a t e r R e s o u rc e u n s p e c if ie d W a te r ,  b a r ra g e 0 .0 1 M J  eq kg
R e n e w a b le ,

w a t e r R e s o u r c e u n s p e c if ie d E n e rg y , p o te n t ia l ,  s to c k , in  b a r r a g e  
w a te r 1 M J e q M J

Table B2 Characterization factors contained in mineral extraction (van Oers, 2015)

Compartment Sub-Compartment Substance CAS number Factor Unit
Resource Unspecified Aluminium, extracted for use 007429-90-5 1.09E-09 kg
Resource Unspecified Antimony, in ground 007440-36-0 1.00E+00 kg
Resource Unspecified Arsenic, in ground 007440-38-2 2.97E-Ü3 kg
Resource Unspecified Barium, in ground 007440-39-3 6.04E-06 z
Resource Unspecified Beryllium, in ground 007440-41-7 1.26E-05 z
Resource Unspecified Bismuth, in ground 007440-69-9 4.11E-02 kg
Resource Unspecified Boron, in ground 007440-42-8 4.27E-03 kg
Resource Unspecified Bromine, in ground 007726-95-6 4.39E-03 kg
Resource Unspecified Cadmium, in ground 007440-43-9 1.57E-Ü1 kg
Resource Unspecified Chlorine 007782-50-5 2.71E-05 kg
Resource Unspecified Chromium, in ground 007440-47-3 4.43E-04 kg
Resource Unspecified Cobalt, in ground 007440-48-4 1.57E-05 kg
Resource Unspecified Copper, in ground 007440-50-8 1.37E-03 kg
Resource Unspecified Gallium, in ground 007440-55-3 1.46E-07 kg
Resource Unspecified Germanium, in ground 007440-56-4 6.52E-07 kg
Resource Unspecified Gold, in ground 007440-57-5 5.20E+01 k.g
Resource Unspecified Indium, in ground 007440-74-6 6.89E-03 kg
Resource Unspecified Iodine, in ground 007553-56-2 2.50E-02 k.g
Resource Unspecified Iron, in ground 007439-89-6 5.24E-08 kg
Resource Unspecified Lead, in ground 007439-92-1 6.34E-03 kg
Resource Unspecified Lithium, in ground 007439-93-2 1.15E-05 kg
Resource Unspecified Magnesium, in ground 007439-95-4 2.02E-09 kg
Resource Unspecified Manganese, in ground 007439-96-5 2.54E-06 z
Resource Unspecified Mercury, in ground 007439-97-6 9.22E-02 kg
Resource Unspecified Molybdenum, in ground 007439-98-7 1.78E-02 z
Resource Unspecified Nickel, in ground 007440-02-0 6.53E-05 kg
Resource Unspecified Niobium, in ground 007440-03-1 1.93E-05 k.g
Resource Unspecified Palladium, in ground 007440-05-3 5.71E-01 z
Resource Unspecified Phosphorus, in ground 007723-14-0 5.52E-06 kg
Resource Unspecified Platinum, in ground 007440-06-4 2.22E+00 kg
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Table B2 Characterization factors contained in mineral extraction (van Oers, 2015)
(cont’d)

Compartment Sub-Compartment Substance CAS number Factor Unit
Resource Unspecified Potassium, in ground 007440-09-7 1.60E-08 kg
Resource Unspecified Rhenium, in ground 007440-15-5 6.03E-01 kg
Resource Unspecified Selenium, in ground 007782-49-2 1.94E-01 kg
Resource Unspecified Silicon, in ground 007440-21-3 1.40E-11 kg
Resource Unspecified Silver, in ground 007440-22-4 1.18E+00 kg
Resource Unspecified Sodium, in ground 007440-23-5 5.50E-08 kg
Resource Unspecified Strontium, in ground 007440-24-6 7.07E-07 z
Resource Unspecified Sulfur, in ground 007704-34-9 1.93E-04 kg
Resource Unspecified Tantalum, in ground 007440-25-7 4.06E-05 kg
Resource Unspecified Tellurium, in ground 001349-48-9 4.07E+01 kg
Resource Unspecified Thallium, in ground 007440-28-0 2.43E-05 kg
Resource Unspecified Tin, in ground 007440-31-5 1.62E-02 kg
Resource Unspecified Titanium, in ground 007440-32-6 2.79E-08 kg
Resource Unspecified Tungsten, in ground 007440-33-7 4.52E-03 kg
Resource Unspecified Uranium, in ground 007440-61-1 1.40E-03 kg
Resource Unspecified Vanadium, in ground 007440-62-2 7.70E-07 kg
Resource Unspecified Yttrium, in ground 007440-65-5 5.69E-07 kg
Resource Unspecified Zinc, in ground 007440-66-6 5.38E-04 kg
Resource Unspecified Zirconium, in ground 007440-67-7 5.44E-06 kg

Table B3 Characterization factors of deposited wastes (Frischknecht and Biisser- 
Kndpfel, 2013)

Compartment Sub-Compartment Substance Factor Unit

Waste landfill TOC, Total Organic Carbon 8.40E+03 UBP k8

Waste underground Hazardous waste (deposited) 2.70E+04 UBP kg

Waste underground Volume occupied, under­
ground deposit 4.30E+07 UBP m3

Waste radioactive
Volume occupied, final re­
pository for low-active radi­
oactive waste

2 10E+06 UBP m3

Waste radioactive
Volume occupied, final re­
pository for radioactive 
waste

3.50E+10 UBP m3
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Table B4 Characterization factors of water resource consumption (Frischknecht and 
Büsser-Knôpfel, 2013)

C o m p a r t m e n t S u b - C o m p a r t m e n t L o c a t io n F a c to r U n it
R e s o u rc e u n s p e c if ie d A u s tr a l ia 20 .1 U B P m 3
R e s o u rc e u n s p e c if ie d A u s tr ia 21 .2 U B P m 3

R e s o u rc e u n s p e c if ie d B e lg iu m 1100 U B P m 3

R e s o u rc e u n s p e c if ie d C a n a d a 2 .4 U B P m 3
R e s o u rc e u n s p e c if ie d C h ile 1 .45 U B P ๓ 3
R e s o u rc e u n s p e c if ie d C z e c h  R e p u b lic 160 U B P m 3
R e s o u rc e u n s p e c if ie d D e n m a rk 116 U B P m 3
R e s o u rc e u n s p e c if ie d E s to n ia 188 U B P m 3
R e s o u rc e u n s p e c if ie d F in la n d 2.11 U B P m 3
R e s o u rc e u n s p e c if ie d F ra n c e 21 5 U B P m 3

R e s o u rc e u n s p e c if ie d G e rm a n y 421 U B P m 3
R e s o u rc e u n s p e c if ie d G re e c e 156 U B P m 3
R e s o u rc e u n s p e c if ie d H u n g a ry 2 7 .6 U B P m 3
R e s o u rc e u n s p e c if ie d Ic e la n d 0 .0 1 U B P m 3
R e s o u rc e u n s p e c if ie d Ic e la n d 2.21 U B P m 3

R e s o u rc e u n s p e c if ie d Is ra e l 1150 0 U B P m 3

R e s o u rc e u n s p e c if ie d I ta ly 5 3 9 U B P m 3
R e s o u rc e u n s p e c if ie d J a p a n 4 1 9 U B P m 3
R e s o u rc e u n s p e c if ie d K o re a 1 2 80 U B P m 3
R e s o u rc e u n s p e c if ie d L u x e m b u rg 3 .6 1 U B P m 3
R e s o u rc e .u n s p e c i f i e d M e x ic o 291 U B P m 3

R e s o u rc e u n s p e c if ie d N e th e r la n d s 130 U B P m 3

R e s o u rc e u n s p e c if ie d N e w  Z e e la n d 2 .0 2 U B P m 3
R e s o u rc e u n s p e c if ie d N o r w a y 0 .5 7 U B P m 3

R e s o u rc e u n s p e c if ie d P o la n d 361 U B P m 3

R e s o u rc e u n s p e c if ie d P o r tu g a l 114 U B P m 3

R e s o u rc e u n s p e c if ie d S lo v a k ia 1 .8 U B P m 3

R e s o u rc e u n s p e c if ie d S lo v e n ia 8 .3 6 U B P m 3

R e s o u rc e u n s p e c if ie d S p a in 811 U B P m 3

R e s o u rc e u n s p e c if ie d S w e d e n 2 .1 6 U B P m 3
R e s o u rc e u n s p e c if ie d S w itz e r la n d 2 2 .8 U B P m 3

R e s o u rc e u n s p e c if ie d T u r k e y 28 6 U B P m 3

R e s o u rc e u n s p e c i f ie d  ' U K  (G r e a t  B r i ta in  a n d  N o r th e rn  I re la n d ) 74 .7 U B P m 3

R e s o u rc e u n s p e c if ie d U S A 23 2 U B P m 3

R e s o u rc e u n s p e c if ie d O E C D  (w e ig h te d  m e a n ) 3 1 8 U B P m 3

R e s o u rc e u n s p e c if ie d A fg h a n is ta n 1200 U B P m 3
R e s o u rc e u n s p e c if ie d A lb a n ia 19 U B P m 3

๐
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Table B4 Characterization factors of water resource consumption (Frischknecht and
Biisser-Knopfel, 2013) (cont’d)

C o m p a r t m e n t S u b - C o m p a r tm e n t L o c a t io n F a c to r U n i t  .
R e s o u rc e u n s p e c if ie d A lg e r ia 27(10 U B P m 3
R e s o u rc e u n sp e c if ie d A n g o la 0 .18 U B P m 3

R e s o u rc e u n sp e c if ie d A rg e n tin a 15 U B P m 3

R e s o u rc e u n sp e c if ie d A rm e n ia 1500 U B P m 3

R e s o u rc e u n sp e c if ie d A z e rb a i ja n 1200 U B P m 3
R e s o u rc e u n sp e c if ie d B a h ra in 9 1 0 0 0 U B P m 3

R e s o u rc e u n sp e c if ie d B a n g la d e s h 8.2 U B P m 3
R e s o u rc e u n s p e c if ie d B a rb a d o s 5 5 00 U B P m 3
R e s o u rc e u n sp e c if ie d B e la ru s 54 U B P m 3
R e s o u rc e u n sp e c if ie d B e liz e 0 .6 3 U B P m 3

R e s o u rc e u n sp e c if ie d B e n in 0 .2 3 U B P m 3
R e s o u rc e u n sp e c if ie d B h u ta n 0 .1 8 U B P m 3

R e s o u rc e u n sp e c if ie d B o l iv ia 0.1 U B P m 3

R e s o u rc e u n s p e c if ie d B o ts w a n a 2 .4 U B P m 3

R e s o u rc e u n sp e c if ie d B ra z il 0 .4 8 U B P เท 3
R e s o u rc e u n sp e c if ie d B u lg a r ia 79 0 U B P m 3

R e s o u rc e u n sp e c if ie d B u rk in a  F a so 59 U B P m 3
R e s o u rc e u n s p e c if ie d B u ru n d i 5 U B P m 3
R e s o u rc e u n sp e c if ie d C a m b o d ia 0.2 U B P m 3
R e s o u rc e u n sp e c if ie d C a m e ro o n 0.11 U B P m 3
R e s o u rc e u n sp e c if ie d C a p e  V e rd e 51 U B P m 3

R e s o u rc e u n sp e c if ie d C h a d 0 .7 U B P m 3

R e s o u rc e u n sp e c if ie d C h in a 3 6 0 U B P m 3

R e s o u rc e u n s p e c if ie d C o lu m b ia 0 .3 4 U B P m 3
R e s o u rc e u n sp e c if ie d C o n g o 0 .0 0 0 0 2 9 U B P m 3

R e s o u rc e u n sp e c if ie d C o s ta  R ic a 5.4 U B P m 3

R e s o u rc e u n s p e c if ie d C ro a t ia 0 .3 4 U B P m 3

R e s o u rc e u n sp e c if ie d C u b a 38 0 U B P m 3

R e s o u rc e u n sp e c if ie d C y p ru s 53 0 U B P เท3

R e s o u rc e u n sp e c if ie d D jib o u ti 38 U B P m 3
R e s o u rc e u n sp e c if ie d D o m in ic a n  R e p u b lic 2 6 0 U B P m 3
R e s o u rc e u n sp e c if ie d E g y p t 6 1 00 U B P m 3

R e s o u rc e u n sp e c if ie d E l S a lv a d o r 28 U B P m 3

R e s o u rc e u n sp e c if ie d E q u a d o r 12 U B P m 3

R e s o u rc e u n sp e c if ie d E q u a to r ia l  G u in e a 0 .0 0 4 3 U B P m 3

R e s o u rc e u n sp e c if ie d E ri tr e a 82 U B P m 3

R e s o u rc e u n sp e c if ie d E th io p ia 20 U B P m 3

o
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Table B4 Characterization factors of water resource consumption (Frischknecht and
Btisser-Knopfel, 2013) (cont’d)

C o m p a r t m e n t S u b - C o m p a r tm e n t L o c a t i o n F a c to r U n i t
R e s o u rc e u n sp e c if ie d • F iji 0 .0 7 8 U B P m 3
R e s o u rc e u n sp e c if ie d G a m b ia 0 .7 6 U B P m 3
R e s o u rc e u n sp e c if ie d - G e o rg ia 5 .7 U B P m 3
R e s o u rc e u n sp e c if ie d G h a n a 3 .3 U B P m 3
R e s o u r c e u n sp e c if ie d G u a te m a la 6 .6 U B P m 3
R e s o u rc e u n sp e c if ie d G u in e a 0 .4 9 U B P m 3
.R e so u rc e u n sp e c if ie d G u in e a - B is s a u 0.3 U B P m 3
R e s o u rc e u n sp e c if ie d G u y a n a 0 .4 4 U B P m 3
R e s o u rc e u n sp e c if ie d H a iti 70 U B P m 3
R e s o u r c e u n sp e c if ie d H o n d u ra s 1.5 U B P m 3
R e s o u r c e u n sp e c if ie d In d ia 13 00 U B P m 3
R e s o u rc e u n sp e c if ie d I n d o n e s ia 30 U B P m 3
R e s o u r c e u n sp e c if ie d Ira q 4 5 0 0 U B P m 3
R e s o u r c e u n sp e c if ie d I ra n 4 4 0 0 U B P m 3
R e s o u rc e u n sp e c if ie d Iv o r y  C o a s t 2.9 U B P m 3
R e s o u rc e u n sp e c if ie d J a m a ic a 3 7 U B P m 3
R e s o u r c e u n sp e c if ie d J o rd a n 3 2 0 0 U B P m 3
R e s o u r c e u n sp e c if ie d K a z a k h s ta n 870 U B P m 3
R e s o u rc e u n sp e c if ie d K e n y a 76 U B P m 3
R e s o u rc e u n sp e c if ie d K y rg y z s ta n 4 1 0 U B P m 3
R e s o u rc e u n sp e c if ie d K u w a i t 2 0 0 0 0 0 0 0 U B P m 3
R e s o u rc e u n sp e c if ie d L a o s  o -  - 1.6 U B P m 3
R e s o u rc e u n sp e c if ie d L e s o th o 0 .8 7 U B P m 3
R e s o u r c e u n sp e c if ie d L a tv ia 1.3 U B P m 3
R e s o u r c e u n sp e c if ie d L e b a n o n 70 0 U B P m 3
R e s o u rc e u n sp e c if ie d L ib e r ia 0 .0 0 5 7 U B P m 3
R e s o u rc e u n sp e c if ie d L ib y a 5 0 0 0 0 0 U B P ทใ 3
R e s o u rc e u n sp e c if ie d L ith u a n ia 87 U B P m 3
R e s o u rc e u n sp e c if ie d M a d a g a s c a r 18 U B P m 3
R e s o u rc e u n sp e c if ie d M a la w i 30 U B P m 3
R e s o u rc e u n sp e c if ie d M a la y s ia 5 U B P m 3
R e s o u rc e u n sp e c if ie d M a li 41 U B P m 3
R e s o u rc e u n sp e c if ie d M a lta 1100 0 U B P m 3
R e s o u rc e u n sp e c if ie d M a u r i ta n ia 190 U B P m 3
R e s o u rc e u n sp e c if ie d M a u r i t iu s 66 0 U B P m 3
R e s o u rc e u n sp e c if ie d M o ld a v ia 2 6 0 U B P m 3
R e s o u rc e u n sp e c if ie d M o n g o l ia 2.1 U B P m 3

o
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Table B4 Characterization factors of water resource consumption (Frischknecht and
Biisser-Knopfel, 2013) (cont’d)

C o m p a r t m e n t S u b -C o  111  p  a  r  t  m  e  ท t L o c a t i o n F a c to r U n i t
R e s o u rc e u n s p e c if ie d M o r o c c o 1 8 00 U B P m 3
R e s o u rc e u n s p e c if ie d M o z a m b iq u e 0 .1 1 U B P m 3
R e s o u rc e  . u n s p e c if ie d M y a n m a r 7 .7 U B P m 3

R e s o u rc e u n s p e c if ie d N a m ib ia 0 .4 2 U B P m 3

R e s o u rc e u n s p e c if ie d N e p a l 21 U B P m 3
R e s o u rc e u n s p e c if ie d N ic a r a g u a 0.41 U B P m 3

R e s o u r c e u n s p e c if ie d N ig e r 4 7 U B P m 3

R e s o u r c e u n s p e c if ie d N ig e r ia 12 U B P m 3
R e s o u rc e u n s p e c if ie d O m a n 8 5 0 0 U B P m 3
R e s o u rc e u n s p e c if ie d P a k is ta n 3 5 0 0 U B P m 3

R e s o u rc e u n s p e c if ie d P a n a m a 0 .0 8 9 U B P m 3

R e s o u rc e u n s p e c if ie d P a ra g u a y 0 .0 2 U B P m 3
R e s o u rc e u n s p e c if ie d P e ru 0 .9 8 U B P m 3

R e s o u rc e u n s p e c if ie d P h i l ip p in e s 2 8 0 U B P m 3
R e s o u rc e u n s p e c if ie d P u e r to  R ic o 190 U B P m 3
R e s o u rc e u n s p e c if ie d Q a ta r 5 6 0 0 0 0 U B P m 3

R e s o u rc e u n s p e c if ie d R o m a n ia 10 U B P m 3

R e s o u rc e u n s p e c if ie d R u s s ia 2.1 U B P m 3
R e s o u rc e u n s p e c if ie d R w a n d a 2.4 U B P m 3
R e s o u rc e u n s p e c if ie d S a u d i  A r a b ia 9 3 0 0 0 0 U B P m 3

R e s o u rc e u n s p e c if ie d S e n e g a l 31 U B P m 3

R e s o u rc e *> - u n s p e c if ie d S ie rra  L e o n e 0 .0 9 1 U B P m 3

R e s o u rc e u n s p e c if ie d S o m a lia 4 8 0 U B P m 3

R e s o u rc e u n s p e c if ie d S n  L a n k a 5 8 0 U B P m 3

R e s o u rc e u n s p e c if ie d S o u th  A fr ic a 60 0 U B P m 3

R e s o u rc e u n s p e c if ie d S u d a n 59 0 U B P m 3

R e s o u rc e u n s p e c if ie d S u r in a m e 0 .2 9 U B P m 3

R e s o u rc e u n s p e c if ie d S w a z i la n d 5 1 0 U B P m 3

R e s o u rc e u n s p e c if ie d S y ria 8 6 0 U B P m 3

R e s o u rc e u n s p e c if ie d T a j ik is ta n 140 U B P m 3

R e s o u rc e u n s p e c if ie d T a n z a n ia 28 U B P ทไ 3

R e s o u rc e u n s p e c if ie d T h a i la n d 160 U B P m 3

R e s o u rc e u n s p e c if ie d T h e  C o m o r o s 0 .6 6 U B P m 3

R e s o u rc e u n s p e c if ie d T o g o 1.3 U B P m 3

R e s o u rc e u n s p e c if ie d T r in id a d  a n d  T o b a g o 35 U B P m 3

R e s o u rc e u n s p e c if ie d T u n is ia 3 7 0 0 U B P m 3

R e s o u rc e u n s p e c if ie d T u r k m e n is ta n 16 00 U B P ทใ3
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Table B4 Characterization factors of water resource consumption (Frischknecht and 
Biisser-Knôpfel, 2013) (cont'd)

C o m p a r t m e n t S u b - C o m p a r t m e n t L o c a t io n F a c t o r U n i t
R e s o u rc e u n s p e c if ie d U g a n d a 0 .2 4 U B P m 3

R e s o u rc e u n s p e c if ie d U k ra in e 7 3 0 U B P m 3

R e s o u rc e u n s p e c i f ie d U n ite d  A ra b  E m ira te s 6 8 0 0 0 0 0 U B P m 3
R e s o u rc e u n s p e c if ie d U ru g u a y 6 .6 U B P m 3
R e s o u rc e u n s p e c if ie d U z b e k is ta n 6 5 0 0 U B P m 3
R e s o u rc e u n s p e c if ie d V e n e z u e la 0 .5 2 U B P m 3
R e s o u rc e u n s p e c if ie d V ie tn a m 82 U B P m 3
R e s o u rc e u n s p e c if ie d Y e m e n 2 8 0 0 0 U B P m 3

R e s o u rc e u n s p e c i f ie d Z a m b ia 2 .6 U B P m 3

R e s o u rc e u n s p e c i f ie d Z im b a b w e 4 2 0 U B P m 3

4X



1 1 6

Appendix c  Bioethanol Production from Cassava Rhizome Flows Sheet Conversion
and Data for Process Evaluation

Figure Cl Bioethanol production from cassava rhizome process flow sheet.



T able C l  Stream table o f the bioethanol process from cassava rhizome
Stream Name SI ร2 S3 S4 S5 ร6 S7 S8 S9 S10 Sll Sl2 ร 13 ร 14 S15 S16 S17Stream DescriptionStream Phase Mixed Vapor Mixed Liquid Liquid Liquid Vapor Mixed Mixed Vapor Liquid Solid Mixed Liquid Mixed Mixed MixedTemperature C 30.00 160.00 100.02 25.00 25.00 25.00 268.00 188.00 190.00 103.85 103.85 103.85 103.85 25.00 62.66 62.66 50.00Pressure ATM 1.00 6.00 1.00 1.00 1.00 1.00 13.00 12.10 12.10 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00Total Molecular Weight 103.90 18.02 84.69 18.02 98.08 18.31 18.02 38.22 40.92 18.72 35.37 94.67 47.17 18.02 23.11 46.46 23.11Total Weight Comp. Rates kg/hr

Cellulose 4680.59 0.00 4680.59 0.00 0.00 0.00 0.00 4680.59 4320.19 0.00 0.00 4320.19 4320.19 0.00 21.60 4298.59 21.60Hemicellulose 6674.09 0.00 6674.09 0.00 0.00 0.00 0.00 6674.09 333.70 0.00 0.00 333.70 333.70 0.00 1.67 332.04 1.67Lignin 3653.45 0.00 3653.45 0.00 0.00 0.00 0.00 3653.45 3653.45 0.00 0.00 3653.45 3653.45 0.00 18.27 3635.18 18.27Glucose 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 364.05 0.00 364.05 0.00 364.05 0.00 287.60 76.45 287.60Xylose 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6825.73 0.00 6825.73 0.00 6825.73 0.00 4436.73 2389.01 4436.73Ceilobiose 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 34.58 0.00 34.58 0.00 34.58 0.00 27.32 7.26 27.32Ethanol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Water 129.52 785.09 914.61 4972.11 0.00 4972.11 3153.38 9040.11 8273.83 2371.59 5902.24 0.00 5902.24 12898.25 14852.38 3948.10 14852.38Sulfuric Acid 0.00 0.00 0.00 0.00 99.44 99.44 0.00 99.44 99.44 0.00 99.44 0.00 99.44 0.00 78.56 20.88 78.56Furfural 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 242.70 115.98 126.71 0.00 126.71 0.00 100.10 26.61 100.10Ammonia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Oxygen 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Carbon Dioxide 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Glycerol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Succinic Acid 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Lactic Acid 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00HMF 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Xylitol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Acetic Acid 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00CornSteep Liquor 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00ZM 0.00 0.00 0.00 0.00 0.00 • 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Cellulase 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Lime 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00CAS04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Ash 578.25 0.00 578.25 0.00 0.00 0.00 0.00 578.25 578.25 0.00 0.00 578.25 578.25 0.00 0.00 578.25 0.00



Table Cl Stream table of the bioethanol process from cassava rhizome (cont’d)
Stream  Name S18 S19 S20 S21 ร22 S23 S24 ร25 S26 S27 S28 S29 S30 S31 S32 S33 S34 S35

Stream  Description
Stream  Phase Liquid M ixed Solid M ixed M ixed Liquid M ixed M ixed M ixed M ixed M ixed M ixed Mixed Mixed M ixed M ixed M ixed Vapor

T em perature c 25.00 49.94 25.00 49.86 49.86 25.00 49.84 49.84 49.84 49.84 54.13 65.00 65.00 65.00 65.00 41.56 40.86 25.00
Pressure ATM 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Total M olecular W eight 98. OS 23.21 74.09 23.35 23.30 98. OS 23.34 23.33 137.76 22.9S 29.48 29.48 30.09 30.09 30.09 30.09 30.09 17.03
Total W eight Comp. Rates kg/hr

Cellulose 0.00 21.60 0.00 21.60 21.60 0.00 21.60 21.60 21.60 0.00 4298.59 4298.59 378.23 37.83 340.45 37.83 340.45 0.00
H em icellulose 0.00 1.67 0.00 1.67 1.67 0.00 1.67 1.67 1.67 0.00 332.04 332.04 332.04 33.20 298.83 33.20 298.83 0.00
Ugnin 0.00 18.27 0.00 18.27 18.27 0.00 18.27 18.27 0.00 18.27 3653.45 3653.45 3653.45 365.34 3288.10 365.34 3288.10 0.00
Glucose 0.00 287.60 0.00 287.60 287.60 0.00 287.60 287.60 0.58 287.02 363.47 363.47 4698.47 469.85 4228.63 469.85 4228.63 0.00
Xylose 0.00 4436.73 0.00 4436.73 4436.73 0.00 4436 73 4436.73 8.87 4427.85 6816.86 6816.86 6816.86 681.69 6135.17 681.69 6135.17 0.00
Ce II obi ose 0.00 27.32 0.00 27.32 27.32 0.00 27.32 27.32 0.00 27.32 34.58 34.58 54.45 5.44 49.00 5.44 49.00 0.00
Ethanol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
W ater 0.00 14852.38 0.00 14852.38 14922.47 0.00 14922.47 14939.62 0.00 14939.62 13887.72 18887.72 18453.19 1845.32 16607.87 1S45.32 16607.87 0.00
Sulfuric Acid 112.24 190.79 0.00 190.79 0.00 46.66 46.66 0.00 0.00 0.00 20.88 20.88 20.88 2.09 18.79 2.09 18.79 0.00
Furfural 0.00 100.10 0.00 100.10 100.10 0.00 100.10 100.10 0.20 99.90 126.51 126.51 126.51 12.65 113.86 12.65 113.86 0.00
Ammonia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.83
Oxygen 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Carbon Dioxide 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Glycerol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Succinic Acid 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lactic Acid 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HMF 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Xylitol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.001 0.00 0.00 0.00 0.00 0.00 0.00
Acetic Acid 0.00 0.00 0.00 0.00 0.00 0.00 o.ool 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C ornSteep Uquor 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ZM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 OCX? 0.00 0.00
Cellulase 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ume 0.00 0.00 179.42 179.42 35.28 0.00 35.28 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CAS04 0.00 0.00 0.00 0.00 264.84 0.00 264.84 329.61 329.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ash 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 578.25 578.25 578.25 57.83 520.43 57.83 520.43 0.00
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Table Cl Stream table of the bioethanol process from cassava rhizome (cont’d)
Stream  Name S36 S37 S38 S39 S40 S41 S42 S43 S44 S45 S46 S47 S48 S49 S50 S51 S52 S53 S54Stream  Description
Stream  Phase Liquid M ixed M ixed Mixed Vapor M ixed M ixed Vapor Liquid Solid M ixed M ixed Liquid Mixed Liquid M ixed

T em peratu re C 25.00 25.00 41.00 41.00 42.53 42.53 41.03 25.00 25.00 25.00 41.00 41.00 41.00 41.00 41.00 41.02 41.02 41.02 41.02Pressure ATM 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Total M olecular W eight 18.02 18.09 29.55 26.17 43.99 24.61 29.50 17.03 18.02 22.84 29.45 29.23 161.02 25.91 90.08 26.08 42.30 24.68 22.15Total W eight Comp. Rates kg/hr

