
REFERENCES

Al-Sabagh, A.M., Emara, M., Noor El-Din, M.R., and Aly, W.R. (2012) Water-in- 
diesel fuel nanoemulsions prepared by high energy: emulsion drop size, 
stability, and emission characteristics. Journal of surfactants and 
Detergents, 15, 139-45.

Apichatyothin, พ . (2015) Formultion of vegetable oil based microemulsion biofuel 
with butanol in palm oil/diesel blends. M.s. Thesis, The Petroleum and 
Petrochemical College, Chulalongkorn University, Bangkok, Thailand.

Arnold, T. “Handbook on Life Cycle Assessment.” Ecoefficiency in Industry and 
Science. 2004. 15 October 2014
<http://www.isa.utl. pt/der/ASAmb/DocumentosAulas/Recipe/Handbook%2 
0on%20Life%20Cycle%20Assessment.pdf>

Arpornpong, N., Attaphong, c., Charoensaeng, A., Sabatini, D. A., and Khaodhiar, 
ร. (2014) Ethanol-in-palm oil/diesel microemulsion-based biofuekphase 
behavior, viscosity, and droplet size. Fuel, 132, 101-106.

Arpornpong, N., Charoensaeng, A., Sabatini, D.A., and Khaodhiar, ร. (2013) 
Alternative renewable biofuel from palm oil-diesel based reverse micelle 
microemulsions:Environmental impact assessment. Ph.D. Dissertation, 
International Program in Environmental Management, Graduate School,

JO -

Chulalongkorn University, Bangkok, Thailand.
Balat, M. and Balat, H. (2008) Progress in bioethanol processing. Progress in Energy 

Combustion Science. 34(5), 551-573.
Bovea, M.D. and Gallardo, A. (2006) The influence of impact assessment methods 

on materials selection for eco-design. Materials & Design. 27 (3), 209-215.
Demirbas, A. (2009) Political, economic and environmental impacts of biofuels: A 

review. Applied Energy, 86, 108-117.
Desmetballestra Group “Surfactants From Biorenewable Sources.” American Oil 

Chemists’ Society. 17 March 2008. 20 May 2014 <http://aocs.files.cms- 
plus.com/inform/March%202008.pdf>

Gobi, K. and Vadivelu, V.M. (2013) By-products of palm oil mill effluent treatment 
plant -  A step. Renewable and Sustainable Energy Reviews, 28, 788-803.

http://www.isa.utl._pt/der/ASAmb/DocumentosAulas/Recipe/Handbook%20on%20Life%20Cycle%20Assessment.pdf
http://www.isa.utl._pt/der/ASAmb/DocumentosAulas/Recipe/Handbook%20on%20Life%20Cycle%20Assessment.pdf
http://aocs.files.cms-plus.com/inform/March%202008.pdf
http://aocs.files.cms-plus.com/inform/March%202008.pdf


58

Gonzalez-Garcia, ร., Luo, L., Moreira, M. T., Feijoo, G., and Huppes, G. (2012) Life 
cycle assessment of hemp hurds use in second generation ethanol 
production. Biomass and Bioenergy, 36, 268-279.

Hua, X.Y. and Rosen, M.J. (1987) Dynamic surface tension of aqueous surfactant 
solutions: I. Basic paremeters. Journal of Colloid and Interface Science, 
124(2), 652-659.

Kaewmai, R., Kittikun, H.A., and Musikavong, c. (2012) Greenhouse gas emissions 
of palm oil mills in Thailand. International Journal of Greenhouse Gas 
Control, 11, 141-151.

Kenthorairaman, J. and Gnansounou, E. (2015) Life cycle assessment of bioethanol 
and furfural production from vetiver. Bioresource Technology, 185, 202- 
210.

Larson, E.D. (2006) A review of life-cycle analysis studies on liquid biofuel systems 
for the transport sector. Energy for Sustainable Development, 10(2), 109- 
126.

Lukoil “Global Trends In Oil & Gas Markets to 2025.” Lukoil. 2013. 13 October 
2014
<http://www.lukoil.eom/materials/doc/documents/Global_trends_to_2025.p
df>

Manaphati, ร. (2015) New hybrid biofuak using palm oil/ diesel ethanol based 
reverse micelle microemulsion. M.s. Thesis, The Petroleum and 
Petrochemical College, Chulalongkorn University, Bangkok, Thailand.

MPOB (2010) Review of the Malaysian Oil Palm Industry. Selangor, Malaysia: 
Malaysian Palm Oil Board (MPOB).

Papong, ร., and Malakul, p. (2009) Life cycle energy efficiency and potentials of 
biodiesel production from palm. Energy Policy, 38(1), 226-233.

PAS 2050 (2008) How to Assess the Carbon Footprint of Goods and Services. UK: 
Department for Business Innovation and Skills.

Pleanjai, ร. and Gheewala, S.H. (2009) Full chain energy analysis of biodiesel 
production from palm oil in Thailand. Applied Energy, 86(1), 209-214.

http://www.lukoil.eom/materials/doc/documents/Global_trends_to_2025.p


59

Schmidt, J.H. (2007) Life cycle assessment of rapeseed oil and palm oil. Ph.D. 
Dissertation, Part 3: lifecycle inventory of rapeseed oil and palm oil. 
Department of Development and Planning, Aalborg University 1 Aalborg. 

Silalertruksa, T. and Gheewala, S.H. (2012) Environmental sustainability assessment 
of palm biodiesel production in Thailand. Energy, 43(1), 306-314.

Singh, A., Pant, D., and Olsen, ร. I. (2013) Life Cycle Assessment of Renewable 
Energy Sources. London: Springer.

Sivaramakrishnan, K. “Determination of higher heating value of biodiesels.” 
Researchgate. 2011. 21 January 2015
<http://www.researchgate.net/publication/265152414_DETERMINATION 
OFHIGHERHEATINGVALUEOFBIODIESELS >

Snyder, ร. and Thompson, W.R. (1996) “Phosphorus, potassium and lime boost 
annual ryegrass production in the South.” International Plant Nutrition 
Institute. 1996. 21 May 2015
<http://www.ipni.net/ppiweb/ppinews.nsf/0/8d4983658fal 28278525696200 
5e31 de/$FILE/96195-CSS%20Ryegrass.pdf>

Standards Switzerland 1997, Life Cycle Assessment Principles and Framwork, ISO 
14040, 1-1997. Technical Committee ISORC 207.

Sulaiman, F., Abdullah, N., Gerhauser, H., and Shariff, A. (2011) An outlook of 
Malaysian energy, oil palm industry and its utilization of wastes as useful 
resources. Biomass Bioenergy, 35(9), 3775-86.

Truong, p., Van, T., and Pinners, E. “Vetiver system appplications; Technical 
Reference Manual.” VetiverNetwork. 2007. 21 May 2015 
<http://www.betuco.be/coverfodder/Vetiver%20System%20%20- 
Technical%20reference%20manual%202007.pdf>

Wibul, p. (2012) Life cycle assessment study of biofuel production from microalage 
in Thailand : A Focus on Energy Efficiency and Global warming Impact 
Reduction. M.S. Thesis, The Petroleum and Petrochemical College, 
Chulalongkorn University, Bangkok, Thailand.

http://www.researchgate.net/publication/265152414_DETERMINATIONOFHIGHERHEATINGVALUEOFBIODIESELS_
http://www.researchgate.net/publication/265152414_DETERMINATIONOFHIGHERHEATINGVALUEOFBIODIESELS_
http://www.ipni.net/ppiweb/ppinews.nsf/0/8d4983658fal_282785256962005e31_de/$FILE/96195-CSS%20Ryegrass.pdf
http://www.ipni.net/ppiweb/ppinews.nsf/0/8d4983658fal_282785256962005e31_de/$FILE/96195-CSS%20Ryegrass.pdf
http://www.betuco.be/coverfodder/Vetiver%20System%20%20-Technical%20reference%20manual%202007.pdf
http://www.betuco.be/coverfodder/Vetiver%20System%20%20-Technical%20reference%20manual%202007.pdf


60

Widdow, J. and Donkin, p. “Measurement of scope of growth and tissue 
hydrocarbon concentrations of mussels (Mytilus edulis) at sites in the 
vicinity of the Sullom Voe Oil Terminal; fate and effects of oil in marine 
ecosystems.” Springer. 1987. 10 Feb 2015
<http://link.springer.eom/chapter/l 0.1007%2F978-94-009-3573-0_27#page- 
1>

http://link.springer.eom/chapter/l_0.1007%2F978-94-009-3573-0_27%23page-1
http://link.springer.eom/chapter/l_0.1007%2F978-94-009-3573-0_27%23page-1


APPENDICES

Appendix A  Characterization Data

Table A 1 Results of the impact assessment from cultivation stage of 1 ton of microemulsion biofuel production by using CML 2 base­
line 2000 V2.03/ the Netherlands, 1997

Impact category Unit Total N P 2 O 5 k 2o Diesel Glyphosate Paraquate

abiotic depletion kg Sb eq 1.3497 0.5424 0 . 0 0 1 2 0.2040 0.4353 0.1255 0.0412
global warming kg C02 eq 247.5546 193.7883 0.1649 26.0907 11.4272 12.0978 3.9856
ozone layer depletion kg CFC-11 eq 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0

human toxicity kg 1,4-DB eq 11.9604 0.7116 0.0039 0.2402 3.0580 5.6702 2.2766
fresh water aquatic ecotox.. kg 1,4-DB eq 1.7192 0 . 0 0 1 2 0 . 0 0 0 0 0.0027 0.4846 0.9260 0.3048
marine aquatic ecotox. kg 1,4-DB eq 11703.7452 0.0088 0 . 0 0 0 0 0.0034 1738.9111 7620.9116 2343.9102
terrestrial ecotox. kg 1,4-DB eq 0.3229 0 . 0 0 0 1 0 . 0 0 0 0 0.0003 0.0344 0.2146 0.0734
photochemical oxidation kg C2H4 0.0206 0 . 0 1 1 1 0 . 0 0 0 1 0.0015 0.0037 0.0030 0 . 0 0 1 2

acidification kg S02 eq 0.7568 0.5850 0.0026 0.0355 0.0373 0.0698 0.0266
eutrophication kg P04eq 0.1130 0.0960 0 . 0 0 0 2 0.0059 0.0057 0.0038 0.0014



Table A2 Resuits o f the impact assessment from extraction stage o f 1 ton o f microemulsion biofuel production by using CML 2 base­
line 2000 V2.03/ the Netherlands, 1997

Impact category Unit Total F FB Water Diesel Electricity

abiotic depletion kg Sb eq 0.8060 0.7474 0 . 0 0 0 0 0.0290 0.0296
global warming kg C 02 eq 223.7034 219.9948 0 . 0 0 0 1 0.6038 3.1048
ozone layer depletion kg CFC-11 eq 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0

human toxicity kg 1,4-DB eq 1.3929 0.9554 0 . 0 0 0 1 0.4252 0 . 0 1 2 2

fresh water aquatic ecotox. kg 1,4-DB eq 0.0462 0.0039 0 . 0 0 0 0 0.0422 0 . 0 0 0 1

marine aquatic ecotoxicity kg 1,4-DB eq 391.2628 0.0123 0.0391 390.7789 0.4325
terrestrial ecotoxicity kg 1,4-DB eq 0.0031 0.0004 0 . 0 0 0 0 0.0026 0 . 0 0 0 1

photochemical oxidation kg C2H4 0.0133 0.0127 0 . 0 0 0 0 0.0004 0 . 0 0 0 2

acidification kg S02 eq 0.6389 0.6229 0 . 0 0 0 0 0.0073 0.0088
eutrophication kg P 04— eq 0.1037 0 . 1 0 2 0 0 . 0 0 0 0 0.0007 0 . 0 0 1 0



Table A3 Results o f the impact assessm ent from refining stage o f 1 ton o f microemulsion biofuel production by using CML 2 baseline
2000 V 2.03/the Netherlands, 1997

Impact category Unit Total CPO Phosphoric acid, Bentonite Diesel Electricity

abiotic depletion kg Sb eq 5.0225 0.8147 0.0049 0.0050 1.1675 3.0304
global warming kg C 02 eq 575.2180 224.6351 0.7695 0.7748 30.6472 318.3913
ozone layer depletion kg CFC-11 eq 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0

human toxicity kg 1,4-DB eq 12.6152 1.5966 0.9909 0.5745 8.2013 1.2520
fresh water aquatic ecotox. kg 1,4-DB eq 2.7820 0.0525 1.3447 0.0798 1.2997 0.0054
marine aquatic ecotoxicity kg 1,4-DB eq 8350.8548 437.0730 2709.7701 495.9977 4663.6589 44.3550
terrestrial ecotoxicity kg 1,4-DB eq 0.1252 0.0049 0.0058 0.0153 0.0924 0.0068
photochemical oxidation kg C2H4 0.0466 0.0141 0.0009 0.0005 0 . 0 1 0 0 0 . 0 2 1 1

acidification kg S02 eq 1.6789 0.6467 0.0208 0.0130 0 . 1 0 0 0 0.8984
eutrophication kg P 0 4 — eq 0.2293 0.1042 0 . 0 1 0 1 0 . 0 0 0 2 0.0154 0.0993

