
R E F E R E N C E S

“ 19 Operating Ethanol Plants.” Ethanol Plants. Dec. 2010. Department of
Alternative Energy Development and Efficiency (DEDE). 17 May 2011 
<http://www.dede.go.th/dede/images/stories/bioethanol/540129_up data_ 
factory.pdf>.

“2009 World Fuel Ethanol Production.” Statistics. Renewable Fuels Association 
(RFA). 12 May 2011 <http://www.ethanolrfa.Org/pages/statistics#E>.

Adams, W.M. (2006) The Future of Sustainability: Re-thinking Environment and 
Development in the Twenty-first Century. Report of the 1UCN Renowned 
Thinkers Meeting, 29-31 January 2006.

Aden, A., Ruth, M., Ibsen, K., Jechura, J., Neeves, K., Sheehan, J., and Wallace, B., 
(2002) Lignocellulosic Biomass to Ethanol Process Desimi and Economics 
Utilizing Co-Current Dilute Acid Prehydrolysis and Enzymatic Flydrolysis 
for Com Stover, National Renewable Energy Laboratory, NREL/TP-510- 
32438, Colorado.

Alriols, M.G., Tejado, A., Blanco, M., Mondragon, I., and Labidi, J. (2009)
Agricultural palm oil tree residues as raw material for cellulose, lignin and 
hemicelluloses production by ethylene glycol pulping process. Chemical 
Engineering Journal, 148(1), 106-114.

“Alternative Energy.” Renewable Energy> Strategy. Department of Alternative 
Energy Development and Efficiency (DEDE). 17 May 2011 <http:// 
www.dede.go.th/dede/images/stories/stat_dede/Th_En_St_2010_p.pdf>.

“A Sugar Industry Perspective and Ethanol Production.” Ethanolindia. 16 May 2011 
<http://www.ethanolindia.net/sugarind.html>.

“Ammonia Price” ICIS. 30 Aug. 2011
<http://www.icis.com/v2/chemicals/9075153/ammonia/pricing.html>.

Baka, J., and Holst, D.R. (2009) Food or fuel? What European farmers can
contribute to Europe’s transport energy requirements and the Doha Round. 
Energy Policy, 37, 2505-2513.

http://www.dede.go.th/dede/images/stories/bioethanol/540129_up_data_factory.pdf
http://www.dede.go.th/dede/images/stories/bioethanol/540129_up_data_factory.pdf
http://www.ethanolrfa.Org/pages/statistics%23E
http://www.dede.go.th/dede/images/stories/stat_dede/Th_En_St_2010_p.pdf
http://www.dede.go.th/dede/images/stories/stat_dede/Th_En_St_2010_p.pdf
http://www.ethanolindia.net/sugarind.html
http://www.icis.com/v2/chemicals/9075153/ammonia/pricing.html


118

Baker, R.W., Koros, W.J., Cussler, E.L., Riley, R.L., Eykamp, พ . and Strathman, H. 
(1991) Membrane Separation Systems: Recent Developments and Future 
Directions. New Jersey: Noyes Data Corporation.

Berkele, F.D. "Air Ejectors Cheaper Than Steam.” 23 Nov. 2011< http://www. 
graham-mfg.com/usr/pdf/TechLibVacuum/218.PDF>.

Bhandhubanyong, P., MTEC., NSTDA. (2010) Development of Ethanol as a 
transportation fuel in Thailand. Bangkok, Thailand.

Binod, P., Sindhu, R., Singhania, R.R., Vikram, ร., Devi, L., Nagalakshmi, ร.,
Kurien, N., Sukumaran, R.K., and Pandey A. (2010) Bioethanol production 
from rice straw: An overview. Bioresource Technology. 101,4767-4774.

“Biodiesel Production .'"Alternative & Advanced Fuels. Alternative Fuels & 
Advanced Vehicles Data Center. 28 Dec. 2010. 16 May 2011 
<http://www.afdc. energy, gov/afdc/fuels/biodiesel j >roduction.html>.

"Biofuel Definition.” Clean energy> ide. (2009) 16 May 2011 <http://www.clean- 
energy-ideas.com/energy_definitions/defmition_of_biofuel.html>.

“Biomass Energy.” AltenergyStation. 16 May 2011
<http://altenergystation.com/biomass-energy.html>.

Bloyd, c . (2009) An Update on Ethanol Production and Utilization in Thailand. 
Pacific Northwest National Laboratory, PNNL-19060.

Carvalho, A., Gani, R., and Matos, H. (2008) Design of sustainable chemical 
processes: systematic retrofit analysis generation and evaluation of 
alternatives. Process Safety and Environment Protection, 86, 328-346.

Carvalho, A., Gani, R., and Matos, H. (2009) Design of batch operation: systematic 
methodology for generation and analysis of sustainable alternatives. 
Computer and Chemical Engineerinu, 330, 2075-2090.

Chirapanda, ร. “Biofuel Crops and Future Outlook.” Development o f  Biofuels in 
Thailand. Thailand Tapioca Development Institute. 16 May 2011 
<http://www.biomass-asia-workshop.jp/biomassws/05workshop/>.

“Calcium Flydroxide Prices” Click Chemical. 30 Aug. 2011
<www.clickchemical.com/index.php?lay=show&ac=cat_showcat&l=l&cid
=39025&page=l&viewtype=2&sorttype=pname:increase>.

http://www
http://www.afdc._energy,_gov/afdc/fuels/biodiesel_j
http://www.clean-energy-ideas.com/energy_definitions/defmition_of_biofuel.html
http://www.clean-energy-ideas.com/energy_definitions/defmition_of_biofuel.html
http://altenergystation.com/biomass-energy.html
http://www.biomass-asia-workshop.jp/biomassws/05workshop/
http://www.clickchemical.com/index.php?lay=show&ac=cat_showcat&l=l&cid


119

“Cellulase Price” Alibaba. 30 Aug. 2011 <http://www.alibaba.com/product- 
gs/362216602/CellulaseJL_cellulolytic_enzyme_.html>.

“Chapter 31 - Open Recirculating Cooling System” Cycle o f Concentration, Water 
Balance. 20 Sep 2011 <http://www.gewater.com/handbook/cooling 
_water_systems/ch 3 l_open.jsp>.

“Colombia: A New Ethanol Producer on the Rise.” Economic Research Service. บ.ร. 
Department of Agriculture. Jan 2009. 16 May 2011 
<http://www.ers.usda.gov/Publications/WRS0901/>.

“Commodity Profile.” Agricultural economic information. Office of Agricultural 
Economics (OAE). 17 May 2011 <http://www.oae.go.th/OAE-WEB- 
SITE/profile/commodityPRo/index.html>.

“Corn Steep Liquor Price” Alibaba. 30 Aug. 2011 <http://www.alibaba.com/product- 
gs/270898902/Corn_steep liquor_powder_CSL_.htrnl>.

“Crude Oil and Commodity Prices.” Oil-Price. 18 May 2011 
<http://www.oil-price.net/>.

“Crude Oil Price Chart.” Mongabay. 18 May 2011
<http://www.mongabay.com/images/commodities/charts/crude_oil.html>.

Eisentraut, Anselm. “Sustainable Production of Second Generation Biofuels.”
Potential and perspectives in major economies and developing countries. 
International Energy Agency (IEA). Feb 2010. 16 May 2011 
<http://www.iea.org/papers/2010/second_generation_biofuels.pdf>.

“Electricity Cost” Energy Policy and Planning Office (EPPO). 30 Aug 2011 
<www.eppo.go.th/power/pw-Rate-PEA.html>.

“Energy Use in Thailand.” Ministry of Energy (MOEN). 17 May 2011
<http://www.thaienergydata.in.th/energynew/energyReview/webcontent_sh
ow.php?content_id=195>.

“Ethanol Prices” Retail Oil Price. Energy Policy and Planning Office (EPPO). 16 
July 2011 <http://www.eppo.go.tlT/retail_prices.html>.

“ForestArea.” Forest Statistics. Royal Forest Department (RFD). 16 May 2011 
<http://www.forest.go.th/stat/stat50/TAB 1 .htm>.

Garcfa, S.G., Luo, L., Moreira, M.T., Feijoo, G., and Huppes, G. (2009) Life cycle 
assessment of flax shives derived second generation ethanol fueled

http://www.alibaba.com/product-gs/362216602/CellulaseJL_cellulolytic_enzyme_.html
http://www.alibaba.com/product-gs/362216602/CellulaseJL_cellulolytic_enzyme_.html
http://www.gewater.com/handbook/cooling_water_systems/ch_3_l_open.jsp
http://www.gewater.com/handbook/cooling_water_systems/ch_3_l_open.jsp
http://www.ers.usda.gov/Publications/WRS0901/
http://www.oae.go.th/OAE-WEB-SITE/profile/commodityPRo/index.html
http://www.oae.go.th/OAE-WEB-SITE/profile/commodityPRo/index.html
http://www.alibaba.com/product-gs/270898902/Corn_steep_liquor_powder_CSL_.htrnl
http://www.alibaba.com/product-gs/270898902/Corn_steep_liquor_powder_CSL_.htrnl
http://www.oil-price.net/
http://www.mongabay.com/images/commodities/charts/crude_oil.html
http://www.iea.org/papers/2010/second_generation_biofuels.pdf
http://www.eppo.go.th/power/pw-Rate-PEA.html
http://www.thaienergydata.in.th/energynew/energyReview/webcontent_sh
http://www.eppo.go.tlT/retail_prices.html
http://www.forest.go.th/stat/stat50/TAB_1_.htm


120

automobiles in Spain. Renewable and Sustainable Energy Review. RSER- 
669, 1-12.

“Gasohol consumption in Thailand.” Ethanol. Department of Alternative Energy 
Development and Efficiency (DEDE). May 2011. 17 May 2011 
<http://www.dede. go. th/dede/images/stories/bioethanol/540504_t_productio 
nethanol.pdf>.

Gunaseelan, V.N. (2009) Predicting ultimate methane yields of Jatropha curcus and 
Morus indica from their chemical composition. Bioresource Technology, 
100(13), 3426-3429.

“How Bioalchols Used For Energy Production?” Alternate Formsof Energy. 16 May 
2011 <http://altemateformsofenergy.com/Biofuels/How-Bioalchols-Used- 
for-Energy-Production.html>.

“How Do We Go About Finding the Environmental Benefits?” Research on Our
Customers' Needs: Compact detergents can do it!. Scienceinthebox. 17 May 
2011 <http://www.scienceinthebox.com/en_UK/programs/ 
compactdetergents _en.html>.

Hsu, Y.W., Singh,S.K., Chiang,M.Y„ พน, Y.Y., and Chang, I.F. (2008) Strategies 
to lower greenhouse gas level by rice agriculture. Journal of Biotechnology 
8 (2), 126-132.

Inoue, H., Tanapongpipat, ร., Kosugi, A., and Yano, ร. (2006) “Saccharification 
and ethanol fermentation of sugarcane bagasse and rice straw from 
Thailand” Biomass-Asia Workshop. The Third Biomass Asia Workshop. 17 
May 2011 <http://www.biomass-asia-workshop.jp/biomassws/03workshop 
/material/p 13 ,pdf>.

ISO 14040-14043. (2006) Environmental management— Life cycle assessment— 
Principles and framework. Geneva: International Organization for 
Standardization (ISO).

Jenkins, B.M., Baxter, L.L., Miles, Jr. T.R., and Miles, T.R.(1998) Combustion 
properties of biomass. Fuel Process. Technol. 54, 17^46.

Khabibullin, E., Febrianti, F., Sheng, J., and Bandyopadhyay, ร. (2010) Process 
Design and Economic Investigation of LPG Production from Natural Gas

http://www.dede._go._th/dede/images/stories/bioethanol/540504_t_productionethanol.pdf
http://www.dede._go._th/dede/images/stories/bioethanol/540504_t_productionethanol.pdf
http://altemateformsofenergy.com/Biofuels/How-Bioalchols-Used-for-Energy-Production.html
http://altemateformsofenergy.com/Biofuels/How-Bioalchols-Used-for-Energy-Production.html
http://www.scienceinthebox.com/en_UK/programs/compactdetergents__en.html
http://www.scienceinthebox.com/en_UK/programs/compactdetergents__en.html
http://www.biomass-asia-workshop.jp/biomassws/03workshop/material/p_13_,pdf
http://www.biomass-asia-workshop.jp/biomassws/03workshop/material/p_13_,pdf


121

Liquids (NGL). Faculty of Natural Sciences and Technology, Department of 
Chemical Engineering, Norwegian University of Science and Technology.

Kingsuwannarat, p. (2002) Ethanol production from cassava rhizome. M.s. Thesis, 
Faculty of Engineering, Chulalongkorn University, Bangkok, Thailand.

Koyuncu, I., Topacik, D., Turan, M., Celik, M.s. and Sarikaya, H.z. (2001)
Application of the membrane technology to control ammonia in surface 
water. Water Science and Technology: Water Supply, 1(1), 117-124.

“Life Cycle Analysis and Assessment.” World Resource Foundation. 18 May 2011 
<http://www.gdrc.org/uem/lcayiife-cycle.html>.

“Life Cycle Assessment-An Introduction for Industry.” Technical Information, 
Tangram Technology. 18 May 2011 <http://www.tangram.co.uk/TI- 
LCA_Introduction.htmI>.

Luo, L., van der Voet, E., and Huppes, G. (2009) Life cycle assessment and life 
cycle costing of bioethanol from sugar cane in Brazil. Renewable and 
Sustainable Energy Review. 13(6-7), 1613-1619.

Mains, พ . D. and Richenber, R. E. “Steam Jet Ejectors in Pilot and Production 
Plants” 23 Nov. 2011 <http://www.graham-mfg.com/usr/pdf/TechLib 
Vacuum/29.PDF>.

Morales, M.A., Terra, J., Gernaey, K.v. Wooley, J.M., and Gani, R. (2008)
Biorefining: Compute aided tools for sustainable design and analysis of 
bioethanol production. Chemical Engineering Research and Design.

Nag, A. (2008) Biofuels refining and performance. New York: McGraw-Hill.
Neupane, B., Halog, A., and Dhungel, ร. (2011) Attributional life cycle assessment 

of woodchips for bioethanol production. Journal of Cleaner Production. 19, 
733-741.

Niracharopas, K. (2011) Life-Cycle Energy and Environmental analysis of Bio-Oil 
production from rice straw and Leucaena leucocepphala in Thailand. M.s. 
Thesis, The Petroleum and Petrochemical College, Chulalongkorn 
University, Bangkok, Thailand.

Owen, G., Bandi, M., Howell, J.A. and Churchouse, S.J. (1995) Economic
assessment of membrane processes for water and waste water treatment. 
Journal of Membrane Science, 102, 77-91.

http://www.gdrc.org/uem/lcayiife-cycle.html
http://www.tangram.co.uk/TI-LCA_Introduction.htmI
http://www.tangram.co.uk/TI-LCA_Introduction.htmI
http://www.graham-mfg.com/usr/pdf/TechLibVacuum/29.PDF
http://www.graham-mfg.com/usr/pdf/TechLibVacuum/29.PDF


1 2 2

Pattiya, A., Titiloye, J.O., and Bridgwater, A.v. (2007) Fast pyrolysis of cassava 
rhizome in the presence of catalysts. Journal of Analytical and Applied 
Pyrolysis. 81(1). 72-79.