Cellulose 0.00 0.00 37.83 37.83 0.00 37.83 . 378.28 0.00 0.00 0.00 378.28 378.28 0.00 37.37 0.00 37.37 0.00 37.37 0.00Hemicellulose 0.00 0.00 33.20 33.20 0.00 33.20 332.04 0.00 0.00 0.00 332.04 332.04 0.00 332.04 0.00 332.04 0.00 332.04 0.00Lignin 0.00 0.00 365.34 365.34 0.00 365.34 3653.45 0.00 0.00 0.00 3653.45 3653.45 0.00 3653.45 0.00 3653.45 0.00 3653.45 0.00Glucose 0.00 0.00 469.85 43.90 0.00 43.90 4272.52 0.00 0.00 0.00 4272.52 4144.35 128.18 218.43 0.00 218.43 0.00 218.43 218.43Xylose 0.00 0.00 681.69 121.40 0.00 121.40 6256.57 0.00 0.00 0.00 6256.57 6068.87 187.70 828.31 0.00 828.31 0.00 828.31 828.31Cellobiose 0.00 0.00 5.44 5.44 0.00 5.44 54.45 0.00 0.00 0.00 54.45 54.45 0.00 0.00 0.00 0.00 0.00 0.00 0.00Ethanol 0.00 0.00 0.00 495.17 37.14 458.03 458.03 0.00 0.00 0.00 458.03 458.03 0.00 5321.67 0.00 5321.67 258.60 5063.08 5063.08W ater 0.00 37.74 1883.06 1883.99 0.94 1883.04 18490.92 0.00 0.00 0.00 18490.92 18490.92 0.00 18449.79 0.00 18449.79 131.71 18318.08 18318.08
Sulfuric Acid 0.00 0.00 2.09 2.09 0.00 2.09 20.88 0.00 0.00 0.00 20.88 20.88 0.00 20.88 0.00 20.88 0.00 20.88 20.88Furfural 0.00 o'. 00 12.65 12.65 0.00 12.65 126.51 0.00 0.00 0.00 126.51 126.51 0.00 126.51 0.00 126.51 2.19 124.32 124.32Ammonia 0.00 0.00 0.83 0.00 0.00 0.00 0.00 2.48 0.00 0.00 2.48 2.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00Oxygen 0.00 0.00 0.00 1.38 1.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.76 0.00 7.76 7.65 0.11 0.11Carbon Dioxide 0.00 0.00 0.00 472.36 448.74 23.62 23.62 0.00 0.00 0.00 23.62 23.62 0.00 4665.47 0.00 4665.47 4068.94 596.53 596.53Glycerol 0.00 0.00 0.00 0.59 0.00 0.59 0.59 0.00 0.00 0.00 0.59 0.59 0.00 4.24 0.00 4.24 0.00 4.24 4.24Succinic Acid 0.00 0.00 0.00 1.82 0.00 1.82 1.82 0.00 0.00 0.00 1.82 1.82 0.00 13.60 0.00 13.60 0.00 13.60 13.60Lactic Acid 0.00 0.00 0.00 0.33 0.00 0.33 0.33 0.00 0.00 0.00 0.33 0.33, 0.00 2.43 315.87 318.30 0.00 318.30 318.30HMF 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00Xylitol 0.00 0.00 0.00 6.08 0.00 ft 6.08 6.08 0.00 0.00 0.00 6.08 6.08 0.00 47.59 0.00 47.59 0.00 47.59 47.59Acetic Acid 0.00 0.00 0.00 2.40 0.00 2.40 2.40 0.00 0.00 0.00 2.40 2.40 0.00 17.51 0.00 17.51 0.15 17.36 17.36
CornSteep Liquor 59.69 0.00 59.69 59.69 0.00 59.69 59.69 0.00 87.78 0.00 147.47 147.47 0.00 147.47 0.00 147.47 0.57 146.91 146.91
ZM 0.00 0.00 0.00 6.01 0.00 6.01 6.01 0.00 0.00 0.00 6.01 6.01 0.00 23.96 0.00 23.96 0.00 23.96 0.00
Cellulase 0.00 0.76 0.76 0.76 0.00 0.76 0.76 0.00 0.00 7.57 CO 8.32 0.00 8.32 0.00 8.32 0.00 8.32 0.00
Ume 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CAS04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ash 0.00 0.00 57.83 57.83 0.00 57.83 578.25 0.00 0.00 0.00 578.25 578.25 0.00 578.25 0.00 578.25 0.00 578.25 6.00



Table Cl Stream table of the bioethanol process from cassava rhizome (cont’d)
s tre a m  N am e S55 S56 S57 S58 S59 S60 S61 S62 S63 S64 S65 S66 S67

Stream  D e scrip tio n

S tream  Phase Solid L iqu id LictSlid V apo r L iqu id V apo r L iqu id L iqu id L iqu id V apor V a p o r V a p o r L iqu id

T e m p e ra tu re c 41.02 41.24 100.51 100.00 100.00 93.83 116.68 93.34 109.99 1๓.๓ 100.02 1๓.02 40.00
Pressure ATM 1.00 4.76 4.76 4.76 4.76 1.77 1.77 1.77 1.77 1.77 1.๓ 1.๓ 1.00
Tota l M o le c u la r W e ig h t 67.37 22.15 22.15 42.46 21.89 38.74 19.42 42.12 18.75 42.12 46.03 18.02 46.03
Total W e ig h t Com p. Rates k g /h r

C e llu lose 37.37 0.00 0.00 0.00 0.00 0.00 0.๓ 0.00 0.00 0.00 0.๓ 0.00 0.00
H e m ice ltu lose 332.04 0.00 0.00 0.00 0.00 0.00 0.๓ 0.00 0.๓ 0.๓ 0.๓ 0.๓ 0.00
Lignin 3653.45 0.00 0.00 0.00 aoo1 0.00 0.๓ 0.00 0.๓ 0.00 0.๓ 0.๓ 0.00
Glucose 0.00 218.43 218.43 0.00 218.43 0.00 218.43 0.00 0.๓ 0.๓ 0.๓ 0.๓ 0.00
Xylose 0.00 828.31 828.31 0.00 828.31 0.00 828.31 0.00 0.๓ 0.๓ 0.๓ 0.๓ 0.00
C ello b iose 0.00 0.00 0.00 0.00 0.00 0.00 0.๓ 0.00 0.00 0.๓ 0.00 0.00 0.00
Ethanol 0.00 5063.08 5063.08 15.19 5047.89 4987.13 60.76 4962.20 24.93 4962.20 4962.20 0.๓ 4962.20
W a te r 0.00 18318.08 18318.08 16.49 18301.59 689.61 17611.99 317.86 371.75 317.86 2.48 315.38 2.48
S u lfu ric  Acid 0.00 20.88 20.88 0.00 20.88 0.00 20.88 0.00 0.00 0.00 0.๓ 0.๓ 0.00
Furfura l 0.00 124.32 124.32 0.74 123.58 0.36 123.23 0.00 0.36 0.๓ 0.๓ 0.๓ 0.00
A m m o n ia 0.00 0.00 0.00 0.00 0.00 0.00 0.๓ 0.00 0.๓ 0.๓ 0.๓ 0.๓ 0.00
Oxygen 0.00 0.11 0.11 0.11 0.00 0.๓ 0.๓ 0.00 0.๓ 0.๓ 0.00 0.๓ 0.00
Carbon D iox ide 0.00 596.53 596.53 596.53 0.00 0.๓ 0.๓ 0.00 0.๓ 0.00 0.๓ 0.00 0.00
G lycero l 0.00 4.24 4.24 0.00 4.24 0.๓ 4.24 0.00 0.00 0.00 0.๓ 0.00 0.00
Succinic Acid 0.00 13.60 13.60 0.00 13.60 0.๓ 13.60 0.00 0.๓ 0.00 0.๓ 0.๓ 0.00
Lactic Acid ' 0.00 318.30 318.30 0.00 318.30 0.๓ 318.30 0.00 0.๓ 0.00 0.๓ 0.๓ 0.00
HMF 0.00 0.00 0.00 0.00 0.00 0.๓ 0.๓ 0.00 0.๓ 0.๓ 0.๓ 0.๓ 0.00
X y lito l 0.00 47.59 47.59 0.00 47.59 0.๓ 47.59 0.00 0.๓ 0.๓ 0.๓ 0.00 0.00
A ce tic  Acid 0.00 17.36 17.36 0.01 17.36 0.01 17.34 0.00 0.01 0.00 0.00 ■ 0.๓ 0.00
C om S teep L iqu or 0.00 146.91 146.91 0.13 146.78 0.04 146.74 0.00 0.04 0.๓ 0.๓ 0.๓ 0.00
ZM 23.96 0.00 0.00 0.00 0.00 0.๓ 0.๓ 0.00 0.๓ 0.๓ 0.00 0.๓ 0.00
C ellu lase 8.32 0.00 0.00 0.00 0.00 0.๓ 0.๓ 0.00 0.๓ 0.๓ 0.๓ 0.๓ 0.00
Lime 0.00 0.00 0.00 0.00 0.00 0.๓ 0.๓ 0.00 0.00 0.00 0.00 0.๓ 0.00
CAS04 0.00 0.00 0.00 0.00 0.00 0.๓ 0.๓ 0.00 0.๓ 0.๓ 0.๓ •0.๓ 0.00
Ash 578.25 0.00 0.00 0.00 0.00 0.๓ 0.00 0.00 0.๓ 0.00 0.๓ 0.๓ 0.00



Table C2 Equipment table of the bioethanol process from cassava rhizome
P u m p

P u m p  N am e P I
W o rk KW 5 .6 9 8

R e a c to r
C o n R e a c to r N am e R1 R2 R3 R4 R5 R6 R7

T e m p e ra tu re c 1 9 ๐ 5 ๐ 5 0 6 5 4 1 4 1 4 1
P ressu re A T M 1 2 . 1 0 ๐ 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0 1 .0 0 0
D u ty M J/H R 0 .0 0 0 - 3 9 9 .6 ๐๐ -9 7 .7 ๐๐ 1 6 1 3 .2 ๐0 - 8 4 3 .3 ๐๐ -8 2 1 4 .4 ๐๐ - 3 2 2 .9 ๐0
H e a t O f R ea c tio n IVU/HR - 1 .2 8 8 -๐ .3 8 1 -๐. 0 9 3 -๐. 8 7 8 -๐ .0 1 1 -๐. 3 8 ๐ ๐. 0 9 2
P ro d u c t E n th a lp y KJ/KG - 2 2 7 .7 3 1 1 3 ๐9 .9 6 7 1 3 3 5 .9 ๐7 8 2 1 .1 9 4 - 3 6 .5 3 6 - 2 7 2 .5 ๐5 8 .3 4 3
Feed E n th a lp y KJ/KG -4 1 4 2 .8 2 1 1 2 ๐5 .7 5 5 1 3 1 0 .4 2 0 - 1 5 6 2 .6 6 9 1 9 .7 0 3 3 9 .6 9 4 3 1 .7 3 7
A E n th a lp y KJ/KG 3 9 1 5 .0 9 0 1๐4 .2 1 2 2 5 .4 8 8 2 3 8 3 .8 6 3 - 5 6 .2 3 9 - 3 1 2 .1 9 9 - 2 3 .3 9 3

GJ/KG 3 .9 1 5 ๐. 1๐4 ๐.๐ 2 5 2 .3 8 4 - 0 .0 5 6 -๐ .3 1 2 -๐ .๐ 23
Flash

Flash N am e F I F2
T e m p e ra tu re c 1๐ 3 .8 5 4 4 1 .๐ 2 1
P ressu re A T M 1 .0 0 0 1 .0 0 0
DP A T M 1 1 .1 0 0 ๐. ๐๐๐
D u ty M J/H R ๐. ๐๐๐ 0 .0 0 0

S tr e a m  C a lc u la to r
S tre a m  C a lc u la to r  N am e S C I SC2 SC3 SC4 SC5 SC6

D u ty M J/H R ๐ .0 0 0 ๐. ๐๐๐ ๐.๐๐๐ ๐. ๐๐๐ ๐. ๐๐๐ ๐. ๐0 0
O v e rh e a d  P ro d u c t T e m p e ra tu re c 6 2 .6 6 3 4 9 .8 3 7 4 2 .5 3 1 4 1 .๐0 0 1๐๐. ๐๐๐ 1 0 0 .๐ 18
B o tto m s  P ro d u c t T e m p e ra tu re c 6 2 .6 6 3 4 9 .8 3 7 4 2 .5 3 1 4 1 .๐0 0 1๐๐ .0 0 0 1๐๐ .0 1 8

H e a t  E x c h a n g e r
Hx N am e E l E2 E3 E4 E5 E6 E7

D u ty M J/H R 8 5 9 .3 ๐๐ 1 1 1 3 .๐๐๐ 2 3 5 .2 ๐๐ 2 1 8 ๐. ๐๐๐ 5 6 7 8 .5 0 ๐ 4 8 ๐4 .๐0 0 4 8 4 0 .4 0 0

C o lu m n
C o lu m n  N am e T 1 T2

C o n d e n s e r D u ty M J/H R - 1 8 ๐ 8 9 .2 ๐๐ - 1 9 9 7 1 .2 0 ๐
R e b o ile r  D u ty M J/H R 2 4 8 8 9 .6 0 0 1 4 3 7 1 .4 ๐๐
C o lu m n  T o ta l M o la r  Feed M O L/D A Y 2 7 5 0 7 .2 8 ๐ 3 5 1 7 .๐ 17
C o lu m n  T o ta l w t .  Feed KG /D AY 6 0 2 1 2 4 .6 6 9 1 3 6 2 5 3 . 1๐9
C o lu m n  C o n d e n s e r Pres A T M 1 .7 7 ๐ 1 .7 7 ๐
C o lu m n  C o n d e n s e r T em p c 9 3 .8 3 1 9 3 .3 4 4
C o lu m n  R e flu x  Rate M O L/D A Y ๐. ๐๐๐ 9 6 2 8 .4 9 0
C o lu m n  R e flu x  R atio 3 . 2๐๐ 3 .2 ๐0



Appendix D Contribution Analysis
Table D1 LCI contribution results of bioethanol production process from cassava
rhizome

No Substance Compart
ment

Sub
compart
ment

Unit Total Pretreat­
ment

Detoxifica­
tion SSCF Distillati­

on
Dehydra­

tion

1 1,4-
Butanediol air

high
population
density

kg 2.49E-08 7.98E-10 1.51E-09 4.50E-
09 1 81E-08 5.10E-12

2 1,4-
Butanediol water river kg 9.97E-09 3.19E-10 6.04E-10 1.80E-

09 7.24E-09 2.04E-12
3 2,4-D soil agricultur

al kg 3.88E-07 1.68E-09 7.39E-09 5.41E-
08 2.94E-07 3.05E-08

* 2-Propanoi air
lugh

population
density

kg 4.66E-04 1.49E-05 2.83E-05 8.42E-
05 3.39E-04 8.47E-08

5 4-Methyl-2-
pentanone water unspecifie

d kg 2.35E-08 1.23E-11 2.47E-11 9.45E-
11 2.34E-08 7.35E-13

6 Acenaphthe
ne air

high
population
density

kg 5.68E-10 9.69E-12 2.17E-11 9.00E-
11 4.23E-10 2.43E-11

7 Acenaphthe
lie ail'

low
population
density

kg 8.33E-11 4.92E-13 1.60E-12 1.48E-
11 6.58E-11 5.47E-13

8 Acenaphthe
ne air unspecifie

d kg 5.40E-11 2.83E-14 5.67E-14 2.17E-
13 5.37E-11 1.69E-15

9 Acenaphthe
ne water ocean kg 4.64E-09 3.23E-10 5.59E-10 7.08E-

10 2.89E-09 1.64E-10
10 Acenaphthe

ne water river kg 1.10E-08 6.67E-10 1.17E-09 1.65E-
09 7.05E-09 4.52E-10

11 Acenaphthy
Iene water ocean kg 2.90E-10 2.02E-11 3.50E-11 4.43 E- 

11 1.81E-10 1.02E-11
12 Acenaphthy

lene water river kg 6.88E-10 4.17E-11 7.33E-11 1.03E-
10 4.41E-10 2.82E-11

13 Acetaldehy
de air

high
population
density

kg 1.25E-04 1.10E-06 3.26E-06 1.91 E- 
05 8.99E-05 1.18E-05

14 Acetaldehy
de air

low
population
density

kg 4.19E-06 1.75E-08 7.89E-08 5.83E-
07 3.17E-06 3.3 IE-07

15 Acetaldehy
de air unspecifie

d kg .. 8.69E-05 5.45E-06 9.50E-06 1.32E-
05 5.72E-05 1.59E-06

16 Acetaldehy
de water river kg 1.43E-05 4.59E-07 8.69E-07 2.59E-

06 1.04E-05 2.74E-09

17 Acetic acid ail
high

population
density

kg 9.52E-03 7.1 IE-06 1.45E-04 8.63E-
04 7.04E-03 1.46E-03

18 Acetic acid air
low

population
density

kg 2.75E-05 1.15E-07 5.18E-07 3.83E-
06 2.09E-05 2.18E-06

19 Acetic acid air unspecifie
d kg 1.94E-04 4.09E-06 8.57E-06 2.87E-

05 1.44E-04 8.63E-06

20 Acetic acid water river kg 4.37E-05 1.27E-06 2.46E-06 7.54E-
06 3.19E-05 6.19E-07

21 Acetone air
lugh

population
density

kg 6.25E-04 1.91E-05 3.65E-05 1.15E-
04 4.52E-04 2.06E-06

22 Acetone air
low

population
density

kg 3.28E-05 3.60E-07 9.33E-07 5.47E-
06 2.49E-05 1.13E-06

23 Acetone water unspecifie
d kg 5.61E-08 2.94E-11 " 5.89E-11 2.25E-

10 5.58E-08 1.75E-12

24 Acetonitrile air
low

population
density

kg 1.15E-06. 4.82E-09 2.17E-08 1.60E-
07 8.73E-07 9.10E-08

25 Acidity,
unspecified water river kg 2.62E-05 1.70E-07 5.78E-07 3.90E-

06 1.99E-05 1.66E-06

26 Acidity,
unspecified water unspecifie

d kg 1.18E-06 6.18E-10 1.24E-09 4.74E-
09 1.17E-06 3.69E-11
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont'd)

No Substance Compart
ment

s«b
compart
ment

Unit Total Pretreat­
ment

Detoxifica­
tion SSCI7 Distillati­

on
Dehydra­

tion

27 Acids,
unspecified water unspecific

d kg 8.88E-06 0.00E+00 0.00E+00 8.88E-
06

28 Aclonifen soil agricultur
al kg 5.44E-0S 2.69E-09 4.81E-09 8.52E-

09 3.72E-08 1.22E-09

29 Acrolein air
high

population
density

kg 5.06E-07 1.75E-09 8.06E-09 9.65E-
08 3.98E-07 2.55E-09

30 Acrolein air
low

population
density

kg 8.24E-08 7.02 E-10 1.96E-09 1.44E-
08 6.40E-08 1.28E-09

31 Acrolein air unspecifie
d kg 3.13E-08 1.64E-11 3.28E-1I 1.26E-

10 3.11E-08 9.77E-13

. 32 Acrylate,
ion water river kg 2.85E-06 9.14E-08 1.73E-07 5.15E-

07 2.07E-06 5.21 E-10

33 Acrylic acid air
high

population
density

kg 1.21E-06 3.86E-0S 7.32E-08 2.18E-
07 8.76E-07 2.20E-10

34
Actinides.
radioactive,
unspecified

air
low

population
density'

kBq 3.38E-04 2.00E-06 6.52E-Ü6 6.03E-
05 2.67E-Ü4 2.22E-06

35
Actinides,
radioactive,
unspecified

water ocean kBq 3.51E-02 1.72E-04 6.42E-04 6.52E-
03 2.73 E-02 3.73E-04

36
Aerosols,

radioactive,
unspecified

air
low

population
density

kBq 4.13E-03 2.56E-05 8.44E-05 7.58E-
04 3.21 E-03 5.56E-05

37 Aldehydes, 
ณโรpecified air

high
population
density

kg 5.75E-06 1.09E-07 2.34E-07 9.90E-
07 4.29E-06 1.22E-07

38 Aldehydes.
unspecified air

low
population
density’

kg 1.19E-05 4.78E-0S 2.00E-07 2.22E-
06 9.28E-06 1.03E-07

39 Aldehydes.
unspecified air unspecifie

d kg 1.13E-06 1.20E-10 2-41E-10 9.02E-
07 2.29E-07 7.18E-12

40 Aldrin soil agricultur
al kg 3.10E-08 9.93E-10 1.88E-09 5.60E-

09 2.25 E-08 5.71E-12

41

Aluminium, 
24% in 
bauxite. 
11% 111 

crude ore, in 
ground

resource in gr ound kg 3.55E+00 3.37E-02 8.98E-02 6.76E-
01 2.75E+00 4.12 E-03

42 Aluminum air
high

population
density

kg 1.02E-03 2.17E-05 4.49E-05 1.83E-
04 7.58E-04 8.75E-06

43 Aluminum air
low

population
density

kg 3.22E-04 6.90E-06 1.44E-05 5.41E-
05 2.36E-04 1.02E-05

44 Aluminum air unspecifie
d kg 5.43E-02 8.29E-04 1.88E-03 9.84E-

03 4.11 E-02 5.83E-04

45 Aluminum soil agricultur
al kg 2.34E-04 3.48E-06 8.06E-06 3.92E-

05 1.76E-04 7.19E-06

46 Aluminum soil industrial kg 1.41E-02 7.54E-05 2.98E-04 1.77E-
03 1.05E-02 1.39E-03

47 Aluminum water ground- kg 3.1 IE-04 5.65E-06 1.24E-05 5.01E- 
05 2.31E-04 1.18E-05

48 Aluminum water ground*,
long-term kg 4.49E-01 8.71E-03 1.86E-02 7.56E-

02 3.34E-01 1.19E-02

49 Aluminum water ocean kg 9.95 E-03 1.16E-05 1.44E-04 1.30E-
03 7.56E-03 9.27E-04

50 Aluminum water river kg 6.02E-03 3.04E-05 1.12E-04 1.10E-
03 4.68E-03 8.49E-05

51 Aluminum water imspecifie
d kg 1.67E-04 2.77E-07 1.16E-06 1.16E-

05 1.52E-04 1.66E-06

52 Ammonia air
high

population
density’

kg 1.47E-03 3.17E-05 6.60E-05 2.43E-
04 1.08E-03 4.31E-05

๐
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont'd)

No Substance Compart
ment

Sub
compart
ment

Unit Total Pro treat­
ment

Detoxifica­
tion SSCF Distillati­

on
Dehydra­

tion

53 Ammonia air
low

population
density

kg 2.56E-03 4.43E-05 9.73E-05 : ‘ 4.48E- 
04 1.92E-03 5.02E-05

54 Ammonia air unspecifie
d kg 3.99E+00 3.90E+00 1.59E-03 3.17E-

02 5.71E-02 2.62E-04

55 Ammonia water unspecifie
d kg 1.23E-05 0.00E+00 0.00E+00 1.23E-

05

56 Ammonium
carbonate air

high
population
density-

kg 1.98E-06 2.41E-09 2.48E-08 3.71E- 
07 1.56E-06 2.11E-08

57 Ammonium 
. ion water ground- kg 7.19E-05 1.27E-06 2.80E-06 1.19E-

05 5.37E-05 2.26E-06

58 Ammonium 
. ion water ground-,

long-term kg 7.73E-04 6.39E-05 1.09E-04 1.02E-
04 4.73E-04 2.51 E-05

59 Ammonium 
, ion water ocean kg 1.57E-04 3.37E-05 5.46E-05 1-21E- 

05 5.29E-05 3.29E-06

60 Ammonium 
, ion water river kg 3.15E-03 1.18E-04 2.19E-04 5.31E- 

04 2.24E-03 3.93E-05

61 Ammonium 
, ion water unspecifie

d kg 6.92E-05 3.62E-08 7.27E-08 2.78E-
07 6.88E-05 2.16E-09

62 Anhydrite, 
in ground resource in ground kg 1.28E-05 1.33E-07 3.48E-07 2.26E-

06 •9.83E-06 2.73E-07

63 Antimony air
high

population
density

kg 6.14E-07 1.71E-08 3.32E-08 1.11 E- 
07 4.51E-07 1.47E-09

64 Antimony air
low

population
density

kg 1.07E-04 1.29E-06 3.13E-06 2.01E- 
05 8.18 E-05 2.80E-07

65 Antimony air unspecifie
d kg 1.85E-08 4.29E-10 8.69E-10 3.62E-

09 1.30E-08 6.10E-10

66 Antimony soil agricultur
al kg 2.58E-09 1.06E-10 1.93E-10 4.53E-

10 1.83E-09 3.44E-12

67 Antimony water ground- kg 1.59E-05 4.46E-07 8.87E-07 2.24E-
06 1.13 E-05 9.52E-07

68 Antimony water ground-,
long-term kg 5.52E-04 1.58E-05 3.06E-05 9.85E-

05 4.04E-04 3.12E-06

69 Antimony water river kg 2.85E-04 8.08E-06 1.57E-05 5.14E-
05 2.09E-04 8.94E-07

70 Antimony water unspecifie
d kg 6.32E-08 3.3 IE-11 6.64E-11 2.54E- 

10 <
6.28E-08 1.97E-12

71 Antimony-
122 water river kBq 1.45E-04 6.65E-08 1.61E-06 2.83E-

05 1.15E-04 1.10E-07

72 Antimony-
124 air

low
population
density

kBq 3.60E-07 1.65E-10 4.00E-09 7.02E-
08 2.85E-07 2.72E-10

73 .Antimony-
124 water river kBq 1.05E-02 2.86E-05 1.56E-04 2.01 E- 

03 ร. 29E-03 6.08E-05

74 Antimony-
125 air

low
population
density

kBq 3.76E-06 1.72E-09 4.17E-08 7.32E-
07 2.98E-06 2.84E-09

75 .Antimony-
125 water river kBq 9.78E-03 2.64 E-05 1.44E-04 1.86E-

03 7.69E-03 5.63E-05

76

AOX, 
Adsorbable 
Organic 

Halogen as
Cl

water ocean kg 1.24E-06 1.49E-07 2.49E-07 1.24E-
07 6.49E-07 6.80E-08

77

AOX, 
Adsorbable 
Organic 

Halogen as 
Cl

water river kg 4.88E-05 1.59E-06 3.01E-06 8.68E-
06 3.53E-05 2.17E-07

78

AOX, 
Adsorbable 
Organic 

Halogen as 
Cl

water unspecifie
d kg 1.68E-07 2.43E-09 5.70E-09 2.73E-

08 1.26E-07 6.36E-09

o
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compart
ment

Sub
compart
ment

Unit Total Pretreat­
ment

Detoxifica­
tion SSCF Distillati­

on
Dehydra­

tion

79 Argon-41 air
low , • 

population 
density'

kBq 1.36E+00 1.30E-02 3.53E-02 2.39E-
01 1.04E+00 3.01E-02

80 Arsenic, ion water ground- kg 1.12E-04 2.26E-06 4.82E-06 1.76E-
05 8.29E-05 4.89E-06

81 Arsenic, ion water ground-.
long-term kg 5.92E-06 2.26E-07 4.18E-07 1.00E-

06 4.20E-06 6.59E-08

82 Arsenic, ion water lake kg 5.58E-11 1.79E-12 3.38E-12 1.01 H- 
11 4.05E-11 1.14E-14

83 Arsenic, ion water ocean kg 1.26E-05 1.53E-07 3.97E-07 1.62E-
06 9.27E-06 1.12E-06

84 Arsenic, ion water river kg 3.96E-04 7.07E-06 1.55E-05 6.77E-
05 2.97E-04 9.54E-06

85 Arsenic, ion water unspecifie
d kg 5.13E-06 8.49E-08 1.77E-07 6.40E-

07 4 10E-06 1.25E-07

86 Arsenic air
high

population
density'

kg 6.68E-06 5.59E-07 9.47E-07 1.24E-
06 3.83E-06 1.13E-07

S7 Arsenic air
low

population
density

kg 7.92E-04 9.18E-06 2.27E-05 1.49E-
04 6.09E-04 2.19E-06

88 Arsenic air unspecifie
d kg 1.36E-07 2.59E-09 5.25E-09 3.62E-

08 8.81E-08 3.66E-09

89 Arsenic soil agricultur
al kg 2.58E-07 7.14E-09 1.39E-08 4.55E-

08 1.89E-07 2.31E-09

90 Arsenic soil industrial kg 5.63E-06 3.02E-0S 1.19E-07 7.09E-
07 4.22E-06 5.58E-07

91 Arsine air
high

population
density

kg 1.41 E-11 4.50E-13 8.53E-13 2.54E-
12 1.02E-11 2.56E-15

92 Atrazine soil agricultur
al kg 8.13E-09 2.61H-10 4.94E-10 1.47E-

09 5.91E-09 1.50E-12

93
Barite, 15% 
in crude ore. 
in ground

resource in ground kg 3.24E+00 1.31E-02 6.17E-02 4.11 E- 
01 2.43E+00 3.17E-01

94 Barite water ocean kg 4.75E-01 6.31E-04 7.00E-03 6.13E-
02 3.60E-01 4.55E-02

95 Barium air
high

population
density

kg 1.23E-05 2.59E-07 5.38E-07 2.22E-
06 9.20E-06 1.06E-07

96 Barium air
low

population
density

kg 3.04E-05 6.04E-07 1.29E-Ü6 4.83E-
06 2.25E-05 1.23E-06

97 Barium air unspecifie
d kg 6.48E-10 1.14E-15 4.02 E-15 6.48E-

10 1.78E-13 1.53E-15

98 Barium soil agricultur
al kg 6.96E-08 2.43E-09 4.56E-09 1.21 E- 

08 4.95E-08 9.57E-10

99 Barium soil industrial kg 7.04E-03 3.77E-05 1.49E-04 8.86E-
04 5.27E-03 6.97E-04

100 Barium water ground- kg 1.86E-04 7.48E-07 3.15E-06 3.50E-
05 1.46E-04 1.62E-06

101 Barium water ground-,
long-term kg 4.43E-03 8.74E-05 1.87E-04 7.14E-

04 3.28E-03 1.62E-04

102 Barium water ocean kg 6.53E-04 4.63E-05 7.98E-05 9r  1 « ’พ* 2.29E-05

103 Barium water river kg 1.60E-03 9.43E-05 1.66E-04 2T  1.03E-03 6.70E-05

104 Barium water unspecifie
d kg 1.60E-03 8.37E-07 1.68E-06 64n: E~ 1.59E-03 Uo 4.99E-08

105 Barium-140 air
low

population
density'

kBq 2.44E-04 1.12E-07 2.72E-06 4.76E-
05 1.94E-04 1.85E-07

106 Barium-140 water river kBq 6.36E-04 2.92E-07 7.07E-06 1.24E-
04 5.04E-04 4.80E-07

107 Basalt, in 
ground resource in ground kg 4.15E-01 6.68E-03 1.48E-02 7.73E-

02 3.15E-01 1.04E-03

o
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compart
ment

Sub
compart

ment
Unit Total Pretreat-

ment
Detoxifica­

tion SSCF Distillati­
on

Dehydra­
tion

108 Benomyl soil agricultur
al kg " 2.46E-09 1.03E-11 4.64E-11 3.43E-

10 1.87E-09 1.95E-10

109 Bentazone soil agricultur
al kg 2.78E-08 1.37E-09 2.46E-09 4.35E-

09 1.90E-08 6.22E-10

110 Benzal
chloride air unspecifie

d kg 3.97E-12 2.08E-15 4.17E-15 1.59E-
14 3.94E-12 1.24E-16

111 Benzaldehy
de air

high
population
density

kg 2.64E-07 9.1 IE-10 4.20E-09 5.04E-
08 2.07E-07 1.33E-09

112 Benzene,
chloro- water river kg 6.92E-05 2.21E-06 4.20E-06 1.25E-

05 5.03E-05 1.42E-08

113 Benzene,
ethvi- air

high
population
density

kg 6.07E-05 3.43E-06 6.06E-06 9.66E-
06 3.97E-05 1.80E-06

114 Benzene,
ethyl- air

low
population
density

kg 1.54E-08 9.07E-11 2.96E-10 2.74E-
09 1.21 E-US 1.01 E-10

115 Benzene,
ethyl- water ocean kg 1.79E-05 1.25E-06 2.16E-06 2.73E-

06 1.11E-05 6.32E-07

116 Benzene.
ethyl- water river kg 4.24E-05 2.58E-06 4.52E-06 6.38E-

06 2.72E-05 1.74E-06

117 Benzene,
ethyl- water unspecifie

d kg 5.29E-07 2.77E-10 5.56E-10 2.12E-
09 5.26E-07 1.65E-11

118 Benzene,
hexachloro- air

high
population
density

kg 4.55E-09 1.59E-10 2.98E-1Ü 7.S7E-
10 3.26E-09 4.28E-11

119 Benzene,
hexachloro- air unspecifie

d kg 4.7ÛE-07 1.06E-08 2.19E-08 7.58E-
08 3.45E-07 1.63E-08

120
Benzene,

pentachloro air
high

population
density

kg 1.14E-08 3.98E-10 7.47E-10 1.98E-
09 8.20E-09 1.07E-10

121 Benzene ail
high

population
density

kg 2.49E-02 2.18E-05 3.86E-04 2.20E-
03 1.85E-02 3.88E-03

122 Benzene air
low

population
density

kg 1.31E-03 1.91E-05 4.46E-05 2.21E-
04 9.88E-04 3.97E-05

123 Benzene air

lower 
stratosphe 
re + upper 
tropospher 

e
kg 5.46 E-09 1.33E-10 2.66E-10 1.01E-

09 4.06E-09 1.1 IE-12

124 Benzene air unspecifie
d kg 5.04E-04 9.69E-06 1.92E-05 7.20E-

05 4.00E-04 2.87E-06

125 Benzene water ocean kg 7.05E-05 4.48E-06 7.82E-06 1.05E-
05 4.47E-05 3.02E-06

126 Benzene water river kg 4.07E-04 1.32E-05 2.52E-05 6.71 E- 
05 2.90E-04 1.12E-05

127 Benzene water unspecifie
d kg 9.42E-06 4.93E-09 9.89E-09 3.7SE-

08 9.36 E-06 2.94E-10

128 Benzo(a)pyr
ene air

high
population
density

kg 6.58E-07 8.30E-10 1.05E-08 6.13E-
os 4.87E-07 9.81E-08

129 Benzo(a)pyr
ene air

low-
population
density

kg 6.23E-06 8.41E-08 2.01E-07 1.06E-
06 4.71E-06 1.77E-07

130 Benzo(a)pyr
ene air unspecifie

d kg 8.47E-06 8.18E-08 2.17E-07 1.60E-
06 6.55E-06 2.28E-08

131 Beryllium air
high

population
density'

kg 1.30E-07 2.75E-09 5.71E-09 2.32E-
08 9.72E-08 1.45E-09

132 Beryllium air
low

population
density'

kg 4.23E-07 7.97E-09 1.70E-08 7.73E-
08 3.18E-07 2.38E-09

133 Beiyllium air unspecifie
d kg 2.68E-08 6.43E-10 1.30E-09 4.19E-

09 1.97E-08 9.15E-10
134 Beiyllium water ground- ___k£__ 3.34E-08 7.26E-10 1.52E-Û9 5.12E- 2.45E-08 1.57E-09



Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compart
ment

Sub
compart

ment
Unit Total Present­

ment
Detoxifica­

tion SSCF Distillati­
on

Dehydra­
tion

09
135 Beryllium water ground-,

long-term kg 2.86E-05 6.12E-07 1.29E-06 4.44E-
06 2.10E-05 1.27E-06

136 Beryllium water river kg 1.96E-07 9.61E-10 3.59E-09 3.66E-
08 1.53E-07 2.00E-09

137 Beryllium water unspecifie
d kg 5.63E-08 2.95E-11 5.91E-11 2.26E-

10 5.60E-08 1.76E-12

138
BOD5.

Biological
Oxygen
Demand

water ground- kg 1.43E-05 2.54E-07 5.58E-07 2.37E-
06 1.07E-05 4.50E-07

139
BOD5.

Biologic
Oxygen
Demand

water ground-,
long-term kg 2.74E-01 7.33E-03 1.45E-02 4.64E-

02 2.00E-01 5.39E-03

140
BOD5,

Biological
Oxygen
Demand

water ocean kg 3.10E-01 4.99E-03 1.16E-02 4.25E-
02 2.27E-01 2.45E-02

141
BOD5,

Biological
Oxygen
Demand

water river kg 5.22E-01 2.85E-02 5.05E-02 8.42E-
02 3.44E-01 1.47E-02

142
BOD5.

Biological
Oxygen
Demand

water unspecifie
d kg 1.19E-02 1.87E-04 4.12E-04 2.03E-

03 8.99E-03 3.02E-04

143 Borax, in 
ground resource in ground kg 9.80E-06 3.05E-08 1.51E-07 1.87E-

06 7.70E-06 4.35E-08

144 Boron 
tri fluoride air

high
population
density

kg 1.05E-13 3.36E-15 6.37E-15 1.89E-
14 7.62E-14 1.91 E-17

145 Boron ail
high

population
density

kg 4.85E-05 1.05E-06 2.16E-06 8.71E-
06 3.62E-05 4.37E-07

146 Boron air
low

population
density

kg 1.93E-03 3.68E-05 7.98E-05 3.07E-
04 1.43E-03 7.97E-05

147 Boron ail unspecifie
d kg 1.30E-12 6.55E-15 2.32E-14 " 2.30E-

13 1.03E-12 8.82E-15

148 Boron soil agricultur
al kg 1.02E-08 3.02E-10 5.84E-10 1.76E-

09 7.30E-09 2.55E-10

149 Boron soil industrial kg 1.41E-04 7.54E-07 2.98E-06 1.77E-
05 1.05E-04 1.39E-05

150 Boron soil unspecifie
d kg 2.72E-04 3.08E-07 3.37E-06 5.10E-

05 2.14E-04 2.94 E-06

151 Boron water ground- kg 5.62E-05 8.79E-07 2.01E-06 9.25E-
06 4.21E-05 1.93 E-06

152 Boron water ground-,
long-term kg 4.84E-03 7.60E-05 1.74E-04 7.92E-

04 3.62E-03 1.73E-04

153 Boron water ocean kg 1.56E-05 4.06E-06 6.54E-06 9.41E- 
07 3.84 E-06 2.17E-07

154 Boron water river kg 1.99E-04 4.94E-06 1.01E-05 3“ jE" 1.45E-04 9.75E-06

155 Boron water unspecifie
d kg 1.76E-05 9.23E-09 1.85E-08 7i f -  »■»«* 5.5 IE-10

156 Bromate water river kg 1.56E-04 2.58E-06 5.75E-06. 2l f -  1 1.17E-04 3.57E-06

157 Bromine air
high

population
density

kg 7.69E-06 1.86E-07 3.76E-07 1.30E-
06 5.66 E-06 1.6SE-07

158 Bromine ail'
low

population
density

kg 1.92E-04 4.04E-06 8.55E-06 2.9SE-
05 1.41E-04 8.69E-06

159 Bromine air unspecifie
d kg 1.28E-12 5.46E-15 1.91E-14 1.89E-

13 1.06E-12 7.20E-15
160 Bromine water ground- ___kg___ 6.01E-05 1.05E-06 2.33E-06 9.68E- 4.47E-05 2.30E-06
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compart
ment

Sub
compart

ment
Unit Total Pretreat­

ment
Detoxifica­

tion SSCF Distillati­
on

Dehydra­
tion

06
161 Bromine water ground”,

long-term kg 1.72E-04 7.15E-06 1.30E-05 2.92E-
05 1.21E-04 1.38E-06

162 Bromine water ocean kg 5.22E-04 3.64E-05 6.29E-05 7.97E-
05 3.25E-04 1.84E-05

163 Bromine water river kg 2.02E-03 1.04E-04 1.85E-04 3.23E-
04 1.36E-03 5.65E-05

164 Bromine water unspecifie
ช kg 1.20E-03 6.30E-07 1.26E-06 4.83E-

06 1.20E-03 3.76E-08

165 Butadiene ail
low

population
density

kg 8.52E-10 2.07E-11 4.14E-11 1.57E-
10 6.32E-10 1.72E-13

166 Butadiene ail

lower 
stra to spile 
re + upper 
tropospher 

e
kg 5.18E-09 1.26E-10 2.52E-10 9.53E-

10 3.84 E-09 1.05E-12

167 Butadiene air unspecifie
d kg 1.21 E-os 2.94E-10 5.87E-10 2.22E-

09 8.97E-09 2.44E-12

168 Butane ail
high

population
density

kg 4.57E-02 1.60E-04 8.90E-04 4.16E-
03 3.36E-02 6.87E-03

169 Butane air
low

population
density

kg 6.29E-02 8.61E-06 7.24E-04 1.06E-
02 4.91E-02 2.42E-03

170 Butane air unspecifie
d kg 5.68E-05 2.97E-08 5.96E-08 2.28E-

07 5.65E-05 1 77E-09

171 Butanol air
high

population
density

kg 7.72E-11 2.47E-12 4.68E-12 1.39E-
11 5.6 IE-11 1 58E-14

172 Butanol water river kg 7.85E-06 2.51E-07 4.76E-07 1.42E-
06 5.70 E-06 1.51 E-09

173 Butene air
high

population
density

kg 5.29E-05 3.40E-06 5.92E-06 8.22E-
06 3.36E-05 1.71 E-06

174 Butene water river kg 5.04E-06 5.96E-08 1.46E-07 9.77E-
07 3.85 E-06 1.94E-09

175 Butyl
acetate water river kg 1.02E-05 3.27E-07 6.19E-07 1.84E-

06 7.41 E-06 1.96E-09

176 Butyrolacto
ne air

high
population
density

kg 7.21E-09 2.31E-10 4.37E-10 1.30E-
09 5.24 E-09 1.48E-12

177 Butyrolacto
ne water river kg 1.73E-08 5.54E-10 1.05E-09 3.13E-

09 1.26E-08 3.54 E-12

178

Cadmium, 
0.30% in 

sulfide, Cd 
0 18%, Pb 
Zn, Ag, In, 
in ground

resource in grotuid kg 2.53E-04 I.96E-06 5.72E-06 4.81E-
05 1.96E-04 6.08E-07

179 Cadmium.
ion water groiuid- kg 9.82E-08 4.23E-10 1.70E-09 1.84E-

08 7.68E-08 9.04E-10

180 Cadmium,
ion water ground-,

long-term kg 3.35E-05 1.71 E-06 3.06E-06 4.91E-
06 2.27E-05 1.16 E-06

181 Cadmium,
ion water lake kg 4.74E-11 1.52E-12 2.87E-12 8.56E-

12 3.44 E-11 9.72E-15

182 Cadmium,
ion water ocean kg 2.11E-06 1.28E-07 .. 2.25E-07 2.77E-

07 1.37E-06 1.10E-07

183 Cadmium,
ion water river kg 1.45E-05 3.67E-07 7.32E-07 2.52E-

06 1.07E-05 2.22E-07

184 Cadmium,
ion water unspecifie

d kg 1.8 IE-05 2.83E-07 6.42E-07 3.01E- 
06 1.36E-05 5.32E-07

185 Cadmium air
high

population
density

kg 7.39E-06 1.19E-06 1.94E-06 1.51 E- 
06 2.66E-06 9.36E-08

186 Cadmium air low-
population kg 2.59E-04 2.88E-06 7.2 3 E-06 4.90E-

05 2.00E-04 6.32E-07



129

Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compart
ment

Sub
compart
ment

Unit Total Pretreat­
ment

Detoxifica­
tion SSCF Distillati­

on
Dehydra­

tion
density

1S7 Cadmium air

lower 
stratosphe 
re + upper 
tropospher 

e
kg 2.74E-12 6.67E-14 1.33E-13 5.04E-

13 2.03 E-12 5.54E-16

188 Cadmium air unspecific
d kg 1.83E-06 4.07E-08 8.40E-08 2.93E-

07 1.35E-06 6.04E-08
189 Cadmium soil agricultur

al kg 5.68E-07 1.60E-08 3.11E-08 1.00E-
07 4.15E-07 4.94E-09

190 Cadmium soil unspecific
d kg 1.35E-08 1.05E-09 1.80E-09 1.92E-

09 8.42E-09 2.89E-10

191 Calcite, in 
ground resource in ground kg 3.13E+01 7.07E-01 1.46E+00 5.13E+

00 2.30E+01 9.71E-01

192 Calcium,
ion water ground- kg 2.80E-04 4.45E-06 1.01E-05 4.60E-

05 2.10E-04 9.74E-06

193 Calcium,
ion water ground-,

long-term kg 1.15E+00 2.57E-02 5.31E-02 1.90E-
01 8.48E-01 3.28E-02

194 Calcium,
ion water lake kg 1.56E-04 1.11E-06 2.47E-06 1.00E-

04 5.22E-05 3.56E-07

195 Calcium,
ion water ocean kg 3.75E-02 2.47E-03 4.30E-03 5.38E-

03 2.38E-02 1.62E-03

196 Calcium,
ion water river kg 2.26E-01 5.99E-03 1.18E-02 3.94E-

02 1.65E-01 4.03E-03

197 Calcium,
ion water unspecifie

d kg 1.81E-02 9.45E-06 1.90E-05 7.25E-
05 1.80E-02 5.64 E-07

198 Calcium air
high

population
density

kg 5.78E-04 1.39E-05 2.82E-05 9.70E-
05 4.23E-04 1.65E-05

199 Calcium air
low

population
density

kg 3.99E-05 8.37E-07 1.74E-06 7.54E-
06 2.85E-05 1.21E-06

200 Calcium soil agricultur
al kg 2.80E-03 4.38E-05 1.00E-04 4.61 E- 

04 2.10E-03 9.60E-05

201 Calcium soil industrial kg 5.63E-02 3.02E-04 1.19E-03 7.09E-
03 4.22E-02 5.58E-03

202 Carbetamid
e soil agricultur

al kg 1.15E-08 5.11E-10 9.28E-10 1.84E--
09 7.97E-09 2.36E-10

203 Carbofiiran soil agricultur
al kg 1.35E-06 5.66E-09 2.54E-08 1.88E-

07 1.02E-06 1.07E-07

204
Carbon
dioxide,
biogenic

air
high

population
density

kg 9.59E+00 3.22E-01 6.12E-01 1.54E+
00 6.85E+00 2.79E-01

205
Carbon
dioxide.
biogenic

air
low

population
density

kg 1.42E+00 3.06E-02 6.38E-02 2.37E-
01 1.05E+00 3.89E-02

206
Carbon
dioxide.
biogenic

air unspecifie
d kg 2.70E-01 4.95E-03 1.08E-02 4.44E-

02 2.01E-01 8.58E-03

207
Carbon
dioxide.
fossil

air
high

population
density

kg 5.89E+03 7.76E+00 8.73E+01 7.41E+ 
02 4.46E+03 5.91E+02

208
Carbon
dioxide.
fossil

air
low

population
density

kg 3.69E+02 3.20E+00 9.45E+00 5.34E+
01 2.77E+02 2.51E+01

209
Carbon
dioxide,
fossil

air

lower 
stratosphe 
re + upper 
tropospher 

e

kg 8.63E-04 2.10E-05 ' 4.19E-05 1.59E-
04 6.41E-04 1.75E-07

210
Carbon
dioxide,
fossil

air unspecifie
d kg 1.16E+02 2.10E+00 4.18E+00 4.75E+

01 6.00E+01 2.56E+00

211
Carbon 

dioxide,in 
air

resource in air kg 1.22E+01 3.92E-01 7.51E-01 1.98E+
00 8.78E+00 3.44E-01

212 Carbon air low ___k£___ 3.55E-02 4.09E-04 1.06E-03 5.38E- 2.67E-02 2.01E-03

o
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Table 1)1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compart
ment

Sub
compart
meut

Unit Total Pretreat­
ment

Detoxifica­
tion SSCF Distillati­

on
Dehydra­

tion
dioxide,

land
trail s form at i 

on

population
density

03

213 Carbon
dioxide air unspecifie

d kg 4.55E+03 4.55E+03 0.00E+00 0.00E+
00

214 Carbon
disulfide air

high
population
density

kg 2.82E-08 9.71E-11 4.47E-10 5.40E-
09 2.21E-08 1.03E-10

215 Carbon
disulfide air

low
population
density

kg 1.95E-02 2.44E-04 5.86E-04 3.67E-
03 1.49E-02 5.30E-05

216 Carbon
disulfide air unspecifie

d kg 7.36E-13 3.85E-16 7.73E-16 2.95E-
15 7.32E-13 2.30E-17

217
Carbon

monoxide,
biogenic

air
high

population
density

kg 1.23E-03 5.62E-05 1.02E-04 1.96E-
04 8.47E-04 2.58E-05

218
Carbon

monoxide,
biogenic

air
low

population
density

kg 2.25E-03 3.35E-05 7.66E-05 4.08E-
04 1.71E-03 2.50E-05

219
Carbon

monoxide,
biogenic

air unspecifie
d kg 2.72E-01 2.49E-03 6.74E-03 5.19E-

02 2.11E-01 2.S5E-04

220
Carbon

monoxide,
fossil

air
high

population
density

kg 2.15E+00 2.06E-03 2.68E-02 3.80E-
01 1.68E+00 5.68E-02

221
Carbon

monoxide,
fossil

air
low-

population
density

kg 5.56E-01 2.91E-03 I.15E-02 7.53E-
02 4.20E-01 4.70E-02

222
Carbon

monoxide,
fossil

air

lower 
stratosphe 
re + upper 
tropospher 

e
kg 1.01E-06 2.47E-08 4.93E-08 1.87E-

07 7.52E-07 2.05 E-10

223
Carbon

monoxide.
fossil

air unspecifie
d kg 1.51E+00 3.32E-02 6.90E-02 2.49E-

01 1.11E+00 4.77E-02

224
Carbon, เท 
organic 

matter, in 
soil

resource in ground kg 1.70E-03 7.14E-06 3.21E-05 2.37E-
04 1.29E-03 1.35E-04

225 Carbon soil agricultur
al kg 7.18E-02 4.87E-06 7.52E-04 1.40E-

02 5.70E-02 6.86E-06

226 Carbon soil industrial kg 4.22E-02 2.26E-04 8.93E-04 5.31E- 
03 3.16E-02 4.18E-03

227 Carbon-14 air
low

population
density

kBq 2.82E+01 1.05E-01 4.63E-01 5.32E+
00 2.2IE+01 2.26E-01

228 Carbonate water river kg 1.24E-03 2.04E-05 4.52E-05 2.26E-
04 9.40E-04 1.06E-05

229
Carboxylic

acids,
unspecified

water ocean kg 9.80E-03 2.94E-04 5.79E-04 I.36E-
03 6.87E-03 6.93E-04

230
Carboxylic

acids,
unspecified

water river kg 6.51E-03 3.95E-04 6.93E-04 9.79E-
04 4.17E-03 2.67E-04

231

Cerium, 
24% in 

bastnasite, 
2.4% ill 

crude ore, in 
ground

resource in ground kg 8.64E-20 8.75E-22 2.31E-21 1.55E-
20 6.62E-20 1.49E-21

232 Cerium-141 air
low-

population
density

kBq 5.92E-05 2.72E-08 6.58E-07 1.15E-
05 4.70E-05 4.48E-08

233 Cerium-141 water river kBq 2.54E-04 1.17E-07 2.82E-06 4.96E-
05 2.02E-04 1.92E-07

๐
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compart
ment

Sub
compart

ment
Unit Total Pretreat­

ment
Detoxifica­

tion SSCF Distillati­
on

Dehydra­
tion

234 Cerium-144 water ' river kBq 7.74E-05 3.55E-08 8.60E-07 • 1.51 E-
05 6.14E-05 5.8 5 E-08

235 Cesium water ocean kg 7.46E-07 5.20E-08 8.99E-08 1.14E-
07 4.64E-07 2.63E-08

236 Cesiiun water river kg 1.77E-06 1.07E-07 1.88E-07 2.66E-
07 1.13E-06 7.26E-08

237 Cesium-134 air
low

population
density

kBq 2.84E-06 1.30E-09 3.15E-08 5.53E-
07 2.25E-06 2.14E-09

238 Cesium-134 water river kBq 4.33E-03 2.40E-05 8.38E-05 7.99E-
04 3.37E-03 5.23E-05

239 Cesium-136 water river kBq 4.51E-05 2.07E-08 5.01E-07 8.80E-
06 3.58E-05 3.41 E-08

240 Cesium-137 air
low

population
density

kBq 5.03E-05 2.3 IE-08 5.59E-07 9.81E- 
06 3.99E-05 3.80E-08

241 Cesium-137 water ocean kBq 4.02E+00 1.97E-02 7.36E-02 7.48E-
01 3.13E+00 4.27E-02

242 Cesium-137 water river kBq 8.15E-02 8.47E-05 9.82E-04 1.58E-
02 6.45E-02 1.67E-04

243 Chlorate water river - kg 1.31E-03 2.19E-05 4.88E-05 2.25E-
04 9.83E-04 3.09E-05

244 Chloride soil agricultur
al kg 3.02E-05 4.85E-07 1.10E-06 4.95E-

06 2.26E-05 1.07E-06

245 Chloride soil industrial kg 4.93E-02 2.64E-04 1.04E-03 6.20E-
03 3.69E-02 4.88E-03

246 Chloride soil unspecific
d kg 3.78E-02 1.15E-03 2.21E-03 6.62E-

03 2.75E-02 3.06E-04

247 Chloride water ground- kg 9.06E-01 1.65E-02 3.61E-02 1.50E-
01 6.75E-01 2.90E-02

248 Chloride water ground-.
long-term kg 5.59E-02 1.21E-03 2.55E-03 8.11 E-

03 4.07E-02 3.30E-03

249 Chloride water ocean kg 3.80E-01 2.68E-02 4.63E-02 5.76E-
02 2.36E-01 1.36E-02

250 Chloride water river kg 1.37E+00 6.20E-02 1.13E-01 2.14E-
01 9.30E-01 5.04E-02

' 251 Chloride water unspecifie
d kg 1.22E+01 1.85E-02 1.76E-01 1.67E+

00 9.34E+00 9.71E-01

252
Chlorinated
solvents,

unspecified
water ocean■Ü kg 5.96E-13 1.61 E-14 3.16E-14 1.06E-

13 4.38E-13 3.80E-15

253
Chlorinated
solvents,

unspecified
water river kg 1.92E-06 3.25E-08 7.17E-08 3.40E-

07 1.45E-06 3.14E-08

254 Chlorine air
high

population
density’

kg 7.11E-04 1.08E-05 2.50E-05 1.17E-
04 5.33E-04 2.56E-05

255 Chlorine air
low-

population
density

kg 3.71E-08 1.13E-09 2.16E-09 6.72E-
09 2.71 E-os 1.26E-11

256 Chlorine air unspecifie
d kg 2.72E-08 2.02E-09 3.42E-09 3.17E- 

09 ' 1.81 E-08 4.22E-10

257 Chlorine water ground- kg 1.06E-04 4.23E-07 1.78E-06 1.98E-
05 8.27E-05 9.19E-07

258 Chlorine water river kg 1.28E-05 3.01E-07 6.10E-07 2.24E-
06 9.44E-06 1.70E-07

259 Chloroform air
high

population
density’

kg 1.49E-06 3.38E-08 6.87E-08 2.75E-
07 1.11E-06 2.73E-09

260 Chloroform air
low-

population
density

kg 1.60E-08 9.46E-11 3.08E-10 2.85E-
09 1.27E-08 1.05E-10

261 Chloroform ail unspecifie
d kg 3.35E-13 1.75E-16 3.52E-16 1.34E-

15 3.33 E-13 1.05E-17

262 Chloroform water river kg 1.59E-07 5.1 IE-09 9.68E-09 2.88E-
08 1.16E-07 2.92E-11

o
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compart
ment

Sub
compart

ment
Unit Total Pretreat-

ment
Detoxifica­

tion SSCF Distillati­
on

Dehydra­
tion

263 Chlorosilan 
e. trimethyl- air

high .
population
density

kg 2.17E-08 6.94E-10 1.31E-09 3.91E-
09 1.57E-08 3.95E-12

264 C'hlorothalo
nil soil agricultur

al kg 1.64E-06 2.55E-08 5.75E-08 2.99E-
07 1.24E-06 1.50E-08

265 Chromium
VI air

high
population
density

kg 3.55E-07 1.26E-08 2.35E-08 6.34E-
08 2.50E-07 5.00E-09

266 Chromium
VI air

low
population
density

kg ร.62E-05 1.92E-06 3.91E-06 1.58E-
05 6.44E-05 2.37E-07

267 Chromium
VI air unspecifie

d kg 6.55E-09 1.32E-10 2.71 E- 0 9.43E-
10 5.03E-09 1.72E-10

268 Chromium
VI soil unspecifie

d kg 1.54E-03 1.74E-06 1.91E-05 2.88E-
04 1.21 E-03 1.66E-05

269 Chromium
VI water ground- kg 5.40E-05 1.30E-06 2.67E-06 S.01E-

06 3.92E-05 2.82E-06

270 Chromium
VI water ground-,

long-term kg 7.95 E-03 1.54E-04 3.30E-04 1.32E-
03 5.91E-03 2.40E-04

271 Chromium
VI water river kg 2.51E-03 4.87E-05 1.04E-04 4.17E-

04 1.87E-03 7.57E-05

272 Chromium
VI water unspecifie

d kg 6.73E-06 1.24E-07 2.69E-07 1.12E-
06 5.01E-06 2.07E-07

273

Chromium, 
25.5% in 
chromite,
11.6% in 

crude ore, in 
ground

resource in grotuid kg 1.02E+00 2.25E-02 4.59E-02 1.86E-
01 7.59E-01 3.05 E-03

274 Chromium,
ion water ground- kg 2.65E-05 1.08E-07 4.49E-07 4.97E-

06 2.07E4J5 2.31E-07

275 Chromium,
ion water ocean kg 1.39E-05 2.24E-06 3.68E-06 1.21 H- 

06 6.11E-06 6.14E-07

276 Chromium,
ion water river kg 3.24E-05 1.44E-06 2.62E-06 5.20E-

06 2.25E-05 6.48E-07

277 Chromium.
ion water unspecifie

d kg 5.41E-05 7.22E-07 1.70E-06 8.69E-
06 4.15E4J5 1.47E-06

278 Chromium air
high

population
density

kg 8.59E-06 6.99E-07 1.19E-06 1.55E-
06 4.96E-06 1.93E-07 -

279 Chromium air
low

population
density

kg 3.45 E-03 7.66E-05 1.56E-04 6.33E-
04 2.58E-03 9.08E-06

280 Chromium ah

lower 
stratosphe 
re + upper 
tropospher 

e
kg 1 37E-1I 3.34E-13 6.66E-13 2.52E-

12 1.02E-11 2.77E-I5

281 Chromium air unspecifie
d kg 6.20E-05 1.41E-06 2.90E-06 1.01E-

05 4.56E-05 2.02E-06

282 Chromium soil agricultur
al kg 2.48E-06 4.61E-08 9.98E-08 4.17E-

07 1.85E-06 6.84E-08

283 Chromium soil industrial kg 7.04E-05 3.77E-07 1.49E-06 8.86E-
06 5.27E-05 6.97E-06

284 Chromium soil unspecifie
d kg 6.43E-08 5.01E-09 8.57E-09 9.15E-

09 4.02E-08 1.38E-09

285 Chromium-
51 air

low-
population
density

kBq 3.80E-06 1.74E-09 ' 4.22E-08 7.40E-
07 3.01E-06 2.87E-09

286 Chromium-
51 water river kBq 4.77E-02 3.42E-05 5.5 IE-04 9.28E-

03 3.78E-02 6.37E-05

287 Chrysotile, 
in around resource in ground kg 2.92E-05 4.86E-07 1.08E-06 5.02E-

06 2.19E-05 6.78E-07

288 Cinnabar, in 
ground resource in gr ound kg 2.87E-06 4.61E-08 1.04E-07 4.96E-

07 2.16E-06 6.32E-08

289 Clay,
bentonite, in resource in ground kg 8.68E-01 1.47E-02 3.30E-02 1.37E-

01 6.45E-01 3.84E-02



Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)
No Substance Compart

ment
Sub

compart
ment

Unit Total Pretreat­
ment

Detoxifica­
tion SSCF Distillati­

on
Dehydra­

tion
ground

290
Clay,

unspecified, 
in ground

resource in ground kg 1.21E+01 1.16E+00 1.96E+00 1.70E+
00 7.12E+00 1.95E-01

291
Coal, 

brown, in 
ground

resource in groiuid kg 8.12E+01 1.43E+00 3.16E+00 1.31E+
01 6.04E+01 3.12E+00

292
Coal, hard, 
unspecified, 
in ground

resource in ground kg 9.96E+01 1.75E+00 3.86E+00 1.66E+
01 7.43E+01 3.11E+00

293 Cobalt, in 
ground resource in ground kg 5.70E-07 1.13 E-0S 2.43E-08 8.88E-

08 4.20E-07 2.51E-08

294 Cobalt air
high

population
density

kg 1.40E-05 1.34È-06 2.25E-06 2.52E-
06 7.51E-06 4.12E-07

295 Cobalt ail
low

population
density

kg 5.47E-05 1.18E-06 2.42E-06 1.09E-
05 3.98E-05 4.37E-07

296 Cobalt air unspecific
d kg 9.07E-08 1.07E-09 2.59E-09 1.67E-

08 6.86E-08 1.68E-09
297 Cobalt soil agricultur

ล! kg 1.88E-07 2.84E-09 6.55E-09 3.12E-
08 1.41E-07 6.14E-09

298 Cobalt water ground- kg 8.97E-07 6.39E-09 1.97E-08 I.63E-
07 6.94E-07 1.38E-08

299 Cobalt water ground-.
long-term kg - 4.56E-03 9.90E-05 2.04E-04 8.20E-

04 3.40E-03 4.07E-05

300 Cobalt water ocean kg 1.21E-07 5.93E-10 2.22E-09 2.25E-
08 9.44E-08 1.29E-09

301 Cobalt water river kg 2.82E-05 5.42E-07 1.16E-06 4.69E-
06 2.10E-05 8.40E-Ü7

302 Cobalt water unspecific
d kg 1.24E-07 6.52E-11 1.31E-10 5.00E-

10 1.24E-07 3.89E-12

303 Cobalt-57 water river kBq 1 43E-03 6.57E-07 1.59E-05 2.79E-
04 1.14E-03 1.08E-06

304 Cobalt-58 air
low

population
density

kBq 5.29E-06 2.42E-09 5.87E-08 1.03E-
06 4.19E-06 3.99E-09

305 Cobalt-SS water river kBq 2.14E-01 2.42E-04 2.61E-03 4.14E-
02 1.69E-01 4.8 IE-04

306 Cobalt-60 air
low

population
density

kBq 4.67E-05 2.14E-08 5.19E-07 9.10E-
06 3.70E-05 3.53E-08

307 Cobalt-60 water river kBq 1.88E-01 1.91E-04 2.26E-03 3.65E-
02 1.49E-01 3.76E-04

308
COD,

Chemical
Oxygen
Demand

water ground- kg 1.43E-05 2.54E-07 5.58E-07 2.37E-
06 1.07E-05 4.50E-07

309
COD.

Chemical
Oxygen
Demand

water ground-,
long-term kg 8.05E-01 2 44E-02 4.70E-02 1.35E-

01 5.83E-01 1.53E-02

310
COD,

Chemical
Oxygen
Demand

water ocean kg 3.12E-01 5.15E-03 1.19E-02 4.27E-
02 2.27E-01 2.46E-02

311
COD,

Chemical
Oxygen
Demand

water river kg 1.07E+00 2.92E-02 5.74E-02 1.90E-
01 7.80E-01 1.77E-02

312
COD,

Chemical
Oxygen
Demand

water luispecifie
d kg 1.34E-02 1.88E-04 4.15E-04 2.75E-

03 9.75E-03 3.04E-04

313 Colemanite, 
in ground resource in ground kg 8.16E-03 1.84E-04 3.75E-04 1.49E-

03 6.08E-03 2.36E-05
314 Copper, resource in ground kg 1.99E-01 2.21E-03 5.55E-03 3.76E- 1.53E-01 4.58E-04
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compart
nient