O nCj



Table A4 Results o f the impact assessment from microemulsion stage (Scenario I) o f 1 ton o f microemulsion biofuel production by
using CML 2 baseline 2000 V2.03/ the Netherlands, 1997

Impact category Unit Total Palm olein Ethanol Surfactant Cosurfactant Diesel Electricity

abiotic depletion kg Sb eq 22.1865 3.8126 3.9716 2.5629 5.0248 6.7685 0.0461
global warming kg C 02 eq 1447.8506 538.5881 230.0274 179.3204 317.3953 177.6739 4.8456
ozone layer depletion kg CFC-11 eq 0.0003 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 2 0 . 0 0 0 0

human toxicity kg 1,4-DB eq 226.8797 4.3571 41.1856 71.9275 61.8441 47.5463 0.0191
fresh water aquatic ecotox. kg 1,4-DB eq 37.0066 1.4551 7.4800 10.9188 9.6180 7.5346 0 . 0 0 0 1

marine aquatic ecotoxicity kg 1,4-DB eq 151905.3095 3624.5469 27347.6498 46322.8001 47572.5589 27037.0788 0.6750
terrestrial ecotoxicity kg 1,4-DB eq 1.7973 0.0324 0.2317 0.5883 0.4093 0.5356 0 . 0 0 0 1

photochemical oxidation kg C2H4 0.4637 0.0362 0.2684 0.0439 0.0571 0.0577 0.0003
acidification kg S02 eq 4.4364 1.5614 0.6677 0.6767 0.9369 0.5800 0.0137
eutrophication kg P 04— eq 0.8042 0.2114 0.2615 0.0600 0.1804 0.0894 0.0015



Table A5 Results o f the impact assessm ent from microemulsion stage (Scenario II) o f 1 ton o f microemulsion biofuel production by
using CML 2 baseline 2000 V2.03/ the Netherlands, 1997

Impact category Unit Total Palm olein Bioethanol Biodiesel(FAME) Cosurfactant Diesel Electricity

abiotic depletion kg Sb eq 18.8436 3.6923 1.8753 0.2944 6.0791 6.8563 0.0461
global warming kg C 02 eq 1060.4748 521.5855 45.9425 -75.8684 383.9892 179.9805 4.8456
ozone layer depletion kgCFC-11 eq 0.0003 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 2 0 . 0 0 0 0

human toxicity kg 1,4-DB eq 447.5193 4.2195 282.0827 38.2145 74.8198 48.1636 0.0191
fresh water aquatic ecotox. kg 1,4-DB eq 1242.0641 1.4092 1125.6629 95.7235 11.6360 7.6324 0 . 0 0 0 1

marine aquatic ecotoxicity kg 1,4-DB eq 216277.8041 3510.1238 118283.5424 9541.4403 57553.9360 27388.08*65 0.6750
terrestrial ecotoxicity kg 1,4-DB eq 536.3038 0.0313 493.9041 41.3306 0.4951 0.5425 0 . 0 0 0 1

photochemical oxidation kg C2H4 0.4106 0.0351 0.0521 0.1956 0.0691 0.0585 0.0003
acidification kg S02 eq 6.0974 1.5121 2.4318 0.4188 1.1335 0.5875 0.0137
eutrophication kg P 04— eq 2.3818 0.2048 1.6780 0.1887 0.2182 0.0905 0.0015



Table A6 Results o f the impact assessment from microemulsion stage (Scenario III) o f 1 ton o f microemulsion biofuel production by
using CML 2 baseline 2000 V2.03/ the Netherlands, 1997

Impact category Unit Total
Palm ole­

in Ethanol Surfactant Cosurfactrtnt Diesel 1-butanol Electricity

abiotic depletion kg Sb eq 23.9483 2.2513 3.6988 2.0735 5.4327 9.7592 0 . 6 8 6 8 0.0461
global warming kg C02 eq 1324.8984 318.0316 214.2270 145.0778 343.1553 256.1808 43.3804 4.8456
ozone layer depletion kgCFC-11 eq 0.0004 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0.0003 0 . 0 0 0 0 0 . 0 0 0 0

human toxicity kg 1,4-DB eq 243.0120 2.5728 38.3566 58.1924 66.8634 68.5551 8.4526 0.0191
fresh water aquatic ecotox. kg 1,4-DB eq 39.2363 0.8592 6.9662 8.8338 10.3986 10.8639 1.3146 0 . 0 0 0 1

marine aquatic ecotoxicity kg 1,4-DB eq 162006.50 2140.26 25469.16 37477.1 1 51433.56 38983.67 6502.03 0.6750
terrestrial ecotoxicity kg 1,4-DB eq 1.9816 0.0191 0.2157 0.4760 0.4425 0.7722 0.0559 0 . 0 0 0 1

photochemical oxidation kg C2H4 0.4600 0.0214 0.2500 0.0355 0.0617 0.0832 0.0078 0.0003
acidification kg S02 eq 4.0823 0.9220 0.6218 0.5475 1.0130 0.8363 0.1281 0.0137
eutrophication kg P 04— eq 0.7670 0.1248 0.2436 0.0485 0.1950 0.1289 0.0247 0.0015

‘ะ?''o\



Table A7 Results o f the impact assessm ent from microemulsion stage (Scenario IV) o f 1 ton o f microemulsion biofuel production by
using CML 2 baseline 2000 V2.03/ the Netherlands, 1997

Impact category Unit Total CPO Ethanol Surfactant Cosurfactant Diesel Electricity

abiotic depletion kg Sb eq 18.4200 0.5887 4.0559 1.8128 4.7585 7.1579 0.0461
global warming kg C 02 eq 1017.3912 162.3292 234.9120 126.8358 300.5706 187.8979 4.8456
ozone layer depletion kg C F C -ll eq 0.0003 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 2 0 . 0 0 0 0

human toxicity kg 1,4-DB eq 202.9565 1.1538 42.0602 50.8753 58.5658 50.2823 0.0191
fresh water aquatic ecotox. kg 1,4-DB eq 32.4762 0.0379 7.6388 7.7230 9.1082 7.9682 0 . 0 0 0 1

marine aquatic ecotoxicity kg 1,4-DB eq 134653.3575 315.8444 27928.3799 32764.7572 45050.8043 28592.8967 0.6750
terrestrial ecotoxicity kg 1,4-DB eq 1.6103 0.0035 0.2366 0.4161 0.3876 0.5664 0 . 0 0 0 1

photochemical oxidation kg C2H4 0.4308 0 . 0 1 0 2 0.2741 0.0311 0.0541 0.0610 0.0003
acidification kg S02 eq 3.1421 0.4673 0.6819 0.4787 0.8873 0.6134 0.0137
eutrophication kg P 04— eq 0.6517 0.0753 0.2671 0.0424 0.1708 0.0945 0.0015



Table A8 Results o f the impact assessment from cultivation o f 1 ton o f microemulsion biofuel production by using Eco-indicator 99
(H) V2.03 / Europe El 99 H/A

Impact category Unit Total N P 2 O 5 k 2o Diesel Glyphosate Paraquate

Carcinogens DALY 1.4E-06 5.6E-09 1.4E-11 2.3E-09 2.0E-07 8.8E-07 2.7E-07
Resp. organics DALY LIE-07 1.8E-08 1.0E-10 7.6E-09 7.8E-08 6.3E-09 2.5E-09
Resp. inorganics DALY 8.3E-05 5.9E-05 2.2E-07 8.5E-06 5.9E-06 7.5E-06 2.8E-06
Climate change DALY 5.5E-05 4.3E-05 3.5E-08 5.5E-06 2.3E-06 2.5E-06 8.3E-07
Radiation DALY 1.5E-07 0.0E+00 0.0E+00 0.0E+00 1.9E-08 1.1E-07 2.0E-08
Ozone layer DALY 1.6E-08 0.0E+00 0.0E+00 0.0E+00 1.4E-08 1.6E-09 6.6E-10
Ecotoxicity PAF*m2yr 7.5E+00 5.6E-05 2.7E-07 2.7E-05 9.2E-01 4.6E+00 1.9E+00
Acidification/ Eutrophication PDF*m2yr 5.1E+00 4.4E+00 8.6E-03 2.7E-01 2.3E-01 1.7E-01 5.9E-02
Land use PDF*m2yr 3.7E-01 0.0E+00 0.0E+00 0.0E+00 2 . 1 E- 0 1 1.2E-01 4.7E-02
Minerals MJ surplus 4.3E-01 0.0E+00 0.0E+00 0.0E+00 5.6E-02 3.0E-01 6.8E-02
Fossil fuels MJ surplus 3.5E+02 1.4E+02 2.9E-01 4.8E+01 1.3E+02 2.6E+01 1.0E+01

p>oo
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Table A9 Results o f the impact assessment from extraction o f 1 ton o f microemulsion biofuel production by using Eco-indicator 99
(H) V2.03 / Europe El 99 H/A

Impact category Unit Total FFB Water Diesel Electricity
Carcinogens DALY 4.6E-08 7.9E-09 1.4E-08 2.3E-08 1.5E-09
Resp. organics DALY 2.8E-08 2.5E-08 3.6E-11 1.9E-09 8.2E-10
Resp. inorganics DALY 6.9E-05 6.7E-05 4.4E-08 5.6E-07 1.4E-06
Climate change DALY 5.0E-05 4.9E-05 1.3E-08 1.1E-07 9.5E-07
Radiation DALY 1.6E-09 0.0E+00 2.6E-10 1.4E-09 0.0E+00
Ozone layer DALY 5.3E-10 0.0E+00 7.4E-12 5.2E-10 3.2E-14
Ecotoxicity PAF*m2yr 1.5E-01 8.3E-05 5.5E-02 8.5E-02 6.4E-03
Acidification/ Eutrophication PDF*m2yr 4.8E+00 4.7E+00 7.8E-04 1.5E-02 6.8E-02
Land use PDF*m2yr 4.1E-02 0.0E+00 1.1E-03 3.8E-02 1.7E-03'
Minerals MJ surplus {ร 2.5E-02 0.0E+00 1.5E-02 4.5E-03 5.1E-03
Fossil fuels MJ surplus 2.0E+02 1.8E+02 4.8E-02 7.8E+00 7.1E+00



Table A10 Results o f the impact assessment from refining o f 1 ton o f microemulsion biofuel production by using Eco-indicator 99 (H)
V2.03 / Europe El 99 H/A

Impact category Unit Total CPO Phosphoric acid Bentonite Diesel Electricity
Carcinogens DALY 1.1E-05 7.9E-08 1.2E-06 3.4E-08 9.6E-06 8.1E-08
Resp. organics DALY 3.7E-06 2.9E-08 3.5E-10 1.7E-09 3.7E-06 4.4E-08
Resp. inorganics DALY 4.2E-04 6.9E-05 1.5E-06 6.6E-07 2.8E-04 7.5E-05
Climate change DALY 2.1E-04 4.9E-05 1.2E-07 1.2E-07 1.1E-04 5.0E-05
Radiation DALY 9.0E-07 1.8E-09 3.0E-09 9.8E-10 8.9E-07 0.0E+00
Ozone layer DALY 6.7E-07 5.9E-10 5.5E-11 8.2E-10 6.7E-07 1.7E-12
Ecotoxicity PAF*m2yr 4.5E+01 3.7E-01 2.9E-01 3.4E-01 4.3E+01 3.4E-01
Acidification/ Eutrophication PDF*m2yr 1.9E+01 4.7E+00 2.7E-02 1.6E-02 1.1E+01 3.6E+00
Land use PDF*m2yr 1.0E+01 9.7E-02 1.4E-01 2.4E-02 1.0E+01 8.9E-02
Minerals MJ surplus 3.0E+00 3.9E-02 5.5E-02 1.8E-03 2.6E+00 2.7E-01
Fossil fuels MJ surplus 6.8E+03 2.0E+02 7.7E-01 1.0E+00 6.2E+03 3.7E+02



Table A ll  Results o f the impact assessment from microemulsion stage (Scenario I) o f 1 ton o f microemulsion biofuel production by
using Eco-indicator 99 (H) V2.03 / Europe El 99 H/A