Pearce, G.K. (2008) UF/MF pre-treatment to RO in seawater and wastewater reuse 
applications: a comparison of energy costs. Desalination, 222, 66-73.

“Potential of Biomass in Thailand.” Department of Alternative Energy Development 
and Efficiency (DEDE). 17 May 2011
<http://www.dede.go.th/dede/index.php?option=com_content&view=:article 
&id=130%3A2010-05-07-08- 10-57&catid=58&Itemid=68&lang=th>.

“Process for Production and Quantitation of High Yield of Biobutanol.” Sumobrain. 
July 16, 2009. 16 May 2011 <http://www.sumobrain.com/patents/wipo/ 
Process-production-quantitation-high-yield/W02009087680.html>.

“Production of Gasohol.” Gasohol. Department of Alternative Energy Development 
and Efficiency (DEDE). 17 May 2011 
<http://www.dede.go.th/dede/index.php?id=5 86>.

“Programme of Biofuel.” Biofuel. Punjab Energy Development Agency (PEDA). 16 
May 2011 <http://peda.gov.in/eng/bio_fuel.html>.

Ramey, D., and Yang, S.T. (2004) “Production of Butyric Acid and Butanol from 
Biomass” บ.ร. Department of Energy Morgantown, w v . 16 May 2011 
<http://www.afdc.energy.gov/afdc/pdfs/843183.pdf>.

“Reserves.” Annual Report 2007 Petroleum and Coal Activities in Thailand. 
Department of mineral fuels. 16 May 2011 
<http://www2.dmf.go.th/download/annual.report/annual2007.pdf>.

“Rice straw production” Research and Development of Rice Straw Utilization and 
Management. 18 July 2011 < http://ricestraw.rdi.ku.ac.th/straw_stat.htm>.

“Rice production” Thai Rice Exporters Association. 18 July 2011 
<http://www.thairiceexporters.or.th/production.htm>.

Saengwirun, p. (2011) Development of economic analysis methods and tools for 
process design. M.s. Thesis, The Petroleum and Petrochemical College, 
Chulalongkorn University, Bangkok, Thailand.

Searcy, E., and Flynn, p .c . (2008) Processing of straw/corn stover: Comparison of 
life cycle emissions. International Journal of Green Energy, 5(6), 423 -M37.

http://www.dede.go.th/dede/index.php?option=com_content&view=:article&id=130%3A2010-05-07-08-_10-57&catid=58&Itemid=68&lang=th
http://www.dede.go.th/dede/index.php?option=com_content&view=:article&id=130%3A2010-05-07-08-_10-57&catid=58&Itemid=68&lang=th
http://www.sumobrain.com/patents/wipo/Process-production-quantitation-high-yield/W02009087680.html
http://www.sumobrain.com/patents/wipo/Process-production-quantitation-high-yield/W02009087680.html
http://www.dede.go.th/dede/index.php?id=5_86
http://peda.gov.in/eng/bio_fuel.html
http://www.afdc.energy.gov/afdc/pdfs/843183.pdf
http://www2.dmf.go.th/download/annual.report/annual2007.pdf
http://ricestraw.rdi.ku.ac.th/straw_stat.htm
http://www.thairiceexporters.or.th/production.htm


123

SETAC. (1993) Guidelines for Life-Cycle Assessment: A Code of Practice. 
Brussels: Society for Environmental Toxicology and Chemistry.

Sierra, R., Smith, A., Granda, c., and Holtzapple, M.T. (2008) Producing fuels and 
chemicals from lignocellulosic biomass. Chemical Engineering Progress, 
104(8), S10-S18.

Sikdar, S.K.,Gavic, p., and Jain, R. (Eds.). (2004) Technological Choices for 
Sustainability. New York: Springer.

Singh, P., Suman, A., Tiwari, P., Arya, N., Gaur, A., and Shrivastava, A.K. (2008) 
Biological pretreatment of sugarcane trash for its conversion to fermentable 
sugars. World Journal of Microbiology and Biotechnology, 24(5), 667-673,

Steinwinder, T., Gill, E. and Gerhardt, M. (2011) Process Design of Wastewater 
Treatment for the NREL Cellulosic Ethanol Model, National Renewable 
Energy Laboratory, NREL/SR-5100-51838, Colorado.

“Sustainable Development.” Education Department of Western Australia. 11 May 
2011 <http://www.det.wa.edu.au/education/cmis/eval/curriculum/ 
pathfinders/sustainability/index.htm>.

“Sulfuric Acid Prices” Click Chemical. 30 Aug. 2011
<http://www.clickchemical.com/index.php?lay=show&ac=cat_showcat&l= 
l&cid=39025&page=2&viewtype=2&sorttype=pname:increase>.

“Tax Rate” The Revenue Department (RD). 30 Aug. 2011 
<http://www.rd.go.th/publish/841,0.html>.

“Thailand Biomass Resource Assessment.” Final Report Thailand Biomass-Based 
Power Generation and Cogeneration within Small Rural Industries. 
November 2000. National Energy Policy Office (NEPO). 17 May 2011 
<http://www.thaienergy.org/files/2_encon-BV-FinalReport.pdf>.

“Thailand Crude Oil Production and Consumption by Year” IndexMundi. 12 May
2011 <http://www.indexmundi.com/energy.aspx?country=:th&product=oil& 
graph=production+consumption>.

“Thailand Energy Outlook”. Energy Outlook. Ministry of Energy (MOEN). 31 Mar. 
2009. 12 May 2011
<http://www.energy.go.th/moen/KnowledgeDetail.aspx?id=351 >.

http://www.det.wa.edu.au/education/cmis/eval/curriculum/pathfinders/sustainability/index.htm
http://www.det.wa.edu.au/education/cmis/eval/curriculum/pathfinders/sustainability/index.htm
http://www.clickchemical.com/index.php?lay=show&ac=cat_showcat&l=l&cid=39025&page=2&viewtype=2&sorttype=pname:increase
http://www.clickchemical.com/index.php?lay=show&ac=cat_showcat&l=l&cid=39025&page=2&viewtype=2&sorttype=pname:increase
http://www.rd.go.th/publish/841,0.html
http://www.thaienergy.org/files/2_encon-BV-FinalReport.pdf
http://www.indexmundi.com/energy.aspx?country=:th&product=oil&graph=production+consumption
http://www.indexmundi.com/energy.aspx?country=:th&product=oil&graph=production+consumption
http://www.energy.go.th/moen/KnowledgeDetail.aspx?id=351_


124

“Thailand Energy Statistics 2010 (Preliminary).” Department of Alternative Energy 
Development and Efficiency (DEDE).12 May 2011 <http://www.dede.go.lh 
/dede/images/stories/statdedc/Th En St_201 0 p.pdf>.

“The Future of Liquid Biofuels for APEC Economies.” APEC Biofuels. Asia-Pacific 
Economic Cooperation (APEC). May 2009. 17 May 2011 
<http://www.biofuels.apec.org/publications.html>.

“The Life Cycle Assessment Framework” Life cycle thinking. 18 May 2011 
<http://www.ami.ac.uk/courses/topics/0109_lct/>.

“Thermal Recompression” Swenson Evaporators. 23 Sep. 2011
<http://www.scribd.com/doc/73621315/Swenson-Evaporators>.

Turton, R., Bailie, R.C., Whiting, W.B., and Shaeiwitz, J.A. (2009) Analysis, 
Synthesis, and Design of Chemical Processes. 3rd ed. Boston: Pearson 
Education International.

Wanrosli, W.D., Zainuddin, z., Law, K.N. and Asro, R. (2007) Pulp from oil palm 
fronds by chemical processes. Industrial Crops and Products, 25(1), 89-94.

“Water Price” Provincial Waterworks Authority (PWA). 30 Aug. 2011 
<http://www.pwa.co.th/service/tariff_rate.html>.

West, L. “What are the Benefits of Using Ethanol?” Environmental issues.
About.com 17 May 2011 <http://environment.about.eom/od/ethanolfaq/f/ 
ethanol_benefit.htm>.

“What is Bioethanol?” Energy’ Systems Research Unit. University of Strathclyde 
Engineering. 16 May 2011
<http://www.esru.strath.ac.uk/EandE/Web_sites/02-3/biofuels/what_ 
bioethanol.htm>.

“What is Biofuel?” BioFuels Everything You Need to Know. 26 Dec 2009. 17 May 
2011 <http://lovableearth.blogspot.com/2009/12/biofuels-everything-you- 
need-to-know.html>.

“What is Biomass?” Biomass Energy Centre. 17 July 2011
<http://www.biomassenergycentre.org.uk/portal/page?_pageid=76,15049&_
dad=portal&_schema=PORTAL>.

http://www.dede.go.lh/dede/images/stories/statdedc/Th_En_St_201_0_p.pdf
http://www.dede.go.lh/dede/images/stories/statdedc/Th_En_St_201_0_p.pdf
http://www.biofuels.apec.org/publications.html
http://www.ami.ac.uk/courses/topics/0109_lct/
http://www.scribd.com/doc/73621315/Swenson-Evaporators
http://www.pwa.co.th/service/tariff_rate.html
http://environment.about.eom/od/ethanolfaq/f/ethanol_benefit.htm
http://environment.about.eom/od/ethanolfaq/f/ethanol_benefit.htm
http://www.esru.strath.ac.uk/EandE/Web_sites/02-3/biofuels/what_bioethanol.htm
http://www.esru.strath.ac.uk/EandE/Web_sites/02-3/biofuels/what_bioethanol.htm
http://lovableearth.blogspot.com/2009/12/biofuels-everything-you-need-to-know.html
http://lovableearth.blogspot.com/2009/12/biofuels-everything-you-need-to-know.html
http://www.biomassenergycentre.org.uk/portal/page?_pageid=76,15049&_


125

Wooley, R., Ruth, M., Sheehan, J., Ibsen, K., Majdeski, H., and Galvez, A. (1999) 
Lignocellulosic Biomass to Ethanol Process Design and Economics 
Utilizing Co-Current Dilute Acid Prehydrolysis and Enzymatic Hydrolysis- 
Current and Futuristic Scenarios, National Renewable Energy Laboratory, 
NREL/TP-580-26157, Colorado.

Yoswathana, N., Phuriphipat, P., Treyawutthiwat, p., and Eshtiaghi, M.N., (2010) 
Bioethanol production from rice straw. Energy Research Journal 1. 1, 26- 
31.

Zhang, Y.-H.p. (2008) Reviving the carbohydrate economy via multi-product 
lignocellulose biorefineries. Journal of Industrial Microbiology and 
Biotechnology, 35(5), 367-375.

Zhu, ร., พน, Y., Yu, Z., Wang, c., Yu, F., Jin, ร., Ding, Y., Chi, R.A., Liao, J. and 
Zhang, Y. (2005) Comparison of three microwave/chemical pretreatment 
processes forenzymatic hydrolysis of rice straw. Biosyst. Eng, 93, 279-283



A P P E N D I C E S

Appendix A Components Considered in PRO/II

Table A1 List of components considered in PRO/II simulations, the alias used, and 
the chemical formula

Component name Component alias Chemical formula
1 Cellulose CELLULOS C6H,o0 5

2 Hemicellulose HCELLULO c5h8o4
3 Galactan GALACTAN CôHioOs
4 Mannan MANNAN C6 H,o05

5 Arabinan ARABINAN c5h8o4
6 Lignin LIGNIN C7 .3 H1 3 .9 O1 3
7 Glucose C6 C6 H1 20 6

8 Mannose C6 M c 6H,2o 6
9 Galactose G6 G c 6Hl2o 6

1 0 Xylose C5 C5 Hl0 O5

1 1 Arabinose C5A C5 H1CI0 5

1 2 Cellobiose C12 c , 2 H2 2 0 11

13 Ethanol ETHANOL C2 H60
14 Water WATER h20
15 Sulfuric Acid SULFURIC h2so4
16 Furfural FURFURAL c 5h4o 2
17 Ammonia NH3 n h 3
18 Oxygen 0 2 0 2
19 Carbon Dioxide C02 c o 2

2 0 Glycerol GLYCEROL c3h8o3
2 1 Succinic Acid SUCCINIC c4h60 4
2 2 Lactic Acid LACTIC C3 H6 o 3

23 Hydroxymethyl furfural HMF c6h6o3
24 Xylitol XYLITOL c 5hI2o 5
25 Acetic Acid ACETIC c2h4o2
26 Com Steep Liquor CLS h20



127

Table Al List of components considered in PRO/II simulations, the alias used, and 
the chemical formula (continue)

Component name Component alias Chemical formula
27 Z y m o m o n a s  M o b il is  (bacteria) ZM CH| 8O0.5N0 2

28 C e llu la s e  (enzyme) CELLULAC CH,.57NOS
29 Calcium Hydroxide CAHYDROX Ca(OH) 2

30 Calcium Sulphate (Gypsum) CAS04 CaS04

31 Ash ASH C6Hl0O5

32 Nitrogen NITROGEN n 2



Appendix B Chemical Reactions Implemented in PRO/II

Table B1 List of reactions taking place in the pretreatment reactor (Wooley et al., 
1999)

Table B2 List of reactions taking place in overtiming process (Wooley et al., 1999)

Reaction Conversion Modeled

11 Sulfuric Acid + Calcium Hydroxide ^  Gypsum 
H2SO4 + Ca(OH) 2 ------ >  CaS04*2H20 Sulfuric Acid 1.000
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Table B3 List of reactions taking place in SSCF seed fermentation process (Wooley 
et al., 1999)

Saccharification Reaction
Reaction Conversion Modeled

12
Cellulose,, + nWater 5» nGlucose 
C6H 10O5 + H20  C6H|20 6

Cellulose 0.250

Fermentation Reaction
Reaction Conversion Modeled

Glucose ^  2Ethanol + 2Carbon Dioxide 
C6H i20 6 ------ >  2C2H60  + 2C 02

Glucose 0.900

14 Glucose+1.2Ammonia 6 Z m o b ilis é  2.4 Water+0.3 Oxygen 
C6H l20 6 + 1.2NH3 ------ >  6 C, gH0 5O0 2 + 2.4H20  + 0.3O2

Glucose 0.040

15 Glucose + 2 Water -> 2Glycerol + Oxygen
C6H ,,0 6 + 2H20 ------ >  2C3H80 3 + O; Glucose 0.004

16 Glucose+2Carbon Dioxide ^  2Succinic Acid+Oxygen 
C6H i20 6 + 2C 0 2 ------ >  2C4H60 4 + 0 2

Glucose 0.006

17 Glucose ^  3Acetic Acid
C6H 120 6 ----->  3CH3COOH Glucose 0.015

18 Glucose 2Lactic Acid
Q H 120 6 ----->  2CH3CHOHCOOH Glucose 0.002

19 3Xylose ^  SEthanol + 5Carbon Dioxide 
3C5HI0O5 ------ >  5C2H60  + 5C 02

Xylose 0.800

20
Xylose+Ammonia 5Z. w;o/)///.v+2Water+0.25Oxygen
C5H10O5 + NH3 ------ >  5C, gHo.jOo2 + 2H20  + 0.25O2 Xylose 0.040

3Xylose + 5Water -> 5Glycerol + 2.50xygen
3C5Hio0 5 + 5H20 ------>  5C3H80 3+ 2 .502 Xylose 0.003