Sub
compart
ment

Unit Total Pretreat-
ment

Detoxifica­
tion SSCF Distillati­

on
Dehydra­

tion
0.99% ill 

sulfide, Cu 
0.36% and 
Mo 8.2E- 

3% in crude 
ore, in 
ground

02

315

c opper.
1.18% in 

sulfide, Cu 
0.39% and 
Mo 8.2E- 

3% in crude 
ore, in 
ground

resource ill ground kg 1.10E+00 1.21E-02 3.05E-02 2.08E-
01 8.47E-01 2.54E-03

316

Copper, 
1.42% in 

sulfide. Cu 
0.S1% and 
Mo 8.2E- 

3% in crude 
ore, in 
ground

resource in ground kg 2.92E-01 3.22E-03 8.10E-03 5.51E- 
02 2.25E-01 6.74E-04

317

Copper. 
2.19% in 

sulfide, Cu 
1.83% and 
Mo 8.2E- 

3% in crude 
ore. ill 
ground

resource in ground kg 1.45E+00 1.61E-02 4.05E-02 2.74E-
01 1.12E+00 3.34E-03

318 Copper, ion water ground- kg 8.86E-06 3.86E-08 1.54E-07 1.66E-
06 6.93E-06 8.23E-08

319 Copper, ion water ground-,
long-term kg 5.69E-03 1.70E-04 3.28E-04 9.92E-

04 4.15E-03 5.53E-05

320 Copper, ion water lake kg 2.15E-09 6.88E-11 1.30E-10 . 3.88E-
10 1.56E-09 4.4 IE-13

321 Copper, ion water ocean kg 1.06E-04 2.65E-06 5.33E-06 1.77E-
05 7.79E-05 2.66E-06

322 Copper, ion water river kg 1.83E-04 3.78E-06 7.86E-06 3.29E-
05 1.37E-04 1.58E-06

323 Copper, ion water unspecifie
d kg 4.83E-05 8.75E-07 1.90E-06 7.90E-

06 3.62E-05 1.44E-06

324 Copper air
high

population
density

kg 1.71E-04 5.43E-06 1.03E-05 3.13E-
05 1.23E-04 9.71E-07

325 Copper air
low

population
density

kg 2.62E-03 3.08E-05 7.57E-05 4.92E-
04 2.01E-03 7.88E-06

326 Copper air

lower 
stratosphe 
re + upper 
tropospher 

e
kg 4.65E-10 1.13E-11 2.26E-11 8.57E-

11 3.46E-10 9.42E-14

327 Copper air unspecifie
d kg 3.18E-05 9.33E-07 1 82E-06 5.10E-

06 2.30E-05 9.66E-07

328 Copper soil agricultur
al kg 8.11E-06 2.23E-07 4.36E-07 1.45E-

06 5.96E-06 4.34E-08

329 Copper soil industrial kg 4.72E-07 8.85E-09 1.94E-08 7.22E-
08 3.48E-07 2.33E-08

330 Copper soil unspecifie
d kg 9.60E-04 1.16E-06 1.20E-05 1.80E-

04 7.56E-04 1.04E-05

331 Cumene ail
high

population
density

kg 1.07E-04 2.04E-06 4.38E-06 1.81 E- 
05 7.98E-05 2.81E-06

332 Cumene air low
population kg 8.90E-10 5.25E-12 1.71E-11 1.59E-

10 7.03E-10 5.84E-12

o
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont'd)

No Substance Compart
ment

Sub
compart
ment

Unit Total Pretreat­
ment

Detoxifica­
tion SSCF Distillati­

on
Dehydra­

tion
density

333 Cumene air unspecifie
d kg 3.00E-14 1.57E-17 3.15E-17 1.21E-

16 2.99E-14 9.39E-19

334 Cumene water river kg 2.57E-04 4.90E-06 1.05E-05 4.34E-
05 1.92E-04 6.76E-06

335 Cyanide air
high

population
density

kg 2.92E-05 6.83E-07 1.38E-06 5.22E-
06 2.16E-05 2.36E-07

336 Cyanide air
low

population
density

kg 4.27E-05 ร.84E-07 1.S4E-06 7.73E-
06 3.20E-05 3.13E-07

337 Cyanide air unspecifie
d kg 1.42E-11 7.42E-15 1.49E-14 5.69E-

14 1.41E-11 4 42E-16

338 Cyanide water ocean kg 1.40E-04 6.03E-06 1.09E-05 2.45E-
05 9.85 E-05 1.18E-07

339 Cyanide water river kg 9.85E-04 1.68E-05 3.67E-05 1.S2E-
04 7.45E-04 4.14E-06

340 Cyanide water unspecifie
d kg 3.89E-05 8.43E-07 1.76E-06 6.35E-

06 2.87E-05 1.25E-06

341 Cypermethr
in soil agricultur

al kg 1.91E-07 8.10E-10 3.61E-09 2.66E-
08 1.45E-07 1.51E-08

342 Diatomite, 
in ground resource in ground kg 4 40E-08 5.68E-10 1.36E-09 S.05E-

09 3.36E-08 3.96E-10

343 Dichromate water river kg 4.15E-05 4.56E-08 5.12E-07 7.80E-
06 3.2 7 E-05 4.33E-07

344 Dinitrogen
monoxide air

liigh
population
density

kg 1.02E-01 1.20E-04 1.29E-03 1.87E-
02 8.03E-02 1.83E-03

345 Dinitrogen
monoxide air

low
population
density

kg 5.53E-03 5.67E-05 1.53E-04 8.75E-
04 4.18E-03 2.64E-04

346 Dinitrogen
monoxide air

lower 
stratosphe 
re + upper 
tropospher 

e

kg 8.21E-09 2.00E-10 4.00E-10 1.51E-
09 6.10E-09 1.66E-12

347 Dinitrogen
monoxide air unspecifie

d kg 8.88E-03 6.94E-05 1.94E-04 2.33E-
03 6.15E-03 1.38E-04

348

Dioxins, 
measured as 

2,3,7,8- 
tetrachlorod 
ibenzo-p- 
dioxin

air
high

population
density

kg 1.08E-10 2.24E-12 4.68E-12 1.89E-
11 8.06E-11 1.75E-12

349

Dioxins, 
measured as 

2,3 7,8- 
tetrachlorod 
ibenzo-p- 
dioxin

air
low

population
density

kg 1.06E-10 1.68E-12 3.75E-12 1.92E-
11 7.99 E-11 9.65E-13

350

Dioxins, 
measured as 

2,3,7,8- 
tetrachlorod 
ibenzo-p- 
dioxin

air unspecifie
d kg 4.18E-10 8.94E-12 1.86E-11 6.64E-

11 3.1 OH-10 1.34E-11

351 Dissolved
solids water ground- kg 1.54E-02 2.73E-04 6.00E-04 2.55E-

03 1.15E-02 4.84E-04

352 Dissolved
solids water river kg 2.63E-01 9.76E-02 1.56E-01 1.69E-

03 7.34E-03 2.50E-04

353 Dissolved
solids water unspecifie

d kg 2.50E-01 1.31E-04 2.62E-04 1.00E-
03 2.48E-01 7.80E-06

354
DOC,

Dissolved
Organic
Carbon

water ground-,
long-term kg 3.65E-01 1.38E-02 2.56E-02 5.95E-

02 2.58E-01 7.62E-03

355 DOC. water lake ___k£___ 8.1 IE-05 4.26E-08 9.13E-07 1.57E- 6.42E-05 2.45E-07

๐
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compart
ment

Sub
compart
ment

Unit Total Pretreat­
ment

Detoxifica­
tion SSCF Distillati­

on
Dehydra­

tion
Dissolved
Organic
Carbon

05

356
DOC,

Dissolved
Organic
Carbon

water ocean kg 9.07E.-02 1.67E-03 3.73E-03 1.25E-
02 6.58E-02 7.01E-03

357
DOC,

Dissolved
Organic
Carbon

water river kg 2.06E-01 8.50E-03 1.56E-02 3.49E-
02 1.43E-01 4.62E-03

358
DOC,

Dissolved
Organic
Carbon

water unspecifie
d kg 1.76E-03 2.40E-05 5.70E-05 3.02E-

04 1.33E-03 4.41E-05

359 Dolomite, 
in ground resource in ground kg 1.21E-01 2.69E-03 5.57E-03 1.99E-

02 8.93 E-02 3.68E-03
360 Energy, 

from coal resource in ground ÎVÜ 4.33E+02 0.00E+00 0.00E+00 4.33E+
02

361

Energy, 
gross 

calorific 
value, ill 
biomass, 
primary 
forest

resource biotic MJ 1.18E-01 4.95E-04 2.23E-03 1.65E-
02 8.96E-02 9.34E-03

362

Energy, 
gross 

calorific 
value, in 
biomass

resource biotic MJ 1.21E+02 4.20E+00 7.93E+00 1.94E+
01 8.62E+01 3.39E-1-00

363
Energy, 

kinetic (in 
wind), 

converted
resource in air MJ 4.11E+01 5.74E-01 1.36E+00 6.80E+

00 3.10E+01 1.43E+00

364

Energy, 
potential (in 
hydropower 
reservoir), 
converted

resource in water MJ 1.85E+03 5.36E+00 2.81E+01 3.45 E+ 
02 1.45E+03 2.13E+01

365
Energy,
solar,

converted
resource ill ail- MJ 1.03E+00 8.28E-03 2.41E-02 1.84E-

01 7.91E-01 1.89E-02

366
Ethane, 
1.1,1,2- 

tetrafluoro-, 
HFC-134a

ail
high

population
density

kg 1.33E-07 4.21E-09 8.00E-09 2.40E-
08 9.67E-08 5.76E-11

367
Ethane,
1.1,1.2- 

tetrafluoro-, 
HFC-134a

air
low

population
density

kg 6.34E-07 2.49E-09 1.06E-08 1.19E-
07 4.96E-07 5.55E-09

368
Ethane,
1,1,1-

trichloro-,
HCFC-140

air
low

population
density

kg 3.27E-09 1.93E-11 6.29E-11 5.82E-
10 2.58E-09 2.14E-11

369
Ethane,
1,1,1-

trichloro-,
HCFC-140

air unspecifie
d kg 6.19E-13 3.24E-16 6.50E-16 2.49E-

15 6.16E-13 1.93E-17

370

Ethane,
1,1,2-

trichloro-
1,2,2-

trifluoro-,
CFC-113

air
high

population
density

kg 5.72E-08 1.83E-09 3.47E-09 1.03E-
08 4.16E-08 1.04E-11

371 Ethane, 1,1- 
difluoro-. air high

population kg 3.81E-07 3.05E-09 8.91E-09 6.83E-
08 2.93E-07 6.97E-09

๐
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont'd)

No Substance Compart
ment

Sub
compart
ment

Unit Total Pretreat­
ment

Detoxifica­
tion SSCF Distillati­

on
Dehydra­

tion
HFC-152a density ©

372 Ethane, 1.2- 
dichloro- ail

high
population
density

kg 5.96 E-05 8.94E-07 2.03E-06 1.09E-
05 4.52E-05 5.53E-07

373 Ethane, 1.2- 
dichloro- air

low
population
density

kg 6.53E-09 3.85 E-11 1.26E-10 1.16E-
09 5.16E-09 4.28E-11

374 Ethane. 1.2- 
dichloro- water river kg 2.04E-06 2.47E-08 6.10E-08 3.57E-

07 1.55E-06 4.64E-08

375

Ethane, 1,2- 
dichloro- 
1,1,2,2- 

letrafluoro-, 
CFC-114

ail
low

population
density

kg 1.24E-05 4.30E-08 1.99E-07 2.34E-
06 9.74E-06 9.56E-08

376
Ethane,

hexafluoro-,
HFC-116

air
high

population
density

kg 3.95E-06 1.26E-07 2.40E-07 7.14E-
07 2.S7E-06 8.91 E- 0

377
Ethane.

hexafluoro-,
HFC-116

air unspecifie
d kg 8.31E-05 7.61E-07 2.06E-06 1.58E-

05 6.43E-05 8.7ÜE-ÜS

378 Ethane air
high

population
density

kg 1.65E-03 5.46E-05 1.04E-04 2.62E-
04 1.17E-03 6.09E-05

379 Ethane air
low

population
density

kg 6.84E-01 1.18E-04 8.44E-03 1.00E-
01 5.27E-01 4.S6E-02

380 Ethane air unspecifie
d kg 8.40E-05 4.40E-08 8.82E-08 3.37E-

07 8.35E-05 2.62E-09

381 Ethanol air
high

population
density

kg 1.14E-04 2.03E-06 4.38E-06 2.52E-
05 7.88E-05 3.96E-06

382 Ethanol air
low

population
density

kg 3.31E-06 1.33E-08 5.60E-08 6.15E-
07 2.59E-06 3.72E-08

383 Ethanol water river kg 1.81E-05 5.78E-07 1.10E-06 3.26E-
06 1.31E-05 3.47E-09

384 Ethene,
chloro- air

high
population
density

kg 4.06E-05 6.08E-07 1.38E-06 7.45E-
06 3.08E-05 3.20E-07

385 Ethene,
chloro- 4*' unspecifie

d kg 2.27E-13 1.19E-16 2.38E-16 9.11E-
16 2.26E-13 7.09E-18

386 Ethene.
chloro- water river kg 5.23E-07 7.99E-09 1.81E-08 9.56E-

08 3.97E-07 4.41E-09

387 Ethene,
tetrachloro- ail

high
population
density

kg 4.99E-10 8.29E-12 1.83E-11 8.97E-
11 3.77E-10 5.90E-12

388 Ethene,
tetrachloro- air

low
population
density

kg 7.02E-09 4.15E-11 1.35E-10 1.25E-
09 5.55E-09 4.61E-11

389 Etliene,
tetrachloro- air unspecifie

d kg 4.91 H-10 2.57E-13 5.15E-13 1.97E-
12 4.S8E-I0 1.53E-14

390 ■ Ethene air
high

population
density

kg 6.36E-04 1.42E-05 2.90E-05 1.13E-
04 4.71E-04 8.29E-06

391 Ethene air
low

population
density

kg 9.09E-04 1.93E-05 4.04E-05 1.49E-
04 6.71E-04 2.90E-05

392 Ethene air unspecifie
d kg 1.67E-02 O.OOE+OO 0.0ÜE+00 1.67E-

02
393 Ethene water river kg 6 13E-05 1.43E-06 2.95E-06 9.44E-

06 4.47E-05 2.75E-06

394 Ethyl
acetate air

high
population
density

kg 2.16E-03 6.93E-05 1.31E-04 3.91E-
04 1.57E-03 4.15E-07

395 Ethyl
acetate water river kg I.23E-09 3.95E-11 7.48E-11 2.23E-

10 8.95 E-10 2.31E-13
396 Ethyl ail high kg 4.38E-06 1.40E-07 2.66E-07 7.91 E- 3.18E-06 7.98E-10

o



Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont'd)

No Substance Compart
ment

Sub
compart

ment
Unit Total Pretreat­

ment
Detoxifica­

tion SSCF Distillati­
on

Dehydra­
tion

cellulose o population
density

07

397 Ethylene
diamine air

high
population
density

kg 3.7 IE-10 7.35E-12 1.55E-11 6.64E-
11 2.78E-10 4.09E-12

398 Ethylene
diamine water river kg 9.00E-10 1.78E-11 3.75E-11 1.61E-

10 6.74E-10 9.92E-12

399 Ethylene
oxide air

high
population
density

kg 1.71E-05 6.41E-Ü8 2.80E-07 3.27E-
06 1.34E-05 6.63E-08

400 Ethylene
oxide ait

low
population
density-

kg 8.23E-09 2.01E-10 4.00E-10 1.52E-
09 6.11E-09 1.67E-12

401 Ethylene
oxide air

lower 
stratosphe 
re + upper 
tropospher 

e
kg 5.00E-08 1.22E-09 2.43E-09 9.21E- 

09 3.72 E-08 1.01E-11

402 Ethylene
oxide air imspecifie

d kg 1.17E-07 2.84E-09 5.68E-09 2.15E-
08 8.67E-08 2.36E-11

403 Ethylene
oxide water river kg 1.36E-06 4.33E-08 8.22E-08 2.46E-

07 9.90E-07 2.98E-10

404 Ethyne air
high

population
density

kg 4.76E-05 1.01E-06 2.10E-06 8.56E-
06 3.55E-05 4.05E-07

405 Ethyne air
low

population
density

kg 3.10E-05 6.24E-07 1.33E-06 5.01H- 
06 2.29E-05 1.11E-06

406 Ethyne air unspecifie
ป้ kg 9.34E-07 3.90E-08 7.1 IE-08 1.60E-

07 6.57E-07 6.19E-09

407 Feldspar, in 
ground resource in groimd kg 1.05E-05 1.18E-08 1.28E-07 2.05E-

06 8.32E-06 5.29E-09

408 Fenpiclonil soil agricultiu-
al kg 6.64E-08 1.10E-09 2.43E-09 1.21 E- 

08 5.02EO8 6.33E-10

409 Fluoride air unspecifie
d kg 1.65E-05 0.00E+00 0.00E+00 1.65E-

05
410 Fluoride soil industrial kg 7.04E-04 3.77E-06 1.49E-05 8.86E-

05 5.27E-04 6.97E-05

411 Fluoride soil unspecifie
d kg 1.04E-Û3 1.18E-06 1.29E-05 1.95E-

04 8.19E-04 1.12E-05

412 Fluoride water ground- kg 2.40E-04 4.24E-06 9.33E-06 3.97E-
05 1.79E-04 7.69E-06

413 Fluoride water ground-,
long-term kg 1.97E-01 6.04 E-03 1.15E-02 3.57E-

02 1.44E-01 1.99E-04

414 Fluoride water ocean kg 3.I8E-04 5.00E-05 8.21E-05 3.06E-
05 1.44E-04 1.10E-05

415 Fluoride water river kg 1.25E-02 3.90E-04 7.43E-04 2.22E-
03 9.09E-03 5.81E-05

416 Fluoride water imspecifie
d kg 5.29E-05 1.64E-06 3.20E-06 7.51E-

06 3.72E-05 3.31E-06

417

Fluorine. 
4.5% in 

apatite, 1% 
in cnide ore. 
in ground

resource in groimd kg 3.02E-03 9.26E-05 1.81E-04 4.23E-
04 2.14E-03 1.83E-04

418

Fluorine, 
4.5% in 

apatite, 3% 
in crude ore, 
in ground

resource in ground kg 1.35E-03 4 1 IE-05 8.04E-05 1.89E-
04 9.56 E-04 8.13E-05

419 Fluorine air
high

population
densitv

kg 3.63E-06 6.02E-0S 1.35E-07 5.93E-
07 2.71E-06 , 1.2SE-07

420 Fluorine air
low

population
density

kg 9.81E-05 1.38E-06 3.19E-06 1.83E-
05 7.48E-05 3.43E-07

421 Fluorine air imspecifie kg 1.37E-10 2.33E-12 5.01E-12 2.29E- 1.05E-10 1.35E-12
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compart
nient

Sub
compart
meut

Unit Total Pretreat­
ment

Detoxifica­
tion SSCT Distillati­

on
Dehydra­

tion
d 11

422
Fluorspar, 
92%. in 
ground

resource in ground kg 1.34E-01 2.62E-03 5.64E-03 2.15E-
02 9.94 E-02 5.27E-03

423 Fluosilicic
acid air

high
population
density'

kg 9.71E-05 8.89E-07 2.41E-06 1.85E-
05 7.52E-05 1.02E-07

424 Fluosilicic
acid water river kg 1.75E-04 1.60E-06 4.33E-06 3.33E-

05 1.35E-04 1.83E-07

425 Formaldehy
de air

high
population
density'

kg 6.49E-03 7.73E-06 1.03E-04 6.04E-
04 4.80E-03 9.74E-04

426 Formaldehy
de ail-

low
population
density'

kg 2.45E-04 3.83E-06 8.65E-06 4.32E-
05 1.85E-04 4.17E-06

427 Formaldehy
de ail

lower 
stratosphe 
re + upper 
tropospher 

e
kg 4.3 IE-08 1.05 E-09 2.10E-09 7.94E-

09 3.20E-08 8.73E-12

428 Formaldehy
de air unspecifie

d kg 2.67E-04 2.30E-05 3.89E-05 3.85E-
05 1.63E-04 3.60E-06

429 Formaldehy
de water river kg 1.32E-06 3.67E-08 7.15E-08 2.39E-

07 9.71E-07 3.56E-09

430 Formaldehy­
de water unspecifie

d kg 1.68E-05 2.43E-07 5.70E-07 2.73E-
06 1.26E-05 6.36E-07

431 Formic acid air
high

population
density'

kg 2.71E-06 8.68E-08 1.64E-07 4.89E-
07 1.97E-06 4.92E-10

432 Formic acid air
low

population
density

kg 7.70E-06 3.23E-0S 1.45E-07 1.07E-
06 5.84E-06 6.09E-07

433 Fur an ail
low

population
density'

kg 2.I9E-06 9.16E-09 4.12E-08 3.04E-
07 1.66E-06 1.73E-07

434 Fur an air unspecifie
d kg 4.82E-14 2.52E-17 5.06E-17 1.93E-

16 4.79E-14 1.51 E-18

435

Gadolinium, 
0.15% in 
bastnasite, 
0.015% in 

crude ore, in 
ground

resource in ground kg 1.62E-23 2.82E-25 6.11E-25 3.04E-
24 1.23E-23 7.34E-27

436
Gallium, 
0.014% in 
bauxite, in 
ground

resoiuce in groiuid kg 2.94 E-09 2.35E-11 6.87E-11 5.27E-
10 2.27E-09 5.37E-11

437
Gas. mine, 
off-gas, 
process, 

coal mining
resource in ground Nm3 9.72E-01 1.71E-02 3.76E-02 1.62E-

01 7.26E-01 3.O0E-02

438
Gas,

natural, in 
ground

resource in ground Nm3 2.92E+03 6.81E-01 3.84 E+01 3.68E+
02 2.22E+03 2.95E+02

439 Glutaraldeh
yde water ocean kg 5.86È-05 7.79E-0S 8.64E-07 7.57E-

06 4.45E-05 5.62E-06

440 Glyphosate soil agricultur
al kg 3.55E-06 3.80E-08 1.02E-07 5.26E-

07 2.67E-06 2.19E-07

441 Glyphosate soil industrial kg 5.54E-06 8.09E-07 1.33E-06 6.00E-
07 2.69E-06 1.10E-07

442

Gold, All 
l.lE-4%, 
Ag 4.2E- 

3%, in ore, 
in ground

resource in ground kg 4.29E-06 1.37E-07 2.60E-07 7.74E-
07 3.12E-06 7.82E-10

443 Gold, All 
1.3E-4%, resoiuce in groiuid kg 7.86E-06 2.52E-07 4.77E-07 1.42E-

06 5.71E-06 1.43 E-09
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont'd)

No Substance Compart
nient

Sub
compart

ment
Unit Total Pretreat­

ment
Detoxifica­

tion SSCF Distillati­
on

Dehydra­
tion

Ag 4.6E- 
5%. ill ore, 
in ground

444
Gold, Au 

1.4E-4%, in 
ore, in 
ground

resource in ground kg 9.41E-06 3.02E-07 5.71E-07 1.70E-
06 6.84 E-06 1.72E-09

445

Gold, All 
2.1E-4%, 
Ag 2. IE 
4%. in ore. 
in ground

resource in ground kg 1.44E-05 4.61E-07 8.73E-07 2.60E-
06 1.04E-05 2.62E-09

446
Gold, Au 

4.3E-4%, in 
ore.in 
ground

resource in ground kg 3.56E-06 1.14E-07 2.16E-07 6.44E-
07 2.59E-06 6.50E-10

447
Gold. All 

4.9E-5%, in 
ore,in 
ground

resource in ground kg 8.54E-06 2.73E-07 5.18E-07 1.54E-
06 6.20E-06 1.56E-09

448
Gold, All 

6.7E-4%, in 
ore, in 
ground

resource in ground kg 1.32E-05 4.23E-07 8.02E-07 2.39E-
06 9.60E-06 2.41E-09

449
Gold, Au 

7. lE-4%, in 
ore, in 
ground

resource in ground kg 1.49E-05 4.77E-07 9.04E-07 2.69E-
06 1.08E-05 2.72E-09

450

Gold, All 
9.7E-4%, 
Ag 9.7E- 
4%, Zn 

0.63%, Cu 
0.38%, Pb 
0.014%, ๒ 

ore,in 
ground

resoiuce ill groiuid kg 8.93E-07 2.8SE-08 5.42E-08 1.61E-
07 6.49E-07 1.63E-10

451 Granite, in 
ground resource in groiuid kg 3.57E-09 8.07E-11 1.66E-10 5.96E-

10 2.64E-09 9.49E-11

452 Gravel, in 
ground resource in ground kg 2.05E+02 3.73E+00 8.24E+00 3.13E+

01 1.52E+02 1.03E+01

453 Gypsum, in 
ground resoiuce in groiuid kg 2.76E-04 2.20E-06 6.64E-06 4.37E-

05 2.10E-04 1.34E-05

454 Heat, waste air
high

population
density

MJ 1.01E+05 1.42E+02 1.54E+03 1.17E+
04 7.58E+04 1.16E+04

455 Heat, waste air
low

population
density

M.I 8.23E+03 4.48E+01 1.63E+02 1.39E+
03 6.34E+03 2.92E+02

456 Heat, waste air

lower 
stratosphe 
re + upper 
tropospher 

e

MJ 1.25E-02 3.04E-04 6.07E-04 2.30E-
03 9.27E-03 2.53 E-06

457 Heat, waste air unspecifie
d MJ 1.64E+03 3.60E+01 7.40E4 01 2.65E+

02 1.22E+03 4.30E+01

458 Heat, waste soil industrial \ฆ 4.34E-01 1.01E-01 1.63E-01 2.67E-
02 1.33E-01 1.14E-02

459 Heat, waste soil unspecifie
d MJ 3.19E+02 1.46E-01 3.63E+00 5.99E+

01 2.52E+02 3.64E+00

460 Heat, waste water ground-.
long-term MJ 1.44E+01 1.13E+00 1.94E+00 1.91E+

00 8.94E+00 5.01E-01

461 Heat, waste water ocean MT 1.98E-01 1.00E-03 3.54E-03 3.52E-
02 1.57E-01 1.35E-03

462 Heat, waste water river MJ 4.51E+02 3.01E+01 5.22E+01 6.48E+
01 2.91E+02 1.26E+01

463 Heat, waste 1 water unspecifie MJ 1.22E+00 1.03E-02 2.89E-02 2.29E- 9.43E-01 5.19E-03

๐
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compart
nient

Sub
compart

ment
Unit Total Pretreat­

ment
Detoxifica­

tion SSCF Distillati­
on

Dehydra­
tion

d 01 .