Impact category Unit Total Palm olein Ethanol Surfactant cosurfactant Diesel Electricity
Carcinogens DALY 2.4E-05 1.8E-06 5.4E-06 7.6E-06 6.3E-06 3.2E-06 1.6E-09
Resp. organics DALY 3.3E-06 8.9E-08 8.6E-07 7.2E-07 4.1E-07 1.2E-06 8.8E-10
Resp. inorganics DALY 5.5E-04 1.7E-04 8.5E-05 8.8E-05 LIE-04 9.1È-05 1.5E-06
Climate change DALY 3.0E-04 1.2E-04 4.8E-05 3.7E-05 6.6E-05 3.6E-05 1.0E-06
Radiation DALY 1.4E-06 6.9E-09 2.0E-07 5.3E-07 4.1E-07 2.9E-07 0.0E+00
Ozone layer DALY 2.7E-07 1.7E-09 7.1E-09 8.0E-09 3.3E-08 2.2E-07 3.4E-14
Ecotoxicity PAF*m2yr 1.4E+02 1.6E+00 2.5E+01 3.7E+01 6.5E+01 1.4E+01 6.8E-03
Acidification/ Eutrophication PDF*m2yr 2.2E+01 9.5E+00 2.6E+00 2.5E+00 3.4E+00 3.5E+00 7.3E-02
Land use PDF*m2yr 8.2E+00 4.2E-01 9.3E-01 1.2E+00 2.3E+00 3.3E+00 1.8E-03
Minerals MJ surplus 2.3E+01 4.7E-01 5.9E+00 8.8E+00 7.2E+00 8.7E-01 5.5E-03
Fossil fuels MJ surplus 6.0E+03 6.9E+02 1.1E+03 6.8E+02 1.4E+03 2.0E+03 7.6E+00



Table A l 2 Results o f the impact assessment from microemulsion stage (Scenario II) o f 1 ton o f microemulsion biofuel production by
using Eco-indicator 99 (H) V2.03 / Europe El 99 H/A

Impact category Unit Total Palm olein Bioethanol Biodiesel (FAME) Cosurfactant Diesel Electricity
Carcinogens DALY 0.0013 0.0000 0.0013 0.0000 0.0000 0.000Ô 0.0000
Resp. organics DALY 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Resp. inorganics DALY 0.0009 0 . 0 0 0 2 0.0003 0 . 0 0 0 2 0.0001 0.0001 0.0000
Climate change DALY 0 . 0 0 0 2 0.0001 0.0000 0.0000 0.0001 0.0000 0.0000
Radiation DALY 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ozone layer DALY 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ecotoxicity PAF*m2yr 1 140.8217 1.5871 1049.5753 -3.3083 78.4930 14.4678 0.0068
Acidification/ Eutrophication PDF*m2yr 37.9321 9.2315 17.9451 3.0385 4.0532 3.5905 0.0732
Land use PDF*m2yr 3914.9887 0.4064 3738.0555 170.4313 2.7690 3.3248 0.0018
Minerals MJ surplus 27.6984 0.4530 15.9763 1.6192 8.7603 0.8841 0.0055
Fossil fuels MJ surplus 4981.3868 669.5512 454.0335 73.1566 1702.5856 2074.4920 7.5678



Table A13 Results o f the impact assessment from microemulsion stage (Scenario III) of 1 ton o f microemulsion biofuel production
by using Eco-indicator 99 (H) V2.03 / Europe El 99 H/A

Impact category Unit Total Palm olein Ethanol Surfactant cosurfacthnt Diesel 1-butanol Electricity
Carcinogens DALY 2.4E-05 LIE-06 5.0E-06 6.1E-06 6.8E-06 4.6E-06 8.6E-07 1.6E-09
Resp. organics DALY 3.7E-06 5.3E-08 8.0E-07 5.8E-07 4.4E-07 1.7E-06 5.6E-08 8.8E-10
Resp. inorganics DALY 5.2E-04 1.0E-04 7.9E-05 7.1E-05 1.2E-04 1.3E-04 1.5E-05 1.5E-06
Climate change DALY 2.8E-04 6.8E-05 4.4E-05 3.0E-05 7.1E-05 5.2E-05 9.0E-06 1.0E-06
Radiation DALY 1.5E-06 4.1E-09 1.9E-07 4.3E-07 4.4E-07 4.2E-07 5.6E-08 0.0E+00
Ozone layer DALY 3.7E-07 1.0E-09 6.6E-09 6.4E-09 3.6E-08 3.2E-07 4.5E-09 3.4E-14
Ecotoxicity PAF*m2yr 1.5E+02 9.7E-01 2.4E+01 3.0E+01 7.0E+01 2 . 1 E+ 0 1 8.9E+00 6.8E-03
Acidification/ Eutrophication PDF*m2yr 1.9E+01 5.6E+00 2.4E+00 2.0E+00 3.6E+00 5.1 E+00 4.6E-01 7.3E-02
Land use PDF*m2yr 9.6E+00 2.5E-01 8.6E-01 1.0E+00 2.5E+00 4.7E+00 3.1E-01 1.8E-03
Minerals MJ surplus 2.3E+01 2.8E-01 5.5E+00 7.1E+00 7.8E+00 1.3E+00 9.9E-01 5.5E-03
Fossil fuels MJ surplus 6.7E+03 4.1È+02 1.0E+03 5.5E+02 1.5E+03 3.0E+03 1.9E+02 7.6E+00



Table A14 Results o f the impact assessment from microemulsion stage (Scenario IV) o f 1 ton o f microemulsion biofuel production
by using Eco-indicator 99 (H) V2.03 / Europe El 99 H/A

Impact category Unit Total CPO Ethanol Surfactant Cosurfactant Diesel Electricity
Carcinogens DALY 2.0E-05 5.8E-08 5.5E-06 5.3E-06 6.0E-06 3.4E-06 1.6E-09
Resp. organics DALY 3.1E-06 2.1E-08 8.8E-07 5.1E-07 3.9E-07 1.3E-06 8.8E-10
Resp. inorganics DALY 4.0E-04 5.0E-05 8.7E-05 6.2E-05 1.0E-04 9.6E-05 1.5E-06
Climate change DALY 2.1E-04 3.6E-05 4.9E-05 2.6E-05 6.2E-05 3.8E-05 1.0E-06
Radiation DALY 1.3E-06 1.3E-09 2.1E-07 3.8E-07 3.9E-07 3.1E-07 0.0E+00
Ozone layer DALY 2.8E-07 4.3E-10 7.2E-09 5.6E-09 3.1E-08 2.3E-07 3.4E-14
Ecotoxicity PAF*m2yr 1.3E+02 2.7E-01 2.6E+01 2.6E+01 6.1E+01 1.5E+01 6.8E-03
Acidification/ Eutrophication PDF*m2yr 1.5E+01 3.4E+00 2.6E+00 1 .8 E+ 0 0 3.2E+00 3.7E+00 7.3E-02
Land use PDF*m2yr 7.5E+00 7.1E-02 9.5E-01 8.7E-01 2.2E+00 3.5E+00 1.8E-03
Minerals MJ surplus 2.0E+01 2.9E-02 6.0E+00 6.2E+00 6.9E+00 9.2E-01 5.5E-03
Fossil fuels MJ surplus 5.3E+03 1.4E+02 1.1E+03 4.8E+02 1.3E+03 2.2E+03 7.6E+00
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Appendix B Normalization Data
Table B1 Results of the impact assessment from cultivation stage of 1 ton of microemulsion biofuel production by using CML 2 base 
line 2000 V2.03/ the Netherlands, 1997

Im p a c t  c a te g o ry U n i t T o ta l N p 20 s k 2o D ie se l G ly p h o s a te P a ra q u a te

abiotic depletion 8.5E-12 3.2E-10 6.9E-13 1.2E-10 2.5E-10 7.3E-11 2.4E-11
global warming (GWP100) 5.6E-12 7.7E-10 6.5E-13 1.0E-10 4.5E-11 4.8E-11 1.6E-11
ozone layer depletion (ODP) 1.4E-14 0.0E+00 0.0E+00 0.0E+00 1.4E-11 1.5E-12 6.4E-13
human toxicity 2.0E-13 3.8E-12 2.1E-14 1.3E-12 1.6E-11 3.0E-11 1.2E-11
fresh water aquatic ecotox. 8.3E-13 1.5E-13 4.9E-15 3.5E-13 6.4E-11 1.2E-10 4.1E-11
marine aquatic ecotoxicity 1.5E-11 2.8E-15 5.5E-18 1.1E-15 5.5E-10 2.4E-09 ■ ■ 7.'4E-10
terrestrial ecotoxicity 1.2E-12 1.4E-13 4.6E-15 3.3E-13 3.8E-11 2.3E-10 8.0E-11
photochemical oxidation 2.0E-?3 6.1E-11 5.0E-13 8.0E-12 2.0E-11 1.7E-11 6.4E-12
acidification 2.3E-12 8.7E-10 3.9E-12 5.3E-11 5.6E-11 1.0E-10 4.0E-11
eutrophication 8.5E-13 1.9E-10 3. IE -13 1.2E-11 1.1E-11 7.7E-12 2.8E-12



Table B2 Results o f the impact assessm ent from extraction stage o f 1 ton o f microemulsion biofuel production by using CML 2 base­
line 2000 V2.03/ the Netherlands, 1997

Impact category Unit Total FFB Water Diesel Electricity
abiotic depletion 5.16E-12 4.72E-12 1.76E-15 1.62E-13 2.72E-13
global warming (GWP100) 5.11 E-12 4.99E-12 1.37E-15 1.2 IE -14 1.03E-13
ozone layer depletion (ODP) 4.43E-16 0 6.15E-18 4.36E-16 2.66E-20
human toxicity 2.4 IE-14 1.59E-14 1.57E-15 6.29E-15 2.97E-16
fresh water aquatic ecotox. 3.4E-14 1.86E-15 1.4 IE -14 1.81 E-14 3.69E-17
marine aquatic ecotoxicity 5.06E-13 1.62E-17 4.9E-14 4.57E-13 8.31E-16
terrestrial ecotoxicity 1.23E-14 1.63E-15 1.69E-15 8.64E-15 3.66E-16
photochemical oxidation 1.28E-13 1.22E-13 9.98E-17 3.54E-15 2.87E-15
acidification 1.98E-12 1.92E-12 4.73E-16 1.99E-14 3.94E-14
eutrophication 7.83E-13 7.68E-13 1.94E-16 4.7E-15 1.06E-14



Table B3 Results o f the impact assessment from refining stage o f 1 ton o f microemulsion biofuel production by using CML 2 baseline
2000 V2.03/ the Netherlands, 1997

Impact category Unit Total CPO Phosphoric acid Bentonite Diesel Electricity
abiotic depletion 1.49E-10 5.09E-12 2.39E-14 2.36E-14 1.3E-10 1.44E-11
global warming 2.28E-11 5.04E-12 1.35E-14 1.32E-14 1.22E-11 5.44E-12
ozone layer depletion 5.57E-13 4.93E-16 4.57E-17 6.82E-16 5.56E-13 1.4 IE -18
human toxicity 2.47E-12 2.64E-14 1.28E-14 7.18E-15 2.41E-12 1.57E-14
fresh water aquatic ecotox. 1.16E-11 2.5 IE-14 5.02E-13 2.88E-14 1.1E-11 1.95E-15
marine aquatic ecotoxicity 1.12E-10 5.71 E-13 2.77E-12 4.9E-13 1.08E-10 4.41E-14
terrestrial ecotoxicity 6.26E-12 1.83E-14 1.71 E-14 4.33E-14 6.16E-12 - 1.94E-14
photochemical oxidation 1.98E-12 1.34E-13 6.49E-15 3.85E-15 1.68E-12 1.52E-13
acidification 9.58E-12 1.98E-12 4.97E-14 3.02E-14 5.44E-12 2.09E-12
eutrophication 3.44E-12 7.76E-13 5.87E-14 1.4E-15 2.04E-12 5.63E-13



Table B4 Results o f the impact assessment from microemulsion stage (Scenerio I) o f 1 ton o f microemulsion biofuel production by
using CML 2 baseline 2000 V2.03/ the Netherlands, 1997

Impact category Unit Total Palm olein Ethanol Surfactant Cosurfactant Diesel Electricity
abiotic depletion 1.38E-10 2.491E-11 2.50284E-11 1.476E-11 2.8822E-11 4.4E-11 2.891E-13
global warming (GWP100) 3.24E-11 1.264E-11 5.20663E-12 3.708E-12 6.5391E -12 4.2E-12 1.09 IE -13
ozone layer depletion (ODP) 2.28E-13 1.503E-15 5.85816E-15 6.036E-15 2.4889E-14 1.9E-13 2.825E-20
human toxicity 3.6 IE -12 7.523E-14 6.85824E-13 1.094E-12 9.3736E-13 8.2E-13 3.156E-16
fresh water aquatic ecotox. 1.71 E -11 7.267E-13 3.60245E-12 4.805E-12 4.2162E-12 3.8E-12 3.918E-17
marine aquatic ecotoxicity 1.91 E -10 4.947E-12 3.59953E-11 5.571E-11 5.6993E-11 3.7E-11 8.839E-16
terrestrial ecotoxicity 6.54E-12 1.268E-13 8.75467E-13 2.03 IE -12 1.4078E-12 2.1E-12 3.887E-16
photochemical oxidation 4.38E-12 3.591 E -13 2.56675E-12 3.835E-13 4.9701E-13 5.7E-13 3.052E-15
acidification 1.35E-11 4.988E-12 2.05729E-12 1.905E-12 2.6276E-12 1.9E-12 4.191 E -14
eutrophication 5.96E-12 1.646E-12 1.96359E-12 4 .113E-13 1.2328E-12 7E-13 1.129E-14