22
Xylose + Water ^  Xylitol + 0.5Oxygen 
C5H 10O5 + H20 ------ >  C5H,20 5 + 0.5O2

Xylose 0.046

23 3Xylose+5Carbon Dioxide ^  5Succinic Acid+2.50xygen 
3C5H,o0 5 + 5C 0 2 ------ >  5C4H60 4 + 2.5๐2 Xylose 0.009
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Table B3 List of reactions taking place in SSCF seed fermentation process
(continue)

Reaction Conversion Modeled

24 2Xylose ^  5Acetic Acid 
2C5HkA ------ >  5CH3COOH

Xylose 0.014

25 BXylose ^  5Lactic Acid 
3C5Hl0O5 ------ >  5CH3CHOHCOOH Xylose 0.002

Table B4 List of reactions taking place in SSCF fermentation process 
(Wooley et al., 1999)

Saccharification Reaction
Reaction Conversion Modeled

26 Cellulose,, + ท/2Water > ท/2Cellobiose 
c 6h ,0o 5 + '/zH2o  ^ '-̂ C12H2 2 0 11

Cellulose 0 . 0 1 2

27 Cellulosen + nWater ^  nGlucose 
C6H10O5 + H20  ^ C6H|20 6

Cellulose 0.900

28 Cellobiose,, + nWater ^  2nGlucose 
CI2 H22On + H20 ------>  2C6HI20 6

Cellobiose 1 . 0 0 0

Fermentation Reaction
Reaction Conversion Modeled

29 Glucose 2Ethanol + 2Carbon Dioxide 
C6H 12๐ 6 ------ >  2C2H60  + 2C 0 2

Glucose 0.950

30 Glucose+1.2Ammonia ^  6 Z /woè/7A+2.4Water+0.3Oxygen 
C6H,20 6 + 1.2NH3 ------>  6 C, 8H0 5 O0 2  + 2.4H20  + 0.3O2

Glucose 0 . 0 2 0

31 Glucose + 2Water ^  2Glycerol + Oxygen 
C6H120 6 + 2H20 ------>  2C3 H80 3 + ๐ 2

Glucose 0.004

32 Glucose+2Carbon Dioxide 2Succinic Acid+Oxygen 
C6H120 6 + 2C 0 2 ------>  2C4H6๐ 4 + 0 , Glucose 0.006

33 Glucose ^  3Acetic Acid 
C6H120 6 ------ >  3CH3COOH Glucose 0.015
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Table B4 List of reactions taking place in SSCF fermentation process (continue)

Reaction Conversion Modeled

34 Glucose ^  2Lactic Acid 
C6Hl20 6 ------ >  2CH3CHOHCOOH Glucose 0 . 0 0 2

35 3Xylose ^  5Ethanol + 5Carbon Dioxide 
3 C5H5O5 ------ >  5C2H60  + 5C02 Xylose 0.850

36 Xylose+Ammonia ^  5z. m oMA+2Water+0.25Oxygen 
C5H10O5 + NH3 - ---- >  5C, 8H0 5Oo.2 + 2H20  + 0.25O2 Xylose 0.019

37 3Xylose + 5Water ^  5Glycerol + 2.50xygen 
3C5Hl0O5 + 5H20 ------ >  5C3H80 3 + 2 .502 Xylose 0.003

38 Xylose + Water ^ Xylitol + 0.5Oxygen 
C5H,o0 5 + H20 ------>  C5Hi20 5 + 0.5O2

Xylose 0.046

39 3Xylose+5Carbon Dioxide ^  5Succinic Acid+2.50xygen 
3C5H 10O5 + 5C02 ------ >  5C4H60 4 + 2 .502 Xylose 0.009

40 2Xylose ^  5Acetic Acid 
2 C5H 10O5------ >  5CH3COOH Xylose 0.014

41 3Xylose 5Lactic Acid 
3 C5H10O5 ------ >  5CH3CHOHCOOH Xylose 0 . 0 0 2

Table B5 List of reactions taking place in SSCF contamination loss (Wooley et al., 
1999)

Reaction Conversion Modeled

42 Glucose ^  2Lactic Acid 
C6H 12๐ 6 ------ >  2CH3CHOHCOOH Glucose 1.000

43 3Xylose ^  5Lactic Acid 
3 C5H10O5 ------ >  5CH3CHOHCOOH Xylose 1.000

44 3Arabinose 5Lactic Acid 
3C5H10O5 ------ >  5CH3CHOHCOOH Arabinose 1.000

45 Galactose ^  2Lactic Acid 
C6H,2(ว6 ------ >  2CH3CHOHCOOH Galactose 1.000
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Table B5 List of reactions taking place in SSCF contamination loss (continue)

Reaction Conversion Modeled

46 Mannose 2Lactic Acid 
C6H 12๐ 6 - — >  2CH3CHOHCOOH Mannose 1.000

Table B6 List of reactions taking place in combustion process

Reaction Conversion Modeled

47 Cellulose,, + 6nOxygen ^  5nWater + 6nCarbon Dioxide 
C6H,o0 5 + 6 0 2 ------ >  5H20  + 6C 02 Cellulose 0.800

48
Hemicellulosen+5nOxygen 4nWater+5nCarbon 
Dioxide
C5H80 4 + 5๐ 2------ >  4H20  + 5C02

Hemicellulose 0.800

49 Mannan„ + 6nOxygen ^  5nWater + 6nCarbon Dioxide 
C6H,o0 5 + 6 0 2 ------ >  5H20  + 6C 02 Mannan 0.800

50 Galactan,, + 6nOxygen ^  5nWater + 6nCarbon Dioxide 
๐ 6H 10๐5 + 6๐ 2------ >  5H20  + 6C 02 Galactan 0.800

51 Arabinan„ +5nOxygen ^  4nWater+5nCarbon Dioxide 
C5H80 4 + 5๐ 2------>  4H20  + 5C02 Arabinan 0.800

52
Lignin„+10.13nOxygen 6.95nWater+7.30nCarbon 
Dioxide
๐7 3แ 13 9๐13 + 10.13๐2------ >  6.95H20  + 7.30CO2

Lignin 0.800



Appendix c  Main Process Condition for Base Case Design 

Table Cl Hydrolysis reactor

List Value
Agent Dilute sulfuric acid
Acid concentration (พ/พ) 1 %
Residence time 1 min
Temperature 180 °c
Pressure 1 0 .0  atm
Solids in the reactor (พ/พ) 47.5 %

Table C2 Blowdown tank

List Value
Temperature 102 °c
Pressure 1 atm

Table C3 Detoxification

List Value
Type Overliming (50 °C)
Alkali Calcium hydroxide
Residence time 1 hr for overliming and 

4 hr for reacidification
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Table C4 SSCF seed fermenter

List Value
Temperature 40 °c
Initial solids level (พ/พ) 2 1 .0 %
Residence time 24 hr
Enzyme Cellulase
Biocatalyst Zymomonas Mobilis
Enzyme level (พ/พ) 2 % of cellulose
Corn steep liquor level (พ/พ) 0.25 %
Pressure 1 atm

Table C5 SSCF fermenter

List Value
Temperature บ๐o

Initial solids level (พ/พ) 2 1 .0 %
Residence time 7 days
Enzyme Cellulase
Biocatalyst Zymomonas Mobilis
Enzyme level 2  % of cellulose
Inoculum level (พ/พ) 1 0  % of hydrolyzate
Corn steep liquor level (พ/พ) 0.25 %
Pressure 1 atm

Table C6  Beer distillation

List Value
Pressure 1.77 atm
Stages 32
Feed stage 4
Reflux ratio 3.2
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Table C7 Rectification column

List Value
Pressure 1.77 atm
Stages 60
Feed stage 50
Reflux ratio 3.2



Appendix D Bioethanol Conversion Process Flowsheet and Stream Tables Implemented in PRO/II
D.l Process Flowsheet
D.1.1 Base Case

Figure D1 Flowsheet of the bioethanol production process from rice straw for base case design.



D.1.2 Alternative 1: Base Case with Heat Integration
Gypsum Filter

-0Figure D2 Flowsheet of the bioethanol production process from rice straw for alternative 1 design.



D.1.3 Alternative 2: Wastewater Exchange Heat as Utility

Hydrolysis Reactor
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Figure D3 Flowsheet of the bioethanol production process from rice straw for alternative 2 design. COoo



D.1.4 Alternative 3: Wastewater Recover by Double Effect Evaporators
Blowdown Tank

Rice Straw* 
t_p SteamtE>-

W ater 
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Water

W aste  Water Double Effect Evaporator
Figure D4 Flowsheet of the bioethanol production process from rice straw for alternative 3 design. น►ว



D.1.5 Alternative 4: Wastewater Recover by Membranes

5©



D.1.6 Alternatives: Lignin Combustion
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Figure D6 Flowsheet of the bioethanol production process from rice straw for alternative 5 design. -1̂



D.1.7 Alternative 6: Wastewater Exchange Heat as Utility and Lignin Combustion

£to



D.1.8 Alternative 7: Wastewater Recover by Double Effect Evaporators and Lignin Combustion
B l o w d o w n  T a n k
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Figure D8 Flowsheet of the bioethanol production process from rice straw for alternative 7 design. 4̂นJ



D.1.9 Alternative 8: Wastewater Recover by Membranes and Lignin Combustion

Figure D9 Flowsheet of the bioethanol production process from rice straw for alternative 8 design.



D.1.10 Alternative 9: Wastewater Exchange Heat as Utility with Heat Integration
1 G y p s u m  F i l t e rO v e r l i m i n g  3

รนก
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D.1.11 Alternative 10: Wastewater Recover by Double Effect Evaporators with Heat Integration
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Figure D ll Flowsheet of the bioethanol production process from rice straw for alternative 10 design. On
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D.1.12 Alternative 11: Wastewater Recover by Membranes with Heat Integration
G y p s u m  F i l t e r

O v e r t i m i n g  R e a c i d i f i c a t i o n  Gypsam

E t h a n o l  S 3 . ร *

Figure D12 Flowsheet of the bioethanol production process from rice straw for alternative 11 design. 31



D.1.13 Alternative 12: Lignin Combustion with Heat Integration

Figure D13 Flowsheet of the bioethanol production process from rice straw for alternative 12 design. 4̂oo



D.1.14 Alternative 13: Wastewater Exchange Heat as Utility and Lignin Combustion with Heat Integration

Figure D14 Flowsheet of the bioethanol production process from rice straw for alternative 13 design. ร ุร่๐



D.1.15 Alternative 14: Wastewater Recover by Double Effect Evaporators and Lignin Combustion with Heat Integration
B lo w d o w n  T a n k  ............................_  G y p s u m  F i l te r
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Figure D15 Flowsheet of the bioethanol production process from rice straw for alternative 14 design. น/าo



D.1.16 Alternative 15: Wastewater Recover by Membranes and Lignin Combustion with Heat Integration
H y d r o l y s i s  R e a c t o r  B l o w d o w n  T a n k
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Figure D16 Flowsheet of the bioethanol production process from rice straw for alternative! 5 design.



D.2 Stream Table of Five Main Ideas
D.2.1 Base Case Design
Table D1 Stream table of the bioethanol process from rice straw for base case design

S t r e a m  N a m e S I ร2 S 3 S 4 ss ร6 ร? S 8 S 9 ร น } S l l ร!2 S 1 3 รน S I S  1
S tr e a m  P h a s e M ix e d V a p o r M ix e d L iq u id L iq u id L iq u id V a p o r M ix e d M ix e d V a p o r L iq u id S o lid M ix e d L iq u id M ix e d
T e m p e r a t u r e  (°C ) 3 0 1 6 0 100 3 0 3 0 3 0 2 6 8 180 180 101 101 101 101 3 0 7 0
P r e s s u r e  ( a tm ) 1 .0 0 6 .0 0 1.00 1 .0 0 1 .0 0 1 .0 0 1 3 .0 0 1 0 .0 0 1 0 .0 0 1.00 1.00 1 .0 0 1.00 1 .0 0 1.00
T o ta l  S td . L iq . R a te  ( L /d a y ) n /a 1 1 4 ,4 4 8 n /a 6 8 3 ,2 8 7 7 ,4 3 0 6 9 0 ,7 1 7 3 9 8 ,3 0 7 n /a n /a 3 1 3 ,6 0 3 1 ,2 9 2 ,5 0 8 n /a ท/ a 1 ,3 4 4 ,4 4 1 n /a
T o ta l  M a s s  R a te  ( k g /d a y ) 1 ,4 2 0 ,2 5 8 1 1 4 ,3 3 6 1 ,5 3 4 ,5 9 3 6 8 2 ,6 1 3 1 3 ,6 5 3 6 9 6 ,2 6 6 3 9 7 ,9 1 4 2 ,6 2 8 ,7 7 4 2 ,6 2 8 ,7 7 4 3 1 3 ,4 5 3 1 ,4 4 8 ,8 6 3 8 6 6 ,4 5 8 2 ,3 1 5 ,3 2 1 1 ,3 4 3 ,1 1 6 1 ,9 6 6 ,6 9 4
T o ta l  M o la r  R a te  ( k m o l /d a y ) 3 0 ,6 7 6 6 ,3 4 7 3 7 ,0 2 3 3 7 ,8 9 1 139 3 8 ,0 3 0 2 2 ,0 8 8 9 7 ,1 4 0 9 4 ,4 2 9 1 7 ,3 4 9 5 8 ,6 4 1 1 8 ,4 3 9 7 7 ,0 8 0 7 4 ,5 5 4 9 3 ,6 9 7
T o ta l  S o l id  M a s s  R a te  ( k g /d a y ) 1 ,2 4 9 ,8 0 0 n /a 1 ,2 4 9 ,8 0 0 n /a n /a n /a n /a 1 ,2 4 9 ,8 0 0 8 6 6 ,4 5 8 n /a n /a 8 6 6 ,4 5 8 8 6 6 ,4 5 8 n /a 3 ,1 0 5
T o ta l  E n th a lp y  ( G J /d a y ) -68 .77 1 3 .1 6 -5 5 .6 1 3 .5 8 0.02 3 .6 1 4 6 .1 4 - 5 .8 6 2 7 .6 0 3 4 .9 9 2 5 .6 0 - 3 2 .9 9 - 7.39 7 .0 5 2 5 .0 8
C o m p o n e n t M a s s  F lo w  ( k g /d a y )