464
Helium, 
0.08% in 

natural gas, 
in ground

resource in ground kg 1.48E-08 1.19E-10 3.46E-10 2.66E-
09 1.14E-0S 2.71E-10

465 Helium air
low

population
density

kg 1.65E-04 6.92E-06 1.28E-05 2.44E-
05 1.12E-04 8.35E-06

466 Helium air unspecifie
d kg 9.20E-08 1.12E-14 9.54E-10 1.80E-

08 7.30E-08 2.08E-14

467 Heptane air
high

population
density

kg 5.08E-04 3.37E-05 5.86E-05 7.81 E- 
05 3.20 E-04 1.71E-05

468 Hexane air
high

population
density

kg 1.70E-03 8.20E-05 1.48E-04 2.64E-
04 1.14E-03 6.44E-05

469 Hexane an
low

population
density

kg 2.53E-04 1.01E-06 4.26E-06 4.74E-
05 1.98E-04 2.20E-06

470 Hexane air unspecifie
d kg 4.86E-05 2.55E-08 5.1 IE-08 1.95E-

07 4.83E-05 1.52E-09

471

Hydrocarbo
ns,

aliphatic,
alkanes,
cyclic

air
high

population
density

kg 1.72E-06 3.46E-08 7.40E-08 2.69E-
07 1.27E-06 7.58E-08

472

Hydrocarbo
ns,

aliphatic,
alkanes,
cyclic

air
low

population
density

kg 9.46E-08 5.59E-10 1.82E-09 1.69E-
08 7.48E-08 6.21E-10

473

Hydrocarbo
ns.

aliphatic,
alkanes,

unspecified

air
high

population
density

kg 6.79E-04 1.15E-05 2.52E-05 1.32E-
04 4.97E-04 1.28E-05

474

Hydrocarbo
ns,

aliphatic,
alkanes,

unspecified

ail
low

population
density

kg 3.08E-02 1.12E-05 4.06E-04 4.01E-
03 2.34E-02

41
2.91E-03

475

Hydrocarbo
ns,

aliphatic,
alkanes,

unspecified

air unspecifie
d kg 6.10E-03 1.33E-04 2.77E-04 9.95E-

04 4.50E-03 1.97E-04

476

Hydrocarbo
ns,

aliphatic,
alkanes,

unspecified

water ocean kg 9.70E-05 6.76E-06 1.17E-05 1.48E-
05 6.03E-05 3.42E-06

477

Hydrocarbo
ns,

aliphatic,
alkanes,

unspecified

water river kg 2.30E-04 1.39E-05 2.45E-05 3.46E-
05 1.47E-04 9.44E-06

478
Hydrocarbo

ns,
aliphatic,

unsaturated
air

high
population
density

kg 3.18E-04 4.96E-06 " 1.13E-05 5.46E-
05 2.38E-04 8.69E-06

479
Hydrocarbo

ns,
aliphatic,

unsamrated
air

low
population
density

kg 3.76E-04 6.1 IE-06 1.38E-05 6.17E-
05 2.81E-04 1.31E-05

480
Hydrocarbo

lis,
aliphatic.

air unspecifie
d kg 4.01E-13 2.02E-15 7.15E-15 7.10E-

14 3.18E-13 2.72E-15

o
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Table D1 LCI contribution results of bioethanol production process from cassava
lilizome (cont’d)

No Substance Compart
ment

Sub
compart

ment
Unit Total Pretreat­

ment
Detoxifica­

tion SSCF Distillati­
on

Dehydra­
tion

unsaturated

481
Hydrocarbo

ทร,
aliphatic,

unsaturated
water ocean kg 8.95E-06 6.24E-07 1.08E-06 1.37E-

06 5.57E-06 3.16E-07

482
Hydrocarbo

ns,
aliphatic.

unsaturated
water river kg 2.12E-05 1.29E-06 2.26E-06 3.19E-

06 1.36E-05 8.71E-07

483 Hydrocarbo 
ns, aromatic air

high
population
density

kg 2.17E-04 1.62E-06 4.82E-06 4.30E-
05 1.65E-04 3.01E-06

484 Hydrocarbo 
ns. aromatic air

low
population
density

kg 1.59E-02 2.96E-06 2.05E-04 2.06E-
03 1.21E-02 1.51E-03

485 Hydrocarbo 
ns. aromatic air unspecifie

d kg 2.25E-03 4.09E-05 8.46E-05 2.94E-
04 1.77E-03 6.27E-Ü5

486 Hydrocarbo 
ns, aromatic water ocean kg 1.09E-03 3.52E-05 6.85E-05 1.48E-

04 7.62E-04 7.90E-05

487 Hydrocarbo 
ns. aromatic water river kg 9.55E-04 6.01E-05 1.05E-04 1.42 E- 

04 6.08E-04 3.98E-05

488
Hydrocarbo

ns,
chlorinated

air
high

population
density

kg 1.20E-05 2.18E-07 4.67E-07 2.2SE-
06 9.05 E-06 6.89E-09

489
Hydrocarbo

ns,
chlorinated

air
low

population
density

kg 3.32E-08 1.96E-10 6.39E-10 5.91E- 
09 2.62E-08 2.18E-10

490
Hydrocarbo

ns,
chlorinated

air unspecifie
d kg 7.32E-06 5.32E-07 9.13E-07 1.13E-

06 4.67E-06 7.96E-08

491
Hydrocarbo

ns,
unspecified

air unspecifie
d kg 1.13E-03 0.00E+00 0.00E+00 1.13E-

03

492
Hydrocarbo

ns,
unspecified

water ocean kg 8.80E-03 1.29E-05 1.32E-04 1.14E-
03 6.67E-03 8.43E-04

493
Hydrocarbo

ns,
unspecified

water river kg 2.08E-04 3.58E-06 7.88E-06 3.66E-
05 1.57E-04 3.70E-06

494
Hydrocarbo 

ทร,
unspecified

water unspecifie
d kg 1.770:04 2.49E-06 5.88E-06 3.02E-

05 1.34E-04 5.13E-06

495 Hydrogen
chloride air

high
population
density

kg 4.31E-03 1.38E-04 2.61E-04 7.83E-
04 3.09E-03 3.90E-05

496 Hydrogen
chloride air

low
population
density

kg 1.14E-02 2.44E-04 5.13E-04 1.77E-
03 8.39E-03 5.14E-04

497 Hydrogen
chloride air

lower 
stratosphe 
re + upper 
tropospher 

e

kg 2.35E-10 5.74E-12 1.15E-11 4.34E-
11 1.75 E-10 4.76E-14

498 Hydrogen
chloride air unspecifie

d kg 2.62E-02 1.46E-04 5.03E-04 5.02E-
03 2.05E-02 8.30E-05

499 Hydrogen
fluoride air

high
population
density

kg 1.90E-04 8.78E-06 1.58E-05 3.49E-
05 1.29E-04 1.64 E-06

500 Hydrogen
fluoride air

low
population
density

kg 2.97E-03 5.39E-05 1.18E-04 4.76E-
04 2.20E-03 1.15E-04

501 Hydrogen
fluoride air unspecifie

d kg 2.28E-03 3.50E-05 7.89E-05 4.20E-
04 1.73E-03 1.79E-05

502 Hydrogen
peroxide air

high
population
density

kg 3.24E-06 1.04E-07 1.97E-07 5.86E-
07 2.36E-06 6.05E-10

503 Hydrogen water river kg 3.41E-05 8.54E-07 1.70E-06 6.27E- 2.53E-05 1.10E-08

๐
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compart
ment

Sub
compart

ment
Unit Total Pretreat-

ment
Detoxifica­

tion SSCF Distillati­
on

Dehydra­
tion

peroxide 06

504 Hydrogen
sulfide ail'

high
population
density

kg 8.92E-07 1.77E-08 3.72E-08 1.60E-
07 6.68E-07 9.12E-09

• 505 Hydrogen
sulfide air

low
population
density

kg 7.41E-02 2.96E-05 9.88E-04 9.48E-
03 5.64E-02 7.26E-03

506 Hydrogen
sulfide ail' mispecifie

d kg 4.52E-04 9.55E-06 2.00E-05 7.44E-
05 3.34E-04 1.45E-05

507 Hydrogen
sulfide water ground-,

long-term kg 8.71E-04 1.65E-05 3.57E-05 1.41 E- 
04 6.46E-04 3.13E-05

508 Hydrogen
sulfide water river kg 4.76E-05 1 01E-06 2.11E-06 7.80E-

06 3.52E-05 1.51E-06

509 Hydrogen am
high

population
density

kg 3.30E-03 7.31E-05 1.52E-04 5.10E-
04 2.41E-03 1.48E-04

510 Hydrogen ail' mispecifie
d kg 1.11E-05 2.42E-07 5.07E-07 1.70E-

06 8.11E-06 5.12E-07

511 Hydrogen- 
3. Tritium ail'

low
population
density

kBq 1.14E+02 6.04E-01 2.17E+00 2.12E+
01 8.92E+01 1.31E+00

512 Hydrogen- 
3, Tritium water ocean kBq 8.35E+03 4.09E+01 1.53E+02 1.55E+

03 6.51E+03 8.87E+01

513 Hydrogen - 
3, Tritium water river kBq 9.40E+02 4.38E+00 1.69E+01 1.75E+

02 7.34E+02 9.53E+00

514 Hydroxide water river kg 8.99E-05 2.87E-06 5.44E-06 1.62E-
05 6.53E-05 2.30E-08

515 Hypochlorit
e water ocean kg 5.84E-05 1.24E-06 2.62E-06 9.01E- 

06 4.29E-05 2.68E-06

516 Hypochlorit
e water river kg 7.31E-05 1.I8E-06 2.68E-06 1.19E-

05 5.47E-05 2.64E-06

517

Indium, 
0.005% in 
sulfide, In 

0.003%. Pb, 
Zn. Ag, Cd, 
in ground

resource in ground kg 4.35E-06 3.38E-08 9.85E-Û8 S.26E-
07 3.38E-06 1.27E-08

518 Iodide water ground- kg 7.48E-06 1.28E-07 2.86E-07 1.21 E- 
06 5.57E-06 2.81E-07

519 p̂dide water ground-,
long-term kg 1.40E-09 3.74E-10 6.03 E-10 6.Ù8E-

11 3.23E-10 3.5 IE-11

520 Iodide water ocean kg 7.46E-05 5.20E-06 8.99E-06 1.14E-
05 4.64E4)5 2.63E-06

521 Iodide water river kg 1.83E-04 1.09E-05 1.92E-05 2.75E-
05 1.18E-04 7.51E-06

522 Iodine ail'
high

population
density

kg 1.08E-06 2.31E-08 4.76E-08 1.93E-
07 8.02E-07 9.20E-09

523 Iodine air
low

population
density

kg 9.96E-05 2.17E-06 4.55E-06 1.53E-
05 7.29E-05 4.67E-06

524 Iodine air unspecifie
d kg 5.42E-13 2.73E-15 9 6SE-15 9.61E-

14 4.30E-13 3.68E-15

525 Iodine-129 air
low

population
density

kBq 2.16E-02 1.06E-04 3.95E-04 4.02E-
03 1.68E-02 2.29E-04

526 Iodine-131 air
low

population
density

kBq 4.93E-01 5.15E-03 •* 1.35E-02 8.59E-
02 3.77E-01 1.19E-02

527 Iodine-131 water river kBq 2.49E-03 5.26E-06 3.44E-05 4.77E-
04 1.96E-03 1.11E-05

528 Iodine-133 air
low

population
density

kBq 3.32E-04 3.37E-07 3.97E-06 6.41E-
05 2.64E-04 4.94E-07

529 Iodine-133 water river kBq 3.99E-04 1.83E-07 4.44E-06 7.78E-
05 3.16E-04 3.01E-07

530 Iodine-135 ail' 1 low kBq 8.73E-05 4.40E-07 1.56E-06 1.55E- 6.92E435 5.93E-07



Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compart
nient

Sub
compart
ment

Unit Total Pretreat­
ment

Detoxifica­
tion SSCF Distillati­

on
Dehydra­

tion
• population

density
05

531
Iron, 46% in 
ore, 25% in 
crude ore, in 

ground
resource in ground kg 5.15E+01 1.11E+00 2.32E+00 8.40E+

00 3.80E+01 1.66E+00

532 Iron, ion water ground- kg 1.30E-01 2.29E-03 5.06E-03 2.09E-
02 9.67E-02 5.00E-03

533 Iron, ion water ground-,
long-term kg 2.67E-01 3.89E-03 9.02E-03 4.63E-

02 2.02E-01 6.00 E-03
534 Iron, ion water ocean kg 6.40E-05 7.32E-06 1.22E-05 7.72E-

06 3.42E-05 2.56E-06
535 Iron, ion water river kg 5.84E-03 3.51E-05 E19E-04 1D3E-

03 4.51E-03 1.42E-04
536 Iron, ion water unspecific

d kg 6.13E-03 E87E-05 1.00E-04 8.26E-
04 4.75E-03 4.40E-04

537 Iron ail
high

population
density

kg 4.67E-04 1.51E-05 2.86E-05 8.50E-
05 3.34E-04 4.41E-06

538 Iron air
low

population
density

kg 1.53E-04 3.34E-06 6.93E-06 2.55E-
05 1.13E-04 4.26E-06

539 Iron air unspecific
d kg 3.74E-04 8.60E-06 1.77E-05 6.12E-

05 2.75E-04 1.14E-05
540 Iron soil agricultur

al kg 5.90E-04 7.73E-06 1.85E-05 1.05E-
04 4.49E-04 9.58E-06

541 Iron soil industrial kg 2.82E-02 1.51E-04 5.95E-04 3.54E-
03 2.1 IE-02 2.79E-03

542 Iron soil unspecifie
d kg 3.38E-02 1.54E-03 2.78E-03 5.70E-

03 2.36E-02 2.10E-04
543 Iron water unspecifie

d kg 4.65E-10 0.00E+00 0.00E+00 4.65E-
10

544 Iron-59 water river kBq 1.10E-04 5.03E-08 1.22E-06 2.14E-
05 8.70E-05 8.29E-08

545 Isocyanic
acid air

high
population
density

kg 6.45E-06 1.31E-07 2.76E-07 1.13E-
06 4.81E-06 1.04E-07

546 Isoprene ail
low

population
density

kg 1.0 IE-07 4.25E-10 1.91E-09 1.41E-
08 7.69E-08 8.02E-09

547 Isoprene air unspecifie
d kg 6.44E-13 3.37E-16 6.76E-16 2.58E-

15 6.40E-I3 2.01 E-17

548
Kaolinite, 
24% in 

crude ore, in 
ground

resource in ground kg 5.59E-03 7.64E-05 1.79E-04 1.03E-
03 4.26E-03 3.91E-05

549
Kieserite, 
25% in 

crude ore, in 
ground

resource in ground kg 2.04E-05 3.00E-07 6.87E-07 3.72E-
06 1.55E-05 1.83E-07

550 Kjypton-85 air
low

population
density

kBq 4.42E+00 4.08E-02 1.12E-01 7.82E-
01 3.40E+00 9.41E-02

551 Krypton- 
85 m air

low
population
density

kBq 3.58E+00 2.27E-03 4.08E-02 6.96E-
01 2.83E+00 4.17E-03

552 Krypton-87 air
low

population
density

kBq 8.27E-01 8.54E-04 ~ 9.96E-03 1.60E-
01 6.54E-01 1.74E-03

553 Krypton-88 air
low

population
density

kBq 1.07E+00 8.61E-04 1.25E-02 2.08E-
•01 8.46E-01 1.68E-03

554 Krypton-89 air
low

population
density

kBq 4.43E-01 2.34E-04 4.97E-03 8.63E-
02 3.51E-01 4.07E-04

555 Lanthanum, 
7.2% in resource in ground kg 1.63E-19 4.05E-21 8.24E-21 2.46E-

20 1.18E-19 7.91 E-21



Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compart
ment

Sub
compart
ment

Unit Total Pretreat-
ment

Detoxifica­
tion SSCF Distillati­

on
Dehydra­

tion
bastnasite, 
0.72% in 

crude ore, in 
ground

556 Lanthanum-
140 air

low
population
density

kBq 2.09E-05 9.58E-09 2.32E-07 4.07E-
06 1.66E-05 1.58E-08

557 Lanthanum-
140 water river kBq 6.77E-04 3.10E-07 7.53E-06 1.32E-

04 5.37E-04 5.12E-07

55S

Lead, 5.0% 
in sulfide, 
Pb 3.0%, 

Zn, Ag, Cd, 
In, in 

ground

resource in ground kg 3.00E-02 1.36E-04 5.38E-04 5.40E-
03 2.33E-02 5.77E-04

559 Lead ail'
high

population
density

kg 3.20E-05 2.54E-06 4.31E-06 5.86E-
06 1.87E-05 5.77E-07

560 Lead air
low

population
density

kg 2.30E-03 2.77E-05 6.75E-05 4.32E-
04 1.76E-03 6.46E-06

561 Lead air

lower 
stratosphe 
re + upper 
tropospher 

e
kg 5.48E-12 1.33E-13 2.66E-13 1.01E- 

12 4.07E-12 1.11E-15

562 Lead air imspecifie
d kg 2.05E-04 4.50E-06 9.36E-06 3.35E-

05 1.51E-04 6.6SE-06

563 Lead soil agricultur
al kg 1.66E-06 3.76E-08 7.68E-08 2.89E-

07 1.23E-06 2.57E-08

564 Lead soil unspecifie
d kg 5.55E-07 4.32E-08 7.40E-08 7.89E-

08 3.47E-07 1.19E-08

565 Lead water ground- kg 3.12E-08 5.64E-10 1.23E-09 5.14E-
09 2.32E-08 1.01E-09

566 Lead water ground-,
long-term kg 5.70E-04 5.78E-05 9.70E-05 7.20E-

05 3.28E-04 1.58E-05

567 Lead water lake kg 1.40E-10 4.49E-12 8.5 IE-12 2.54E-
11 1.02E-10 2.88E-14

568 Lead water ocean 'kg 5.17E-05 3.23E-06 5.70E-06 5.87E-
06 3.30E-05 3.93E-06

569 Lead water river kg 3.09E-04 4.30E-06 1.00E-05 5.67E-
05 2.36E-04 2.63E-06

570 Lead water imspecifie
d kg 3.82E-05 6.09E-07 1.36E-06 6.11E-

06 2.91E-05 1.0SE-06

571 Lead-210 air
high

population
density'

kBq 4.38E-03 9.41E-05 1.94E-04 7.88E-
04 3.27E-03 3.75E-05

572 Lead-210 air
low

population
density

kBq 4.87E-02 5.65E-04 1.42E-03 8.44E-
03 3.71E-02 1.19E-03

573 Lead-210 air unspecifie
d kBq 2.25E-10 1.14E-12 4.02E-12 3.99E-

11 1.78E-10 1.53E-12

574 Lead-210 water ground- kBq 2.90E-05 8.87E-07 1.74E-06 4.05E-
06 2.05E-05 1.77E-06

575 Lead-210 water ocean kBq 3.43E-02 1.05E-03 2.05E-03 4.80E-
03 2.44E-02 2.10E-03

576 Lead-210 water river kBq 1.81E-02 2.53E-04 5.98E-04 3.02E-
03 1.36E-02 5.78E-04

577 Lead-210 water unspecifie
d kBq 1.62E-03 8.51E-07 1.71E-06 6.52E-

06 1.62E-03 5.08E-08

578 Limestone, 
in ground resource in ground kg 4.0ÛE-01 0.00E+00 0.00E+00 4.00E-

01
579 Linuron soil agricultur

al kg 4.26E-07 2.09E-08 3.75E-08 6.69E-
08 2.91 E-07 9.40E-09

580 Lithium, ion water unspecifie
d kg 6.04E-03 3.16E-06 6.34E-06 2.42E-

05 6.00E-03 1.89E-07
581 Magnesite, resource in ground __ kg__ 6.89E-01 1.55E-02 3.20E-02 1.11E- 5.06E-01 2.38E-02



146

Table D1 LCI contribution results o f bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartnient Subcompartnient Unit Total Pretreat-nient Detoxifica­tion SSCF Distillati­on Dehydra­tion60% ill crude ore, ill ground
01

582 Magnesium, 0.13% ill water resource ill water kg 1.81E-05 4.89E-07 9.58E-07 3.23E-06 1.33E-05 1.15E-07
583 Magnesium air highpopulationdensity kg 3.85E-04 8.16E-06 1.69E-05 6.88E-05 2.87E-04 4.01 E-06
584 Magnesium air lowpopulationdensity kg 1.18E-04 2.49E-06 5.21E-06 2.02E-05 8.62 E-05 3.65E-06
585 'Magnesium air unspecified kg 2.45E-07 6.10E-11 1.22E-10 1.29E-07 1.16E-07 3.64E-12
586 Magnesium soil agricultural kg 3.16E-04 4.95E-06 1.13E-05 5.21E-05 2.37E-04 1.08E-05
587 Magnesium soil industrial kg 1.13E-02 6.03E-05 2.38E-04 1.42E-03 8.43E-03 1.12E-03
588 Magnesium water ground- kg 5.24E-05 8.63E-07 1.94E-06 8.55E-06 3.91E-05 1.89E-06
589 Magnesium water ground-.long-term kg 1.37E-01 2.71E-03 5.80E-03 2.21E-02 1.01E-01 5.Û2E-03
590 Magnesium water ocean kg 4.70E-03 5.13E-04 8.57E-04 6.28E-04 2.56E-03 1.45E-04
591 Magnesium water river kg 1.62E-02 7.96E-04 1.43E-03 2.50E-03 1.09E-02 5.85E-04
592 Magnesium water unspecified kg 3.52E-03 1.84E-06 3.70E-06 1.41 E-05 3.50E-03 1.10E-07
593 Mancozeb soil agriculniral kg 2.13E-06 3.32E-08 7.46E-08 3.88E-07 1.61 E-06 1.95E-08

594
Manganese, 35.7% ill sedimentary deposit, 14.2% ill crude ore, in ground

resource in ground kg 2.87E-02 2.28E-03 3.90E-03 4.08E-03 1.78E-02 6.69E-04

.. 595 Manganese air highpopulationdensity kg 1.67E-05 3.00E-07 6.57E-07 2.74E-06 1.24E-05 5.63E-07
596 Manganese air lowpopulationdensity kg 3.48E-04 4.34E-06 1.05E-05 6.51E- 05 2.66E-04 1.32E-06
597 Manganese air unspecified kg 5.10E-05 1.14E-06 2.35E-06 8.40E-06 3.76E-05 1.5 8 E-06
598 Manganese soil agricultural kg 1.90E-04 3.04E-06 6.89E-06 3.11E-05 1.42 E-04 6.71 E-06
599 Manganese soil industrial kg 5.63E-04 3.02E-06 1.19E-05 7.09E-05 4.22 E-04 5.58E-05
600 Manganese water ground- kg 1.17E-04 1.85E-06 4.20E-06 1.98E-05 8.81 E-05 3.30E-06
601 Manganese water ground-.long-term kg 4.77E-03 1.11E-04 2.27E-04 7.81 E- 04 3.51E-03 1.47E-04
602 Manganese water ocean kg 3.81 E-05 4.12E-06 6.89E-06 5.09E-06 2.08E-05 1.19E-06

- 603 Manganese water river kg 8.45E-04 8.70E-06 2.27E-05 1.55E-04 6.4 8 E-04 1.05 E-05
604 Manganese water unspecified kg 6.29E-05 8.10E-07 1.91E-06 9.70E-06 4.89E-05 1.66E-06
605 Manganese-54 air lowpopulationdensity kBq 1.94E-06 8.91E-10 2.16E-08 3.79E-07 1.54E-06 1 47E-09
606 Manganese-54 water river kBq 1.29E-02 1.49E-05 1.58E-04 2.49E-03 1.02E-02 2.97E-05
607 Mercury ail- highpopulationdensity' kg 4.68E-06 1.25E-07 2.55E-07 5.52E-07 3.30E-06 4.42E-07

o
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartment Subcompartment Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tion
608 Mercury ail- lowpopulationdensity' kg 2.15E-05 3.92E-07 8.65E-07 3.22 E- 06 1.58E-05 1.16E-06
609 Mercury ail

lower stratosphe re + upper tropospher e
kg 1.92E-14 4.67E-16 9.32E-16 3.53E-15 1.42 E-14 3.88E-18

610 Merciuy ail- imspecified kg 5.60E-05 1.26E-06 2.60E-06 9.04E-06 4.I2E-05 I.93E-06
611 Mercmy soil agricultural kg 4.79E-09 5.78E-11 1.42E-10 8.66E-10 3.66E-09 6.39E-11
612 Mercury water ground- kg 2.39E-10 6.76E-12 1.34E-11 3.43E-11 1.71 H-10 1.36E-11
613 Merciuy water ground-.long-term kg 1.78E-05 3.88E-07 8.08E-07 2.88E-06 1 31E-05 5.93E-07
614 Merciuy' water lake kg 1.21E-12 3.89E-14 7.36E-14 2.19E-13 8.82 E-13 2.49E-16
615 Mercuiy water ocean kg 8.26E-07 2.21E-09 1.39E-08 1.07E-07 6.25E-07 7.86E-08
616 Merciuy water river kg 1.65E-06 3.55E-08 7.35E-08 2.86E-.07 1.22E-06 2.87E-08
617 Merciuy water unspecified kg 3.20E-06 4.80E-08 1.1 IE-07 5.38E-07 2.41E-06 9.41E-08
618 Metaldehyde soil agricultural kg 2.58E-09 1.03E-10 1.89E-10 4.23E-10 1.82E-09 4.82E-11
619 Metallicions,unspecified water unspecified kg 1.91E-06 0.00E+00 O.OOE+OO 1.91E-06
620

Metamoiph ous rock, graphite containing, in ground
resource in ground kg 3.91E-03 4.73E-05 1.15E-04 7.38E-04 3.00E-03 6.91E-06

621 Methane.biogenic ail- highpopulationdensity kg 2.74E-04 4.21E-06 9.59E-06 4.76E-05 2.07E-04 5.78E-06
622 Methane.biogenic air lowpopulationdensity kg 1.32E-02 2.10E-03 3.44E-03 1.30E-03 6.06 E-03 3.43E-04
623 Methane,biogenic ail- unspecified kg 3.00E-03 3.75E-05 9.21E-05 5.10?-"04 2.27E-03 8.71E-05
624 Methane, bromo-, Ha Ion 1001 air imspecified kg 9.07E-13 4.75E-16 9.53E-16 3.64E-15 9.02E-13 2.83E-17
625 Methane, bromochlor odifluoro-, Halon 1211 air lowpopulationdensity’ kg 1.57E-04 2.81E-08 2.04E-06 2.03E-05 1.20E-04 1.52E-05
626 Methane, bromotriflu OIO-, Halon 1301 air highpopulationdensity kg 2.09E-12 2.70E-14 6.4 5 E-14 3.83E-13 1.60E-12 1.88E-14
627 Methane, bromotriflu oro-, Halon 1301 air lowpopulationdensity' kg 1.45E-06 8.96E-08 1.57E-07 2.23E-07 9.27E-07 4.96E-08
628 Methane, chlorodifluo ro-. HCFC-22 air highpopulationdensity kg 1.91E-06 6.21E-08 1.17E-07 3.44E-07 1.39E-06 1.05E-09
629 Methane, chlorodifluo ro- HCFC-22 air lowpopulationdensity kg 5.42E-04 1.22E-07 7.06E-06 7.00E-05 4.13E-04 5.21E-05
630 Methane.dichloro-. ail- highpopulation kg 6.53E-08 1.26E-09 2.66E-09 1.20E-08 4.91E-08 2.64 E-10

o
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartment Sul)compartment Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tionHCC-30 density o
631 Methane,dichloro-,HCC-30 ail' lowpopulationdensity kg 4.74E-08 2.80E-10 9.13E-10 8.45E-09 3.74E-08 3.11E-10
632 Methane,dichloro-,HCC-30 water river kg 3.56E-U4 1.91E-06 7.53E-06 4.49E-05 2.67E-04 3.53E-05
633 Methane, dichlorodifl uoro-, CFC- 12 air highpopulationdensity' kg 3.23E-07 4.69E-09 1.07E-08 6.20E-08 2.45E-07 1.27E-10
634 Methane, dichlorodifl uoro-, CFC- 12 air lowpopulationdensity kg 5.43E-07 1.01E-10 7.02E-09 7.05E-08 4.14E-07 5.17E-08
635 Methane, dichlorodifl uoro-, CFC- 12 air unspecified kg 6.03E-13 3.16E-16 6.34E-16 2.42E-15 6.00E-13 1.88E-17
636 Methane, dichlorofluo ro-, HCFC- 21 air highpopulationdensity' kg 3.78E-10 1.20E-11 2.28E-11 6.83E-11 2.75E-10 1.64E-13
637 Methane,fossil air highpopulationdensity' kg 9.98E-01 1.07E-03 1.26E-02 1.77E-01 7.82E-01 2.55E-02
638 Methane,fossil air lowpopulationdensity kg 2.01E+01 1.70E-02 2.72E-01 2-88E+00 1.54E+01 1.53E+00
639 Methane,fossil ail'

lower stratosphe re + upper tropospher e
kg 1.37E-08 3.34E-10 6.66E-10 2.52E-09 1.02E-08 2.77E-12

640 Methane,fossil ail' unspecified kg 2.27E-02 6.84E-05 1.27E-04 1.83E-03 2.06E-02 5.74E-05
641 . Methane, monochloro -, R-40 air highpopulationdensity kg 1.09E-09 2.82E-11 5.57E-11 1.97E-10 8.07E-10 4.71 E-12
642 Methane, monochloro -, R-40 air lowpopulationdensity «kg 8.65E-08 5. HE-10 1.67E-09 1.54E-08 6.84E-08 5.68E-10
643 Methane,tetrachloro-,R-10 air highpopulationdensity kg 1.13E-06 2.00E-08 4.41E-08 1.86E-07 8.46E-07 3.83E-08
644 Methane,tetrachloro-,R-10 ail' unspecified kg 2.70E-10 1.41E-13 2.83E-13 1.08E-12 2.68E-10 8 43E-15
645 Methane,tetrafluoro-,R-14 air highpopulationdensity kg 1.96E-08 1.57E-10 4.58E-10 3.51E- 09 1.51E-08 3.58E-10
646 Methane,tetrafluoro-,R-14 ail' unspecified kg 7.47E-04 6.85E-06 1.85E-05 1.43E-04 5.79E-04 7.83E-07
647 Methane, trichloroflu oro-, CFC- 11 air highpopulationdensity' kg 6.14E-10 1.95E-11 3.69E-11 1.11 H- 10 4.46E-10 2.66E-13
648 Methane,trifluoro-,HFC-23 ail' highpopulationdensity kg 1.20E-07 3.81E-09 7.24E-09 2.17E-08 8.75E-08 5.22E-11
649 Methanol ail' highpopulationdensity kg 1.86E-04 2.89E-06 6.44E-06 4.29E-05 1.29E-04 4.58E-06
650 Methanol air lowpopulationdensity' kg 1.35E-04 1.67E-06 4.18E-06 2.15E-05 1.02E-04 6.09E-06