Table B5 Results o f the impact assessment from microem ulsion stage (Scenerio II) o f 1 ton o f microemulsion biofuel production by
using CML 2 baseline 2000 V2.03/ the Netherlands, 1997

Impact category Unit Total Palm olein Bioethanol Biodiesel(FAME) Cosurfactant Diesel Electricity
abiotic depletion 1.2E-10 2.3E-11 1.2E-11 1.9E-12 3.8E-11 4.3E-11 2.9E-13
global warming (GWP100) 2.4E-11 1.2E-11 1.0E-12 -1.7E-12 8.7E-12 4.1E-12 1.1E-13
ozone layer depletion (ODP) 2.5E-13 1.4E-15 2.5E-14 3.4E-15 3.3E-14 1.9E-13 2.8E-20
human toxicity 7.5E-12 7.0E-14 4.7E-12 6.4E-13 1.2E-12 8.0E-13 3.2E-16
fresh water aquatic ecotox. 6.0E-10 6.8E-13 5.4E-10 4.6E-11 5.6E-12 3.7E-12 3.9E-17
marine aquatic ecotoxicity 2.9E-10 4.6E-12 1.6E-10 1.3E-1 1 7.6E-11 3.6E-11 8.9E-16
terrestrial ecotoxicity 2.0E-09 1.2E-13 1.9E-09 1.6E-10 1.9E-12 2.1E-12 3.9E-16
photochemical oxidation 3.9E-12 3.4E-13 5.0E-13 1.9E-12 6.6E-13 5.6E-13 3. IE -15
acidification 1.9E-11 4.7E-12 7.5E-12 1.3E-12 3.5E-12 1.8E-12 4.2E-14
eutrophication 1.8E-11 1.5E-12 1.3E-11 1.4E-12 1.6E-12 6.8E-13 1.1E-14



Table B6 Results o f the impact assessm ent from microemulsion stage (Scenerio III) o f 1 ton o f microemulsion biofuel production by
using CML 2 baseline 2000 V2.03/ the Netherlands, 1997

Impact category Unit Total Palm olein Ethanol Surfactant Cosurfactant Diesel 1-butanol Electricity
abiotic depletion 1.51 E -10 1.423E-11 2.33764E-11 1.3 IE -11 3.4334E-11 6.2E-11 4.34E-12 2.91E-13
global warming (GWP100) 3.01 E -11 7.219E-12 4.86295E-12 3.293E-12 7.7896E-12 5.8E-12 9.847E-13 1.1E-13
ozone layer depletion (ODP) 3.09E-13 8.581E-16 5.47147E-15 5.36E-15 2.9649E-14 2.6E-13 3.748E-15 2.85E-20
human toxicity 4.06E-12 4.297E-14 6.40555E-13 9.718E-13 1.1166E-12 1.1E-12 1.412E-13 3.18E-16
fresh water aquatic ecotox. 1.9E-11 4.15E-13 3.36466E-12 4.267E-12 5.0225E-12 5.2E-12 6.349E-13 3.95E-17
marine aquatic ecotoxicity 2.14E-10 2.825E-12 3.36193E-11 4.947E-11 6.7892E-11 5.1E-11 8.583E-12 8.91 E -16
terrestrial ecotoxicity 7.51 E-12 7.243E-14 8.1768E-13 1.804E-12 1.677E-12 2.9E-12 2.12E-13 3.92E-16
photochemical oxidation 4.41E-12 2.05 IE -13 2.39733E-12 3.406E-13 5.9206E-13 8E-13 7.485E-14 3.08E-15
acidification 1.26E-11 2.849E-12 1.9215E-12 1.692E-12 3.13E-12 2.6E-12 3.957E-13 4.22E-14
eutrophication 5.78E-12 9.401E-13 1.83398E-12 3.653E-13 1.4686E-12 9.7E-13 1.857E-13 1.14E-14



Table B7 Results o f the impact assessment from microemulsion stage (Scenerio IV) o f 1 ton o f microemulsion biofuel production by
using CML 2 baseline 2000 V2.03/ the Netherlands, 1997

Impact category Unit Total CPO Ethanol Surfactant Cosurfactant Diesel Electricity
abiotic depletion 1.2E-10 3.7E-12 2.6E-11 1.1E-11 3.0E-11 4.5E-11 2.9E-13
global warming (GWP100) 2.3E-11 3.7E-12 5.3E-12 2.9E-12 6.8E-12 4.3E-12 1.1E-13
ozone layer depletion (ODP) 2.3E-13 3.6E-16 6.0E-15 4.7E-15 2.6E-14 1.9E-13 2.8E-20
human toxicity 3.4E-12 1.9E-14 7.0E-13 8.5E-13 9.8E-13 8.4E-13 3.2E-16
fresh water aquatic ecotox. 1.6E-11 1.8E-14 3.7E-12 3.7E-12 4.4E-12 . 3.8E-12 3.9E-17
marine aquatic ecotoxicity 1.8E-10 4.2E-13 3.7E-11 4.3E-11 5.9E-11 3.8E-11 8.9E-16
terrestrial ecotoxicity 6 .IE -I3 1.3E-14 9.0E-13 1.6E-12 1.5E-12 2.1E-12 3.9E-16
photochemical oxidation 4. IE -12 9.8E-14 2.6E-12 3.0E-13 5.2E-13 5.9E-13 3. IE -15
acidification 9.7E-12 1.4E-12 2.1E-12 1.5E-12 2.7E-12 1.9E-12 4.2E-14
eutrophication 4.9E-12 5.7E-13 2.0E-12 3.2E-13 1.3E-12 7.1E-13 1.1E-14



Table B8 Results o f the impact assessment from cultivation o f 1 ton o f microemulsion biofuel production by using Eco-indicator 99
(H) V2.03 / Europe El 99 H/A

i
Impact category Unit Total N p205 k 2o Diesel Glyphosate Paraquate

Carcinogens 8.9E-05 3.7E-07 9.0E-10 1.5E-07 1.3E-05 5.8E-05 1.8E-05
Resp. organics 7.3E-06 1.2E-06 6.8E-09 5.0E-07 5.1E-06 4.1E-07 1.7E-07
Resp. inorganics 5.4E-03 3.8E-03 1.5E-05 5.5E-04 3.8E-04 4.9E-04 1.8E-04
Climate change 3.6E-03 2.8E-03 2.2E-06 3.6E-04 1.5E-04 1.6E-04 5.4E-05
Radiation 9.9E-06 0.0E+00 0.0E+00 0.0E+00 1.2E-06 7.3E-06 1.3E-06
Ozone layer 1.1E-06 0.0E+00 0.0E+00 0.0E+00 9.2E-07 1.0E-07 4.3E-08
Ecotoxicity 1.5E-04 1.1E-09 5.2E-12 5.2E-10 1.8E-05 9.0E-05 3.7E-05
Acidification/ Eutrophication 1.0E-03 8.6E-04 1.7E-06 5.3E-05 4.4E-05 3.3E-05 1.2E-05
Land use 7.3E-05 0.0E+00 0.0E+00 0.0E+00 4.1E-05 2.3E-05 9.2E-06
Minerals 5. IE-05 0.0E+00 0.0E+00 0.0E+00 6.7E-06 3.6E-05 8.1E-06
Fossil fuels 4.2E-02 1.6E-02 3.4E-05 5.7E-03 1.6E-02 3.2E-03 1.2E-03



Table B9 Results o f the impact assessm ent from extraction o f 1 ton o f microemulsion biofuel production by using Eco-indicator 99
(H) V2.03 /  Europe El 99 H/A

Impact category Unit Total FFB Water Diesel Electricity
Carcinogens 3.0E-06 5.2E-07 9. IE-07 1.5E-06 9.9E-08
Resp. organics 1.8E-06 1.7E-06 2.3E-09 1.3E-07 5.3E-08
Resp. inorganics 4.5E-03 4.4E-03 2.8E-06 3.6E-05 9.2E-05
Climate change 3.2E-03 3.2E-03 8.2E-07 7.2E-06 6.2E-05
Radiation 1.1E-07 0.0E+00 1.7E-08 8.9E-08 O.OE+OO
Ozone layer 3.5E-08 O.OE+OO 4.8E-10 3.4E-08 2.1E-12
Ecotoxicity 2.9E-06 1.6E-09 1.1E-06 1.7E-06 1.2E-07
Acidification/ Eutrophication 9.3E-04 9.1E-04 1.5E-07 3.0E-06 1.3E-05
Land use 8.0E-06 0.0E+00 2.1E-07 7.5E-06 3.3E-07
Minerals 3.0E-06 O.OE+OO 1.8E-06 5.3E-07 6.1E-07
Fossil fuels 2.4E-02 2.2E-02 5.7E-06 9.2E-04 8.4E-04



Table BIO Results o f the impact assessment from refining o f 1 ton o f microemulsion biofuel production by using Eco-indicator 99 (H)
V2.03 / Europe El 99 H/A

Impact category Unit Total CPO Phosphoric acid Bentonite Diesel Electricity
Carcinogens 0.0007 0.0000 0.0001 0.0000 0.0006 0.0000
Resp. organics 0.0002 0.0000 0.0000 0.0000 0.0002 0.0000
Resp. inorganics 0.0275 0.0045 0.0001 0.0000 0.0180 0.0049
Climate change 0.0137 0.0032 0.0000 0.0000 0.0072 0.0033
Radiation 0.0001 0.0000 0.0000 0.0000 0.0001 0.0000
Ozone layer 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ecotoxicity 0.0009 0.0000 0.0000 0.0000 0.0008 0.0000
Acidification/ Eutrophication 0.0037 0.0009 0.0000 0.0000 0.0021 0.0007
Land use 0.0020 0.0000 0.0000 0.0000 0.0019 0.0000
Minerals 0.0004 0.0000 0.0000 0.0000 0.0003 0.0000
Fossil fuels 0.8078 0.0235 0.0001 0.0001 0.7395 0.0446



Table B l l  Results o f the impact assessment from microemulsion stage (Scenario I ) o f 1 ton o f microemulsion biofuel production by
using Eco-indicator 99 (H) V2.03 / Europe El 99 H/A

Impact category Unit Total Palm olein Ethanol Surfactant Cosurfactant Diesel Electricity
Carcinogens 0.0016 0.0001 0.0004 0.0005 0.0004 0.0002 0.0000
Resp. organics 0.0002 0.0000 0.0001 0.0000 0.0000 0.0001 0.0000
Resp. inorganics 0.0355 0.0111 0.0055 0.0057 0.0072 0.0059 0.0001
Climate change 0.0198 0.0075 0.0031 0.0024 0.0043 0.0024 0.0001
Radiation 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ozone layer 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ecotoxicity 0.0028 0.0000 0.0005 0.0007 0.0013 0.0003 0.0000
Acidification/ Eutrophication 0.0042 0.0019 0.0005 0.0005 0.0007 0.0007 0.0000
Land use 0.0016 0.0001 0.0002 0.0002 0.0004 0.0006 0.0000
Minerals 0.0028 0.0001 0.0007 0.0010 0.0009 0.0001 0.0000
Fossil fuels 0.7086 0.0823 0.1333 0.0810 0.1675 0.2437 0.0009



Table B12 Results o f the impact assessment from microemulsion stage (Scenario II ) o f 1 ton o f microemulsion biofuel production by
using Eco-indicator 99 (H) V2.03 / Europe El 99 H/A

Impact category Unit Total Palm olein Bioethanol Biodiesel (FAME) Cosurfactant Diesel Electricity
Carcinogens 0.0838 0.0001 0.0824 0.0005 0.0005 0.0002 0.0000
Resp. organics 0.0002 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000
Resp. inorganics 0.0559 0.0108 0.0196 0.0108 0.0087 0.0060 0.0001
Climate change 0.0148 0.0073 0.0009 -0.0010 0.0052 0.0024 0.0001
Radiation 0.0001 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000
Ozone layer 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ecotoxicity 0.0222 0.0000 0.0205 -0.0001 0.0015 0.0003 0.0000
Acidification/ Eutrophication 0.0074 0.0018 0.0035 0.0006 0.0008 0.0007 0.0000
Land use 0.7634 0.0001 0.7289 0.0332 0.0005 0.0006 0.0000
Minerals 0.0033 0.0001 0.0019 0.0002 0.0010 0.0001 0.0000
Fossil fuels 0.5928 0.0797 0.0540 0.0087 0.2026 0.2469 0.0009

ft
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Table B13 Results o f the impact assessment from microemulsion stage (Scenario III ) o f 1 ton o f microemulsion biofuel production by
using Eco-indicator 99 (H) V2.03 / Europe El 99 H/A