C e l lu lo s e 4 9 3 ,6 7 1 0 4 9 3 ,6 7 1 0 0 0 0 4 9 3 ,6 7 1 4 2 4 ,5 2 6 0 0 4 2 4 ,5 2 6 4 2 4 ,5 2 6 0 2 ,1 2 3
H e m ic e l lu lo s e 2 8 7 ,4 5 4 0 2 8 7 ,4 5 4 0 0 0 0 2 8 7 ,4 5 4 2 8 ,6 1 1 0 0 2 8 ,6 1 1 2 8 ,6 1 1 0 143
G a la c ta n 4 ,9 9 9 0 4 ,9 9 9 0 0 0 0 4 ,9 9 9 1 ,1 9 5 0 0 1 ,1 9 5 1 ,1 9 5 0 6
M a n n a n 2 2 ,4 9 6 0 2 2 ,4 9 6 0 0 0 0 2 2 ,4 9 6 5,377 0 0 5 ,3 7 7 5 ,3 7 7 0 2 7
A r a b in a n 4 4 ,9 9 3 0 4 4 ,9 9 3 0 0 0 0 4 4 ,9 9 3 1 0 ,5 6 2 0 0 1 0 ,5 6 2 1 0 ,5 6 2 0 0
L ig n in 1 6 1 ,2 2 4 0 1 6 1 ,2 2 4 0 0 0 0 1 6 1 ,2 2 4 1 6 1 ,2 2 4 0 0 1 6 1 ,2 2 4 1 6 1 ,2 2 4 0 8 0 6
G lu c o s e 0 0 0 0 0 0 0 0 7 3 ,5 0 2 0 7 3 ,5 0 2 0 7 3 ,5 0 2 0 5 1 ,6 9 4
M a n n o s e 0 0 0 0 0 0 0 0 1 8 ,7 4 7 0 1 8 ,7 4 7 0 1 8 ,7 4 7 0 1 3 ,1 8 3
G a la c to s e 0 0 0 0 0 0 0 0 4 ,1 6 6 0 4 ,1 6 6 0 4 ,1 6 6 0 2 ,9 3 0
X y lo s e 0 0 0 0 0 0 0 0 2 9 2 ,0 2 5 0 2 9 2 ,0 2 5 0 2 9 2 ,0 2 5 0 2 0 5 ,3 8 1
A ra b in o s e 0 0 0 0 0 0 0 0 3 8 ,3 4 6 0 3 8 ,3 4 6 0 3 8 ,3 4 6 0 2 6 ,9 6 5
C e l lo b io s e 0 0 0 0 0 0 0 0 3 ,1 5 9 0 3 ,1 5 9 0 3 ,1 5 9 0 2 ,2 2 4
E th a n o l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W a te r 1 7 0 ,4 5 8 1 1 4 ,3 3 6 2 8 4 ,7 9 4 6 8 2 ,6 1 3 0 6 8 2 ,6 1 3 3 9 7 ,9 1 4 1 ,3 6 5 ,3 2 1 1 ,3 1 6 ,6 3 1 3 1 2 ,3 3 5 1 ,0 0 4 ,2 9 6 0 1 ,0 0 4 ,2 9 6 1 ,3 4 3 ,1  16 1 ,6 5 0 ,9 3 5
S u lf u r ic  A c id 0 0 0 0 1 3 ,6 5 3 1 3 ,6 5 3 0 1 3 ,6 5 3 1 3 ,6 5 3 0 1 3 ,6 5 3 0 1 3 ,6 5 3 0 9 ,5 9 7
F u r fu ra l 0 ÔI 0 0 0 0 (p 0 1,851 1 ,1 0 8 7 4 3 0 7 4 3 0 5 2 2
A m m o n ia 0 0 0 0 0 0 0 (p 0 0 0 0 0 0 0
O x y g e n 0 0 0 0 0 0 0 p 0 0 0 0 0 0 0
C a r b o n  D io x id e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G ly c e ro l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S u c c i n i c  A c id ÔI 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L a c t ic  A c id 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H M F <r 0 0 0 0 0 0 0 2 3 5 10 2 2 5 0 2 2 5 0 159
X y li to l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A c e t ic  A c id 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C o m  S te e p  L iq u o r 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Z M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C e l lu la s e 0 0 0 0 0 0 0 0 ______ 0_ 0 0 0 0 0 0
L im e 0 0 0 0 0 0 0 0 r 0 0 0 0 0 r ^  0
C A S O 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A s h 2 3 4 .9 6 2 0 2 3 4 .9 6 2 0 0 0 0 2 3 4 ,9 6 2 2 3 4 ,9 6 2 0 0 2 3 4 ,9 6 2 2 3 4 ,9 6 2 0 ÔI



Table D1 S tr e a m  ta b le  o f  th e  b io e th a n o l  p r o c e s s  f ro m  r ic e  s t r a w  f o r  b a s e  c a s e  d e s ig n  ( c o n t in u e )
S t r e a m  N a m e S I 6 S 1 7 $ 1 8 S 1 9 S 2 0 $21 S 2 2 S 2 3 S 2 4 S 2 S S 2 6 S 2 7 S 2 8 S 2 9 $ 3 0  1
S tr e a m  P h a s e M ix e d M ix e d L iq u id M ix e d S o lid M ix e d M ix e d L iq u id M ix e d M ix e d M ix e d M ix e d M ix e d M ix e d M ix e d
T e m p e r a tu r e  (° C ) 7 0 5 0 3 0 5 0 3 0 5 0 50 3 0 5 0 50 5 0 5 0 5 9 5 9 59
P r e s s u r e  ( a tm ) 1.00 1 .0 0 1 .0 0 1.00 1.00 1.00 1.00 1 .0 0 1 .0 0 1.00 1 .0 0 1.00 1 .0 0 1.00 1.00
T o ta l  S td . L iq . R a te  ( L /d a y ) n /a n /a 3 ,7 3 6 n /a n /a n /a n /a 3 ,8 3 9 n /a n /a n /a n /a n /a n /a ฝ a
T o ta l  M a s s  R a te  (k g /d a y ) 1 ,6 9 1 ,7 4 3 1 ,9 6 6 ,6 9 4 6 ,8 6 4 1 ,9 7 3 ,5 5 8 1 7 ,7 6 5 1 ,9 9 1 ,3 2 3 1 ,9 9 1 ,3 2 3 7 ,0 5 5 1 ,9 9 8 ,3 7 8 1 ,9 9 8 ,3 7 8 3 5 ,5 4 2 1 ,9 6 2 ,8 3 6 3 ,6 5 4 ,5 7 8 3 6 5 ,4 5 8 3 ,2 8 9 ,1 2 0
T o ta l  M o la r  R a te  ( k m o l / d a y ) 5 7 ,9 3 7 9 3 ,6 9 7 7 0 9 3 ,7 6 7 2 4 0 9 4 ,0 0 7 9 4 ,1 7 4 72 9 4 ,2 4 6 9 4 ,3 1 8 2 5 8 9 4 ,0 6 0 1 5 1 ,9 9 7 1 5 ,2 0 0 1 3 6 ,7 9 8
T o ta l  S o lid  M a s s  R a te  (k g /d a y ) 8 6 3 ,3 5 3 3 ,1 0 5 n /a 3 ,1 0 5 1 7 ,7 6 5 2 0 ,8 6 9 3 1 ,2 8 3 ท/ a 3 1 ,2 8 3 3 5 ,7 4 6 3 4 ,9 4 0 8 0 6 8 6 4 ,1 5 9 8 6 ,4 1 6 7 7 7 ,7 4 3
T o ta l  E n th a lp y  (G J /d a y ) -2 5 .4 3 1 8 .9 2 0 .0 1 1 8 .9 3 - 1 .9 8 1 6 .9 6 18 .31 0.01 1 8 .3 2 1 8 .9 0 -0 .2 0 1 9 .1 0 -6 .3 3 -0 .6 3 -5 .7 0
C o m p o n e n t M a s s  F lo w  ( k g / d a y )

C e l lu lo s e 4 2 2 ,4 0 4 2 ,1 2 3 0 2 ,1 2 3 0 2 ,1 2 3 2 ,1 2 3 0 2 ,1 2 3 2 ,1 2 3 2 ,1 2 3 0 4 2 2 ,4 0 4 4 2 ,2 4 0 3 8 0 ,1 6 3
H e m ic e l lu lo s e 2 8 ,4 6 8 143 0 143 0 143 143 0 143 143 143 0 2 8 ,4 6 8 2 ,8 4 7 2 5 ,6 2 2
G a la c ta n 1 ,1 8 9 6 0 6 0 6 6 0 6 6 6 0 1 ,1 8 9 119 1 ,0 7 0
M a n n a n 5 ,3 5 0 2 7 0 2 7 0 2 7 2 7 0 27 2 7 2 7 0 5 ,3 5 0 5 3 5 4 ,8 1 5
A ra b in a n 1 0 ,5 6 2 0 0 0 0 0 0 0 0 0 0 0 1 0 ,5 6 2 1 ,0 5 6 9 ,5 0 6
L ig n in 1 6 0 ,4 1 8 8 0 6 0 8 0 6 0 8 0 6 8 0 6 0 8 0 6 8 0 6 0 8 0 6 1 6 1 ,2 2 4 1 6 ,1 2 2 1 4 5 ,1 0 2
G lu c o s e 2 1 ,8 0 8 5 1 ,6 9 4 0 5 1 ,6 9 4 0 5 1 ,6 9 4 5 1 ,6 9 4 0 5 1 ,6 9 4 5 1 ,6 9 4 103 5 1 ,5 9 1 7 3 ,3 9 9 7 ,3 4 0 6 6 ,0 5 9
M a n n o s e 5 ,5 6 4 1 3 ,1 8 3 0 1 3 ,1 8 3 0 1 3 ,1 8 3 1 3 ,1 8 3 0 1 3 ,1 8 3 1 3 ,1 8 3 2 6 1 3 ,1 5 7 1 8 ,7 2 1 1 ,8 7 2 1 6 ,8 4 9
G a la c to s e 1 ,2 3 6 2 ,9 3 0 0 2 ,9 3 0 0 2 ,9 3 0 2 ,9 3 0 0 2 ,9 3 0 2 ,9 3 0 6 2 ,9 2 4 4 ,1 6 0 4 1 6 3 ,7 4 4
X y lo s e 8 6 ,6 4 4 2 0 5 ,3 8 1 0 2 0 5 ,3 8 1 0 2 0 5 ,3 8 1 2 0 5 ,3 8 1 0 2 0 5 ,3 8 1 2 0 5 ,3 8 1 4 1 1 2 0 4 ,9 7 1 2 9 1 ,6 1 4 2 9 ,1 6 1 2 6 2 ,4 5 3
A ra b in o s e 1 1 ,3 8 1 2 6 ,9 6 5 0 2 6 ,9 6 5 0 2 6 ,9 6 5 2 6 ,9 6 5 0 2 6 ,9 6 5 2 6 ,9 6 5 5 4 2 6 ,9 1 1 3 8 ,2 9 2 3 ,8 2 9 3 4 ,4 6 3
C e l lo b io s e 9 3 5 2 ,2 2 4 0 2 ,2 2 4 0 2 ,2 2 4 2 ,2 2 4 on 2 ,2 2 4 2 ,2 2 4 0 2 ,2 2 4 3 ,1 5 9 3 1 6 2 ,8 4 3
E th a n o l 0 0 0 0 0 0 cT 0 0 0 (p 0 <p 0 0
W a te r 6 9 6 ,4 7 7 1 ,6 5 0 ,9 3 5 0 1 ,6 5 0 ,9 3 5 0 1 ,6 5 0 ,9 3 5 1 ,6 5 6 ,9 8 2 (T 1 ,6 5 6 ,9 8 2 1 ,6 5 9 ,5 7 4 0 1 ,6 5 9 ,5 7 4 2 ,3 5 6 ,0 5 1 2 3 5 ,6 0 5 2 ,1 2 0 ,4 4 6
S u lf u r ic  A c id 4 ,0 5 6 9 ,5 9 7 6 ,8 6 4 1 6 ,4 6 1 0 1 6 ,4 6 1 0 7 ,0 5 5 7 ,0 5 5 0 0 0 4 ,0 5 6 4 0 6 3 ,6 5 1
F u r fu ra l 221 5 2 2 0 5 2 2 0 5 2 2 5 2 2 0 5 2 2 5 2 2 1 521 7 4 2 7 4 6 6 8
A m m o n ia '  (fl 0 Ô"1 0 0 0 0 0 0 0 0 0 0 0 0
O x y g e n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C a r b o n  D io x id e on 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G ly c e ro l 0 0 0  1 0 0 0 0 0 0 0 0 0 0 0 0
S u c c in ic  A c id 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L a c t ic  A c id 0ๆ 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H M F 6 7  1 1 5 9 0 159 0 1 5 9 159 0 159 1 5 9 0 158 2 2 5 23 2 0 3
X y li to l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A c e t ic  A c id 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C o m  S te e p  L iq u o r 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Z M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C e l lu la s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L im e 0 0 0 0 1 7 ,7 6 5 1 7 ,7 6 5 5 ,3 2 9 0 5 ,3 2 9 0 0 0 0 0 0
C A S O , 0 0 0 0 0 0 2 2 ,8 4 9 0 2 2 ,8 4 9 3 2 ,6 4 2 3 2 ,6 4 2 0 0 0 0
A s h 2 3 4 ,9 6 2 0 0 0 0 0 0 0 0 0 0 0 2 3 4 ,9 6 2 2 3 ,4 9 6 2 1 1 ,4 6 6



Table D1 S tr e a m  ta b le  o f  th e  b io e th a n o l  p r o c e s s  f ro m  r ic e  s t r a w  f o r  b a s e  c a s e  d e s ig n  ( c o n t in u e )
S t r e a m  N a m e S J l S 3 2 ร 3 3 ร 3 4 ร 3 5 S 3 6 S 3 7 S 3 8 S 3 9 S 4 0 S 4 I S 4 2 S 4 3 S 4 4 S 4 5  1
S tr e a m  P h a s e M ix e d M ix e d V a p o r L iq u id M ix e d M ix e d M ix e d V a p o r M ix e d M ix e d V a p o r L iq u id M ix e d M ix e d M ix e d
T e m p e r a tu r e  (°C ) 41 4 2 3 0 3 0 3 0 4 0 4 0 4 0 4 0 41 3 0 3 0 3 0 4 0 4 0
P r e s s u r e  ( a tm ) 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0
T o ta l  S td . L iq . R a te  ( L /d a y ) n /a n /a 2 6 9 6 ,2 1 9 4 2 ,7 5 1 n /a n /a 1 8 ,6 8 7 n /a n /a 1 ,1 7 8 9 ,1 4 6 4 1 7 ,4 3 2 n /a n /a
T o ta l  M a s s  R a te  (k g /d a y ) 3 6 5 ,4 5 8 3 ,2 8 9 ,1 2 0 166 6 ,2 1 3 4 2 ,9 9 1 4 1 4 ,8 2 8 4 1 4 ,8 2 7 1 5 ,3 3 4 3 9 9 ,4 9 3 3 ,6 8 8 ,6 1 3 7 2 6 9 ,1 3 7 4 1 9 ,7 7 1 4 ,1 1 8 ,2 4 7 4 ,1 0 6 ,1 2 2
T o ta l  M o la r  R a te  ( k m o l / d a v ) 1 5 ,2 0 0 1 3 6 ,7 9 8 10 3 4 5 2 ,3 7 6 1 7 ,9 3 1 1 8 ,3 9 0 3 5 4 1 8 ,0 3 6 1 5 4 ,8 3 4 4 3 5 0 7 2 3 ,2 0 4 1 7 8 ,5 8 8 1 7 8 ,5 1 0
T o ta l  S o lid  M a s s  R a te  (k g /d a y ) 8 6 ,4 1 6 7 7 7 ,7 4 3 ท/ a n /a 8 4 5 8 7 ,2 6 1 7 7 ,8 9 8 n /a 7 7 ,8 9 8 8 5 5 ,6 4 1 ท/ a n /a 8 ,2 3 7 8 6 3 ,8 7 8 8 6 3 ,8 7 8
T o ta l  E n th a lp y  ( G J /d a y ) - 1 .5 6 -1 3 .9 9 0 .0 1 0 .0 3 0 .1 8 -1 .3 3 - 0 .7 6 0 .1 3 -0 .8 9 -1 4 .8 8 0 .0 4 0 .0 5 1 7 9 -1 3 .0 1 - 1 3 .1 9
C o m p o n e n t M a s s  F lo w  ( k g / d a y )