๐
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Table D1 LCI contribution results o f bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartment Subcompartment Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tion
651 Methanol air unspecified h 9.40E-05 2.06E-06 4.32E-06 1.44E-05 6.88E-05 4.35E-06
652 Methanol water ocean kg 2.13E-03 3.70E-07 2.76E-05 2.77E-04 1.63E-03 2.04E-Û4
653 Methanol water river kg 5.08E-05 1.62E-06 3.07E-06 9.17E-06 3.69E-05 1.14E-08
654 Methanol water unspecified kg 5.03E-06 7.28E-08 1.71E-07 8.19E-07 3.78E-06 1.91E-07
655 Methylacrylate air highpopulationdensity kg 1.37E-06 4.38E-08 8.30E-08 2.47E-07 9.94E-07 2.50E-10
656 Methylacrylate water river kg 2.67E-05 8.56E-07 1.62E-06 4.83E-06 1.94E-05 4.88E-09
657 Methylamine air highpopulationdensity kg 2.60E-09 8.32E-11 1.58E-10 4.69E-10 1.89E-09 5.32E-13
658 Methylamine water river kg 6.24E-09 2.00E-10 3.78E-10 1.13E-09 4.53E-09 1.28E-12
659 Methylborate air highpopulationdensity kg 4.62E-13 1.48E-14 2.80E-14 8.34E-14 3.36E-13 8.43E-I7
660 Methyl ethyl ketone air highpopulationdensity kg 2.16E-03 6.93E-05 1.31E-04 3.91 E- 04 1.57E-03 4.15E-07
661 Methylformate air highpopulationdensity kg 5.31E-09 1.70E-10 3.22E-10 9.58E-10 3.85E-09 9.64E-13
662 Methylformate water river kg 2.12E-09 6.79E-11 1.29E-10 3.83E-10 1.54E-09 3.85E-13
663 Metolachlor soil agricultural kg 3.03E-06 1.50E-07 2.68E-07 4.75E-07 2.07E-06 6.80E-08
664 Metribuzin soil agricultural kg 7.50E-08 1.17E-09 2.63E-09 1.37E-08 5.68E-08 6.86E-10

665
* -

Molybdenu 111, 0.010% in sulfide. Mo 8.2E- 3% and Cu 1.83% in crude ore. in ground
resource in ground kg 2.70E-02 3.00E-04 7.53E-04 5.10E-03 2.08E-02 6.21E-05

666
Molybdenu m, 0.014% ill sulfide, Mo 8.2E- 3% and Cu 0.81% in crude ore, in ground

resource in groimd kg 3.83E-03 4.23E-05 1.06E-04 7.24E-04 2.95E-03 8.85E-06

667
Molybdenu 111, 0.022% in sulfide. Mo 8.2E- 3% and Cu 0.36% ill cnide ore, in ground

resource in ground kg 9.58E-03 7.89E-04 1.34E-03 1.34E-03 5.87E-03 2.35E-04

668
Molybdenu เท, 0.025% in sulfide. Mo 8.2E- 3% and Cu 0.39% in crude ore, in ground

resource in ground kg 1.40E-02 1.55E-04 3.90E-04 2.65E-03 1.08E-02 3.24E-05

669 Molybdenu ณ, 0.11% in resource in ground kg 1.93E-02 1.59E-03 2.71E-03 2.70E-03 1.18E-02 4.74E-04
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont'd)

No Substance Compartment Subcompartment Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tiono sulfide, Mo 4.1E-2% and Cu 0.36% in crude ore, in ground
670 Molybdenu111 air highpopulationdensity kg 5.21E-06 6.30E-07 1.04E-06 9.82E-07 2.45E-06 1.09E-07
671 Molybdenu111 ail' lowpopulationdensity kg 1.31E-06 3.31E-08 6.73E-08 1.94E-07 9.50E-07 6.99E-08
672 Molybdenu111 ail' unspecified kg 4.92E-08 4.16E-12 5.16E-10 9.71E-09 3.90E-08 9.37E-12
673 Molybdenum soil agricultural kg 4.55E-08 6.25E-I0 1.48E-09 7.71E-09 3.44E-08 1.30E-09
674 Molybdenum water ground- kg 1.17E-04 2.99E-06 6.05E-06 1.70E-05 8.41E-05 6.44E-06
675 Molybdenu111 water ground-,long-term kg 2.60E-06 1.97E-07 3.37E-07 3.85E-07 1.64E-06 4.14E-08
676 Molybdenu111 water ocean kg 3.90E-07 1.01E-07 1.63E-07 2.35 E- 08 9.59E-08 5.42E-09
677 Molybdenum water river kg 2.07E-04 1.32E-06 4.29E-06 3.82E-05 1.61E-04 2.55E-06
678 Molybdenu111 water unspecified kg 1.29E-07 6.76E-11 1.36E-10 5.18E-10 1.28E-07 4.03E-12
679 Molybdenum-99 water river kBq 2.33E-04 1.07E-07 2.59E-06 4.55E-05 1.85E-04 1.76E-07
680 Monoethanolamine air highpopulationdensity kg 7.11E-05 2.07E-06 3.99E-06 1.29E-05 5.21E-05 4.66E-08
681 m-Xylene air highpopulationdensity kg 8.65E-06 1.43E-07 3.22E-07 1.42E-06 6.46E-06 3.05E-07
682 Ill-Xylene water unspecified kg 1.70E-07 8.91E-11 1.79E-10 6.83E-10 1.69E-07 5.3 IE-12
683 Napropamide soil agricultural kg 4.57E-09 1.82E-10 3.35E-10 7.49E-10 3.22E-09 ร.53E-11
684

Neodymium , 4% in bastnasite, 0.4% 111 crude ore, in ground
resource in ground kg 2.94E-20 3.22E-22 8.21E-22 5.29E-21 2.25E-20 4.78E-22

685
Nickel, 1.13% in รฟfide, Ni 0.76% and Cu 0.76% in crude ore, in ground

resource ill groimd kg 2.60E-03 1.84E-05 4.09E-05 1.67E-03 8.66E-04 5.92 E-06

686
Nickel, 1.98% in silicates, 1.04% in crude ore, in ground

resource ill groimd kg 2.75E+00 6.34E-02 1.29E-01 4.94E-01 2.04E+00 2.06E-02
687 Nickel, ion water ground- kg 7.73E-06 1.41E-07 “ 3.08E-07 1.27E-06 5.75 E-06 2.55E-07
688 Nickel, ion water ground-,long-term kg 2.12E-02 4.36E-04 9.1 IE-04 3.75E-03 1.58E-02 2.87E-04
689 Nickel, ion water lake kg 1.91E-10 6.10E-12 1.16E-11 3.44E-11 1.39E-10 3.91E-14
690 Nickel, ion water ocean kg 8.91E-06 3.67E-07 6.72E-07 1.47E-06 6.25E-06 1.47E-07
691 Nickel, ion water river kg 2.62E-04 3.48E-06 8.23E-06 4.84E-05 2.00E-04 1.99E-06
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Table D1 LCI contribution results o f bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartment Subcompartment Unit Total Pretreat-nient Detoxifica­tion SSCF Distillati­on Dehydra­tion
692 Nickel, ion water unspecified kg 1.00E-04 1.56E-06 3.54E-06 1.66E-05 7.54E-05 2.94 E-06
693 Nickel air highpopulationdensity kg 1.48E-04 1.26E-05 2.13E-05 3.44E-05 7.62E-05 3.59E-06
694 Nickel air lowpopulationdensity kg 1.57E-03 1.86E-05 4.57E-05 2.96E-04 1.21 E-03 5.40E-06
695 Nickel air

lower stratosphe re + upper tropospher e
kg 1.92E-11 4.67E-13 9.32E-13 3.53E-12 1.42E-11 3.88E-15

696 Nickel ail' unspecified kg 3.35E-05 7.70E-07 1.58E-06 5.49E-06 2.46E-05 1.10E-06
697 Nickel soil agricultural kg 3.86E-06 1.13E-07 2.17E-07 6.87E-07 2.82E-06 2.13E-08
69S Nickel soil unspecified kg 1.74E-07 1.36E-0S 2.32E-08 2.48E-08 1.09E-07 3.73E-09
699 Niobium-95 air lowpopulationdensity kBq 2.31E-07 1.06E-10 2.56E-09 4.50E-08 1.83E-07 1.74E-10
700 Niobium-95 water river kBq 9.14E-04 2.30E-06 1.32E-05 1.74E-04 7.19E-04 4.93E-06
701 Nitrate ail' highpopulationdensity kg 2.48E-06 3.74E-08 8.51E-08 4.49E-07 1.88E-06 2.68E-08
702 Nitrate water ground- kg 9.86E-04 2.54E-05 5.11E-05 1.53E-04 7.16E-04 4.04 E-05
703 Nitrate water ground-.long-term kg 8.83E-04 2.01E-05 4.10E-05 1.53E-04 6.54E-04 1.50E-05
704 Nitrate water ocean kg 2.94 E-03 9.60E-05 1.82E-04 5.07E-04 2.12 E-03 3.23E-05
705 Nitrate water river kg 7.82E-03 4.12E-04 7.31E-04 1.25E-03 5.31 E-03 1.18E-04
706 Nitrate water unspecified kg 7.88E-02 0.00E+O0 0.0ÜE+00 7.88E- 02 *707 Nitrite water ground-,long-term kg 4.20E-05 3.48E-06 5.94E-06 5.53E-06 2.57E-05 1.37E-06
70S Nitrite water ocean kg 5.44E-05 2.66E-07 9.96E-07 1.01E-05 4.24E-05 5.78E-07
709 Nitrite water river kg 6.36E-05 2.55E-06 4.68E-06 1.10E-05 4.50E-05 3.01E-07
710 Nitrogenoxide air unspecified kg 2.55E+00 2.55E+00 0.00E+00 0.00E+ 00 .
711 Nitrogenoxides ail' highpopulationdensity kg 3.34E+00 5.88E-02 1.35E-01 4.05E-01 2.42E+00 3.19E-01
712 Nitrogenoxides air lowpopulationdensity kg 9.69E-01 8.78E-03 2.56E-02 1.35E-01 7.26E-01 7.42E-02
713 Nitrogenoxides air

lower stratosphe re + upper tropospher e
kg 3.83E-06 9.34E-08 I.86E-07 7.06E-07 2.85 E-06 7.76E-10

714 Nitrogenoxides air unspecified kg 3.89E-01 1.24E-02 2.38F-02 6.36E-02 2.75E-01 1.39E-02
715 Nitrogen,organicbound water ground-,long-term kg 1.26E-03 1.04E-04 1.78E-04 1.66E-04 7.72 E-04 4.10E-05
716 Nitrogen,organicbound water ocean kg 2.76E-04 5.83E-05 9.45E-05 2.56E-05 9.27E-05 4.76E-06
717 Nitrogen,organicbound water river kg 4.35E-03 9.22E-05 1.90E-04 8.02E-04 3.25E-03 1.62 E-05

๐
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Table Dl LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartnient Subcompartment Unit Total Pretreat-ment Detoxifica­tion SSCF Distillati­on Dehydra­tion
718 Nitrogen water ocean kg 5.95E-05 2.27E-07 1.10E-06 7.87E-06 4.49E-05 5.38E-06 '
719 Nitrogen water river kg 2.32E-03 3.98E-05 8.48E-05 6.55E-04 1.47E-03 7.00E-05
720 Nitrousoxide ail’ unspecified kg 6.00E-01 6.00E-01 0.00E+00 0.00E+00

721
NMVOC,non-methanevolatileorganiccompounds.unspecifiedorigin

air highpopulationdensity kg 1.20E-01 7.66E-04 2.51E-03 2.13E-02 9.27E-02 2.59E-03

722
NMVOC,non-methanevolatileorganiccompounds,unspecifiedorigin

air lowpopulationdensity kg 1.68E+00 3.45E-03 2.65E-02 2.23E-01 1.28E+00 1.52E-0I

723
NMVOC,noil-methanevolatileorganiccompounds,unspecifiedorigin

ail'
lower stratosphe re + upper tropospher e

kg 1.84E-07 4.48E-09 8.94E-09 3.38E-08 1.36E-07 3.72E-11

724
NMVOC,non-methanevolatileorganiccompounds.unspecifiedorigin

air unspecified kg 6.96E-02 1.65E-03 3.36E-03 1.12E-02 5.13E-02 2.03E-03

725 Noblegases,radioactive,unspecified air lowpopulationdensity kBq 2.07E+05 1.02E+03 3.80E+03 3.86E+04 1.62E+05 2.20E+03
726 Occupation, arable, non- irri gated resource land m2a 1.93E-02 7.65 E-04 1.4 IE-03 3.16E-03 1.36E-02 3.57E-04
727 Occupation,constructionsite resource land m2a 6.71E-01 3.46E-03 1.32E-02 1.07E-01 5.14E-01 3.26E-02
728 Occupation, dump site, benthos resource land m2a 7.62E-01 1.01E-03 น 2E-02 9.84E-02 5.78E-01 7.3 IE-02
729 Occupation, dump site resource land m2a 4.22E+00 6.52E-02 1.47E-0I 7.75E-01 3.20E+00 2.88E-02
730 Occupation.forest,intensive,normal resource land m2a 1.24E+01 8.10E-01 1.41E+00 1.90E+00 8.10E+00 2.27E-01
731 Occupation,forest,intensive.short-cycle resource land m2 a 2.96E-02 1.24E-04 5.58E-04 4.13E-03 2.25E-02 2.34E-03
732 Occupation,forest,intensive resource land m2 a 2.19E-01 9.02E-03 1.65E-02 3.78E-02 1.55E-01 I.48E-03
733 Occupation,industrialarea. resource land m2a 8.1SE-03 8.16E-06 1.15 E-04 1.10E-03 6.24E-03 7.15E-04

Ü
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartnient Subcompartment Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tionbenthos
734 Occupation, industrial area, built up resource land m2a 5.14E-01 6.29E-02 1.04E-01 6.61E- 02 2.73E-01 7.25E-03
735 Occupation,industrialarea.vegetation resource land m2 a 1.61E-01 2.04E-02 3.37E-02 2.01E-02 8.40E-02 2.57E-03
736 Occupation,industrialarea resource land m2 a 1.41E+00 1.38E-02 3.84E-02 2.07E-01 1.06E+00 9.10E-02
737 Occupation,mineralextractionsite resource land m2 a 1.07E+00 1.40E-02 3.41E-02 1.70E-01 8.0IE-01 4.65E-02
738 Occupation, permanent crop, fruit, intensive resource land m2a 4.23E-02 1.64E-04 7.77E-04 5.86E-03 3.21E-02 3.40E-03
739 Occupation, shrub land, sclerophyllo us resource land m2 a 3.08E-02 9.99E-04 1.91E-03 5.00E-03 2.21E-02 8.18E-04

740
Occupation, traffic area, railembankment

resource land m2 a 8.23E-02 1.20E-02 1.98E-02 8.91E-03 3.99E-02 1.64E-03
741 Occupation, traffic area, rail network resource land m2 a 9.10E-02 1.33E-02 2.19E-02 9.85E-03 4.42E-02 1.8 IE-03
742

Occupation, traffic area, roadembankment
resource land m2 a 1.59E-01 9.17E-03 1.61E-02 2.50E-02 1.06E-01 2.53E-03

743 Occupation, traffic area, road network resource land m2 a 4.43E-01 1.07E-02 2.17E-02 7.32E-02 3.25E-01 1.28E-02
744 Occupation.urban, discontinue usly built resource land m2 a 1.32E-04 9.99E-07 3.10E-06 2.10E-05 1.01E-04 6.45E-06
745 Occupation,waterbodies,artificial resource land m2a 1.42E+00 1.02E-02 3.19E-02 2.38E-01 1.09E+00 5.1 IE-02
746 Occupation,watercourses,artificial resource land m2 a 1.16E+00 5.42E-03 2.08E-02 2.19E-01 9.09E-01 8.2 IE-03
747 0-Dichlorobenzene water river kg 3.35E-06 1.07E-07 2.03E-07 6.05E-07 2.43E-06 6.86E-10
748 Oil. crude, in ground resource in ground kg 4.12E+01 2.55E+00 4.46E+00 6.47E+00 2.63E+01 1.36E+00
749 Oils,biogenic soil forestry kg 1.39E-04 1.13E-05 1.92E-05 2.05E-05 8.55E-05 1.90E-06
750 oils.biogenic soil unspecificd kg 5.96E-05 ร.70E-06 1.43E-05 6.45 E- 06 2.89E-05 1 19E-06
751 oils.unspecified soil forestry kg 1.59E-01 1.1 IE-02 1.92E-02 2.43E-02 9.91E-02 5.62E-03
752 Oils,unspecified soil industrial kg 2.45E-04 3.73E-06 8.57E-06 4.12E-05 1.84E-04 7.37E-06753 Oils. soil unspecifie kg 1.64E-03 4.08E-05 8.16E-05 2.95 E- 1.20E-03 2.60E-05

o
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont'd)

No Substance Compartment Subcompartment Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tionunspecified d o 04754 Oils.unspecified water ocean kg 9.78E-02 1.59E-03 3.70E-03 1.34E-02 7.14E-02 7.71E-03
755 Oils.unspecified water river kg 1.29E-01 8.94E-03 1.55E-02 1.97E-02 8.02E-02 4.54E-03
756 Oils.unspecified water unspecified kg 9.57E-04 1.11E-05 2.74 E-0 5 1.39E-04 7.18E-04 6.05E-05
757 Olivine, ill ground resource in ground kg 5.49E-06 5.61E-08 1.48E-07 9.71E-07 4.20E-06 1.1 IE-07
758 Orbencarb soil agricultural kg 4.05E-07 6.31E-09 1.42E-08 7.38E-08 3.07E-07 3.71E-09
759 Organicsubstances,unspecified air unspecified kg 7.34 E-04 0.00E+00 0.00E+00 7.34E-04
760 O-Xylene water unspecified kg 1.24E-07 6.49E-11 1.30E-1Ü 4.97E-10 1.23E-07 3.87E-12
761 Ozone air highpopulationdensity kg 4.90E-07 1.13E-08 2.30E-08 8.37E-08 3.62E-07 1.00E-08
762 Ozone ail- lowpopulationdensity kg 7.48E-07 1.22E-08 2.33E-08 7.15E-08 6.40E-07 2.13E-10
763 Ozone air unspecified kg 6.44E-03 3.72E-05 1.27E-04 1.18E-03 5.00E-03 9.65E-05
764

PAH,polycyclicaromatichydrocarbons
air highpopulationdensity kg 6.19E-04 1.68E-07 8.99E-06 5.41E-05 4.58E-04 9.69E-05

765
PAH,polycyclicaromatichydrocarbons

air low-populationdensity kg 9.97E-06 1.48E-07 3.47E-07 1.56E-06 7.44 E-06 4.80E-07

766
PAH,polycyclicaromatichydrocarbons

air unspecified kg 3.02E-04 3.17E-06 8.14E-06 5.61 E- 05 2.32 E-04 1.89E-06

767
PAH.polycyclicaromatichydrocarbons

water ocean kg 7.36E-06 5.42E-07 9.34E-07 1.04E-06 4.52E-06 3.2 IE-07

768
PAH.polycyclicaromatichydrocarbons

water river kg 1.03E-05 7.00E-07 1.21E-06 1.52E-06 6.52E-06 3.87E-07
769 Paraffins air highpopulationdensity' kg 1.29E-09 2.25E-1I 4.88E-11 2.39E- . 10 9.74E-10 4.22 E-12
770 Paraffins water river kg 3.74E-09 6.53E-11 1.42E-10 6.93E-10 2.83E-09 1.22E-11
771 Particulates, < 2.5 um air highpopulationdensity kg 3.95E-02 1.52E-U3 2.85E-03 5.92E-03 2.66E-02 2.65E-03
772 Particulates, < 2.5 um air lowpopulationdensity kg 1.77E-01 2.90E-03 6.54E-03 2.91E- 02 1.32E-01 6.12E-03
773 Particulates, < 2.5 um air

lower stratosphe re + upper tropospher e
kg 1.04E-08 2.53E-10 5.06E-10 1.92E-09 7.73E-09 2.11 E-12

774 Particulates, < 2.5 um ail- unspecified kg 4.24E-02 8.66E-04 1.84E-03 6.83E-03 3.13E-02 1.52E-03
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartment Subcompartment Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tion
775 Particulates, > 10 urn air o highpopulationdensity kg 8.65E-03 5.55E-04 9.62E-04 1.53E-03 5.44E-03 1.68E-04
776 Particulates, > 10 um air lowpopulationdensity kg 4.63E-01 8.46E-03 1.84E-02 7.71E-02 345E-01 1.37E-02
777 Particulates, > 10 um air unspecified kg 1.42E-02 9.11E-04 1.58E-03 2.12E-03 9.27E-03 2.80E-04
778 Particulates, > 2.5 um, and < 1 Oum air highpopulationdensity kg 8.00E-03 3.80E-04 6.82E-04 1.39E-03 5.39E-03 1.54E-04
779 Particulates, > 2.5 U1U, and < lOum air lowpopulationdensity kg 2.42E-01 4.61E-03 9.88E-03 4.15E-02 1.80E-01 5.38E-03
780 Particulates, >2.5 um, and < lOum air unspecified kg 2.55E-02 1.27E-03 2.27E-03 4.09E-03 1.75E-02 3.91E-04
781 Particulates air unspecified kg 2.99E-02 O.OOE+OO 0.00E+00 2.99E-02

782
Pd, Pd 2.0E-4%. Pt 4.8E-4%, Rli 2.4E- 5%, Ni 3.7E-2%, Cu 5.2E-2% in ore, in groimd

resource in ground kg 3.13E-06 3.84E-08 9.27E-08 5.93E-07 2.40E-06 1.72E-09

783

Pd, Pd 7.3E-4%, Pt 2.5E-4%, Rh 2.0E- 5%, Ni 2.3E+0%, Cu3.2E+0% in ore, in ground

resource in groimd kg 7.51E-06 9.22E-08 2.23E-07 1.42E-06 5.77E-06 4.13E-09

784 Peat, in ground resource biotic kg 1.42E-02 2.04E-04 4.83E-04 2.23E-03 1.06E-02 6.51E-04
785 Pentane air highpopulationdensity kg 7.74E-02 2.29E-04 1.44E-03 6.98E-03 5.70E-02 1.17E-02
786 Pentane air lowpopulationdensity kg 2.37E-04 3.74E-06 8.52E-06 3.89E-05 1.77E-04 8.28E-06
787 Pentane air unspecified kg 7.05E-05 3.69E-0S 7.40E-08 2.83E-07 7.01 E-05 2.20E-09
788 Phenol,pentachloro air highpopulationdensity kg 1.83E-09 5.33E-11 1.03E-10 3.12E-10 1.33E-09 3.24E-11
789 Phenol,pentachloro air lowpopulationdensity kg 2.31E-06 2.78 E-OS 6.91 E-OS 3.95E-07 1.75E-06 6.35E-08
790 Phenol air highpopulationdensity kg 1.07E-05 2.95E-07 5.75E-07 1.95E-06 7.90E-06 2.28E-08
791 Phenol air lowpopulationdensity kg 8.10E-05 1.30E-06 2.89E-06 1.51 E- 05 6.15E4J5 2.06E-07
792 Phenol air unspecified kg 7.7SE-07 1.02E-07 1.69E-07 1.01E-07 4.01E-07 5.09E-09
793 Phenol water ocean kg 1.16E-04 8.71E-06 1.50E-05 1.65E-05 7.12 E-05 5.00E-06
794 Phenol water river kg 1.61E-04 1.03E-05 1.79E-05 2.43E-05 1.03E-04 5.97E-06795 Phenol water unspecifie kg 4.98E-06 2.56E-08 5.97E-08 1.07E- 3.76E-06 6.37E-08
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartment Subcompartment Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tiond 06
796 Phosphate ore,in ground resource in growl d kg 1.96E-01 0.00E+00 0.00E+00 1.96E-01
797 Phosphate soil unspecitled kg 7.79E-02 0.00E+00 0.00E+00 7.79E-02798 Phosphate water ground- kg 5.89E-06 1.06E-07 2.32E-07 9.81E- 07 4.40E-06 1.79E-07
799 Phosphate water ground-.long-term kg 4.70E-02 9.35E-04 1.99E-03 7.80E-03 3.49E-02 1.39E-03
800 Phosphate water ocean kg 5.79E-04 1.76E-05 3.46E-05 8.10E-05 4.11E-04 3.55E-05
801 Phosphate water river kg 1.39E-03 ' 3.85E-05 7.51E-05 2.49E-04 1.02E-03 6.92E-06
802 Phosphine air highpopulationdensity kg 1.04E-09 3.34E-11 6.33E-11 1.8SE-10 7.57E-10 1.90E-13
803

Phosphorus, 18% in apatite. 12% in crude ore. in ground
resource in ground kg 5.42E-03 1.65E-04 3.22E-04 7.64E-04 3.85E-03 3.24E-04

S04
Phosphorus, 18% in apatite, 4% in crude ore, in ground

resource in ground . kg 1.21E-02 3.70E-04 7.25E-04 1.69E-03 8.57E-03 7.34E-04
805 Phosphorus air highpopulationdensity kg 2.96E-05 5.16E-07 1.14E-06 4.95E-06 2.21E-05 8.78E-07
806 Phosphorus air lowpopulationdensity kg 1.91E-06 4.08E-08 8.53E-08 3.12 E- 07 1.41E-06 6.06E-08
807 Phosphorus air unspecificd kg 2.38E-08 2.15E-09 3.63E-09 3.34E-09 1.42E-08 4.47E-10
808 Phosphorus soil agricultural kg 9.26E-05 1.49E-06 3.37E-06 1.52E-05 6.93E-05 3.29E-06
809 Phosphorus soil industrial kg 7.04E-04 3.77E-06 1.49E-05 8.86E-05 5.27E-04 6.97E-05
810 Phosphorus water ground- kg 1.86E-07 ร. 06E-1U 3.54E-09 2.60E-08 1.41E-07 1.47E-0S
811 Phosphorus water ocean kg 1.61E-05 3.92 E-06 6.34E-06 1.10E-06 4.52E-06 2.2 IE-07
812 Phosphorus water river kg 1.09E-04 4.04E-06 7.56E-06 1.64E-05 7.63E-05 4.20E-06
813 Phosphorus water unspecified kg 1.77E-06 2.58E-08 6.04E-08 2.91 E- 07 1.33E-06 6.36E-08
814 Pirimicarb soil agricultural kg 2.63E-09 1.30E-10 2.32E-10 4.11 E- 10 1.79E-09 5.89E-11
815 Platinum air highpopulationdensity kg 2.34E-07 5.73E-14 2.43E-09 4.59E-08 1.86E-07 9.31E- 4
816 Platinum ail lowpopulationdensity kg 1.08E-10 1.36E-12 3.33E-12 1.84E-11 8.21E-11 3.14E-12
817 Plutonium-238 air lowpopulationdensity k-Bq 2.94E-09 1.44E-11 5.39E-11 5.48E-10 2.30E-09 3.13E-11
818 Plutonium-alpha air lowpopulationdensity kBq 6.75E-09 3.30E-11 1.24E-10 1.26E-09 5.26E-09 7.17E-11
819 Polonium-210 air highpopulationdensity kBq 8.01E-03 1.72E-04 3.55E-04 1.44E-03 5.98E-03 6.85E-05
820 Polonium-210 air lowpopulationdensity kBq 8.01E-02 9.95E-04 2.44E-03 1.38E-02 6.08E-02 2.09E-03
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartment Subcompartment Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tion
821 Polonium-210 air unspecified kBq 4.11E-10 2.07E-12 7.34E-12 7.29E-11 3.26E-10 2.79E-12
822 Polonium-210 water ground- kBq 4.41E-05 1.35E-06 2.64E-06 6.16E-06 3.12E-05 2.70E-06
823 Polonium-210 water ocean kBq 5.24E-02 1.60E-03 3.13E-03 7.32E-03 3.72E-02 3.21E-03
824 Polonium-210 water river kBq l.siH-o: 2.53E-04 5.98E-04 3.02E-03 1.36E-02 5.78E-04
825 Polyehlorinatedbiphenyls air highpopulationdensity kg 4.39C-L 1 1.41 E-12 2.67E-12 7.93E-12 3.19E-11 7.99E-15
826 Polyehlorinatedbiphenyls air unspecified kg 8.13E-07 1.81E-08 3.75E-08 1.32E-07 5.98E-07 2.75E-08
827 Potassiumoxide resource ๒ ground kg 4.88E-02 0.00E+00 0.00E+00 4.88E-02828 Potassium,ion water groimd- kg 1.32E-02 2.34E-04 5.16E-04 2.12E-03 9.80E-03 5.12E-04
829 Potassium,ion water ground-,long-term kg 2.97E-02 7.10E-04 1.45E-03 4.59E-03 2.17E-02 1.30E-03
830 Potassium.ion water ocean kg 3.84E-03 3.10E-04 5.30E-04 5.40E-04 2.31E-03 1.56E-04
831 Potassium,ion water river kg 2.05E-02 7.18E-04 1.37E-03 2.96E-03 1.43E-02 1.16E-03
832 Potassium ail' liiglipopulationdensity kg 1.81E-03 3.05E-05 6.81E-05 2.98E-04 1.35E-03 6.06E-05
833 Potassium air lowpopulationdensity kg 4.00E-05 8.51E-07 1.78E-06 6.60E-06 2.96E-05 1.21E-06
834 Potassium soil agricultural kg 5.15E-04 8.26E-06 1.88E-05 8.44E-05 3.85 E-04 1.83E-05
835 Potassium soil industrial kg 4.93E-03 2.64E-05 1.04E-04 6.20E-04 3.69E-03 4.88E-04
836 Potassium-40 ail' highpopulationdensity kBq 1.27E-03 2.73E-05 5.64£-05 2.29E-04 9.49E-04 1.09E-05
837 Potassium-40 air lowpopulationdensity kBq 7.16E-03 1.27E-04 2.79E-04 1.16E-03 5.33E-03 2.66E-04
838 Potassium-40 ail' unspecified kBq 5.54E-11 2.79E-13 9.88E-13 9.82E-12 4.39E-11 3.76E-13
839 Potassium-40 water ground- kBq 3.50E-06 1.07E-07 2.10E-07 4.S9E-07 2.48E-06 2.14E-07
840 Potassium-40 water ocean kBq 4.15E-03 1.26E-04 2.48E-04 5.80E-04 2.94E-03 2.54E-04
841 Potassium-40 water river kBq 2.2 7 E-02 3.17E-04 7.5 IE-04 3.80E-03 1.71 E-02 7.26E-04