Impact category Unit Total Palm olein Ethanol Surfactant Cosurfactant Diesel 1-butanol Electricity
Carcinogens 0.0016 0.0001 0.0003 0.0004 0.0004 0.0003 0.0001 0.0000

Resp. organics 0.0002 0.0000 0.0001 0.0000 0.0000 0.0001 0.0000 0.0000

Resp. inorganics 0.0337 0.0066 0.0052 0.0046 0.0077 0.0085 0.0010 0.0001

Climate change 0.0180 0.0045 0.0029 0.0020 0.0046 0.0034 0.0006 0.0001

Radiation 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Ozone layer 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Ecotoxicity 0.0030 0.0000 0.0005 0.0006 0.0014 0.0004 0.0002 0.0000

Acidification/ Eutrophication 0.0038 0.0011 0.0005 0.0004 0.0007 0.0010 0.0001 0.0000

Land use 0.0019 0.0000 0.0002 0.0002 0.0005 0.0009 0.0001 0.0000

Minerals 0.0027 0.0000 0.0007 0.0008 0.0009 0.0001 0.0001 0.0000

Fossil fuels 0.7944 0.0486 0.1241 0.0655 0.1811 0.3514 0.0229 0.0009

ft

oo



Table B14 Results o f the impact assessment from microemulsion stage (Scenario IV ) o f 1 ton o f microemulsion biofuel production by
using Eco-indicator 99 (H) V2.03 / Europe El 99 H/A

Impact category Unit Total CPO Ethanol Surfactant Cosurfactant Diesel Electricity
Carcinogens 0.0013 0.0000 0.0004 0.0003 0.0004 0.0002 0.0000
Resp. organics 0.0002 0.0000 0.0001 0.0000 0.0000 0.0001 0.0000
Resp. inorganics 0.0261 0.0033 0.0056 0.0040 0.0068. 0.0063 0.0001
Climate change 0.0139 0.0023 0.0032 0.0017 0.0041 0.0025 0.0001
Radiation นoo©Ô 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ozone layer 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Ecotoxicity 0.0025 0.0000 0.0005 0.0005 0.0012 0.0003 0.0000
Acidification/ Eutrophication 0.0029 0.0007 0.0005 0.0003 0.0006 0.0007 0.0000
Land use 0.0015 0.0000 0.0002 0.0002 0.0004 0.0007 0.0000
Minerals 0.0024 0.0000 0.0007 0.0007 0.0008 0.0001 0.0000
Fossil fuels 0.6277 0.0172 0.1361 0.0573 0.1586 0.2577 0.0009



Appendix c Inventory Data
Table c L ife  cy c le  in v e n to ry  fo r th e  p ro d u c tio n  o f  1 to n  o f  M E  b io fu e l

Life Cycle Biofuel Production SI SII S ill SIV Reference
In p u t

(a) O il p a lm  p la n ta tio n
©

N -fe rtiliz e r(k g ) 2 1 .2 6 2 0 .6 2 12 .54 2 1 .8 9 F e rtiliz e r  N  (P lean ja i, 2 0 0 9 )

P 2 0 5 (k g ) 0 .1 4 0.13 0 .08 0 .14 F e rtiliz e r  P2O 5 (P lean ja i, 20 09 )

K 2 0 - fe r til iz e r(k g ) 3 9 .3 4 3 8 .1 6 23.21 4 0 .5 2 F e rtiliz e r  K 2O  (P lean ja i, 20 0 9 )

G ly p h o sa te (k g ) 0 .75 0.73 0 .44 0 .77 G ly p h o sa te , a t re g io n a l s to re h o u se / R E R  ร (P le a n ja i, 2 0 0 9 )

P araq u a t(k g ) 0 .2 7 0 .26 0 .16 0 .28
B ip y rid y liu m -c o m p o u n d , at reg io n a l s to re h o u se /R E R  ร 
(P lean ja i, 20 0 9 )

D iese l u sed  (fo r  F F B  tran sp o rt)  
(kg)

18 .12 18 .12 18.12 18.12 D iese l, lo w  su lp h u r, a t re f in e ry / C H  ร (P le a n ja i, 2 0 0 9 )

(b) C rude p a lm  o il p rod u ction



Life Cycle Biofuel Production SI SII S ill SIV Reference
F F B (k g ) 2 7 2 6 .1 3 2 6 4 4 .3 5 1608 .4 2808 (P lean ja i, 2 0 0 9 )

E le c tr ic ity (k W h ) 6 .9 6 6 .7 7 4 .12 7 .19 E lec tric ity  T h a ila n d  B ase  2 0 0 7  (K a e w m a i, 20 1 2 )

W ate r  fo r b o ile r  (kg ) 2 2 6 9 .9 3 2 2 0 1 .8 3 1339 .26 2338
W ater, c o m p le te ly  so ften ed , at p la n t/R E R  ร (K aew m ai, 
2 0 1 2 )

D iese l fo r s ta rtin g  tu rb in e  (kg ) 1.08 1.05 0 .6 4 1 . 1 1 D iese l, lo w -su lp h u r , a t re f in e ry /R E R  ร (K aew m ai, 20 12 )

(  c )  C rude p a lm  o il re fin in g

C P O  (kg) 4 4 4 .3 6 43 1 .0 3 2 6 2 .1 7 4 5 7 .6 9 (P lean ja i, 2 0 0 9 )

W ate r  (kg) 52 .58 51 31 54 .16
W ater, c o m p le te ly  so ften ed , a t p la n t/R E R  ร (A rp o m p o n g , 
20 13 )

P h o sp h o ric  ac id  (kg) 0.41 0 .39 0 .2 4 0 .42
P h o sp h o ric  a c id , in d u s tria l g rad e , 8 5 %  in  H 2 0 ,  at 
p la n t/R E R  ร (A rp o m p o n g , 2 0 1 3 )

B en to n ite  (kg) 4 .1 4 4 .02 2 .4 4 4 .2 6 B en to n ite  E T H  ร (A rp o m p o n g , 2 0 1 3 )

E le c tr ic ity  (k w h ) 369.1 35 7 .4 5 21 7 .9 5 - E le c tr ic ity  T h a ila n d  B ase  2 0 0 7  (A rp o m p o n g , 2 0 1 3 )

D iese l u sed  (kg) 
( fo r  tra n sp o rt)

8 6 4 .8 7 86 4 .8 7 8 6 4 .8 7 86 4 .8 7 D iese l, lo w -su lp h u r , a t re fin e ry /C H  ร (P lean ja i, 20 09 )



Life Cycle Biofuel Production SI SU SIII SIV Reference

(  d  )  M E  b io fu e l p rod u ction

R efin ed  p a lm  o il (kg) 31 5 .5 3 0 5 .5 4 * 186 .3** - P a lm  o le in  (A rp o m p o n g , 20 1 3 )

R B D P O  (k g ) - - - 3 2 4 .6 8 C ru d e  p a lm  oil (M a n a p h a ti, 20 1 5 )

E th a n o l(k g ) 184 .6 - 171 .92** 188.52* E th an o l from  e th y len e , a t p la n t/R E R  ร (A rp o m p o n g , 2 0 1 3 )

B io e th a n o l(k g ) - 189 .76 - -
E th an o l, 9 5 %  in  H 2 0 ,  f ro m  rye , at d is til le ry /R E R  ร (M a n a ­
p h a ti, 2 0 1 5 )

S u rfac tan t (k g ) 75 .2 - 6 0 .8 4 * * 53 .19*
E th o x y la te d  a lco h o ls  (A E 7 ), p e tro c h e m ic a l, at p la n t/R E R  ร 
(A rp o m p o n g , 20 13 )

B io d ie se l(F A M E )(k g )
- 47.11 - -

P a lm  m eth y l e s te r, p ro d u c tio n  M Y , at se rv ice  S ta tio n /C H  ร 
(M a n a p h a ti, 20 15 )

C o su rfa c ta n t (k g )
139 .6 168 .89* 150 .93** 132.2*

1-b u ta n o l, p ro p y len e  h y d ro fo rm y la tio n , at p la n t/R E R  ร 
(A rp o m p o n g  et a l ,  2 0 1 4 )

l-b u ta n o l(k g )
- - 19 .08 -

1-b u ta n o l, p ro p y len e  h y d ro  fo rm y la tio n , at p la n t/R E R  ร 
(A p ic h a ty o th in ,2 0 15)

D iese l (kg ) 285 28 8 .7 * 4 1 0 .9 3 * * 30 1 .4 * D iese l, lo w -su lp h u r, a t re fin e ry /C H  ร (A rp o m p o n g , 2 0 1 3 )



Life Cycle Biofuel Production SI SII S ill SIV Reference
E le c tr ic i ty  fo r m ix in g  (k W h )

7 .46 7 .46 7 .46 7 .46
E lec tric ity  T h a ila n d  B ase  2 0 0 7  (A rp o m p o n g , 2 0 1 3 )

O u tp u t

(a) O il p a lm  p la n ta tio n

f f b  (kg ) 2 7 2 6 .1 3 2 6 4 4 .3 5 1608 .4 2 8 0 8 (A rp o m p o n g , 2 0 1 3 )

(b) C rude p a lm  oil p ro d u c tio n

Product
C P O (k g ) 4 4 4 .3 6 4 3 1 .0 3 2 6 2 .1 7 4 5 7 .6 9 (A rp o m p o n g , 2 0 1 3 )

Coproduct
P a lm  k e rn e l (kg) 142 .08 137 .82 83 .83 14 6 .3 4 (A rp o m p o n g , 2 0 1 3 )

Solid waste
D e c a n te r  cak e  (kg) 9 3 .2 4 9 0 .4 4 55.01 9 6 .0 4 (K a e w m a i, 2 0 1 2 )

S h e ll (kg ) 159 .84 15 5 .0 4 94 .31 164 .64 (K a e w m a i, 2 0 1 2 )



Life Cycle Biofuel Production SI SII S ill SIV Reference
F ib e r (k g ) 168 .72 163.66 9 9 .5 4 173 .78 (K aew m ai, 2 0 1 2 )

E m p ty  b u n c h e s  (kg ) 5 8 1 .6 4 5 6 4 .1 9 3 4 3 .1 7 5 9 9 .0 9 (K a e w m a i, 2 0 1 2 )

Liquid waste
P a lm  o il m ill e f f lu e n t (m 3) 1.52 1.47 0 .89 0 . 6 8 (K aew m ai, 20 1 2 )

( c )  C rude p a lm  o il re fillin g

P a lm  o le in (k g ) 31 5 .5 3 0 5 .5 4 186.3 3 2 4 .6 8 (P ap o n g  e t  a l ,  2 0 0 9 )

P a lm  s te a rin (k g ) 128 .86 124 .99 76 .03 132.73 (P ap o n g  e t  a l ,  2 0 0 9 )

(d) M E  b io fu e l p ro d u c tio n

M E  b io fu e l (kg ) 1 0 0 0 1 0 0 0
0

1 0 0 0 1 0 0 0 (A rp o m p o n g , 20 13 )
* (Manaphati, 2015)
** (Apichatyothin, 2015)
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Appendix I) Inventory Data Calculation 
Cultivation
S c e n a r i o  I  ( I n p u t  d a t a )

R efe ren ce : P lean ja i, ร . and G h eew ala , S .H . (2 0 0 9 )  F u ll th a in  energy  an a ly s is  o f  
b io d iese l p ro d u c tio n  from  palm  o il in  T h a ilan d . A p p lied  E nergy , 86(1), 2 0 9 -2 1 4 .

N  fe rtiliz e r= 7 .7 9  k g /to n  FFB

1000kg  o f  F F B -> 7 .7 9 k g  N

2 7 2 6 .1 3 k g  o f  F F B -> 2 1 ,2 6 k g  N #

P 2O 5 f e r t i l i z e r  0 .05k g /ton  F F B

1000kg  o f  F F B -} 0 .0 5 k g  P 2 0 5

2 7 2 6 .1 3 k g  o f  F F B -> 0 .1 4  kg  P 2 0 5 #

K 2Ô  f e r t i l i z e r  14.41 kg /ton  FFB

10 0 0 k g  o f  F F B -}  14.41 kg K 2 0

2 7 26 .13  kg  o f  F F B -> 3 9 .3 4 k g  K 2 0 #

G ly p h o sa te = 0 .2 8 k g /to n  FFB

1000kg  o f  F F B -> 0 .2 8 k g  G ly p h o sa te

2 7 2 6 .1 3 k g  o f  F F B -> 0 .7 5  kg  G ly p h o sa te#

P a raq u a te  =0.1 k g /to n  FFB

1000kg  o f F F B ^ O . l k g  p a raq u a te

2 7 2 6 .1 3 k g  o f  F F B -> 0 .2 7 k g  p a raq u a te#

D iese l d en s ity = 0 .8 5 k g /L

F uel c o m su m p tio n = l ,6 km /L  o f  d iesel

1 .6 k m ->  1 L o f  d iesel

3 4 k m -> 2 1 .2 5 L

lL -> 0 .8 5 k g



2 1 .2 5 L -> 1 8 k g #

S c e n a r i o  I  ( o u t p u t  d a t a )

F F B  1 to n = 0 .1 6 3 to n  C PO

163kg  C P O -*  1000kg FFB  

4 4 4 .3 6 k g  C P 0 ^ 2 7 2 6 .1 3 k g  F F B #

S c e n a r i o  I I  ( i n p u t  d a t a )

R efe re n c e :P le a n ja i, ร ., FI, ร ., &  G h eew a la . (2 0 0 9 ). Full c h a in  energy  an a ly sis  o f  
b io d iese l p ro d u c tio n  from  palm  oil in T h a ilan d . A p p lie d  E nergy , ร 2 0 9 -S 2 1 4 .