C e l lu lo s e 4 2 ,2 4 0 3 8 0 ,1 6 3 0 0 0 4 2 ,2 4 0 3 1 ,6 8 0 0 3 1 ,6 8 0 4 1 1 ,8 4 4 0 0 0 4 1 1 ,8 4 4 4 1 1 ,8 4 4
H e m ic e l lu lo s e 2 ,8 4 7 2 5 ,6 2 2 0 0 0 2 ,8 4 7 2 ,8 4 7 0 2 ,8 4 7 2 8 ,4 6 8 0 0 0 2 8 ,4 6 8 2 8 ,4 6 8
G a la c ta n 119 1 ,0 7 0 0 0 0 1 1 9 119 0 119 1 ,1 8 9 0 0 0 1 ,1 8 9 1 ,1 8 9
M a n n a n 5 3 5 4 ,8 1 5 0 0 0 5 3 5 5 3 5 0 5 3 5 5 ,3 5 0 0 0 0 5 ,3 5 0 5 ,3 5 0
A ra b in a n 1 ,0 5 6 9 ,5 0 6 0 0 0 1 ,0 5 6 1 ,0 5 6 0 1 ,0 5 6 1 0 ,5 6 2 0 0 0 1 0 ,5 6 2 1 0 ,5 6 2
L ig n in 1 6 ,1 2 2 1 4 5 ,1 0 2 0 0 0 1 6 ,1 2 2 1 6 ,1 2 2 0 1 6 ,1 2 2 1 6 1 ,2 2 4 0 0 0 1 6 1 ,2 2 4 1 6 1 ,2 2 4
G lu c o s e 7 ,3 4 0 6 6 ,0 5 9 0 0 0 7 ,3 4 0 1 1 ,9 7 6 0 1 1 ,9 7 6 7 8 ,0 3 5 0 0 0 7 8 ,0 3 5 7 5 ,6 9 4
M a n n o s e 1 ,8 7 2 1 6 ,8 4 9 0 0 0 1 ,8 7 2 1 ,8 7 2 0 1 ,8 7 2 1 8 ,7 2 1 0 0 ____0 J 1 8 ,7 2 1 1 8 ,1 5 9
G a la c to s e 4 1 6 3 ,7 4 4 0 0 0 4 1 6 4 1 6 0 4 1 6 4 ,1 6 0 0 0 0 4 ,1 6 0 4 ,0 3 5
X y lo s e 2 9 ,1 6 1 2 6 2 ,4 5 3 0 0 0 2 9 ,1 6 1 2 ,5 0 8 0 2 ,5 0 8 2 6 4 ,9 6 1 0 0 0 2 6 4 ,9 6 1 2 5 7 ,0 1 2
A ra b in o s e 3 ,8 2 9 3 4 ,4 6 3 0 0 0 3 ,8 2 9 3 ,8 2 9 0 3 ,8 2 9 3 8 ,2 9 2 0 0 0 3 8 ,2 9 2 3 7 ,1 4 3
C e l lo b io s e 3 1 6 2 ,8 4 3 0 0 0 3 1 6 3 1 6 0 3 1 6 3 ,1 5 9 0 0 0 3 ,1 5 9 3 ,1 5 9
E th a n o l 0 0 0 0 0 0 1 5 ,3 1 0 1 ,1 4 8 1 4 ,161 1 4 ,1 6 1 0 0 0 1 4 ,1 6 1 1 4 ,1 6 1
W a te r 2 3 5 ,6 0 5 2 ,1 2 0 ,4 4 6 0 0 4 2 ,1 4 6 2 7 7 ,7 5 1 2 7 6 ,7 4 4 138 2 7 6 ,6 0 6 2 ,3 9 7 ,0 5 1 0 ( F 4 1 1 ,5 3 4 2 ,8 0 8 ,5 8 6 2 ,8 0 8 ,5 8 6
S u lfu r ic  A c id 4 0 6 3 ,6 5 1 0 0 0 4 0 6 4 0 6 0 4 0 6 4 ,0 5 6 0 o l 0 4 ,0 5 6 4 ,0 5 6
F u r fu ra l 7 4 6 6 8 Ô I 0 0 74 7 4 0 74 7 4 2 5 1 0 0 7 4 2 7 4 2
A m m o n ia 0 0 166 0 0 1 6 6 0 0 0 0 7 2 6 0 0 7 2 6 7 2 6
O x y g e n 0 0 o l 0 0 0 2 9 6 2 9 6 0 0 0 0 0 o l 0
C a rb o n  D io x id e 0 0 0 0 0 0 1 4 ,4 7 6 1 3 ,7 5 2 7 2 4 7 2 4 0 0 0 7 2 4 7 2 4
G ly c e ro l 0 0 0 0 0  1 0 1 1 9 0 1 1 9 1 1 9 0 0 0 1 1 9 119
S u c c in ic  A c id n 0 0 0 0 0 4 0 2 0 4 0 2 4 0 2 0 0 0 4 0 2 4 0 2
L a c t ic  A c id 0 0 0 0 0 0 7 3 0 7 3 73 0 0 0 73 73
H M F 2 3 2 0 3 0 0 0 2 3 2 3 0 2 3 2 2 5 0 0 0 2 2 5 2 2 5
X y li to l 0 0 0 0 0 0 1 ,3 5 9 0 1 ,3 5 9 1 ,3 5 9 0 0 0 1 ,3 5 9 1 ,3 5 9
A c e t i c  A c id 0 0 0 0 0 0 5 1 8 0 5 1 8 5 1 8 0 0 0 5 1 8 5 1 8
C o m  S te e p  L iq u o r 0 0 0 6 ,2 1 3 0 6 ,2 1 3 6 ,2 1 3 0 6 ,2 1 3 6 ,2 1 3 0 9 ,1 3 7 0 1 5 ,3 5 0 1 5 ,3 5 0
Z M 0  ' 0 0 0 0 0 1 ,1 9 7 0 1 ,1 9 7 1 ,1 9 7 0 0 0 1 ,1 9 7 1 ,1 9 7
C e l lu la s e 0 0 0 0 8 4 5 8 4 5 8 4 5 0 8 4 5 8 4 5 0 0 8 ,2 3 7 9 .0 8 2 9 ,0 8 2
L im e r - 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C A S O j 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A s h 2 3 ,4 9 6 2 1 1 ,4 6 6 0 0 0 2 3 ,4 9 6 2 3 ,4 9 6 0 2 3 ,4 9 6 2 3 4 ,9 6 2 0 0 0 2 3 4 ,9 6 2 2 3 4 ,9 6 2



Table D1 Stream table of the bioethanol process from rice straw for base case design (continue)
Stream Name ร46 S47 S48 S49 S50 S51 S52 SS3 S54 S5S 1Stream Phase Liquid Mixed Liquid Mixed Vapor Mixed Liquid Solid Liquid LiquidTemperature (°C) 40 40 40 40 40 40 40 40 40 100Pressure (atm) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 4.76 4.76Total Std. Liq. Rate (L/day) 7,865 n/a 9,861 n/a 87,564 n/a 3,425,489 n/a 3,425,489 3,425,489Total Mass Rate (kg/day) 12,125 4,106,123 12,125 4,118,248 72,439 4,045,809 3,552,285 493,524 3,552,285 3,552,285Total Molar Rate (kmol/day) 77 181,021 135 181,155 1,733 179,422 162,720 16,702 162,720 162,720Total Solid Mass Rate (kg/day) ท/ a 493,524 n/a 493,524 n/a 493,524 n/a 493,524 n/a n/aTotal Enthalpy (GJ/day) 0.18 17.85 0.05 17.89 0.63 17.27 27.95 -10.68 28.05 60.55
Component Mass Flow (kg/day)Cellulose 0 36,242 0 36,242 0 36,242 0 36,242 0 0Hemicellulose 0 28,468 0 28,468 0 28,468 0 28,468 0 0Galactan 0 1,189 0 1,189 0 1,189 0 1,189 0 0Mannan 0 5,350 0 5,350 0 5,350 0 5,350 0 0Arabinan 0 10,562 0 10,562 0 10,562 0 10,562 0 0Lignin 0 161,224 0 161,224 0 161,224 0 161,224 0 0Glucose 2,341 415,397 0 415,397 0 415,397 415,397 0 415,397 415,397Mannose 562 18,159 0 18,159 0 18,159 18,159 ÔI 18,159 18,159Galactose 125 4,035 0 4,035 0 4,035 4,035 0 4,035 4,035Xylose 7,949 14,650 0 14,650 0 14,650 14,650 0 14,650 14,650Arabinose 1,149 37,143 0 37,143 0 37,143 37,143 0 37,143 37,143Cellobiose 0 5,217 0 5,217 0 5,217 5,217 0 5,217 5,217Ethanol 0 162,664 0 162,664 1,226 161,438 161,438 0 161,438 161,438Water 0 2,766,864 0 2,766,864 2,152 2,764,711 2,764,711 0 2,764,711 2,764,711Sulfuric Acid (โ"1 4,056 0 4,056 0 4,056 4,056 0 4,056 4,056Furfural 0 742 0 742 2 740 740 0 740 740Ammonia 0 0 0 0 0 0 0 0 0 0Oxygen 0 2,283 0 2,283 2,058 225 225 0 225 225Carbon Dioxide 0 141,237 0 141,237 66,986 74,251 74,251 0 74,251 74,251Glycerol 0 1,217 0 1,217 0 1,217 1,217 0 1,217 1,217Succinic Acid 0 4,030 0 4,030 0 4,030 4,030 0 4,030 4,030Lactic Acid 0 738 12,125 12,863 0 12,863 12,863 0 12,863 12,863HMF 0 225 0 225 0 225 225 0 225 225Xylitol 0 13,341 0 13,341 0 13,341 13,341 0 13,341 13,341Acetic Acid 0 5,252 0 5,252 7 5,245 5,245 0 5,245 5,245Com Steep Liquor 0 15,350 0 15,350 8 15,342 15,342 0 15,342 15,342ZM 0 6,444 0 6,444 0 6,444 0 6,444 0 0Cellulase 0 9,082 0 9,082 0 9,082 0 9,082 0 0Lime 0 0 0 0 0 0 0 0 0 0

CASO4 0 0 0 0 0 0 0 0 0 0Ash 0 234,962 0 234,962 0 234,962 0 234,962 0 0



Table D1 Stream table of the bioethanol process from rice straw for base case design (continue)
Stream Name S56 S57 SS8 S59 S60 S6I S62 ร63 ร64 ร65 1Stream Phase Vapor Liquid Vapor Liquid Liquid Liquid Vapor Vapor Vapor LiquidTemperature (°C) 100 100 94 117 93 112 100 100 100 40Pressure (atm) 4.76 4.76 1.77 1.77 1.77 1.77 1.77 1.00 1.00 1.00Total Std. Liq. Rate (L/day) 94,264 3,331,225 228,420 3,102,804 209,398 19,023 209,398 200,000 9,398 200,000Total Mass Rate (kg/day) 77,469 3,474,816 187,208 3,287,608 168,405 18,803 168,405 159,016 9,389 159,016Total Molar Rate (kmol/day) 1,844 160,876 5,015 155,861 4,000 1,015 4,000 3,479 521 3,479Total Solid Mass Rate (kg/day) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/aTotal Enthalpy (GJ/day) 1.01 59.54 10.18 66.23 1.81 0.36 8.19 7.14 1.05 0.64Component Mass Flow (kg/day)Cellulose 0 0 0 0 0 0 0 0 0 0Hemicellulose 0 0 0 0 0 0 0 0 0 0Galactan 0 0 0 0 0 0 0 0 0 0Mannan 0 0 0 0 0 0 0 0 0 0Arabinan 0 0 0 0 0 0 0 0 0 0Lignin 0 0 0 0 0 0 0 0 0 0Glucose 0 415,397 0 415,397 0 0 0 0 0 0Mannose 0 18,159 0 18,159 0 0 0 0 0 0Galactose 0 4,035 0 4,035 0 0 0 0 0 0Xylose 0 14,650 0 14,650 0 0 ÔI 0 0 0Arabinose 0 37,143 0 37,143 0 0 0 0 0 0Cellobiose 0 5,217 0 5,217 0 0 0 0 0 0Ethanol 484 160,954 159,017 1,937 158,222 795 158,222 158,222 0 158,222Water 2,488 2,762,223 28,153 2,734,070 10,183 17,970 10,183 794 9,389 794Sulfuric Acid 0 4,056 0 4,056 0 0 0 0 (โ"1 0Furfural 4 735 27 708 0 27 0 0 0 0Ammonia 0 0 0 ÔI 0 0 0 0 o1 0Oxygen 225 0 0 0 0 0 0 0 0 0Carbon Dioxide 74,251 0 0 0 0 0 0 0 0 0Glycerol 0 1,217 0 1,217 0 0 0 0 0 0Succinic Acid 0 4,030 0 4,030 0 0 0 0 0 0Lactic Acid 0 12,863 0 12,863 0 0 0 0 0 0HMF 1 224 0 224 0 0 0 0 0 0Xylitol 0 13,341 0 13,341 0 0 0 0 0 0Acetic Acid 2 5,243 8 5,235 0 8 0 0 0 0Com Steep Liquor 13 15,329 3 15,326 0 3 0 0 0 0ZM 0 0 0 0 0 0 0 0 0 0Cellulase 0 0 0 0 0 0 0 0 0 0Lime 0 0 0 0 0 0 0 0 0 0CASOa 0 0 0 0 0 0 0 0 0 0Ash 0 0 0 0 0 0 0 0 0 0