842
Praseodymi urn, 0.42% illbastnasite, 0.042% in cnide ore, in ground

resource in ground kg 2.78E-21 7.82E-23 1.55E-22 4.04E-22 1.99E-21 1.51E-22

843 Propanal ail' highpopulationdensity kg 2.71E-07 9.65E-10 4.36E-09 5.16E-08 2.13E-07 1.45E-09
844 Propanal ail' unspecified kg 2.15E-12 1.13E-15 2.26E-15 8.64E-15 2.14E-12 6.72E-17
845 Propane ail' highpopulationdensity kg 1.50E-02 1.54E-04 4.45E-04 1.49E-03 1.09E-02 2.03E-03
846 Propane air lowpopulationdensity kg 2.29E-01 3.75E-05 2.78E-03 3.48E-02 1.77E-01 1.45 E-02
847 Propane air unspecifie __kg 4.32E-05 2.26E-08 4.54E-08 1.74E- 4.30E-05 1.35E-09

o
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Table D1 LCI contribution results o f bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartnient Subcompartment Unit Total Pretreat-ment Detoxifica­tion SSCF Distillati­on Dehydra­tiond 07
848 Propanol ail' highpopulationdensity kg 1.33E-08 1.07E-10 3.12E-1Û 2.39E-09 1.03E-08 2.44E-10
849 Propene air highpopulationdensity' kg 2.12E-04 9.09E-06 1.66E-05 3.51E-05 1.47E-04 5.04E-06
850 Propene air lowpopulationdensity kg 9.15E-05 1.67E-06 3.66E-06 1.48E-05 6.80E-05 3.41 E-06
851 Propene ail' unspecified kg 5.10E-08 2.67E-11 5.35E-11 2.05E-10 5.07E-08 1.59E-12
852 Propene water river kg 1.30E-04 2.93E-06 6.01E-06 2.23E-05 9.61E-05 2.61 E-06
853 Propionicacid air highpopulationdensity' kg 1.23E-03 2.89E-07 1.79E-05 1.08E-04 9.14E-04 1.94E-04
854 Propionicacid air unspecified kg 9.81E-07 5.14E-10 1.03E-09 3.94E-09 9.75E-07 3.06E-11
855 Propyleneoxide air highpopulationdensity kg 1.13E-05 4.35E-07 8.01E-07 1.98E-06 8.02 E-06 2.92E-08
856 Propyleneoxide water river kg 2.71E-05 1.05E-06 1.92E-06 4.75E-06 1.93E-05 7.03E-08
857 Protactinium-234 ail' lowpopulationdensity' kBq 3.61E-03 1.45E-05 6.09E-05 6.78E-04 2.83E-03 3.13E-05
858 Protactiniu111-234 water river kBq 6.65E-02 2.66E-04 1.12E-03 1.25E-02 5.20E-02 5.78E-04

859

Pt. Pt 2.5E- 4%, Pd 7.3E-4%, Rli 2.0E- 5%. Ni 2.3E+0%, Cu3.2E+0% in ore, ill ground

resource in ground kg 8.00E-06 3.29E-1U 8.35E-08 1.57E-06 6.35 E-06 1.79E-10

860
Pt Pt 4.8E- 4%, Pd 2.0E-4%. Rh 2.4E- 5%, Ni 3.7E-2%. Cu 5.2E-2% in ore, in ground

resource in ground kg 2.87E-05 1.18E-09 2.99E-07 5.61 E- 06 2.28E-05
■rx

6.41E-10

861 Radioactivespecies,alphaemitters water river kBq 1.15E-04 3.17E-06 6.32E-06 1.68E-05 8.25E-05 6.27E-06
862 Radioactivespecies,Nuclides,unspecified water ocean kBq 2.10E+01 1.03E-01 3.84E-01 3.90E+00 1.63E+01 2.23E-01
863 Radioactivespecies,Nuclides,unspecified water river kBq 6.23E-02 3.17E-04 1.16E-03 1.16E-02 4.86E-02 6.63E-04
864 Radioactive species, other beta emitters air highpopulationdensity kBq 7.05E-02 9.10E-04 2.18E-03 1.29E-02 5.39E-02 6.35E-04
865 Radioactive species, other beta air lowpopulationdensity kBq 6.98E-05 6.00E-07 1.70E-06 1.24E-05 5.37E-05 1.38E-06

๐



159

Table D1 LCI contribution results of bioethanol production process from cassava
rhizome fcont’d)

No Substance Compartnient Subcompartment Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tionemitters 0866 Radium-224 water ocean kBq 3.73E-02 2.60E-03 4.50E-03 5.69E-03 2.32E-02 1 32E-03
867 Radium-224 water river kBq 8.84E-02 5.37E-03 9.42E-03 1.33E-02 5.67E-02 3.63E-03
868 Radium-226 air highpopulationdensity kBq 1.13E-03 2.43E-05 5.01E-05 2.03E-04 8.44E-04 9.68E-06
869 Radium-226 air lowpopulationdensity kBq 1.28E-01 6.13E-04 2.32E-03 2.39E-02 9.99E-02 1.32E-03
870 Radium-226 air unspecified kBq 5.81E-11 2.93E-13 1.04E-12 1.03E-11 4.61E-11 3.94E-13
871 Radium-226 water groiuid- kBq 3.25E-05 9.95E-07 1.95E-06 4.54E-06 2.30E-05 1.99E-06
872 Radium-226 water ocean kBq 9.84E-02 5.34E-03 9.50E-03 1.45 E- 02 6.46E-02 4.47E-03
873 Radium-226 water river kBq 4.15E+01 1.74E-01 7.13E-01 7.79E+00 3.25E+01 3.66E-01
874 Radium-226 water unspecified kBq 7.43E-03 3.89E-06 7.81E-06 2.98E-05 7.39E-03 2.32E-07
875 Radium-228 air highpopulationdensity kBq 6.13E-03 1.32E-04 2.71E-04 1.10E-03 4.57E-03 5.24E-05
876 Radium-228 ail' lowpopulationdensity kBq 2.55E-03 4.77E-05 1.04E-04 4.08E-04 1 89E-03 1.00E-04
S77 Radium-228 air unspecified kBq 1.72E-11 8.68E-14 3.07E-13 3.05E-12 1.36E-11 1.17E-13
878 Radium-228 water ocean kBq 7.46E-02 5.20E-03 8.99E-03 1.14 E- 02 4.64E-02 2.63E-03
879 Radium-228 water river kBq 1.77E-01 1.07E-02 1.88E-02 2.66E-02 1.13E-01 7.26E-03
880 Radium-228 water unspecified kBq 1.05E-02 5.48E-06 1.10E-05 4.20E-05 1.04E-02 3.27E-07
881 Radon-220 air highpopulationdensity kBq 9.46E-05 2.03E-06 4.18E-U6 1.70E-05 7.06E-05 8.09E-07
882 Radon-220 air lowpopulationdensity kBq 3.65E-01 Ï378E-03 1.32E-02 5.98E-02 2.73 E-01 1.2SE-02
883 Radon-220 ail' unspecified kBq 1.21E-09 6.09E-12 2.16E-11 2.14E-10 9.58E-10 8.20E-12
884 Radon-222 ail' highpopulationdensity kBq 9.45E-05 2.02E-06 4.18E-06 1.70E-05 7.05E-05 8.08E-07
885 Radon-222 ail' lowpopulationdensity kBq 1.11E+04 4.50E+01 1.88E+02 2.09E+03 8.69E+03 9.76E+01
886 Radon-222 ail' lowpopulationdensity'.long-term kBq 4.65E+05 1.86E+03 7.85E+03 8.74E+04 3.64E+05 4.05E+03
887 Radon-222 air unspecified kBq 6.79E-10 3.42E-12 I.21E-1I 1.20E-10 5.38E-I0 4.61E-12

888

Rli, Rli 2.0E-5%. Pt 2.5E-4%. Pd 7.3E- 4%, Ni 2.3E+0%.
3.2E+0% in ore. in groimd

resource in ground kg 1.57E-06 2.57E-10 1.67E-08 3.07E-07 1.25E-06 5.61E-11

889 Rli, Rli 2.4E-5%, Pt resource ill groimd kg 4.92E-06 8.04E-10 5.23E-08 9.63E-07 3.91E-06 1.76E-10

๐
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Table D1 LCI contribution results o f bioethanol production process from cassava
rhizome (cont'd)

No Substance Compartment Subcompartnient Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tion_ 48E-4%,: Pd 2.0E- 4%, Ni 3.7E-2%, Cu 5.2E-2% in ore. in ground

o

890 Rhenium, in cmde ore, in ground resource in ground kg 6.97E-09 1.37E-09 2.22E-09 6.54E-10 2.69E-09 4.88E-11
891 Rubidium water ground- kg 2.57E-06 1.03E-08 4.33E-08 4.83E-07 2.01E-06 2.23E-08
892 Rubidium water ocean kg 7.46E-06 5.20E-07 8.99E-07 1.14E-06 4.64E-06 2.63E-07
893 Rubidium water river kg 1.77E-05 1.07E-06 1.88E-06 2.66E-06 1.13E-05 7.26E-07
894 Ruthenium*103 air low-populationdensity kBq 5.07E-08 2.32 E-1 ] 5.63E-10 9.S9E-09 4.02E-08 3.83E-11
895 Ruthenium-103 water river kBq 4.93E-05 2.26E-08 5.47E-07 9.60E-06 3.91 E-05 3.72E-08
896 Salts,unspecified water unspecifie(1 kg 2.08E-04 0.Ü0E+00 000E+0O 2.08E-04
897

Samarium, 0.3% in bastnasite, 0.03% in crude ore, in ground
resource in ground kg 5.30E-22 4.24E-24 1.22E-23 1.02E-22 4.11E-22 1.16E-24

89S Sand,unspecified, in ground resource in ground kg 1.65E-03 3.02E-05 6.54E-05 2.88E-04 1.24E-03 3.23E-05
899 Scandium air highpopulationdensity kg 1.19E-07 2.55E-09 5.26E-09 2.14E-08 8.86E-08 1.02E-09
900 Scandium ail lowpopulationdensity kg 7.41E-08 1.60E-09 3.33 E-09 1.21 E- 08 5.46E-08 2.36E-09
901 Scandium water ground- kg 6.78E-06 1.40E-07 2.97E-07 1.05E-06 4.99E-06 3.05E-07
902 49Scandium water ground-,long-term kg 4.84E-05 1.12E-06 2.32E-06 7.40E-06 3.53E-05 2.23E-06
903 Scandium water river kg 5.10E-06 1.26E-07 2.57E-07 7.74E-07 3.71 E-06 2.39E-07
904 Selenium air highpopulationdensity kg 4.43E-06 5.09E-07 8.45E-07 8.21E- 07 2.18E-06 8.Ü7E-08
905 Selenium ail low-populationdensity kg 9.64E-05 1.27E-06 3.01 E-06 1.77E-05 7.36 E-05 8.24E-07
*906 Selenium air

lower stratosphe re + upper tropospher e
kg 2.74 H-12 6.67E-14 1.33E-13 5.04E-13 2.03E-12 5.54E-16

907 Selenium air unspecified kg 9.11E-08 2.75E-09 5.19E-09 1.14E-08 6.85 E-08 3.20E-09
908 Selenium water ground- kg 1.44E-05 3.17E-07 6.63E-07 2.21E- 06 1.06E-05 6.85E-07
909 Selenium water ground-,long-term kg 4.29E-05 8.07E-07 1.75E-06 7.06E-06 3.19E-05 1.41 E-06
910 Selenium water ocean kg 5.84E-07 1.52E-07 2.45E-07 3.52E-08 1.44E-07 8.12E-09
911 Selenium water river kg 3.86E-05 3.60E-07 9.75E-07 7.09E-06 2.97E-05 4.19E-07
912 Selenium water unspecified kg 1.25E-08 6.53E-12 1.31E-11 5.01E-11 1.24E-08 3.90E-13
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Table D1 LCI contribution results o f bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartment Subcompartmeut Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tion
913 Shale, in ground resource in ground kg 3.64E-05 3.76E-07 9.87E-07 6.41E-06 2.78E-05 7.74E-07
914 Silicontetrafluoride air lowpopulationdensity kg 9.07E-08 2.78E-09 5.43E-09 1.27E-08 6.43E-0S 5.55E-09
915 Silicon air highpopulationdensity kg 1.56E-03 3.29E-05 6.82E-05 2.79E-04 1.16E-03 1.51 E-05
916 Silicon air lowpopulationdensity kg 7.46E-04 1.35E-05 2.92E-05 1.29E-04 5.59E-04 1.54E-05
917 Silicon air unspecified kg 3.63E-07 4.43E-14 3.77E-09 7.11E-08 2.8SE-07 8.22E-14
918 Silicon soil agriculniral kg 8.57E-04 1.32E-05 3.03E-05 1.42E-04 6.43E-04 2.82 E-05
919 Silicon soil industrial kg 1.41E-03 7.54E-06 2.98E-05 1.77E-04 1.05E-03 1.39E-04
920 Silicon water ground- kg 1.01E-02 1.74E-04 3.87E-04 1.64E-03 7.54E-03 3.80E-04
921 Silicon water ground-.long-term kg 8.99E+00 2.14E-01 4.31E-01 1.59E+00 6.66E+00 9.81E-02
922 Silicon water ocean kg 1.54E-05 1.77E-08 2.21E-07 2.02E-06 1.17E-05 1.43E-06
923 Silicon water river kg 1.87E-02 4.69E-04 9.34E-04 3J2E-03 1.38E-02 1.81E-04
924

Silver, 0.007% in sulfide, Ag 0.004%, Pb, Zn. Cd. In. in ground
resource in groimd kg 9.49E-05 3.03E-06 5.75E-Ü6 1.71 H- 05 6.90 E-05 2.31E-08

925
Silver, 3.2ppm in sulfide, Ag 1.2ppm, Cu and Te, in crude ore, in ground

resource in ground kg 6.77E-05 2.16E-06 4.10E-06 1.22E-05 4.92 E-05 1.66E-0S

926
Silver. Ag 2.1E-4%! Au 2.1 E- 4%, in ore. in ground

resource in ground kg 6.25E-06 2.00E-07 3.79E-07 1.13E-06 4.54E-06 1.52E-09

927
Silver, Ag 4.2E-3%, Au 1.1E- 4%, in ore, in ground

resource in ground kg 1 43E-05 4.56E-07 8.64E-07 2.58E-06 1.04 E-05 3.48E-09

928
Silver, Ag 4.6E-5%; All 1.3E- 4%, in ore, in ground

resource in ground kg 1.40E-05 4.47E-07 8.47E-07 2.53E-06 1.02 E-05 3.41E-09

929
Silver, Ag 9.7E-4%, Au 9.7E-
0.63%, Cu 0.38%, Pb 0.014%, in ore,in ground

resource in ground kg 9.23E-06 2.95E-07 5.59E-07 1.67E-06 6.71E-06 2.25E-09

930 Silver, ion water groimd- kg 1.15E-07 4.61E-10 1.94E-09 2.16E-08 9.00E-08 1.00E-09
931 Silver, ion water ground-,long-term kg 6.84E-07 8.08E-08 1.34E-07 8.53E-08 3.71 E-07 1.18E-08932 Silver, ion water ocean kg 4.48E-07 3.12E-08 5.39E-08 6.83E- 2.78E-07 1.58E-08
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Table D1 LCI contribution results o f bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartment Subcompartment Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tion08933 Silver, ion water river kg 2.32E-06 3.59E-07 5.90E-07 2.51E- 07 1.06E-06 6.12E-08
934 Silver, ion water unspecified kg 1.18E-05 6.16E-09 1.24E-08 4.73E-08 1.17E-05 3.68E-10
935 Silver air highpopulationdensity kg 6.11E-08 4.92E-10 1.43E-09 1.10E-08 4.71 E-08 1.12E-09
936 Silver air lowpopulationdensity kg 3.48E-10 2.89E-12 6.71E-12 1.82E-10 1.53E-10 3.00E-12
937 Silver-110 air lowpopulationdensity kBq 5.03E-07 2.30E-10 5.58E-09 9.80E-08 3.98E-07 3.80E-10
938 Silver-110 water river kBq 1.84E-01 1.78E-04 2.20E-03 3.57E-02 1.46E-01 3.46E-04
939 Sodiumchlorate air highpopulationdensity kg 1.24E-06 2.95E-08 6.06E-08 1.86E-07 8.97E4)7 6.16E-08
940 Sodium chloride, in ground resource in ground kg 1 88E+00 3.30E-02 7.24E-02 3.21E-01 1.41E+00 4.65E-02
941 Sodiumdichromate air highpopulation . density kg 1.12E-05 1.34E-08 I.40E-07 2.11 E- 06 8.85 E-06 1.17E-07
942 Sodiumformate air highpopulationdensity kg 3.85 E-08 1.66E-09 3.01E-09 6.60E-09 2.70E-08 2.57E-10
943 Sodiumformate water river kg 9.24E-08 3.98E-09 7.23E-09 1.58E-08 6.48E-08 6.17E-10
944 Sodiumhydroxide air highpopulationdensity kg 1.21 E-OS 3.87E-07 7.34E-07 2.18E-06 8.79E-06 2.23E-09
945 Sodium nitrate, in ground resource in ground kg 3.29E-09 4.87E-11 1.14E-10 5.21 E- 10 2.46E-09 1.45E-10
946

Sodium sulphate, various forms, in ground
resource in ground kg '2.29E-02 7.15E-04 1.40E-03 3.14 E- 03 1.62E-02 1.49E-03

947 Sodium, ion water ground- kg 2.60E-02 4.88E-04 1.06E-03 4.13E-03 1.93E-02 1.07E-03
948 Sodium, ion water ground-,long-term kg 2.31E-01 3.25E-03 7.58E-03 4.17E-02 1.76E-01 2.94 E-03
949 Sodium, ion water ocean kg 2.36E-01 1.86E-02 3.19E-02 3.49E-02 1.42E-01 8.06E-03
950 Sodium, ion water river kg 7.87E-01 3.68E-02 6.65E-02 1.24E-01 5.32E-01 2.80E-02
951 Sodium, ion water unspecified kg 9.62E-02 8.88E-04 1.80E-03 8.39E-03 8.49E-02 2.23E-04
952 Sodium air highpopulationdensity kg 3.87E-04 3.11E-05 5.28E-05 7. BE­OS 2.24E-04 7.81 E-06
953 Sodium air lowpopulationdensity kg 1.89E-05 4.31E-07 8.87E-07 3.08E-06 1.39E-05 6.00E-07
954 Sodium ail- unspecified kg 2.13E-07 7.79E-10 3 43E-09 4.BE­OS 1.67E-07 8.55E-U
955 Sodium soil industrial kg 2.82E-02 1.51E-04 5.95E-04 3.54E-03 2.11E-02 2.79E-03
956 Sodium soil unspecified kg ' 8.80E-04 2.63E-05 5.04E-05 1.59E-04 6.43E-04 6.60E-07
957 Sodium-24 water river kBq 1.77E-03 8.10E-07 1.96E-05 3.44E-04 1.40E-03 1.33E-06
958 Solids,inorganic water ground- kg 2.87E-01 5.05E-03 1 12E-02 4.63 E- 02 2.14E-01 1.10E-02
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Table D1 LCI contribution results o f bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartment Subcompartment Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tion
959 Solids,inorganic water river kg 2.33E-02 6.00E-04 1.20E-03 3.71 E- 03 1.70E-02 8.28E-04
960 Stibnite, in ground resource in ground kg 4.57E-09 5.90E-11 1.41E-10 8.37E-10 3.49E-09 4.12E-11
961 Strontium air highpopulationdensity kg 1.79E-05 3.85E-07 7.94E-07 3.22E-06 1.34E-05 1.53E-07
962 Strontium air lowpopulationdensity kg 2.77E-05 5.96E-07 1.25E-06 4.32E-06 2.03E-05 1.20E-06
963 Strontium air unspecificd kg 2.05E-13 1.03E-15 3.66E-15 3.64E-14 1.63E-13 1.39E-15
964 ' Strontium soil agricultural kg 7.46E-08 I.53E-09 3.24E-09 1.27E-08 5.39E-08 3.27E-09
965 Strontium soil industrial kg 1.4 IE-04 7.54E-07 2.98E-06 1.77E-05 1.05E-04 1.39E-05
966 Strontium water ground- kg 3.64E-04 6.45E-06 1.42E-05 6.03E-05 2.72E-04 1.15E-05
967 Strontium water ground-,long-term kg 3.62E-03 6.85E-05 1.49E-04 5.75E-04 2.68E-03 1.48E-04
968 Strontium water ocean kg 1.37E-03 1.01E-04 1.73E-04 2.07E-04 ร.42E-04 4.77E-05
969 Strontium water river kg 3.31E-03 1.98E-04 3.48E-04 4.94E-04 . 2.13E-03 1.42E-04
970 Strontium water unspecified kg 3.06E-04 1.60E-07 3.22E-07 1.23E-06 3.05 E-04 9.57E-09
971 Strontium-89 water river kBq 4.00E-03 3.33E-06 4.69E-05 7.77E-04 3.17E-03 6.39E-06
972 Strontium-90 water ocean kBq 4.47E-01 2.19E-03 8.18E-03 8.31 E- 02 3.48E-01 4.75E-03
973 Strontium-90 water river kBq 1.32E+01 1.40E-01 3.65E-01 2.29E+00 1.01E+01 3.24E-01
974 Styrene air highpopulationdensity kg 1.19E-06 9.69E-08 1.65E-07 1.78E-07 7.37E-07 1.45E-08
975 Styrene air lowpopulationdensity kg 3.34E-08 3.78E-10 9.58E-10 5.75E-09 2.55E-08 S.36E-10
976 Styrene air unspecified kg 1.42E-13 7.42E-17 1.49E-16 5.69E-16 1.41E-13 4.42E-18
977 Sulfate air highpopulationdensity kg 1.09E+00 4.19E-01 6.69E-01 1.05E-03 4.73E-03 1.99E-04
978 Sulfate air lowpopulationdensity kg 7.81E-09 4.61E-11 1.51 E-10 1.39E-09 6.17E-09 5.13E-I1
979 Sulfate air unspecified kg 1.61E-06 1.50E-09 2.05E-08 2.71 H- 07 1.25E-06 6.24E-08
980 Sulfate water ground- kg 5.15E-01 9.27E-03 2.04E-02 8.27E-02 3.82E-01 1.99E-02
981 Sulfate water ground-.long-term kg 8.00E-0I 1.57E-02 3.36E-02 1.29E-01 5.93E-01 2.94E-02
982 Sulfate water ocean kg 3.92E-02 2.89E-03 5.00E-03 4.88E-03 2.44 E-02 2.07E-03
983 Sulfate water river kg 9.69E-01 4.87E-02 8.68E-02 1.60E-01 6.65 E-01 8.06E-03
984 Sulfate water unspecified kg 4.91E-04 3.36E-07 1.57E-06 1.24E-05 4.71E-04 6.28E-06
985 Sulfurdioxide air unspecified kg 1.50E-01 1.50E-01 0.00E+00 0.00E+009S6 Sulfide water ocean kg ร. 16E-06 9.47E-07 1.57E-06 1.07E-06 4.46E-06 1.02E-07
987 Sulfide water river kg 1.33E-Û5 7.75E-07 1.37E-06 1.93E-06 8.81E-06 4.45E-07
988 Sulfite water river kg 3.73E-04 6.61E-06 1.46E-05 5.99E-05 2.77E-04 1.46E-05

๐
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont'd)

No Substance Compartment Subcompartment Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tion
989 Sulfurdioxide air highpopulationdensity kg 3.54E+00 1.26E+00 2.02E+00 4.54E-02 2.11E-01 1.20E-02
990 Sulfurdioxide air lowpopulationdensity kg 3.43E+00 2.41E-02 7.88E-02 5.03E- - 01 2.59E+00 2.30E-01
991 Sulfurdioxide air

lower stratosphe re + upper tropospher e
kg 2.74E-07 6.67E-09 1.33E-08 5.04E-08 2.03 E-07 5.54E-11

992 Sulfur-dioxide air unspecified kg 1.47E+00 1.91E-03 4.07E-03 1.36E+00 1.06E-01 2.37E-03
993 Sulfurhexafluoride air lowpopulationdensity kg 9.14E-08 2.29E-09 4.45E-09 1.46E-08 6.96E-08 4.60E-10
994 Sulfurhexafluoride ail unspecified kg 6.40E-05 4.83E-07 1.46E-06 1.13E-05 4.94 E-05 1.41E-06
995 Sulfur, in ground resource in ground kg 1.30E-03 2.91E-05 5.94E-05 2.33E-04 9.64E-04 1.11 E-05
996 Sulfur soil agricultural kg 1.21E-04 1.60E-06 3.85E-06 2.07E-05 9.18E-05 3.29E-06
997 Sulfur soil industrial kg 8.45E-03 4.53E-05 1.79E-04 1.06E-03 6.32 E-03 8.37E-04
998 Sulfur water ocean kg 1.72E-04 7.42E-07 3.32E-06 2.29E-05 1.30E-04 1.54E-05
999 Sulfur water river kg 1.10E-03 2.91E-05 5.90E-05 1.50E-04 7.82E-04 8.34E-05
1000 Sulfur water unspecified kg 1.49E-05 7.80E-09 1.56E-08 5.98E-os 1.48E-05 4.65E-10
1001 Sulfuricacid air highpopulationdensity' kg 2.53E-06 8.11E-08 1.54E-07 4.57E-07 1.84E-06 4.76E-10
1002 Sulfuricacid . air lowpopulationdensity kg 3.79E-10 3.03E-12 8.85E-12 6.79E-11 2.92E-10 6.92E-12
1003 Sulfuricacid soil agricultural kg 1.56E-09 5.01E-11 9.49E-11 2.82E-10 1.14E-09 2.85E-13
1004 Suspendedsolids,unspecified water ocean kg 1.67E+00 2.37E-03 2.49E-02 2.16E-01 1 .̂E'+OO 1.60E-01
1005 Suspendedsolids,unspecified water river kg 2.87E-01 9.75E-02 1.56E-01 5.91E-03 2.62 E-02 9.95 E-04
1006 Suspendedsolids,unspecified water unspecified kg 1.64E-02 2.24E-04 5.32E-04 2.80E-03 1.24E-02 4.35E-04
1007 Suspendedsubstances,unspecified water unspecified kg 1.94E-04 0.00E+00 0.0OE+00 1.94E-04
1008 Sylvite 25 % insylvinite, in ground resource in ground kg 7.60E-03 2.01E-04 3.97E-04 1.32E-03 5.57E-03 1.02E-04
1009 Talc, in ground resource in ground kg 6.06E-04 1.05E-05 2.28E-05 1.11 E- 04 4.57E-04 3.79E-06
1010

T antalum, 81.9% in tanta lite. 1.6E-4% in crude ore, in ground
résolue e in ground kg 7.49E-05 2.39E-06 4.54E-06 1.35E-05 5.44E-05 1.74E-08

1011 t-Butyl methyl ether air highpopulationdensity kg 1.75E-05 2.03E-08 2.14E-07 3.41E- 06 1.39E-05 4.48E-09
1012 t-Butyl water ocean __kfi__ 1.23E-05 3.21E-06 5.18E-06 7.45E- 3.04E-06 1.72 E-07

๐
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Table D I LÇI contribution results of bioethanol production process from cassava
rhizome (cont'd)

No Substance Compartment Subcompartment Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tionmethyl ether 07 o1013 t-Butyl methyl ether water river kg 3.43E-07 3.52E-10 4.12E-09 6.70E-08 2.72 E-07 8.03E-11
1014 T ebutam soil agricultural kg 1.08E-08 4.31 H-10 7.94E-10 1.78E-09 7.63E-09 2.02E-10
1015 Technetium-99m water river kBq 5.37E-03 2.48E-06 5.97E-05 1.05E-03 4.25 E-03 4.09E-06
1016 Teflubenzuron soil agricultural kg 5.C0E-09 7.79E-11 1.75E-10 9.11E-10 3.79E-09 4.58E-11

1017
Tellurium, 0.5ppm in sulfide. Te 0.2ppm, Cu and Ag. in crude ore, in ground

resource in ground kg 1.02E-05 3.24E-07 6.15E-07 1.83E-06 7.38E-06 2.48E-09

1018 Tellurium-123m water river kBq 6.66E-04 3.09 E-06 1.19E-05 1.24E-04 5.20E-04 6.69E-06
1019 Tellurium-132 water river kBq 1.35E-05 6.20E-09 1.50E-07 2.64E-06 1.07E-05 1.02E-08
1020 Terpenes air lowpopulationdensity kg 9.59E-07 4.02E-09 1.81E-08 1.34E-07 7.27E-07 7.58E-08
1021 Thallium air highpopulationdensity kg 1.51E-07 3.21E-09 6.64E-09 2.71E-08 1.13E-07 1.33E-09
1022 Thallium air lowpopulationdensity kg 1.98E-08 4.16E-10 8.74E-1Ü 3.24E-09 1.46E-08 6.26E-1Ü
1023 Thallium air imspecified kg 1.13E-07 2.79E-09 5.64E-09 1.82E-08 8.27E-08 3.96E-09
1024 Thallium water ground- kg 1.13E-09 1.93E-11 4.31E-11 1.83E-10 8.43 E-10 4.24E-11
1025 Thallium water ground-,long-term kg 4.76E-06 9.91E-08 2.09E-07 7.68E-07 3.51E-06 1-71 E-07
1026 Thallium water river kg 6.91 E-07 1.26E-08 2.76E-08 1.10E-07 5.13E-07 2.76E-08
1027 Thallium water imspecified kg I.33E-08 6.99E-12 1.40E-11 5.36E-11 1.33E-08 4.17E-13
1028 Thiram soil agricultural kg 37E-09 1.S3E-11 8.22E-11 6.08E-10 3.31E-09 3.45 E-10
1029 Thorium air highpopulationdensity kg 1.79E-07 3.84E-09 7.93E-09 3.22E-08 1.34 E-07 1.53E-09
1030 Thorium air lowpopulationdensity kg 7.41E-08 1.60E-09 3.33E-09 1.21 H- 08 5.47E-08 2.36E-09
1031 Thorium-228 air highpopulationdensity kBq 5.19E-04 1.11 E-os 2.30E-05 9.32E-05 3.87E-04 4.44E-06
1032 Thorium-228 ail low-populationdensity kBq 1.38E-03 2.57E-05 5.60E-05 2.20E-04 1.02 E-03 5.39E-05
1033 Thorium-228 air imspecified kBq 9.27E-12 4.67E-14 1.65 E-13 1.64E-12 7.35E-12 6.29E-14
1034 Thorium-228 water ground- kBq 3.55E-07 1.09E-08 2.13E-08 4.96E-08 2.52 E-07 2.17E-08
1035 Thorium-228 water ocean kBq 1.50E-01 1.04E-02 1.80E-02 2.28E-02 9.31E-02 5.29E-03
1036 Thorium-228 water river kBq 3.54E-01 2.15E-02 3.77E-02 5.32E-02 2.27E-01 1.45E-02
1037 Thorium-230 air low'populationdensity kBq 1.35E-02 5.85E-05 2.35E-04 2.52E-03 1.05E-02 1.26E-04
103S Thorium-230 water river kBq 9.07E+00 3.63E-02 1.53E-01 1.70E+00 7.10E+00 7.89E-021039 Thorium- air high kBq 3.30E-04 7.08E-06 146E-05 5.93E- 2.46E-04 2.82E-06