N  fe rtiliz e r= 7 .7 9  kg /ton  FFB

10 00 kg  o f  F F B -> 7 .7 9 k g  N

2 6 4 4 .3 5 k g  o f  F F B -> 2 0 .6 2 k g  N #

P 2O 5 f e r t i l i z e r  0 .0 5 k g /to n  F F B

10 00 kg  o f  F F B ^ 0 .0 5 k g  P 2 0 5

2 6 4 4 .3 5 k g  o f  F F B -> 0 .1 3  kg  P 2 0 5 #

K.2O  f e r t i l i z e r  14.41 k g /ton  FFB

10 0 0 k g  o f  F F B ->  14.41 kg  K 2 0

2 6 4 4 .3 5 k g  o f  F F B -> 3 8 .1 6 k g  K 2 0 #

G ly p h o sa te = 0 .2 8 k g /to n  FFB

10 00 kg  o f  F F B -> 0 .2 8 k g  G ly p h o sa te

2 6 4 4 .3 5 k g  o f  F F B -> 0 .7 3 k g  G ly p h o sa te#

P a raq u a te  =0.1 k g /to n  FFB

10 00 kg  o f  F F B -> 0 .1 k g  p a raq u a te

2 6 4 4 .3 5 k g  o f  F F B -> 0 .2 6 k g  p a raq u a te#

D iese l d en s ity = 0 .8 5 k g /L
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F u e l c o m su m p tio n = 1 .6 k m /L  o f  d iese l 

1 .6 k m - > l L o f  d iesel 

3 4 k m ->  - 21 .25 L

lL -> 0 .8 5 k g  

2 1 .2 5 L -> 1 8 k g #

S c e n a r i o  I I  ( o u t p u t  d a t a )

F F B  1 to n = 0 .1 6 3 to n  C P O

163kg  C P O ^  1000kg FFB

43 1 .0 3  kg C P O -> 2 6 4 4 .3 5 k g  F F B #

S c e n a r i o  I I I  ( i n p u t  d a t a )

R efe ren ce : P lean ja i, ร . and  G h eew ala , S .H . (2 0 0 9 ) F u ll ch a in  energy  a n a ly s is  o f  
b io d ie se l p ro d u c tio n  from  palm  oil in T h a ilan d . A p p lie d  E nergy , 86(1), 2 0 9 -2 1 4 .

N  fe rtiliz e r= 7 .7 9  kg /ton  FFB

10 00 kg  o f  F F B -> 7 .7 9 k g  N

1608 .4  kg  o f  F F B ->  12 .54kg  N #

P 2O 5 f e r t i l i z e r  0 .0 5 k g /to n  FFB

1000kg  o f  F F B -> 0 .0 5 k g  P 2 0 5

1608 .4  kg  o f  F F B -* 0 .0 8 k g  P 2 0 5 #

K ? 0  f e r t i l i z e r  14.41 k g /ton  F F B

1000kg  o f  F F B ->  14 .41kg  K 2 0

1608 .4  kg  o f  F F B ^ 2 3 .2 1 k g  K 2 0 #

G ly p h o sa te = 0 .2 8 k g /to n  FFB

1000kg  o f  F F B -> 0 .2 8 k g  G ly p h o sa te

1608 .4  kg  o f  F F B ^ 0 .4 4 k g  G ly p h o sa te#
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P a raq u a te  = 0 .1k g /ton  FFB

1000kg o fF F B -> 0 .1 k g  p a raq u a te

1608.4 kg o fF F B ->  0 .1 6 k g  p a raq u a te#  

D iese l den sity = 0 .85 kg /L  

F uel c o m su m p tio n = l .6 k m /L  o f  d iese l 

1 .6 k m -> lL  o f  d iesel 

3 4 k m -> 2 1 .25 L

lL -> 0 .8 5 k g  

2 1 .2 5 L -> 1 8 k g #

S c e n a r i o  I I I  ( o u t p u t  d a t a )

F F B  1 to n = 0 .1 6 3 to n  C P O

163kg C P O ->  1000kg FFB  

2 6 2 .1 7  kg C P O ^  1608 .4  kg F F B #

S c e n a r i o  I V  ( i n p u t  d a t a )

R eferen ce : P lean jai, ร . and  G h eew a la , S .H . (2 0 0 9 ) F ull cha in  en e rg y  a n a ly s is  o f  
b io d ie se l p rod uction  from  p a lm  oil in  T h a ilan d . A p p lied  E nergy , 8 6 (1 ), 2 0 9 -2 1 4 .

N  fe rtilize r= 7 .7 9  kg /ton  FFB

1000kg o f  F F B -> 7 .7 9 k g  N

28 08  kg  o f  F F B -> 2 1 .8 9  kg  N #

P 2O 5 f e r t i l i z e r  0 .0 5 k g /to n  FFB

10 0 0 k g .o f  F F B -> 0 .0 5 k g  P 2 0 5

2808kg. o f  F F B -» 0 .14 kg  P 2 0 5 #

K 2O f e r t i l i z e r  14.41 k g /to n  FFB

1000kg o f  F F B ->  14 .41 kg  K 2 0

๐
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2808kg o f  F F B ^ 4 0 .5 2 k g  K 2 0 #  

G ly p h o sa te= 0 .2 8 k g /to n  F F B

1000kg o f  F F B -> 0 .2 8 k g  G ly p h o sa te  

2808kg  o f F F B ^ 0 .7 7 k g  G ly p h o sa te#  

P a raq u a te  = 0 .1k g /ton  FFB

1000kg o f  F F B  -> 0.1 kg  p a raq u a te  

2808kg  o f  F F B ->  0 .2 8 k g  p a raq u a te#  

D iese l d en sity = 0 .85 kg /L  

F uel co m su m p tio n = l ,6 k m /L  o f  d iesel 

1.6 k m -> lL  o f  d iesel 

34km ->  2 1 .2 5 L

lL -> 0 .8 5 k g  

2 1 .2 5 L -> 1 8 k g #

S c e n a r i o  I V  ( o u t p u t  d a t a )

F F B  1 to n = 0 .1 6 3 to n  C P Ô

163kg C P O -3 G 0 0 0 k g  FFB  

45 7 .6 9  kg C P O ^ 2 8 0 8  kg  F F B #

Extraction
S c e n a r i o  /  ( i n p u t  d a t a )

R eferen ce : K aew m ai, R ., K ittik u n , H .A ., an d  M u sik av o n g , c. (2 0 1 2 )  G re e n h o u se  gas 
e m iss io n s  o f  pa lm  o il m ills  in T h a ilan d . In te rna tion a l Jo u rn a l o f  G re e n h o u se  G as 
C o n tro l, 11, 1 4 1 -1 5 1 .

F F B  = 0 .1 6 3 to n  C P O / 1 to n  o f  FFB

163kg C P O ^  10 00 kg  FFB  

44 4 .3 6k g  C P O -> 2 7 2 6 .1 3 k g  F F B #

o
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W ater= 5 .1 1m 3  H 2 0 /1  to n  o f C P O

4 4 4 .3 6 k g  C P O -> 2 .2 7 m 3  H 2 0  

w a te r  d en sitv = 9 99 .97k g /m 3

lm 3  H 2 0 ^ 9 9 9 .9 7 k g  H 2 0  

2 .27m 3 H 2 0 G > 2 2 6 9 .9 3 k g  H 2 0 #

D iese l= 2 .8 5 L / 1 to n  o f  C P O  

1000kg C P O -> 2 .8 5 L  

4 4 4 .3 6 k g  C P O -M .2 7 L  

D ie s e llL -> 0 .8 5 k g  d iesel 

1 .27L -»  1 .08kg d iese l#

E lec tric ity = 1 5 .6 7 k W h /l to n  C P O  

1000kg C P O -> 1 5 .6 7 k W h  

4 4 4 .3 6 k g  C P 0 ^ 6 .9 6 k W h #

S c e n a r i o  I  ( o u t p u t  d a t a )

R eference: K aew m ai, R ., K ittik u n , H .A ., an d  M u sikav on g , c. (2012) G re e n h o u se  gas 
em iss io n s  o f  palm  oil m ills  in  T h a ilan d . In te rna tion a l Jo u rn a l o f  G re e n h o u se  G as 
C o n tro l, 11, 1 4 1 -1 5 1 . *

C P O =  163kg C P O /to n  o f  FFB

1000 kg  F F B ->  163kg C P O

2 7 2 6 .1 3 k g  F F B -> 4 4 4 .3 6 k g  C P O #

P K (P alm  K ern e l)= 3 2 0  kg  P K / 1 to n  C P O

1000kg C P O -> 3 2 0  kg  P K

4 4 4 .3 6 k g  C P 0 ^ 1 4 2  kg  P K #

D C  (D ecan te r c ak e )= 2 1 0 k g  D C /1 to n  C P O

1000kg C P O ^ 2 1 0 k g  D C

4 4 4 .3 6 k g  C P O -> 9 3 k g  D C #

o
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S hell=  3 6 0k g  sh e ll/ 1 t o n o f C P O  

1000kg C P O -> 3 6 0 k g  Shell 

4 4 4 .3 6 k g  C P O ->  160 kg  S h e ll#

F ib er= 3 8 0 k g  fib e r/ 1 to n  C P O

1000kg C P O -> 3 8 0 k g  F ib er 

4 4 4 .3 6 k g  C P O ->  168kg  F ib e r#

E B (E m p ty  B u n c h e s)= 1 3 1 0 k g E B /l to n  C P O  

1000kg C P O ^  1310 kg  E B  

4 4 4 .3 6 k g  C P O ->  5 8 1 k g  E B #

P O M E  (P alm  O il M ill E ff lu e n t)=  3.43 m 3 P O M E /1 to n  C P O  

1000kg C P O ->  3.43 m 3 P O M E  

4 4 4 .3 6 k g  C P O O ’ 1.52 ทา3 P O M E #

S c e n a r i o  I I  ( i n p u t  d a t a )

R eferen ce: K ae w m ai, R ., K ittik u n , FI.A., and  M u sik av o n g , c. (2012) G re e n h o u se  gas 
em iss io n s  o f  p a lm  oil m ills  in T h a ilan d . In te rna tion a l Jo u rn a l o f  G re e n h o u se  G as 
C o n tro l, 11, 1ร่ 1 -1 5 1 .

FFB  = 0 .1 6 3 to n  C P O / 1 to n  o f  FFB

163kg CPOG> 1000kg  F F B

4 3 1 .0 3 k g  C P O -> 2 6 4 4 .3 5 k g  F F B #

W a te r - 5 .1 1 m 3 H 2 0 /1  to n  o f  C P O

1000kg C P O -> 5 .1  lm 3  H 2 0

4 3 1 .0 3 k g  C P O -> 2 .2 m 3  H 2 0

w ate r d en s ity = 9 9 9 .9 7 k g /m 3

lm 3  H 2 0 - * 9 9 9 .9 7 k g  H 2 0  

2 .2m 3 H 2 O -> 2 2 0 1 k g  H 2 0 #



101

D iese l= 2 .8 5 L / 1 ton  o f  C P O  

1000kg  C P O -> 2 .8 5 L  

4 3 1 .03kg  C P O -M .2 3 L  

D iese l 1L“> 0 .8 5 k g  d iese l 

1 .23L ->  1,0 5kg  d ie se l#

E lec tric ity =  15 ,6 7 k W h /1 to n  C P O  

1000kg  C P O -M 5 .6 7 k W h  

4 3 1 .0 3 k g  C P O -> 6 .7 7 k W h #

S c e n a r i o  I I  ( o u t p u t  d a t a )

R eferen ce : K ae w m ai, R ., K ittik u n , H .A ., and  M u sik av o n g , c. (2 0 1 2 ) G reen h o u se  gas 
em iss io n s  o f  p a lm  o il m ills  in T h a ilan d . In terna tion al Jo u rn a l o f  G re e n h o u se  G as 
C o n tro l, 11; 1 4 1 -1 5 1 .