D.2.2 Alternative 1 Design

Table D2 Stream table of the bioethanol process from rice straw for alternative 1 design
Stream Name SI S2 S3 S4 S5 ร6 S7 S8 ร9 S10 Sll รน S13 S14 SIS 1Stream Phase Mixed Vapor Mixed Liquid Liquid Liquid Vapor Mixed Mixed Vapor Liquid Solid Mixed Liquid MixedTemperature (°C) 30 160 100 30 30 30 268 180 180 101 101 101 101 30 70Pressure (atm) 1.00 6.00 1.00 1.00 1.00 1.00 13.00 10.00 10.00 1.00 1.00 1.00 1.00 1.00 1.00Total Std. Liq. Rate (L/day) n/a 114,448 n/a 683,289 7,430 690,719 398,307 n/a n/a 313,602 1,292,512 n/a n/a 1,344,441 n/aTotal Mass Rate (kg/day) 1,420,262 114,336 1,534,598 682,615 13,653 696,269 397,914 2,628,780 2,628,780 313,453 1,448,867 866,460 2,315,328 1,343,116 1,966,697Total Molar Rate (kmol/day) 30,676 6,347 37,023 37,891 139 38,030 22,088 97,141 94,429 17,349 58,641 18,439 77,080 74,554 93,697Total Solid Mass Rate (kg/day) 1,249,803 n/a 1,249,803 n/a n/a n/a n/a 1,249,803 866,460 n/a n/a 866,460 866,460 n/a 3,105Total Enthalpy (GJ/day) -68.77 13.16 -55.61 3.58 0.02 3.61 46.14 -5.86 27.60 34.99 25.60 -32.99 -7.39 7.05 25.08Component Mass Flow (kg/day)Cellulose 493,672 0 493,672 0 0 0 0 493,672 424,528 0 0 424,528 424,528 0 2,123Hemicellulose 287,455 0 287,455 0 0 0 0 287,455 28,612 0 0 28,612 28,612 0 143Galactan 4,999 0 4,999 0 0 0 0 4,999 1,195 0 0 1,195 1,195 0 6Mannan 22,496 0 22,496 0 0 0 0 22,496 5,377 0 0 5,377 5,377 0 27Arabinan 44,993 0 44,993 0 0 0 0 44,993 10,562 0 0 10,562 10,562 0 0Lignin 161 225 0 161,225 0 0 0 0 161,225 161,225 0 0 161,225 161,225 0 806Glucose 0 0 0 0 0 0 0 0 73,503 0 73,503 0 73,503 0 51,694Mannose 0 0 0 0 0 0 0 รฯ 18,747 0 18,747 0 18,747 0 13,183Galactose 0 0 0 0 0 0 0 0 4,166 0 4,166 0 4,166 0 2,930Xylose 0 0 0 0 0 0 0 ( p 292,026 0 292,026 0 292,026 0 205,382Arabinose 0 0 0 0 0 0 0 0 38,346 0 38,346 0 38,346 0 26,965Cellobiose โา 0 0 0 0 0 0 0 3,159 ( p 3,159 0 3,159 0 2,224Ethanol 0 0 0 0 0 ___0 J 0 0 0 0 0 0 รฯ 0 0Water 170,459 114,336 284,794 682,615 0 682,615 397,914 1,365,324 1,316,634 312,335 1,004,299 (Tl 1,004,299 1,343,116 1,650,937Sulfuric Acid 0 0 0 0 13,653 13 653 0 13,653 13,653 0 13,653 0 1 13,653 ! 0 9,597Furfural 0 0 0 0 0 0 0 0 1,851 1,108 743 0 743 0 522Ammonia 0 Cl 0 0 0 0 0 0 0 0 0 0 0 0 0Oxygen 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Carbon Dioxide 0 0 0 0 0 0 r 0 0 0 0 0 0 0 0Glycerol 0 0 ' 0 0 0 0 รฯ 0 0 0 0 0 0 0 0Succinic Acid 0 0 0 0 0 0 0 ! 0 0 0 0 0 0 0 0Lactic Acid 0 0 on 0 ร ฯ 0 0 0 0 0 0 0 0 0 0HMF 0 0 (โา 0 0 0 0 0 235 10 225 0 225 0 159Xylitol 0 0 0 ! 0 0 0 0 0 0 0 0 0 0 0 0Acetic Acid 0 0 0 0 o1 0 0 0 0 0 0 0 0 0 0Com Steep Liquor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0ZM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Cellulase 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Lime 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0CASO„ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Ash 234,963 ___ 0 234,963 0 0 0 0 234,963 234,963 0 0 234,963 234,963 0 51



Table D2 Stream table of the bioethanol process from rice straw for alternative 1 design (continue)
Stream Name SI6 SI7 SI8 รเ9 S20 S21 S22 S23 S24 S2S ร26 S27 S28 ร29 ร30 1Stream Phase Mixed Mixed Liquid Mixed Solid Mixed Mixed Liquid Mixed Mixed Mixed Mixed Mixed Mixed MixedTemperature (°C) 70 50 30 50 30 50 50 30 50 50 50 50 59 59 59Pressure (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 1.00Total Std. Liq. Rate (L/day) n/a n/a 3,736 n/a n/a n/a n/a 3,839 n/a n/a n/a n/a n/a n/a n/aTotal Mass Rate (kg/day) 1,691,746 1,966,697 6,864 1,973,561 17,765 1,991,326 1,991,326 7,055 1,998,381 1,998,381 35,542 1,962,839 3,654,585 365,459 3,289,127Total Molar Rate (kmol/day) 57,937 93,697 70 93,767 240 94,007 94,174 72 94,246 94,318 258 94,060 151,998 15,200 136,798Total Solid Mass Rate (kg/day) 863,356 3,105 n/a 3,105 17,765 20,869 31,283 n/a 31,283 35,747 34,940 806 864,162 86,416 777,746Total Enthalpy (GJ/day) -25.43 18.95 0.01 18.96 -1.98 16.98 18.33 0.01 18.34 18.92 -0.20 19.12 -6.31 -0.63 -5.68Component Mass Flow (kg/day)Cellulose 422,405 2,123 0 2,123 0 2,123 2,123 0 2,123 2,123 2,123 0 422,405 42,240 380,164Hemicellulose 28,468 143 0 143 0 143 143 0 143 143 143 0 28,468 2,847 25,622Galactan 1,189 6 0 6 0 6 6 0 6 6 6 0 1,189 119 1,070Mannan 5,350 27 0 27 0 27 27 0 27 27 27 0 5,350 535 4,815Arabinan 10,562 0 0 0 0 0 0 0 0 0 0 0 10,562 1,056 9,506Lignin 160,419 806 0 806 0 806 806 0 806 806 0 806 161,225 16,122 145,102Glucose 21,808 51,694 0 51,694 0 51,694 51,694 0 51,694 51,694 103 51,591 73,399 7,340 66,059Mannose 5,564 13,183 0 13,183 0 13,183 13,183 0 13,183 13,183 26 13,157 18,721 1,872 16,849Galactose 1,236 2,930 0 2,930 0 2,930 2,930 0 2,930 2,930 6 2,924 4,160 416 3,744Xylose 86,644 205,382 0 205,382 0 205,382 205,382 <p 205,382 205,382 411 204,971 291,615 29,162 262,454Arabinose 11,381 26,965 0 26,965 0 26,965 26,965 0 26,965 26,965 54 26,911 38,292 3,829 34,463Cellobiose 935 2,224 0 2,224 0 2,224 2,224 0 2,224 2,224 in 2,224 3,159 316 2,843Ethanol 0 0 0 0 0 0 ----  M r 0 0 0 0 0 0 0 0Water 696,478 1,650,937 0 1,650,937 0 1,650,937 1,656,984 0 1,656,984 1,659,576 CM 1,659,576 2,356,054 235,605 2,120,448Sulfuric Acid 4,056 9,597 6,864 16,461 0 16,461 0 7,055 7,055 0 0 0 4,056 406 3,651Furfural 221 522 0 522 0 522 522 0 522 522 1 521 742 74 668Ammonia 0 0 0 0 0 0 0 0 0 0 0 0 51 0 0Oxygen 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Carbon Dioxide 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Glvcerol 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Succinic Acid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Lactic Acid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0HMF 67 159 0 159 0 159 159 0 159 159 0 158 225 23 203Xylitol 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Acetic Acid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Com Steep Liquor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0ZM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Cellulasc 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Lime 0 0 0 0 17,765 17,765 5,329 0 5,329 0 0 0 0 0 0CASO„ 0 0 0 0 0 0 22,849 0 22.849 32,642 32,642 0 0 0 0Ash 234,963 0 0 0 0 0 0 0 0 0 0 0 234,963 23,496 211,467



Table D2 Stream table of the bioethanol process from rice straw for alternative 1 design (continue)
Stream Name ร31 S32 S33 S34 ร35 S36 S37 S38 S39 S40 ร41 ร42 ร43 ร44 S45 S46 S47 1Stream Phase Mixed Mixed Vapor Liquid Mixed Mixed Mixed Vapor Mixed Mixed Vapor Liquid Mixed Mixed Mixed Liquid MixedTemperature (°C) 41 42 30 30 30 40 40 40 40 41 30 30 30 40 40 40 40Pressure (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 1.00Total Std. Liq. Rate (L/day) n/a n/a 269 6,219 42,751 n/a n/a 18,687 n/a n/a 1,178 9,146 417,431 ท/ a n/a 7,865 n/aTotal Mass Rate (kg/day) 365,459 3,289,127 166 6,213 42,991 414,829 414,828 15 334 399,494 3,688,621 726 9,137 419,771 4,118,254 4,106,129 12,125 4,106,130Total Molar Rate (kmol/day) 15,200 136,798 10 345 2,376 17,931 18,390 354 18,036 154,834 43 507 23,204 178,588 178,511 77 181,021Total Solid Mass Rate (kg/day) 86,416 777,746 n/a n/a 845 87,261 77,898 n/a 77,898 855,644 n/a n/a 8,237 863,881 863,881 n/a 493,525Total Enthalpy (GJ/day) -1.56 -13.99 0.01 0.03 0.18 -1.33 -0.76 0.13 -0.89 -14.88 0.04 0.05 1.79 -13.01 -13.19 0.18 17.85Component Mass Flow (kg/dav)Cellulose 42,240 380,164 0 0 0 42,240 31,680 0 31,680 411,845 0 0 0 411,845 411,845 0 36,242Hemicellulose 2,847 25,622 0 0 0 2,847 2,847 0 2,847 28,468 0 0 0 28,468 28,468 0 28,468Galactan 119 1,070 0 0 0 119 119 0 119 1,189 0 0 0 1,189 1,189 0 1,189Mannan 535 4,815 0 0 0 535 535 0 535 5,350 0 0 0 5,350 5,350 0 5,350Arabinan 1,056 9,506 0 0 0 1,056 1,056 0 1,056 10,562 0 0 0 10,562 10,562 0 10,562Lignin 16,122 145,102 0 0 0 16,122 16,122 0 16,122 161,225 0 0 0 161,225 161,225 0 161,225Glucose 7,340 66,059 0 0 0 7,340 11,976 0 11,976 78,035 0 0 0 78,035 75,694 2,341 415,398Mannose 1,872 16,849 0 0 0 1,872 1,872 0 1,872 18,721 0 0 0 18,721 18,159 562 18,159Galactose 416 3,744 0 0 0 416 416 o1 416 4,160 0 0 0 4,160 4,035 125 4,035Xylose 29,162 262,454 0 0 0 29,162 2,508 0 2,508 264,962 0 0 0 264,962 257,013 7,949 14,650Arabinose 3,829 34 463 n 0 0 3,829 3,829 0 3,829 38,292 0 0 0 38,292 37,143 1,149 37,143Cellobiose 316 2*843 0 0 0 316 316 0 316 3,159 0 0 0 3,159 3,159 0 5,217Ethanol 0 0 0 0 0 0 15,310 1,148 14,161 14,161 0 0 0 14,161 14,161 0 162,665Water 235,605 2,120,448 0 0 42,147 277,752 276,745 138 276,606 2,397,055 0 0 411,534 2,808,589 2,808,589 0 2,766,867Sulfuric Acid 406 3,651 0 0 0 406 406 0 406 4,056 0 0 0 4,056 4,056 0~1 4,056Furfiiral 74 668 0 0 0 74 74 0 74 742 0 0 0 742 742 0 742Ammonia 0 0 166 0 0 166 0 0 0 0 726 0 0 726 726 0 0Oxygen 0 0 0 0 0 0 296 296 0 0 0 0 0 0 0 0 2,283Carbon Dioxide 0 0 0 0 0 0 14,476 13,752 724 724 0 0 0 724 724 0 141,237Glvcerol 0 0 0 0 0 0 119 0 119 119 0 0 0 119 119 0 1,217Succinic Acid 0 0 0 0 0 0 402 0 402 402 0 0 0 402 402 0 4,030Lactic Acid 0 0 0 0 0 0 73 0 73 73 0 0 0 73 73 0 738HMF 23 203 0 0 0 23 23 0 23 225 0 0 0 225 225 0 225Xylitol 0 0 0 0 0 0 1,359 0 1,359 1,359 0 0 0 1,359 1,359 0 13,341Acetic Acid 0 0 0 0 0 0 518 0 518 518 0 0 0 518 518 0 5,252Com Steep Liquor 0 0 0 6,213 0 6,213 6,213 0 6,213 6,213 0 9,137 0 15,350 15,350 0 15,350ZM 0 0 0 0 0 0 1,197 0 1,197 1,197 0 0 0 1,197 1,197 0 6,444Cellulase 0 0 0 0 845 845 845 0 845 845 0 0 8,237 9,082 9,082 0 9,082Lime 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0CASOj 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Ash 23,496 211,467 0 0 0 23,496 23,496 0 23,496 234,963 0 0 0 234,963 234,963 0 234,963



Table D2 Stream table of the bioethanol process from rice straw for alternative 1 design (continue)
Stream Name S48 ร49 S50 S51 SS2 S53 S54 sss SS6 SS7 S58 S59 S60 S61 S62 S63 1Stream Phase Liquid Mixed Vapor Mixed Liquid Solid Liquid Liquid Vapor Liquid Vapor Liquid Liquid Liquid Vapor VaporTemperature (°C) 40 40 40 40 40 40 40 100 100 100 94 117 93 112 100 100Pressure (atm) 1.00 1.00 1.00 1.00 1.00 1.00 4.76 4.76 4.76 4.76 1.77 1.77 1.77 1.77 1.77 1.00Total Std. Liq. Rate (L/day) 9,861 n/a 87,565 n/a 3,425,493 n/a 3,425,493 3,425,493 94,263 3,331,229 228,418 3,102,811 209,392 19,026 209,392 200,000Total Mass Rate (kg/day) 12,125 4,118,255 72,440 4,045,815 3,552,290 493,525 3,552,290 3,552,290 77,469 3,474,821 187,205 3,287,615 168,399 18,807 168,399 159,016Total Molar Rate (kmol/day) 135 181,156 1,733 179,423 162,720 16,702 162,720 162,720 1,844 160,877 5,015 155,862 3,999 1,016 3,999 3,479Total Solid Mass Rate (kg/day) ท/ a 493,525 n/a 493,525 n/a 493,525 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/aTotal Enthalpy (GJ/day) 0.05 17.89 0.63 17.27 27.95 -10.68 28.05 60.55 1.01 59.54 10.18 66.23 1.81 0.36 8.19 7.14Component Mass Flow (kg/day)Cellulose 0 36,242 0 36,242 0 36,242 0 0 0 0 0 0 0 0 0 0Hemicellulose 0 28,468 0 28,468 0 28,468 0 0 0 0 0 0 0 0 0 i____ 0_Galactan 0 1,189 0 1,189 0 1,189 0 0 0 0 0 0 0 0 0 0Mannan 0 5,350 0 5,350 0 5,350 0 0 0 0 0 0 0 0 0 0Arabinan 0 10,562 0 10,562 0 10,562 0 0 0 0 0 0 0 0 0 0Lignin 0 161,225 0 161,225 0 161,225 0 0 0 0 0 0 0 0 0 0Glucose 0 415,398 0 415,398 415,398 0 415,398 415,398 0 415,398 0 415,398 0 0 0 0Mannose 0 18,159 0 18,159 18,159 0 18,159 18,159 0 18,159 0 18,159 0 0 0 0Galactose 0 4,035 0 4,035 4,035 0 4,035 4,035 0 4,035 0 4,035 0 0 0 0Xylose 0 14,650 0 14,650 14,650 0 14,650 14,650 0 14,650 0 14,650 0 0 0 0Arabinose 0 37,143 0 37,143 37,143 0 37,143 37,143 0 37,143 0~1 37,143 O' n 0 0Cellobiose 0 5,217 0 5,217 5,217 0 5,217 5,217 0 5,217 0 5,217 0 0 0 0Ethanol 0 162,665 1,226 161,438 161,438 (p 161,438 161,438 484 160,954 159,017 1,937 158,222 795 158,222 158,222Water 0 2,766,867 2,152 2,764,714 2,764,714 0 2,764,714 2,764,714 2,488 2,762,226 28,150 2,734,076 10,177 17,974 10,177 794Sulfuric Acid cTl 4,056 (โ"1 4,056 4,056 0 4,056 4,056 0 4,056 0 4,056 0 0 0 0Furfural 0 742 2 740 740 0 740 740 4 735 27 708 0 27 0 0Ammonia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Oxygen 0 2,283 2,058 225 225 0 225 225 225 0 0 0 0 0 0 0Carbon Dioxide 0 141,237 66,986 74,251 74,251 0 74,251 74,251 74,251 0 0 0 0 0 0 0Glycerol 0 1,217 0 1,217 1,217 0 1,217 1,217 0 1,217 0 1,217 0 0 0 0Succinic Acid 0 4,030 0 4,030 4,030 0 4,030 4,030 0 4,030 0 4,030 0 0 0 0Lactic Acid 12,125 12,863 0 12,863 12,863 0 12,863 12,863 0 12,863 0 12,863 0 0 0 0HMF 0 225 0 225 225 0 225 225 1 224 0 224 0 0 0 0Xylitol 0 13,341 0 13,341 13,341 0 13,341 13,341 0 13,341 0 13,341 0 0 0 0Acetic Acid 0 5,252 7 5,245 5,245 0 5,245 5,245 2 5,243 8 5,235 0 8 0 0Com Steep Liquor 0 15,350 8 15,342 15,342 0 15,342 15,342 13 15,329 3 15,326 0 3 0 0ZM 0 6,444 0 6,444 0 6,444 0 0 0 0 0 0 0 0 0 0Cellulase 0 9,082 0 9,082 0 9,082 0 0 0 0 0 0 0 0 0 0Lime 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0CASO„ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Ash 0 234,963 0 234,963 0 234,963 0 0 0 0 0 0 0 0 0 ! 0 [