๐
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Tabic D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartment Subcompartmeut Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tion232 populationdensity © 05
1040 Thorium-232 air lowpopulationdensity kBq 2.16E-03 4.04E-05 8.79E-Ü5 3.45E-04 1.60E-03 ร.47E-05
1041 Thorium-232 air unspecified kBq 1.46E-11 7.34E-14 2.60E-13 2.58E-12 1.15E-11 9.89E-14
1042 Thorium-232 water ground- kBq 1.61E-23 2.79E-25 6.06E-25 3.01E-24 1.22E-23 7.28E-27
1043 Thorium-232 water river kBq 4.24E-03 5.92E-05 1.40E-04 7.0SE-04 3.19E-03 1.35E-04
1044 Thorium-234 air lowpopulationdensity kBq 3.61E-03 1.45E-05 6.10E-05 6.7SE-04 2.83E-03 3.14E-05
1045 Thorium-234 water river kBq 6.65E-02 2.66E-04 1.12E-03 1.25E-02 5.20E-02 5.78E-04
1046

Tin, 79% in cassiterite, 0.1% in crude ore, in ground
resource in ground kg 3.57E-03 1.05E-04 2.02E-04 6.47E-04 2.61E-03 2.50E-06

1047 Tin, ion water ground- kg 3.34E-08 5.89E-10 1.30E-09 5.51 E- 09 2.49E-08 1.0SE-09
1048 Tin, ion water ground-,long-term kg 3.09E-04 1.00E-05 1.91E-05 5.19E-05 2.22E-04 5.15E-06
1049 Tin, ion water river kg 2.11E-06 3.07E-08 7.11E-08 3.70E-07 1.60E-06 4.26E-08
1050 Tin, ion water unspecified kg 6.18E-07 3.24E-10 6.49E-10 2.48E-09 6.14E-07 1.93E-11
1051 Tin air highpopulationdensity kg 5.95E-07 1.09E-08 2.33E-0S 1.09E-07 4.49E-U7 4.09E-09
1052 Tin air lowpopulationdensity kg 1.24E-04 1.67E-06 3.92E-06 2.32E-05 9.47E-05 4.18E-07
1053 Tin air unspecified kg 1.38E-06 1.42E-07 2.37E-07 1.96E-07 7.97E-07 1.32E-08
1054 Tin soil agricultural kg 4.91E-08 4.74E-10 1.26E-09 9.21E- 09 3.79E-08 2.74E-10

41055
Ti02, 54% in ilmenite, 2.6% in crude ore, in ground

resource in ground kg 5.60E-02 1.57E-03 3.11E-03 8.16E-03 4.01E-02 3.01E-03

1056
Ti02. 95% in rutile, 0.40% in crude ore, in ground

resource in ground kg 5.64E-G7 1.43E-08 2.83E-08 1.03E-07 4.17E-07 4.76E-10
1057 Titanium,ion water ground- kg 1.15E-04 5.22E-07 2.04E-06 2.15E-05 8.98E-05 1.13E-06
1058 Titanium,ion water ground-.long-term kg 5.92E-02 6.56E-04 1.66E-03 1.10E-02 4.55E-02 4.27E-04
1059 Titanium,ion water ocean kg 2.50E-06 2.70E-09 3.57E-08 3.28E-07 1.90E-06 2.33E-07
1060 Titanium,ion water river kg 1.07E-04 1.03E-06 2.74E-06 2.01E-05 8.28E-05 6.07E-07
1061 Titanium,ion water unspecified kg 9.70E-07 5.08E-10 1.02E-09 3.89E-09 9.65E-07 3.03E-11
1062 Titanium air highpopulationdensity kg 3.99E-05 8.22E-07 1.71E-06 7.20E-06 . 2.99E-05 3.44E-07
1063 Titanium air lowpopulationdensity kg 1.14E-05 2.46E-07 5.13E-07 1.87E-06 8.42E-06 3.64E-07
1064 Titanium ail unspecified kg 6.67E-07 1.44E-08 3.01E-08 1.09E-07 4.92E-07 2.15E-08
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartment Subcompartment Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tion
1065 Titanium soil agricultural kg 1.30E-05 2.09E-07 4.75E-07 2.14E-06 9.76E-06 4.63E-07
1066 TOC, Total Organic Carbon water ground-,long-term kg 3.65E-01 1.38E-02 2.56E-02 5.95E-02 2.58E-01 7.62E-03
1067 TOC, Total Organic Carbon water ocean kg 9.08E-02 1.67E-03 3.73E-03 1.25E-02 6.59E-02 7.01 E-03
1068 TOC. Total Organic Carbon water river kg 2.13E-01 8.58E-03 1.58E-02 3.61E-02 1.48E-01 4.64E-03
1069 TOC. Total Organic Carbon water unspecified kg 1.76E-03 2.40E-05 5.70E-05 . 3.02E-04 1.33E-03 4.41E-05
1070 Toluene air highpopulationdensity kg 1.26E-02 2.27E-05 2.13E-04 1.12E-03 9.30E-03 1.94 E-03
1071 Toluene air lowpopulationdensity' kg 2.45E-04 4.17E-06 9.29E-06 4.04E-05 1.83E-04 8.22E-06
1072 Toluene air unspecified kg 3.95E-04 3.01E-06 6.92E-06 3.93E-05 3.45 E-04 5.46E-07
1073 Toluene water ocean kg 1.29E-04 1.13E-05 1.92E-05 USE-OS 7.53E-05 4.79E-06
1074 Toluene water river kg 2.15 E-04 1.75E-05 2.98E-05 3.04E-05 1.29E-04 8.18E-06
1075 Toluene water unspecified kg 8.90E-06 4.66E-09 9.35E-09 3.57E-08 8.85E-Ü6 2.78E-10
1076

T ransfonnat ion, from arable, non- irrigated, fallow
resource land m2 4.31E-04 4.08E-06 1.09E-05 8.20E-05 3.33 E-04 4.99E-07

1077 T ransfonnat ion, from arable, noil- irrigated resotuce land m2 3.54E-02 1.41E-03 2.60E-03 5.81E-03 2.50E-02 6.59E-04
1078 T ransfonnat ion. from arable resource land m2 2.12E-03 1.57E-05 4.69E-05 . 3.99E- 04 1.64E-03 1.17E-05

1079
T ransfonnat ion. from dump site, inert material landfill

resource land m2 3.01E-03 1.27E-04 2.33E-04 4.46E-04 2.08E-03 1.20E-04

1080
T ransfonnat ion. from dump site, residual material landfill

resource land m2 3.07E-03 6.65E-05 1.37E-04 5.4 IE- 04 2.28E-03 4.20E-05

1081
Transfonnat ion. from dump site, sanitary landfill

resource land m2 6.14E-05 6.31E-06 1.06E-05 8.07E-06 3.53E-05 1.19E-06

1082
T ransfonnat ion, from dump site, slagcompartment

resource land m2 1.68E-05 2.41E-07 5.57E-07 3.09E-06 1.28E-05 1.36E-07

1083 Transformât ion, from forest, extensive resource land m2 9.88E-02 6.74E-03 1.16E-02 1.50E-02 6.37E-02 1.71 E-03



Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartment Subcompartment Unit Total Present­ment Detoxifica­tion SSCF Distillati­on Dehydra­tion
1084

Transformat ion. from forest, intensive, clear- cutting
resource land m2 1.06E-03 4.44E-06 1.99E-05 1.47E-04 8.03 E-04 ร.37E-05

1085 T ransformat ion. from forest resource land m2 7.36E-01 3.29E-03 1.45E-02 9.35E-02 5.53E-01 7.19E-02
1086

T ransformat ion. from industrial area, benthos
resource land m2 1.03E-04 1.67E-08 1.32E-06 1.37E-05 7.89E-05 9.44E-06

1087
Transformât ion, from indus trial area, built up

resource land m2 4.28E-06 1.31E-07 2.57E-07 5.98E-07 3.04 E-06 2.62E-07

loss
Transformât ion, from industrial area,vegetation

resource land m2 7.31E-06 2.24E-07 4.38E-07 1.02E-06 5.18E-06 4.47E-07

1089 T ransformat ion, from industrial area resource land m2 1.50E-02 T.02E-05 2.04E-04 1.96E-03 1.14E-02 1.40E-03

1090
T ransformat ion. from mineral extraction site

resource land m2 2.60E-02 3.94E-04 9.11E-04 4.23E-03 1.95E-02 9.74E-04

1091
T ransformat ion, from pasture and meadow, intensive

resource land m2 2.88E-05 1.15E-06 2.11E-06 4.72E-06 2.03E-05 5.37E-07

1092 Transformat ion, from pasture and meadow resource land m2 6.04E+00 3.56E-04 9.22E-04 6.02E+00 2.34 E-02 1.71 E-03
1093 T ransformat ion, from sea and ocean resource land m2 7.62E-01 1.02 E-03 1.12 E-02 9.85 E- 02 5.79E-01 7.31 E-02

1094
T ransformat ion. from shrub land, sclerophyllo us

resource land m2 1.3 IE-02 2.28E-04 4.98E-04 2.31E-03 9.85 E-03 2.07 E-04

1095 T ransformat ion, from tropical rain forest resource land m2 1.06E-03 4.44E-06 1.99E-05 1.47E-04 8.03 E-04 8.37E-05
1096 T ransformat ion, from unknown resource land m2 1.56E-01 4.10E-03 8.18E-03 2.50E-02 1.13E-01 5.14E-03
1097

T ransformat ion. to arable, non- irrigated, fallow
resource land m2 . 5.09E-04 8.68E-06 1.89E-05 9.47E-05 3.85 E-04 1.25E-06

1098 Transformat ion, to arable, non- irrigated resource land m2 3.55E-02 1.41E-03 2.60E-03 5.82E-03 2.50E-02 6.59E-04
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Table D1 LCI contribution results o f bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartment Subcompartmeut Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tion
1099 T ransfonnat ion, to arable resource land m2 1.64E-01 1.17E-04 2.25E-03 2.13E-02 1.24E-01 1.54E-02
1100 Transformât ion, to dump site, benthos resource land m2 7.62E-01 1.01E-03 1.12E-02 9.84E-02 5.78E-01 7.31E-02

1101
Transformat ion, to dump site, inert material landfill

resource land m2 3.0 IE-03 1.27E-04 2.33E-04 4.46E-04 2.08E-03 1.20E-04

1102
Transformat ion. to dump site, residual material landfill

resource land m2 3.07E-03 6.65E-05 1.37E-04 5.42E-04 2.28E-03 4.20E-05

1103
Transformat ion, to dump site, sanitary landfill

resource land m2 6.14E-05 6.31 E-06 1.06E-05 8.07E-06 3.53E-05 1.19E-06

1104
Transformat ion, to dump site, slagcompartment

resource land m2 1.68E-05 2.41E-07 5.57E-07 3.09E-06 1.28E-05 1.36E-07

1105 Transformat ion, to dump site resource land m2 3.19E-02 4.80E-04 1.09E-03 5.87E-03 2.42E-02 2.13E-04

1106
Transformat ion, to forest, intensive, clear- cutting

resource land m2 L.06E-03 4.44E-06 1.99E-05 1.47E-04 8.03 E-04 8.37E-05

1107
T ransformat ion, to forest, intensive, normal

resource land m2 9.54E-02 6.60E-03 1.14E-02 1.45E-02 6.13E-02 1.64E-03

1108
Transformât ion, to forest, intensive, short-cycle

resource land m2 1.06E-03 4.44E-06 1.99E-05 1.47E-04 8.03 E-04 ร.37E-05
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1111
T ransformat ion, to heterogeneous,agricultural

resource land m2 3.86E-02 1.50E-04 7.19E-04 5.05E-03 2.91E-02 3.55E-03

1112
Transformat ion, to industrial area, benthos

resource land m2 3.98E-04 5.66 E-06 1.35E-05 6.18E-05 2.97E-04 1.94E-05
1113 Transformât resource land m2 1.60E-02 1.31E-03 2.22E-03 2.43E- 9.93E-03 1.31 E-04

๐
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartment Subcompartment Unit Total Pretreat-ment Detoxifica­tion SSCF Distillati­on Dehydra­tionion, to industrial area, built up
03

1114
Transformat ion, to industrial area,vegetation

resource land m2 3.64E-03 4.40E-04 7.30E-04 4.66E-04 1.95E-03 5.61E-05

1115 Transformât ion, to industrial area resource land m2 6.04E+00 1.46E-04 5.09E-04 6.02E+00 1.73F.-02 1.78E-03

1116
T ransfonnat ion, to mineral extraction site

resource land m2 6.14E-01 4.51E-03 1.48E-02 7.97E-02 4.58E-01 5.64E-02

1117 Transformat ion, to pasture and meadow resource land m2 1.33E-02 4.08E-06 1.78E-04 1.65E-03 1.0 IE-02 1.38E-03

Ills
Transformat ion. to permanent crop, tfuit, intensive

resource land m2 5.95E-04 2.31E-06 1.09E-05 8.25E-05 4.5 2 E-04 4.78E-05
1119 Transformat ion, to sea and ocean resource land m2 1.03E-04 1.67E-08 1.32E-06 1.37E-05 7.89E-05 9.44E-06
1120

T ransformat ion, to shrub land,sclerophyllous
resource land m2 6.16E-03 2.00E-04 3.81 E-04 9.99E-04 4.41E-03 1.63E-04

1121
T ransfonnat ion, to traffic area, railembankment

resource land m2 1.91E-04 2.80E-05 4.60E-05 2.07E-05
a-

9.29E-05 3.81E-06

1122 T ransfonnat ion, to traffic area, rail network resource land m2 2.10E-04 3.07E-05 5.06E-05 2.28E-05 1.02 E-04 4.19E-06

1123
T ransformat ion, to traffic area, roadembankment

resource land m2 1.05E-03 6.91E-05 1.20E-04 1.61 E- 04 6.8 IE-04 1.70E-05

1124
T ransformat ion, to traffic area, road network

resource land m2 5.37E-03 1.46E-04 2.90E-04 8.52E-04 3.89E-03 1.96E-04
1125 T ransformat ion. to unknown resource land m2 5.69E-03 1.42E-04 2.83E-04 1.03E-03 4.21E-03 2.90E-05
1126

Transformat ion, to urban, discontinue usly built
resource land m2 2.64E-06 1 99E-08 6.17E-08 4.19E-07 2.01E-06 1.28E-07

1127 Transformat ion, to water bodies, resource land m2 2.14E-02 2.80E-04 6.84 E-04 3.38E-03 1.61E-02 9.74E-04

Ü
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartment Subcompartment Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tionartificial 0
1128 Transformât ion, to water courses, artificial resoiuce land m2 1.42E-02 6.34E-05 2.49E-04 2.68E-03 1.11E-02 9.66E-05
1129 Tributyltincompounds water ocean kg 8.84E-06 2.51E-07 4.91E-07 1.47E-06 6.38E-06 2.47E-07
1130 Triethyleneglvcol water ocean kg 1.75E-03 3.08E-07 2.27E-05 2.26E-04 1.34E-03 1.70E-04
1131 Tungsten water ground- kg 1.54E-05 2.51E-07 5.68E-07 2.53E-06 1.16E-05 5.50E-07
1132 T luigsten water ground-,long-term kg 3.17E-05 6.04E-07 1.31E-06 5.05E-06 2.35E-05 1.27E-06
1133 Tungsten W'ater river kg 4.77E-06 1.14E-07 2.34E-07 7.27E-07 3.4 8 E-06 2.21E-07
1134 Ulexite. in ground resource in ground kg 1.14E-04 2.27E-06 4.80E-06 1.94E-05 8.46E-05 2.62E-06
1135 Uraniumalpha air lowpopulationdensity kBq 1.96E-01 7.85E-04 3.31E-03 3.68E-02 1.53E-01 1.70E-03
1136 Uraniumalpha water river kBq 3.83E+00 1.53E-02 6.46E-02 7.19E-01 3.00E+00 3.33E-02
1137 Uranium, in ground resource in ground kg 1.47E-02 5.90E-05 2.4SE-04 2.76E-03 1.15E-02 1.28E-04
1138 Uranium air highpopulationdensity kg 2.3SE-07 5.12E-09 1.06E-08 4.29E-08 1.78E-07 2.04E-09
1139 Uranium air lowpopulationdensity kg 3.77E-08 8.12E-10 1.69E-09 6.16E-09 2.78E-08 1.20E-09
1140 Uranium-234 air lowpopulationdensity kBq 4.21E-02 1.73E-04 7.17E-04 7.90E-03 3.29E-02 3.75 E-04
1141 Uranium-234 water river kBq 7.98E-02 3.20E-04 1.35E-03 1.50E-02 6.24E-02 6.94E-04
1142 Uranium-235 air low'populationdensity kBq 2.03E-03 8.15E-06 3.43E-05 3.82 E- 04 1.59E-03 1.77E-05
1143 Uranium-235 water river kBq 1.32E-01 5.27E-04 2.22E-03 2.47E-02 1.03E-01 1.14E-03
1144 Uranium-238 air high x population density kBq 9.43E-04 2.02E-05 4.18E-05 I.69E-04 7.03 E-04 8.06 E-06
1145 Uranium-238 air lowpopulationdensity kBq 4.71E-02 2.72E-04 9.29E-04 8.68E-03 3.66 E-02 5.82E-04
1146 Uranium-238 ait unspecified kBq 4.84E-11 2.44 E-13 8.64E-13 8.58E-12 3.84E-1I 3.29E-13
1147 Uranium-238 water ground- kBq 1.49E-05 4.55E-07 8.91E-07 2.08E-06 1.05E-05 9.09E-07
1148 Uranium-238 water ocean kBq 1.76E-02 5.36E-04 1.05E-03 2.46E-03 . 1.25E-02 1.08E-03
1149 Uranium-238 water river kBq 2.10E-01 9.28E-04 3.68E-03 3.92E-02 1.64E-01 2.03E-Ü3
1150 Vanadium,ion water ground- kg 5.51E-05 2.85E-07 1.03E-06 1.02E-05 4.30E-05 6.18E-07
1151 Vanadium,ion water ground-,long-term kg 4.58E-03 7.45E-05 1.67E-04 7.97E-04 3.45E-03 9.37E-05
1152 Vanadium.ion water ocean kg 1.16E-06 3.03E-07 4.88E-07 7.03E-os 2.87E-07 1.62E-08
1153 Vanadium,ion water river kg 9.94E-05 8.46E-07 2.39E-06 1.82E-05 7.68E-05 1.24E-06
1154 Vanadium,ion water unspecified kg 1.53E-07 7.99E-11 1.60E-10 6.13E-10 1.52E-07 4.77E-12
1155 Vanadium air highpopulationdensity kg 4.81E-04 2.73E-05 4.75E-05 1.29E-04 2.65E-04 1.22E-05

๐
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Table D1 LCI contribution results o f bioethanol production process from cassava
rhizome (cont’d)

No Substance Compartment Subcompartment LI nit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tion
1156 Vanadium air lowpopulationdensity kg 1.31E-05 2.32E-07 5.09E-07 2.21E-06 9.79E-06 3.55E-07
1157 Vanadium air unspecified kg 1.88E-06 4.07E-08 8.48E-08 3.0SE-07 1.38E-06 6.06E-0S
1158 Vanadium soil agricultural kg 3.73E-07 5.99E-09 1.36E-08 6.11E-08 2.79E-07 1.32E-08
1159 Venniculite, in ground resource ill ground kg 1.43E-05 3.29E-07 6.72E-07 2.44E-06 1.06E-05 2.94E-07
1160

voc,volatileorganiccompounds.unspecifiedorigin
water ocean kg 2.61E-04 1.82E-05 3.15E-05 3.99E-05 1.62E-04 9.21E-06

1161
voc,volatileorganiccompounds,unspecifiedorigin

water river kg 7.78E-04 3.82E-05 6.86E-Ü5 1.23E-04 5.21E-04 2.69E-05

1162 VOC,volatileorganiccompounds ail unspecified kg 9.00E-01 9.00E-01 0.00E+00 0.00E+00

1163
Volumeoccupied,finalrepository for low- active radioactive waste

resource in ground m3 3.02E-05 1.21E-07 5.10E-07 5.68E-06 2.37E-05 2.63E-07

1164
Volumeoccupied,finalrepositoiyforradioactivewaste

resource ill ground m3 6.86E-06 3.05E-08 1.21E-07 1.28E-06 5.36E-06 6.63E-08

1165 Volumeoccupied,reservoir resource ill water m3a 3.90E+01 7.81E-02 5.42E-01 7.15E+00 3.06E+01 6.46E-01
1166 Volume occupied, undergroun d deposit resource ill ground m3 1.33E-04 5.87E-07 2.48E-06 2.05E-05 1.02E-04 7.56E-06
1167 Wastewater/m3 water unspecified m3 1.22E-06 0.00E+00 0.00E+00 1.22E-06
1168

Water,cooling.unspecifiednaturalorigin
resource in water m3 9.70E+00 2.25E-01 4.62E-01 1.57E+00 7.12E+00 3.17E-01

1169 Water, lake resource in water m3 1.51E-02 3.46E-04 7.07E-04 2.58E-03 1.12E-02 3.09E-04
1170

Water.process,unspecifiednaturalorigin/kg
kg resource kg 1.70E+02 0.00E+00 0.00E+00 1.70E+02

1171 Water, river resource in water m3 7.98E+01 4.69E-02 9.03E-01 1.55E+01 6.32E+01 6.09E-02
1172 Water, salt, ocean resource in water m3 2.24E+00 4.88E-03 3.63E-02 2.78E-01 1.69E+00 2.29E-01
1173 Water, salt, sole resource ill water m3 3.46E-02 1.97E-03 3.49E-03 5.14E-03 2.24E-02 1.58E-03



173

T a b le  D 1  LCI contribution results o f bioethanol production process from cassava
rhizome (cont'd)

No Substance Compartment Subcompartmerit Unit Total Pretreat­ment Detoxifica­tion SSCF Distillati­on Dehydra­tion
1174

Water, turbine lise, unspecified natural origin
resource in water m3 1.14E+04 4.63E+01 1.93E+02 2.15E+03 8.91E+03 7.58E+01

1175 Water,unspecifiednaturalorigin/m3 resource in ground m3 1.74E-01 O.OOE+OO O.OOE+OO 1.74E-01
1176 Water,unspecifiednaturalorigin resource in water m3 1.44E+01 4.90E+00 7.85E+00 2.86E-01 I.33E+00 7.93E-02
1177 Water, well, in ground resource in water m3 4.92E-01 8.96E-03 1.96E-02 8.03E-02 3.66E-01 1.74E-02
1178 Water air highpopulationdensity kg 7.44E-06 1.24E-07 2.73E-07 1.34E-06 5.62 E-06 8.81E-08
1179 Water air lowpopulationdensity kg 5.59E-05 1.36E-06 2.72E-06 1.03E-05 4.15E-05 1.13E-08
1180 Water air

lower stratosphe re + upper tropospher e
kg 3.40E-04 8.27E-06 1.65E-05 6.25E-05 2.52E-04 6.87E-08

1181 Water air unspecificd kg ร.42E-02 1.29E-03 2.93E-03 1.53E-02 6.38E-02 8.96E-04
1182 Wood, hard, standing resource biotic m3 2.92E-03 4.54E-05 1.04E-04 4.82E-04 2.19E-03 9.80E-05
1183 Wood,primaryforest,standing resource biotic m3 1.10E-05 4.59E-08 2.06E-07 1.53E-06 8.31 E-06 8.67E-07
1184 Wood, soft, standing résolue e biotic m3 8.92E-03 3.92E-04 7.14E-04 1.41E-03 6.19E-03 2.21E-04
1185 Wood.unspecified,standing resource biotic m3 1.17E-07 1.53E-09 3.66E-09 2.10E-08 8.91E-08 1.68E-09
1186 Xenon-131m air lowpopulationdensity kBq 4.30E+00 3.97E-03 5.10E-02 8.33E-01 3.40E+00 7.93E-03
1187 Xenon-133 air lowpopulationdensity kBq 1.56E+02 1.28E-01 1.S3E+00 3.03E+01 1.24E+02 2.50E-01
1188 Xenon-133m air lowpopulationdensity kBq 1.82E-01 5.04E-04 2.71E-03 3.46E-02 1.43E-01 1.12E-03
1189 Xenon-135 air lowpopulationdensity kBq 6.25E+01 5.23E-02 7.33E-01 1.21E+01 4.95E+01 1.03E-01
1190 Xenon-135m air lowpopulationdensity kBq 3.93E+01 3.1 IE-02 4.57E-01 7.62E+00 3.11E+01 6.03E-02
1191 Xenon-137 air lowpopulationdensity kBq 1.21E+00 6.42E-04 . 1.36E-02 2.36E-01 9.61E-0I 1.12E-03
1192 Xenon-138 air lowpopulationdensity kBq 9.10E+00 5.52E-03 . 1.03E-01 1.77E+00 7.21E+00 1.00E-02
1193 Xylene air highpopulationdensity kg 2.88E-04 1.49E-05 2.65E-05 4.71E-05 1.92E-04 6.96E-06
1194 Xylene air lowpopulationdensity' kg 1.52E-03 2.42E-05 5.50E-05 2.50E-04 1.14E-03 5.29E-05
1195 Xylene air unspecifite kg 3.58E-04 3.57E-06 8.23E-06 4.68E- 2.99E-04 6.73E-07
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Table D1 LCI contribution results of bioethanol production process from cassava
rhizome (cont'd)

No Substance Compartment
Subcompartment Unit Total Pretreat-ment Detoxifica­tion SSCF Distillati­on Dehydra­tion
d 05

1196 Xylene water ocean kg 9.89E-05 7.03E-06 1.22E-05 1.45 E-05 6.12E-05 3.96E-06
1197 Xylene water river kg 1.69E-04 1.07E-05 1.87E-05 2.52E-05 1.07E-04 6.86E-06
1198 Xylene water unspecified kg 4.50E-06 2.35 E-09 4.72E-09 1.81 E- 08 \ 4.47E-06 1.40E-10

1199
Zinc, 9.0% in sulfide, Zn 5.3%, Pb, Ag, Cd, In. in ground

resource in ground kg 4.52E-01 1.08E-02 2.16E-02 8.32E-
02 3.36E-01 3.46E-04

1200 Zinc, ion water ground- kg 2.63E-05 2.06E-07 6.05E-07 4.77F-06 2.03E-05 3.93E-07
1201 Zinc, ion water ground-,long-term kg 2.83E-03 1.77E-04 3.10E-04 4.06E-04 1.85E-03 8.81E-05
1202 Zinc, ion water lake kg 1.38E-10 4.43E-12 8.39E-12 2.50E-

11 1.01E-10 2.84E-14
1203 Zinc, ion water ocean kg 2.29E-02 4.09E-05 3.54E-04 2.97E-03 1.74E-02 2.18E-03
1204 Zinc, ion water river kg 1.59E-03 3.95E-05 7.88E-05 2.87E-04 1.18E-03 1.15E-05
1205 Zinc, ion water unspecified kg 1.41E-04 4.9SE-06 9.35E-06 2.20E-05 1.01E-04 3.93E-06
1206 Zinc air highpopulationdensity kg 1.40E-04 3.91E-06 7.62E-06 2.54E-05 1.02E-04 1.46E-06
1207 Zinc air lowpopulationdensity kg 2.42E-03 4.22E-05 9.15E-05 4.48E-04 1.83E-03 8.11E-06

1208 Zinc air
lower stratosphe re + upper tropospher e

kg 2.74E-10 6.67E-12 1.33E-11 5.04E-
11 2.03E-10 5.54E-14

1209 Zinc air unspecified kg 6.24E-04 2.04E-05 3.89E-05 9.87E-05 4.46E-04 2.02E-05
1210 Zinc soil agricultural kg 2.35E-05 3.17E-07 7.57E-07 4.00E-06 1.78E-05 6.55E-07
1211 Zinc soil industrial kg 2.1 IE-04 1.13E-06 4.46E-06 2.66E-05 1.58E-04 2.09E-05
1212 Zinc soil unspecified kg 3.81E-05 2.97E-06 5.08E-06 5.42E-06 2.38E-05 8.15E-07
1213 Zinc-65 air lowpopulationdensity kBq 9.71E-06 4.45E-09 1.08E-07 1.89E-06 7.70E-06 7.33E-09
1214 Zinc-6 5 water river kBq 2.40E-02 1.10E-05 2.66E-04 4.67E-03 1.90E-02 1.81E-05

1215
Zirconium, 50% in zircon, 0.39% in cnide ore, in ground

resource in ground kg 1.03E-04 3.29E-06 6.23E-06 1.86E-05 7.46E-05 1.93E-08

1216 Zirconium air lowpopulationdensity kg 9.12E-07 1.97E-08 4.1 IE-08 1.49E-07 6.73E-07 2.91E-08
1217 Zirconium-95 air lowpopulationdensity kBq 9.49E-06 4.3 5 E-09 1.05E-07 1.85E-06 7.52E-06 7.17E-09
1218 Zirconium-95 water ■ river kBq 2.77E-04 1.27E-07 3.08E-06 5.41E- 05 2.20E-04 2.10E-07

o
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