C P O =  163kg C P O /to n  o f  F FB

1000 kg  F F B ->  163kg C P O

2 6 4 4 .3 5 k g  F F B -> 4 3 1,0 3 k g  C P O #

P K  (P a lm  K ern e l)= 3 2 0  kg  PK7 1 to n  C P O

10 00 kg  C P O -> 3 2 0  kg  P K

4 3 1 .0 3 k g  C P O ->  137 kg  P K #

D C  (D e c a n te r  c a k e )= 2 1 0 k g  D C /1 to n  C P O

10 00 kg  C P O -^ 2 1 0  kg  D C

4 3 1 .0 3 k g  C P O -> 9 0 k g  D C #

S h ell=  3 6 0 k g  sh e ll/ 1 to n  o f  C P O

10 00 kg  C P O -> 3 6 0 k g  Shell

4 3 1 .0 3 k g  C P O -> 1 5 5  kg  S he ll#

F ib e r= 3 8 0 k g  fib e r/ 1 to n  C P O

1000kg  C P O -> 3 8 0 k g  F ib e r
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4 3 1 .0 3kg  C P O ->  16 3 k g  F iber#

E B  (E m p ty  B u n c h e s)= 1 3 1 0 k g E B /l ton  C P O  

•1000kg  C P O -> 1 3 1 0  kg  EB 

4 3 1 .0 3 k g  C P O ->  5 6 4 k g  E B #

P O M E  (P a lm  O il M ill E fflu en t)=  3.43 m 3 P O M E / 1 to n  C P O  

1000kg  C P O -^  3.43 m 3 P O M E  

4 3 1 .0 3kg  C P O ^  1.47 m 3 P O M E #

S c e n a r i o  I I I  ( i n p u t  d a t a )

R eferen ce : K aew m ai, R ., K ittik u n , H .A ., and  M u sik av o n g , c. (2 0 1 2 ) G reen h o u se  gas 
e m iss io n s  o f  p a lm  oil m ills  in T hailand . In te rn a tio n a l Jo u rn a l o f  G reen h o u se  G as 
C o n tro l, 11, 1 4 1 -1 5 1 .

FFB  = 0 .1 6 3 to n  C P O / 1 to n  o f  FFB

163kg  CPOG> 1000kg  FFB

2 6 2 .1 7k g  C P O ^  16 0 8 .4 k g  F F B #

W ater= 5 .1  lm 3  H 2 0 /1  to n  o f  C P O

1000kg  C P O -> 5 .1  lm 3  H 2 0

2 6 2 .1 7 k g  C P O -> 1 .3 4 m 3  H 2 0

w ate r d en s ity = 9 9 9 .9 7 k g /m 3

lm 3  H 2 0 -> 9 9 9 .9 7 k g  H 2 0

1.34 m 3 H 2 0 - >  1339kg  H 2 0 #

D iese l= 2 .8 5 L / 1 to n  o f  C P O

10 00 kg  C P O -> 2 .8 5 L

2 6 2 .1 7 k g  C P O -> 0 .7 L

D iese l 1 L "> 0 .85k g  d iese l

0 .7 L ->  0 .6 k g  d ie se l#



E le c tr ic i ty = 1 5 .6 7 k W h /l to n  C PO  

1000kg C P O ->  15 .67kW h 

2 6 2 .1 7 k g  C P O -> 4 .1 2 k W h #
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S c e n a r i o  I I I  ( o u t p u t  d a t a )

R efe ren ce : K ae w m ai, R ., K ittik u n , H .A ., and  M u s ik a v o n g , c. (2 0 1 2 ) G reenh ou se  gas 
e m iss io n s  o f  p a lm  o il m ills  in T hailand . In te rn a tio n a l Jo u rn a l o f  G reen h o u se  G as 
C o n tro l, 11. 1 4 1 -1 5 1 .

C P O =  163kg C P O /to n  o f  FFB

1000 kg  F F B ->  16 3 k g  C P O

16 0 8 .4 k g  F F B -> 2 6 2 .17kg C P O #

P K  (P a lm  K ern e l)= 3 2 0  kg P K / 1 ton C P O

1000kg C P O -> 3 2 0  kg PK

2 6 2 .1 7 k g  C P O -> 8 3  kg  PK #

D C  (D e c a n te r  c a k e )= 2 1 0 k g  DC/1 ton C P O

1000kg C P O -> 2 1 0 k g  D C

2 6 2 .1 7 k g  C P O -> 5 5 k g  D C #

S h e l l -  3 6 0 k g  sh e ll/ 1 to n  o f  C P O

1000kg  C P O -> 3 6 0 k g  Shell

2 6 2 .1 7 k g  C P O "> 9 4  kg  Shell#

F ib e r= 3 8 0 k g  fib e r/ 1 to n  C P O

1000kg C P O -> 3 8 0 k g  F iber

2 6 2 .1 7 k g  C P O -> 9 9 k g  F iber#

E B  (E m p ty  B u n c h e s)= 1 3 1 0 k g E B /l ton  C P O

1000kg  C P O ^  1310 kg  EB

2 6 2 .1 7 k g  C P O ->  34 3 k g  EB#

P O M E  (P a lm  O il M ill E fflu en t)=  3.43 m 3 P O M E / 1 to n  C P O

o
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1000kg C P O ^  3.43 m 3 P O M E  

2 6 2 .1 7 k g  C P O -> 0 .8 9  m3 P O M E #

S c e n a r i o  I V  ( i n p u t  d a t a )  : '
R efe ren ce : K ae w m ai, R ., K ittikun , H .A ., an d  M u sik av o n g , c. (2012) G reen h o u se  gas 
em iss io n s  o f  p a lm  oil m ills  in T h a ilan d . In te rn a tio n a l Jo u rn a l o f  G reenh ou se  G as 
C o n tro l, 11, 1 4 1 -1 5 1 .

F F B  = 0 .1 6 3 to n  C P O / 1 ton  o f  FFB

163kg C P O ->  1000kg FFB

4 5 7 .6 9 k g  C P O -> 2 8 0 8 k g  FF B #

W ater= 5 .1  lm 3  H 2 0 /1  ton  o f  C PO

1000kg C P O -> 5 .1  lm 3  H 2 0

4 5 7 .6 9 k g  C P O -> 2 .3 4 m 3  H 2 0

W ate r d en s ity = 9 9 9 .9 7 k g /m 3

lm 3  F I2 0 ->  9 9 9 .9 7 k g  H 2 0

2 .34  m 3 H 20-3>2338 kg H 2 0 #

D ie se l= 2 .8 5 L / 1 to n  o f  C P O

1000kg  C P O -> 2 .8 5 L

4 5 7 .6 9 k g  C P O -M .3 L

D ie s e l lL -> 0 .8 5 k g  diesel

1 .3L ->  1.1kg d iese l#

E le c tr ic i ty = 1 5 .6 7 k W h /l ton  C PO

1000kg C P O -> 1 5 .6 7 k W h

4 5 7 .6 9 k g  C P O -> 7 .1 9 k W h #

S c e n a r i o  I V  ( o u t p u t  d a t a )
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R eferen ce : K ae w m ai, R ., K ittiku n , H .A ., an d  M u s ik a v o n g , c. (2012) G reen h o u se  gas 
e m iss io n s  o f  p a lm  o il m ills  in T h a ilan d . In te rn a tio n a l Jo u rn a l o f  G reen h o u se  G as 
C o n tro l, 11, 1 4 1 -1 5 1 .

C P O =  163kg C P O /to n  o f  FFB

1000 kg  F F B ->  163kg C P Ô

2 8 0 8 k g  F F B -> 4 5 7 .6 9 k g  C P O #

P K (P a lm  K ern e l)= 3 2 0  kg  P K / 1 to n  C P O

1000kg  C P O -> 3 2 0  kg PK

4 5 7 .6 9 k g  C P O -» 1 4 6  kg P K #

D C  (D ecan te r  cak e )= 2 1 0 k g  DC/1 to n  C P O

1000kg  C P O -> 2 1 0 k g  DC

4 5 7 .6 9 k g  C P O -> 9 6 k g  D C #

S h e ll=  3 6 0 k g  sh e ll/ 1 ton o f  C PO

1000kg  C P O -> 3 6 0 k g  Shell

4 5 7 .6 9 k g  C P O ^  164kg S he ll#

F ib e r= 3 8 0 k g  fib e r / 1 to n  C PO

1000kg  C P O -> 3 8 0 k g  F ib er ~ "

4 5 7 .6 9 k g  C P O ^  173kg F ib er#

E B  (E m p ty  B u n ch es)= 1 3 1 0 k g E B /l to n  C P O

1000kg  C P O ^ 1 3 1 0 k g  EB

4 5 7 .6 9 k g  C P O ->  599kg  E B #

P O M E  (P a lm  O il M ill E fflu en t)=  3 .43 m 3 P O M E / 1 to n  C P O  

1000kg  C P O ->  3.43 m3 P O M E  

4 5 7 .6 9 k g  C P O -> 0 .6 8  m 3 P O M E #
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R e fin in g

S c e n a r i o  I  ( I n p u t  d a t a )

R efe ren ce : P lean ja i, ร. and G h eew a la , S .H . (2 0 0 9 )  Full cha in  energy  an a ly s is  o f  
b io d ie se l p ro d u c tio n  from  palm  oil in T h a ilan d . A p p lie d  E nergy , 86(1), 2 0 9 -2 1 4 .

C P O = 1 6 3 k g /to n  o f  FFB

1000 kg  F F B ->  163kg C P O

2 7 2 6 .1 3 k g  F F B -> 4 4 4 .3 6 k g  C P O #

R efe ren ce : A rp o rn p o n g , N ., C h a ro e n sa e n g , A ., S ab a tin i, D .A ., and  K h ao d h ia r, ร.
(2 0 1 3 ) A lte rn a tiv e  renew ab le  b io fu e l fro m  p a lm  o il-d ie se l based  rev e rse  m ice lle  
m ic ro em u ls io n s :E n v iro n m en ta l im p a c t a sse ssm e n t. P h .D . D isse rta tio n , In te rn a tio n a l 
P ro g ram  in E nv ironm en ta l M a n a g e m e n t, G rad u a te  S choo l, C h u la lo n g k o rn  
U n iv e rs ity , B an g k o k , T hailand .

W a te r=  167kg  H 2O /I ton  R PO  (R e fin e d  P a lm  O il)

10 00 kg  R P O -> 1 6 7  kg H 2 0

3 1 5 k g  R P O -> 5 2 .6  kg  H 2 0 #

P A  (P h o sp h o ric  ac id )= 1 .3 1kg  P A / 1 to n  R P O

10 0 0 k g  R P O -M  .31 kg PA

~  3 1 5 k g  R P O ^ O .4 1  kg P A #

B e n to n ite = 1 3 .1 2 k g  b e n to n i te /1 to n  R P O

10 00 kg  R P O "> 1 3 .1 2  kg  b en to n ite

3 1 5 k g  R P O -> 4 .1 4  kg b en to n ite#

E le c tr ic i ty = l 169 k W h  elec tric ity / 1 to n  R P O

10 0 0 k g  R P O ->  1169 k W h  e le c tr ic ity

3 1 5 k g  R P O -> 3 69 .1  kW h  e lec tr ic ity #

S c e n a r i o  I  ( o u t p u t  d a t a )

R efe ren ce : P apo ng , ร ., and M a lak u l, p . (2 0 0 9 ) L ife  cycle  energy  e ffic ien cy  and  
p o te n tia ls  o f  b io d iese l p rod uc tion  fro m  p a lm . E n e rg y  P o licy , 38 (1 ), 2 2 6 -2 3 3 .
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P O  (P a lm  O le in ) = 0 .71 kg  P O /k g  C P O  

lk g  C P O -> 0 .7 1 k g  P O  

4 4 4 .3 6 k g  C P O -> 3 1 5 .5  k g  P O # 

PS  (P a lm  S tearin )= 0 .2 9 k g  P S /k g  C P O  

lk g  C P O ^ O .2 9  kg PS 

4 4 4 .3 6 k g  C P O ^  128.8 kg  P S #

S c e n a r i o  I I  ( I n p u t  d a t a )

R efe ren ce : P lean ja i, ร. and  G h eew a la , s.H. (2 0 0 9 ) F ull chain  en e rg y  an a ly s is  o f  
b io d ie se l p ro d u c tio n  from  p a lm  o il in  T h a ilan d . A p p lied  E nergy , 86 (1 ), 2 0 9 -2 1 4 .