Table D2 Stream table of the bioethanol process from rice straw for alternative 1 design (continue)
Stream Name S64 ร65 S66 S67 ร68 S69 S70 S7I S72 ร?3 S74 S7S S76 S77 S78 1Stream Phase Vapor Liquid Liquid Liquid Liquid Mixed Liquid Mixed Liquid Liquid Liquid Liquid Liquid Liquid MixedTemperature (°C) 100 40 40 40 50 59 48 55 49 49 49 86 57 64 78Pressure (atm) 1.00 1.00 4.76 4.76 4.76 1.00 4.76 1.00 4.76 4.76 4.76 4.76 4.76 4.76 1.00Total Std. Liq. Rate (L/day) 9,392 200,000 1,791,533 1,633,960 1,791,533 n/a 1,633,960 n/a 3,425,493 774,161 2,651,331 774,161 2,651,331 3,425,493 200,000Total Mass Rate (kg/day) 9,383 159,016 1,857,848 1,694,442 1,857,848 1,966,697 1,694,442 3,289,127 3,552,290 802,818 2,749,472 802,818 2,749,472 3,552,290 159,016Total Molar Rate (kmol/day) 521 3,479 85,103 77,618 85,103 93,697 77,618 136,798 162,720 36,775 125,945 36,775 125,945 162,720 3,479Total Solid Mass Rate (kg/day) ท/a n/a n/a n/a n/a 3,105 n/a 777,746 ท/ a n/a n/a n/a n/a n/a n/aTotal Enthalpy (GJ/day) 1.05 0.64 14.67 13.38 17.29 21.57 15.43 -7.72 32.72 7.40 25.33 11.86 28.84 40.70 2.68Component Mass Flow (kg/day)Cellulose 0 0 0 0 0 2,123 0 380,164 0 0 0 0 0 0 0Hemicellulose 0 0 0 0 0 143 0 25,622 0 0 0 0 0 0 0Galactan 0 0 0 0 0 6 0 1,070 0 0 0 0 0 0 0Mannan 0 0 0 0 0 27 0 4,815 0 0 0 0 0 0 0Arabinan 0 0 0 0 0 0 0 9,506 0 0 0 0 0 0 0Lignin 0 0 0 0 0 806 0 145.102 0 0 0 0 0 0 0Glucose 0 0 217,253 198,145 217,253 51,694 198,145 66,059 415,398 93,880 321,518 93,880 321,518 415,398 0Mannose 0 0 9,497 8,662 9,497 13,183 8,662 16,849 18,159 4,104 14,055 4,104 14,055 18,159 0Galactose 0 0 2,110 1,925 2,110 2,930 1,925 3,744 4,035 912 3,123 912 3,123 4,035 0Xylose 0 0 7,662 6,988 7,662 205,382 6,988 262,454 14,650 3,311 11,339 3,311 11,339 14,650 0Arabinose 0 0 19,426 17,717 19,426 26,965 17,717 34,463 37,143 8,394 28,749 8,394 28,749 37,143 0Cellobiose CM 0 2,728 2,488 2,728 2,224 2,488 2,843 5.217 1,179 4,038 1,179 4,038 5,217 0Ethanol 0 158,222 84,432 77,006 84,432 0 77,006 0 161,438 36,485 124,953 36,485 124,953 161,438 158,222Water 9,383 794 1,445,946 1,318,769 1,445,946 1,650,937 1,318,769 2,120,448 2,764,714 624,825 2,139,889 624,825 2,139,889 2,764,714 ' 794Sulfuric Acid 0 0 2,121 1,935 2,121 9,597 1,935 3,651 4,056 917 3,140 917 3.140 4,056 0Furfural 0 0 387 353 387 522 353 668 740 167 572 167 572 740 0Ammonia (F 0 0 0 0 0 0 0 0 0 0 0 0 0 0Oxygen 0 0 118 107 118 0 107 0 225 51 174 51 174 225 0Carbon Dioxide 0 0 38,833 35,418 38,833 0 35,418 0 74,251 16,781 57,470 16,781 57,470 74,251 0Glycerol 0 0 637 581 637 0 581 0 1,217 275 942 275 942 1,217 0Succinic Acid 0 0 2,107 1,922 2,107 0 1,922 0 4,030 911 3,119 911 3,119 4,030 0Lactic Acid 0 0 6,728 6,136 6,728 0 6,136 0 12,863 2,907 9,956 2,907 9,956 12,863 0HMF 0 0 118 107 118 159 107 203 225 51 174 51 174 225 0Xylitol 0 0 6,977 6,364 6,977 0 6,364 0 13,341 3,015 10,326 3,015 10,326 13,341 0Acetic Acid 0 0 2,743 2,502 2,743 0 2,502 0 5,245 1,185 4,060 1,185 4,060 5,245 0Com Steep Liquor 0 0 8,024 7,318 8,024 0 7,318 0 15,342 3,467 11,875 3,467 11,875 15,342 0ZM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Cellulase 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Lime 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0CASO, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Ash 0 0 0 0 0 0 0 211,467 0 0 0 0 0 0 0



D.2.3 Alternative 2 Design

Table D3 Stream table of the bioethanol process from rice straw for alternative 2 design
Stream Name SI S2 S3 ร4 ss ร6 S7 S8 S9 SIO Sll S12 S13 รน SIS 1Stream Phase Mixed Vapor Mixed Liquid Liquid Liquid Vapor Mixed Mixed Vapor Liquid Solid Mixed Liquid MixedTemperature (°C) 30 160 100 30 30 30 268 180 180 101 101 101 101 30 70Pressure (atm) 1.00 6.00 1.00 1.00 1.00 1.00 13.00 10.00 10.00 1.00 1.00 1.00 1.00 1.00 1.00Total Std. Liq. Rate (L/day) n/a 114,448 n/a 682,848 7,427 690,275 398,163 n/a n/a 313,510 1,292,013 n/a n/a 1,344,142 n/aTotal Mass Rate (kg/day) 1,420,254 114,336 1,534,589 682,174 13,647 695,822 397,771 2,628,182 2,628,182 313,360 1,448,366 866,455 2,314,821 1,342,817 1,966,134Total Molar Rate (kmol/day) 30,676 6,347 37,023 37,866 139 38,006 22,080 97,108 94,396 17,344 58,613 18,439 77,052 74,538 93,666Total Solid Mass Rate (kg/day) 1,249,796 n/a 1,249,796 n/a n/a n/a n/a 1,249,796 866,455 n/a n/a 866,455 866,455 n/a 3,105Total Enthalpy (GJ/day) -68.77 13.16 -55.61 3.58 0.02 3.60 46.13 -5.88 27.58 34.98 25.59 -32.99 -7.40 7.05 25.08Component Mass Flow (kg/day)Cellulose 493,669 0 493,669 0 0 0 0 493,669 424,525 0 0 424,525 424,525 0 2,123Hemicellulose 287,453 0 287,453 0 0 0 0 287,453 28,611 0 0 28,611 28,611 0 143Galactan 4,999 0 4,999 0 0 0 0 4,999 1,195 0 0 1,195 1,195 0 6Mannan 22,496 0 22,496 0 0 0 0 22,496 5,377 0 0 5,377 5,377 0 27Arabinan 44,993 0 44,993 0 0 0 0 44,993 10,562 0 0 10,562 10,562 0 0Lignin 161,224 0 161,224 0 0 0 0 161,224 161,224 0 0 161,224 161,224 0 806Glucose 0 0 0 0 0 0 0 0 73,502 0 73,502 0 73,502 0 51,694Mannose 0 0 0 0 0 0 0 0 18,747 0 18,747 0 18,747 0 13,183Galactose 0 0 0 0 0 0 0 0 4,166 0 4,166 0 4,166 0 2,930Xylose 0 0 0 0 0 0 0 0 292,024 <p 292,024 0 292,024 0 205,381Arabinose 0 0 0 0 0 0 0 0 38,346 0 38,346 0 38,346 0 26,965Cellobiose 0 0 0 0 0 0 0 0 3,159 0 3,159 0 3,159 0 2,224Ethanol 0 0 0 0 0 0 51 0 0 0 0 0 0 0 0Water 170,458 114,336 284,793 682,174 0 682,174 397,771 1,364,738 1,316,049 312,242 1,003,806 0 1,003,806 1,342,817 1,650,380Sulfuric Acid 0 0 0 0 13,647 13,647 0 13,647 13,647 0 13,647 0 13,647 0 9,593Furfural 0 0 0 0 0 0 0 0 1,851 1,108 743 0 743 0 522Ammonia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Oxygen 0 0 0 0 0 0 0 0 0 0 0 (p 0 0 0Carbon Dioxide 0 0 0 0 0 0 0 (T (T 0 0 0 0 0 0Glycerol 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Succinic Acid 0 0 Ôl 0 0 51 0 0 0 0 0 0 0 0 0Lactic Acid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0HMF 0 0 0 0 1 0 0 0 0 235 10 225 0 225 0 159Xylitol 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Acetic Acid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Com Steep Liquor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0ZM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Cellulase 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Lime 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0CASOi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Ash 234,962 0 234,962 0 0 0 0 234,962 234,962 0 0 234,962 234,962 0 0



Table D3 Stream table of the bioethanol process from rice straw for alternative 2 design (continue)
Stream Name S16 S17 SI8 SI9 S20 S21 S22 S23 S24 S2S ร26 S27 S28 S29 S30 1Stream Phase Mixed Mixed Liquid Mixed Solid Mixed Mixed Liquid Mixed Mixed Mixed Mixed Mixed Mixed MixedTemperature (°C) 70 50 30 50 30 50 50 30 50 50 50 50 59 59 59Pressure (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 1.00Total Std. Liq. Rate (L/day) n/a n/a 3,735 n/a n/a n/a ท/ a 3,838 n/a n/a n/a n/a n/a n/a n/aTotal Mass Rate (kg/day) 1,691,504 1,966,134 6,864 1,972,998 17,760 1,990,757 1,990,757 7,053 1,997,810 1,997,810 35,533 1,962,278 3,653,782 365,378 3,288,403Total Molar Rate (kmol/day) 57,924 93,666 70 93,736 240 93,976 94,143 72 94,215 94,287 258 94,029 151,953 15,195 136,758Total Solid Mass Rate (kg/day) 863,351 3,105 n/a 3,105 17,760 20,864 31,275 n/a 31,275 35,737 34,931 806 864,157 86,416 777,741Total Enthalpy (GJ/day) -25.43 18.92 0.01 18.93 -1.98 16.95 18.30 0.01 18.31 18.89 -0.20 19.09 -6.34 -0.63 -5.71Component Mass Flow (kg/day)Cellulose 422,403 2,123 0 2,123 0 2,123 2,123 0 2,123 2,123 2,123 0 422,403 42,240 380,162Hemicellulose 28,468 143 0 143 0 143 143 0 143 143 143 0 28,468 2,847 25,621Galactan 1,189 6 0 6 0 6 6 0 6 6 6 0 1.189 119 1,070Mannan 5,350 27 0 27 0 27 27 0 27 27 27 0 5,350 535 4,815Arabinan 10,562 0 0 0 0 0 0 0 0 0 0 0 10,562 1,056 9,506Lignin 160.418 806 0 806 0 806 806 0 806 806 0 806 161,224 16,122 145,101Glucose 21,808 51,694 0 51,694 0 51,694 51,694 0 51,694 51,694 103 51,591 73,399 7,340 66,059Mannose 5,564 13,183 0 13,183 0 13,183 13,183 0 13,183 13,183 26 13,157 18,721 1,872 16,849Galactose 1,236 2,930 0 2,930 0 2,930 2,930 0 2,930 2,930 6 2,924 4,160 416 3,744Xylose 86,644 205,381 0 205,381 0 205,381 205,381 0 205,381 205,381 411 204,970 291,614 29,161 262,452Arabinose 11,381 26,965 n 26,965 0 26,965 26,965 0 26,965 26,965 54 26,911 38,292 3,829 34,463Cellobiose 935 2,224 0 2,224 0 2,224 2,224 0 2,224 2,224 0 2,224 3,159 316 2,843Ethanol 0 0 0 0 0 0 0 ÔI 0 0 0 0 0 0 0Water 696,243 1,650,380 0 1,650,380 0 1,650,380 1,656,426 0 1,656,426 1,659,016 0 1,659,016 2,355,259 235,526 2,119,734Sulfuric Acid 4,055 9,593 6,864 16,456 0 16,456 0 7,053 7,053 0 0 0 4,055 405 3,649Furfural 221 522 0 522 0 522 522 0 522 522 1 521 742 74 668Ammonia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Oxygen 0 0 0 0 0 0 (p 0 0 0 0 0 0 0 0Carbon Dioxide 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Glycerol 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Succinic Acid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Lactic Acid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0HMF 67 159 0 159 0 159 159 0 159 159 0 158 225 23 203Xylitol 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Acetic Acid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Com Steep Liquor 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0ZM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Cellulase 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Lime 0 0 0 0 17,760 17,760 5,328 0 5,328 0 0 0 0 0 0CASO4 0 0 0 0 0 0 22,843 0 22,843 32,633 32,633 0 0 0 0Ash 234,962 0 0 0 0 0 0 0 0 0 0 0 234,962 23,496 211,466