C P O = 1 6 3 k g /to n  o f  FFB

1000 kg  F F B ->  163kg C P O

2 6 4 4 .3 5 k g  F F B -> 4 3 1 .0 3 k g  C P O #

R efe ren ce : A rpo rn po ng , N ., C h a ro en saen g , A ., S ab a tin i, D .A ., and  K h a o d h ia r , ร. 
(2 0 1 3 )  A lte rn a tiv e  ren ew ab le  b io fu e l fro m  p a lm  o il-d ie se l based  rev e rse  m ice lle  
m ic ro em u ls io n s :E n v iro n m en ta l im p ac t a sse ssm e n t. P h .D . D isse rta tio n , In te rn a tio n a l 
P ro g ra m  in E nv ironm en ta l M an ag em en t, G rad u a te  S chool, C h u la lo n g k o rn  
U n iv e rs ity , B angkok , T hailand .

W a te r=  167kg H 2 0 /1  ton  R P O  (R e fin ed  P a lm  O il)

10 00 kg  R P O -> 1 6 7 k g  H 2 0

3 0 5 k g  R P O -> 51  kg  H 2 0 #

P A (P h o sp h o ric  ac id )= 1 .3 1 k g  P A / 1 to n  R P O

1000kg  R P O ->1.31 kg  P A

3 0 5 k g  R P O -> 0 .3 9  kg  P A #

B e n to n ite =  1 3 .12kg b en to n ite / 1 to n  R P O

10 0 0 k g  R P O ->  13.12 kg  b en to n ite

3 0 5 k g  R P O -> 4 .0 2  kg  b en to n ite#
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Electricity=l 169 kWh electricity/ 1 ton RPO 
1000kg RP0->1169 kWh electricity 
305kg RPO->357.4 kWh electricity#

Scenario II (output data)
Reference: Papong, ร., and Malakul, p. (2009) Life cycle energy efficiency and 
potentials of biodiesel production from palm. Energy Policy, 38(1), 226-233.
PO (Palm Olein)=0.71kg PO/kg CPO

lkg CPO->0.71kg PO
431kg CPO->305 kg PO#

PS (Palm Stearin)=0.29kg PS/kg CPO
lkg CPO->0.29 kg PS
431kg CPO-> 124 kg PS#

Scenario III (Input data)
Reference: Pleanjai, ร. and Gheewala, S.H. (2009) Full chain energy analysis of 
biodiesel production from palm oil in Thailand. Applied Energy, 86(1), 209-214.
CPO=163kg/ton of FFB

1000 kg FFB-> 163kg CPO
1608kg FFB->262kg CPO#

Reference: Arpornpong, N., Charoensaeng, A., Sabatini, D.A., and Khaodhiar, ร. 
(2013) Alternative renewable biofuel from palm oil-diesel based reverse micelle 
microemulsions:Environmental impact assessment. Ph.D. Dissertation, International 
Program in Environmental Management, Graduate School, Chulalongkorn 
University, Bangkok, Thailand.
Water=167kg H20/1 ton RPO(Refined Palm Oil)

1000kg RPO-> 167 kg H20 
186kg RPO->31 kg H20#
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PA (Phosphoric acid)=1.31kg PA/ 1 ton RPO 
1000kg RPO->1.31 kg PA 
186kg RPO->0.24 kg PA#

Bentonite=13.12kg bentonite/ 1 ton RPO 
1000kg RPO-> 13.12 kg bentonite 
186kg RPO->2.44 kg bentonite#

Electricity^ 1169 kWh electricity/ 1 ton RPO 
1000kg RPO-} 1169 kWh electricity 
186kg RPO->217.9 kWh electricity#

Scenario III (.output data)
Reference: Papong, ร., and Malakul, p. (2009) Life cycle energy efficiency and 
potentials of biodiesel production from palm. Energy Policy, 38(1), 226-233.
PO (Palm Olein)=0.71kg PO/kg CPO

lkg CPO->0.71kg PO
262kg CPO-> 186 kg PO#

PS (Palm Stearin)=0.29kg PS/kg CPO
lkg CPO->0.29 kg PS
262kg CPO->76 kg PS#

Scenario IV (Input data)
Reference: Pleanjai, ร. and Gheewala, S.H. (2009) Full chain energy analysis of 
biodiesel production from palm oil in Thailand. Applied Energy, 86(1), 209-214.
CPO=163kg/ton ofFFB

1000 kg FFB-> 163kg CPO
2808kg FFB->457kg CPO#

Ü
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Reference: Arpornpong, N., Charoensaeng, A., Sabatini, D.A., and Khaodhiar, ร. 
(2013) Alternative renewable biofuel from palm oil-diesel based reverse micelle 
microemulsions:Environmental impact assessment. Ph.D. Dissertation, International 
Program in Environmental Management, Graduate School, Chulalongkorn 
University, Bangkok, Thailand.
พ ater=167kg H20/1 ton RPO(Refined Palm Oil)

1000kg RPO-> 167 kg H20
324kg RPO->54 kg H20#

PA (Phosphoric acid)=1.31kg PA/ 1 ton RPO
1000kg RPO-»1.31 kg PA
324kg RPO^O.42 kg PA#

Bentonite=13.12kg bentonite/ 1 ton RPO
1000kg RPO->13.12 kg bentonite
324kg RPO->4.26 kg bentonite#

Scenario IV (output data)
Reference: Papong, ร., and Malakul, p. (2009) Life cycle energy efficiency and 
potentials of biodiesel production from palm. Energy Policy, 38(1), 226-233.
PO (Palm Olein)=0.7lkg PO/kg CPO

lkg CPO->0.71kg PO
457kg CPO">324 kg PO#

PS (Palm Stearin)=0.29kg PS/kg CPO
lkg CPO->0.29 kg PS
457 kgC P 0^132kgP S #

o



ME (Microemulsion) Biofuel Production
Scenario I (Input data)
Reference: Arpornpong, N., Charoensaeng, A., Sabatini, D.A., and Khaodhiar, ร. 
(2013) Alternative renewable biofuel from palm oil-diesel based reverse micelle 
microemulsions:Envirohmental impact assessment. Ph.D. Dissertation, International 
Program in Environmental Management, Graduate School, Chulalongkorn 
University, Bangkok, Thailand.
PO (Plam olein)=315.5 kg PO/1 ton ME biofuel
Ethanol= 184.6kg Ethanol/ 1 ton ME biofuel
Surfactant= 75.2 kg Surfactant/ 1 ton ME biofuel
Cosurfactant= 139.6 kg cosurfactant/ 1 ton ME biofuel
Diesel=285 kg d iesel/1 ton ME biofuel
Electricity^ 7.46 kWh electricity/ 1 ton ME biofuel
Scenario I (Output data)
Microemulsion biofuel = 1 ton

Scenario II (Input data)
Reference: Manaphati, ร. (2015). New hybrid biofuel using palm oil/ diesel ethanol 
based reverse micelle microemulsion. M.s. Thesis, The Petroleum and Petrochemical 
College, Chulalongkorn University, Bangkok, Thailand.
PO (Plam olein)=305.5 kg PO/1 ton ME biofuel
Bioethanol= 189 kg bioethanol/ 1 ton ME biofuel
Fatty Acid Methyl Ester (FAME) = 47 kg FAM E/1 ton ME biofuel
Cosurfactant= 168 kg cosurfactant/ 1 ton ME biofuel
Diesel=288 kg diesel/ 1 ton ME biofuel
Electricity= 7.46 kWh electricity/ 1 ton ME biofuel
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Scenario II (Output data) 
Microemulsion biofuel = 1 ton

Scenario III (Input data)
Reference: Apichatyothin, พ . (2015). Formultion of vegetable oil based 
microemulsion biofuel with butanol in palm oil/diesel blends. M.s. Thesis, The 
Petroleum and Petrochemical College, Chulalongkorn University, Bangkok, 
Thailand.
PO (Plam olein)=186 kg PO/1 ton ME biofuel 
Ethanol= 171 kg ethanol/ 1 ton ME biofuel 
Surfactant^ 60 kg surfactant/ 1 ton ME biofuel 
Cosurfactant= 150 kg cosurfactant/ 1 ton ME biofuel
l-butanol=19kg 1-butanol/ 1 ton ME biofuel 
Diesel=410 kg diesel/ 1 ton ME biofuel 
Electricity^ 7.46 kWh electricity/ 1 ton ME biofuel 
Scenario III (Output data)

^  Microemulsion biofuel = 1 ton

Scenario IV  (Input data)
Reference: Manaphati, ร. (2015). New hybrid biofuel using palm oil/ diesel ethanol 
based reverse micelle microemulsion. M.s. Thesis, The Petroleum and Petrochemical 
College, Chulalongkorn University, Bangkok, Thailand.
RBDPO (Refined Bleached Deodorized Plam Oil)=324 kg RBDPO/1 ton ME biofuel
EthanoU 188 kg Ethanol/ 1 ton ME biofuel
Surfactant^ 53 kg Surfactant/ 1 ton ME biofuel
Cosurfactant= 132 kg cosurfactant/ 1 ton ME biofuel
Diesel=301 kg diesel/ 1 ton ME biofuel



Electricity= 7.46 kWh electricity/ 1 ton ME biofuel 
Scenario IV  (Output data)
Microemulsion biofuel = 1 ton

Biogas and Electricity Generation Calculation
Reference: Kaewmai, R., Kittikun, H.A., and Musikavong, c. (2012) Greenhouse gas 
emissions of palm oil mills in Thailand. International Journal of Greenhouse Gas 
Control, 11, 141-151.
Palm Oil Mill Effluent (POME) from Scenario (I) = 1,52m3 
COD- 76198 mg of COD/L of POME 

1000L->lm3 
1L ->1x10-3 m3 
1x10-3 m3->76198 mg of COD
1.52m3 -> 115.82 kg of COD
lkg of COD ->0.251kg ofCH4 
115.82 kg of COD^29.07 kg of CH4
0.656kg of CH4->lm3 ofCH4
29.07 kg of CH4->44.31m3 ofCH4# 
lm3 o fC H 4^23  MJ ofCH4 
44.31 m3 of CH4-> 1019.13 MJ ofCH4#
1MJ of CH4 ->0.2778 kwh
1019.13 MJ of CH4^283.32 kwh of electricity#
Emission factor=23kg of C02eq/kg of CfJ4 (Ecoinvent database)
GHG emission-23 kg C02 eq/kg of CH4 X  29.07 kg CH4= 669 kg of C02

eq.#
Palm Oil Mill Effluent (POME) from Scenario (II) = 1.47m3
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COD= 76198 mg of COD/L of POME 
1000L-> lm3 
1L ->1x10-3 m3 
1x10-3 m3 >>76198 mg of COD
1.47m3 ->112.01 kg of COD
lkg of COD ->0.25 lkg of CH4
112.01 kg of C O D ^28 kg of CH4
0.656kg of CH4-> lm3 ofCH4 
28 kg of CH4^42.68 m3 of CH4# 
lm3 ofC H 4^23  MJ ofCH4 
42.68 m3 of CH4»981 MJ of CH4#
1MJ of CH4 ->0.2778 kwh
981 MJ of CH4->272.7 kwh of electricity#
Emission factor=23kg of C02eq/kg of CH4 (Ecoinvent database)
GHG emission=23 kg C02 eq/kg of CH4 X 28 kg CH4= 644 kg of C02 e q .#  

Palm Oil Mill Effluent (POME) from Scenario (III) = 0.89 m3 
COD= 76198 mg of COD/L of POME 

1000L»lm 3 
1L ->1x10-3 m3 
1x10-3 m3->76198 mg of COD
1.52m3 ->67.8 kg of COD 
lkg of COD ->0.251 kg ofCH4
67.8 kg of C O D ^ 17.02 kg of CH4
0.656kg of CH4-> lm3 ofCH4
17.02 kg of CH4->25.29 m3 of CH4#

๐



Im3 of CH4->23 MJ ofCH4
25.29 m3 of CH4^596.85 MJ of CH4#
1MJ of CH4 ->0.2778 kwh
596.85 MJ of CH4-> 165.9 kwh of electricity#
Emission factor=23kg of C02eq/kg of CH4 (Ecoinvent database)
GHG emission=23 k g  C02 eq/kg of CH4 X  17.02 k g  CH4= 391.46 kg of C02 
eq.#

Palm Oil Mill Effluent (POME) from Scenario (IV) = 0.68 m3 
COD= 76198 mg of COD/L of POME 

1000L-> 1 m3 
1L ->1x10-3 m3 
1x10-3 m3->76198 mg of COD
0.68 m3 ->51.81 kg of COD 
lkg of COD ->0.251 kg of CH4
51.81 kg of COD->13 kg of CH4
0.656kg of CH4HM m3 ofCH4
13 kg of CH4ri> 19.82 m3 ofCH4# 
lm3 of CH4->23 MJ ofCH4
19.82 m3 of CH4->455.86 MJ of CH4#
1MJ of C H 4->0.2778 kwh
455.86 MJ of CH4-> 126.73 kwh of electricity#
Emission factor=23kg of C02eq/kg of CH4 (Ecoinvent database)
GHG emission=23 kg C 02 eq/kg o f CH4 X 13 kg CH4= 299 kg o f C02 eq.#
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