Table D3 Stream table of the bioethanol process from rice straw for alternative 2 design (continue)
Stream Name S31 ร32 S33 S34 ร35 ร36 S37 ร38 S39 S40 ร41 S42 ร43 ร44 S45 1Stream Phase Mixed Mixed Vapor Liquid Mixed Mixed Mixed Vapor Mixed Mixed Vapor Liquid Mixed Mixed MixedTemperature (°C) 41 42 30 30 30 40 40 40 40 41 30 30 30 40 40Pressure (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 1.00Total Std. Liq. Rate (L/day) n/a n/a 269 6,218 42,750 n/a n/a 18,687 n/a n/a 1,178 9,144 417,423 n/a n/aTotal Mass Rate (kg/day) 365,378 3,288,403 166 6,212 42,990 414,745 414,745 15,334 399,411 3,687,814 726 9,135 419,762 4,117,437 4,105,312Total Molar Rate (kmol/day) 15,195 136,758 10 345 2,376 17,926 18,386 354 18,032 154,790 43 507 23,204 178,543 178,466Total Solid Mass Rate (kg/day) 86,416 777,741 n/a n/a 845 87,260 77,898 n/a 77,898 855,639 n/a ท/ a 8,237 863,876 863,876Total Enthalpy (GJ/day) -1.56 -13.99 0.01 0.03 0.18 -1.33 -0.76 0.13 -0.89 -14.89 0.04 0.05 1.79 -13.01 -13.19Component Mass Flow (kg/day) ..Cellulose 42,240 380,162 0 0 0 42,240 31,680 0 31,680 411,842 0 0 0 411,842 411,842Hemicellulose 2,847 25,621 0 0 0 2,847 2,847 0 2,847 28,468 0 0 0 28,468 28,468Galactan 119 1,070 0 0 0 119 119 0 119 1,189 0 0 0 1,189 1,189Mannan 535 4,815 0 0 0 535 535 0 535 5,350 0 0 0 5,350 5,350Arabinan 1,056 9,506 0 0 0 1,056 1,056 0 1,056 10,562 0 0 0 10,562 10,562Lignin 16,122 145,101 0 0 0 16,122 16,122 0 16,122 161,224 0 0 0 161,224 161,224Glucose 7,340 66,059 0 0 0 7,340 11,976 0 11,976 78,034 0 0 0 78,034 75,693Mannose 1,872 16,849 0 0 0 1,872 1,872 0 1,872 18,721 0 0 0 18,721 18,159Galactose 416 3,744 0 0 0 416 416 0 416 4,160 (p 0 0 4,160 4,035Xylose 29,161 262,452 0 0 0 29,161 2,508 <n 2,508 264,960 0 ÔI 0 264,960 257,011Arabinose 3,829 34,463 0 0 0 3,829 3,829 0 3,829 38,292 0 0 0 38,292 37,143Cellobiose 316 2,843 0 0 0 316 316 o1 316 3,159 (p 0 0 3,159 3,159Ethanol 0 0 0 0 0 0 15,310 1,148 14,161 14,161 0 0 0 14,161 14,161Water 235,526 2,119,734 0 0 42,145 277,671 276,664 138 276,526 2,396,259 0 0 411,525 2,807,785 2,807,785Sulfuric Acid 405 3,649 0 0 0 405 405 0 405 4,055 0 0 <p 4,055 ' 4,055Furfural 74 668 0 0 0 74 74 0 74 742 0 0 0 742 742Ammonia 0 0 166 0 0 166 0 0 0 0 726 0 0 726 726Oxygen 0 0 0 0 0 0 296 296 0 0 0 0 0 0 0Carbon Dioxide 0 <p 0 0 0 0 14,475 13,752 724 724 0 0 0 724 724Glycerol 0 0 0 0 0 0 119 0 119 119 0 0 0 119 119Succinic Acid cP (p 0 0 0 0 402 0 402 402 0 0 0 402 402Lactic Acid 0 0 0 0 0 0 73 0 73 73 0 0 0 73 73HMF 23~1 203 0 01 01 2ÏP 23 0 23 225 0 0 0 225 225Xylitol 0 0 0 0 0 0 1,359 0 1,359 1,359 0 0 0 1,359 1,359Acetic Acid 0 0 0 r p 0 518 0 518 518 0 0 0 518 518Com Steep Liquor 0 0 0 6,212 0 6,212 6,212 0 6,212 6,212 0 9,135 0 15,346 15,346ZM 0 0 0 0 0 0 1,197 0 1,197 1,197 0 0 0 1,197 1,197Cellulase 0 0 0 0 845 845 845 0 845 845 0 0 8,237 9,082 9,082Lime 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0CASO4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Ash 23,496 211,466 0 0 0 23,496 23,496 0 23,496 234,962 0 0 0 234,962 234,962



Table D3 Stream table of the bioethanol process from rice straw for alternative 2 design (continue)
Stream Name ร46 S47 S48 S49 S50 S51 S52 S53 S54 S55 S56 1Stream Phase Liquid Mixed Liquid Mixed Vapor Mixed Liquid Solid Liquid Liquid VaporTemperature (°C) 40 40 40 40 40 40 40 40 40 100 100Pressure (atm) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 4,76 4.76 4.76Total Std. Liq. Rate (L/day) 7,865 n/a 9,861 n/a 87,588 n/a 3,424,656 n/a 3,424,656 3,424,656 94,239Total Mass Rate (kg/day) 12,125 4,105,313 12,125 4,117,438 72,459 4,044,979 3,551,457 493,522 3,551,457 3,551,457 77,449Total Molar Rate (kmol/day) 77 180,976 135 181,111 1,734 179,377 162,675 16,702 162,675 162,675 1,843Total Solid Mass Rate (kg/day) n/a 493,522 n/a 493,522 n/a 493,522 n/a 493,522 ท/ a n/a ฟaTotal Enthalpy (GJ/day) 0.18 17.84 0.05 17.89 0.63 17.26 27.94 -10.68 28.05 60.54 1.01Component Mass Flow (kg/day)Cellulose 0 36,242 0 36,242 0 36,242 0 36,242 0 0 0Hemicellulose 0 28,468 0 28,468 0 28,468 0 28,468 0 0 0Galactan 0 1,189 0 1,189 0 1,189 0 1,189 0 0 0Mannan 0 5,350 _0_J 5,350 0 5,350 0 5,350 0 0 0Arabinan 0 10,562 51 10,562 0 10,562 0 10,562 0 0 0Lignin 0 161,224 0 161,224 0 161,224 0 161,224 0 0 0Glucose 2.341 415,396 0 415,396 0 415,396 415,396 0 415,396 415,396 0Mannose 562 18,159 0 18,159 0 18,159 18,159 0 18,159 18,159 0Galactose 125 4,035 0 4,035 0 4,035 4,035 0 4,035 4,035 0Xylose 7,949 14,650 0 14,650 0 14,650 14,650 0 14,650 14,650 0Arabinose 1,149 37,143 0 37,143 0 37,143 37,143 0 37,143 37,143 0Cellobiose 0 5,217 0 5,217 0 5,217 5,217 0 5,217 5,217 0Ethanol 0 162,664 51 162,664 1,227 161,437 161,437 0 161,437 161,437 484Water 0 2,766,063 0 2,766,063 2,153 2,763,910 2,763,910 0 2,763,910 2,763,910 2,488Sulfuric Acid 0 4,055 0 4,055 0 4.055 4,055 0 4,055 4,055 0Furfural 0 742 0 742 2 740 740 0 740 740 4Ammonia 0 0 0 0 0 0 0 0 oT 0 0Oxygen 0 2,283 0 2,283 2,058 225 225 0 225 225 225Carbon Dioxide 0 141,236 0 141,236 67,004 74,232 74,232 0 74,232 74,232 74,232Glycerol 0 1,217 0 1,217 0 1,217 1,217 0 1,217 1,217 0Succinic Acid 0 4,030 0 4,030 0 4,030 4,030 0 4,030 4,030 0Lactic Acid 0 738 12,125 12,863 0 12,863 12,863 0 12,863 12,863 0HMF 0 225 0 225 0 225 225 0 225 225 1Xylitol 0 13,341 0 13,341 0 13,341 13,341 0 13,341 13,341 0Acetic Acid 0 5,252 0 5,252 7 5,245 5,245 0 5,245 5,245 2Com Steep Liquor 0 15,346 0 15,346 8 15,339 15,339 0 15,339 15,339 13ZM 0 6,444 0 6,444 0 6,444 0 6,444 0 0 0Cellulase 0 9,082 0 9,082 0 9,082 0 9,082 0 0 0Lime 0 0 0 0 0 0 0 0 0 0 0CASO„ 0 0 0 0 0 0 0 0 0 0 0Ash 0 234,962 0 234,962 0 234,962 0 234,962 0 0 0



Table D3 Stream table of the bioethanol process from rice straw for alternative 2 design (continue)
Stream Name SS7 S58 S59 S60 ร61 S62 ร63 S64 S65 ร66 S67 1Stream Phase Liquid Vapor Liquid Liquid Liquid Vapor Vapor Vapor Liquid Mixed LiquidTemperature (°C) 100 94 117 93 112 100 100 ioo 40 117 54Pressure (atm) 4.76 1.77 1.77 1.77 1.77 1.77 1.00 1.00 1.00 1.77 1.77Total Std. Liq. Rate (L/day) 3,330,417 228,420 3,101,996 209,423 18,997 209,423 200,000 9,422 200,000 3,120,994 3,120,994Total Mass Rate (kg/day) 3,474,007 187,208 3,286,800 168,430 18,778 168,430 159,017 9,413 159,017 3,305,578 3,305,578Total Molar Rate (kmol/day) 160,832 5,015 155,817 4,001 1,014 4,001 3,479 523 3,479 156,831 156,831Total Solid Mass Rate (kg/day) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/aTotal Enthalpy (GJ/day) 59.53 10.18 66.21 1.81 0.36 8.20 7.15 1.05 0.64 66.57 34.08Component Mass Flow (kg/dav)Cellulose 0 0 0 0 0 0 0 0 0 0 0Hemicellulose 0 0 0 0 0 0 0 0 0 0 0Galactan 0 0 0 0 0 0 0 0 0 0 0Mannan 0 0 0 0 0 0 0 0 0 0 0Arabinan 0 0 0 0 0 0 0 0 0 0 0Lignin 0 0 0 0 0 0 0 0 0 0 0Glucose 415,396 0 415,396 0 0 0 0 0 0 415,396 415,396Mannose 18,159 0 18,159 0 0 0 0 0 0 18,159 18,159Galactose 4,035 0 4,035 0 0 0 0 0 0 4,035 4,035Xylose 14,650 0 14,650 0 0 0 0 (p 0 14,650 14,650Arabinose 37,143 0 37,143 0 0 0 0 0 0 37,143 37,143Cellobiose 5,217 0 5,217 (p (p 0 0 0 0 5,217 5,217Ethanol 160,953 159,015 1,937 158,220 795 158,220 158,220 0 158,220 2,732 2,732Water 2,761,422 28,154 2,733,268 10,209 17,945 10,209 796 9,413 796 2,751,213 2,751,213Sulfuric Acid 4,055 0 4,055 0 0 0 0 0 0 4,055 4,055Furfural 735 27 709 0 27 0 0 0 0 735 735Ammonia 0 0 0 0 0 0 0 0 0 0 0Oxygen 0 0 0 0 0 0 0 0 0 0 0Carbon Dioxide 0 0 0 0 0 0 0 0 0 0 0Glycerol 1,217 0 1,217 0 0 0 0 0 0 1,217 1,217Succinic Acid 4,030 0 4,030 0 0 0 0 0 0 4,030 4,030Lactic Acid 12,863 0 12,863 0 0 0 0 0 0 12,863 12,863HMF 224 0 224 0 0 0 0 0 0 224 224Xylitol 13,341 0 13,341 0 0 0 0 0 0 13,341 13,341Acetic Acid 5,243 8 5,235 0 8 0 0 0 0 5,243 5,243Com Steep Liquor 15,326 3 15,323 0 3 0 0 0 0 15,326 15,326ZM 0 0 0 0 0 0 0 0 0 0 0Cellulase 0 0 0 0 0 0 0 0 0 0 0Lime 0 0 0 0 0 0 0 0 0 0 0

CASO4 0 0 0 0 0 0 0 0 0 0 cPAsh 0 0 0 0 0 0 0 0 0 0 cTi



D.2.4 Alternative 3 Design

Table D4 Stream table of the bioethanol process from rice straw for alternative 3 design
Stream Name SI S2 S3 ร4 ss ร6 S7 S8 S9 S10 Sll ร]2 ร]3 ร]4 ร]ร 1Stream Phase Mixed Vapor Mixed Liquid Liquid Mixed Vapor Mixed Mixed Vapor Liquid Solid Mixed Liquid MixedTemperature (°C) 30 160 100 30 30 100 268 180 180 102 102 102 102 30 74Pressure (atm) 1.00 6.00 1.00 1.00 1.00 1.00 13.00 10.00 10.00 1.00 1.00 1.00 1.00 1.00 1.00Total Std. Liq. Rate (L/day) n/a 104,536 n/a 175,367 5,572 694,711 74,570 n/a n/a 256,334 996,420 n/a ท/ a 860,824 n/aTotal Mass Rate (kg/day) 1,336,730 104,433 1,441,163 175,194 10,238 698,739 74,496 2,214,398 2,214,398 256,189 1,142,691 815,518 1,958,208 859,976 1,750,598Total Molar Rate (kmol/day) 28,871 5,797 34,668 9,725 104 38,185 4,135 76,988 74,436 14,114 42,967 17,355 60,322 47,736 81,762Total Solid Mass Rate (kg/day) 1,176,322 n/a 1,176,322 n/a n/a n/a n/a 1,176,322 815,518 n/a n/a 815,518 815,518 n/a 2,922Total Enthalpy (GJ/day) -64.73 12.02 -52.71 0.92 0.02 30.29 8.64 -13.78 17.71 28.47 20.25 -31.01 -10.76 4.51 23.35Component Mass Flow (kg/dav)Cellulose 464,647 0 464,647 0 0 0 0 464,647 399,568 0 0 399,568 399,568 0 1,998Hemicellulose 270,554 0 270,554 0 0 0 0 270,554 26,929 0 0 26,929 26,929 0 135Galactan 4,705 0 4,705 0 0 0 0 4,705 1,125 0 0 U25 1,125 0 6Mannan 21,174 0 21,174 0 0 0 0 21,174 5,061 0 0 5,061 5,061 0 25Arabinan 42,348 0 42,348 0 0 0 0 42,348 9,941 0 0 9,941 9,941 0 0Lignin 151,746 0 151,746 0 0 0 0 151,746 151,746 0 0 151,746 151,746 0 759Glucose 0 0 0 0 0 0 0 0 69,181 0 69,181 0 69,181 0 60,370Mannose 0 0 0 0 0 0 0 0 17,645 0 17,645 0 17,645 0 12,942Galactose 0 0 0 0 0 0 0 0 3,921 0 3,921 0 3,921 0 2,876Xvlose 0 0 0 0 0 0 0 (T 274,857 0 274,857 0 274,857 0 193,720Arabinose 0 0 0 0 0 0 0 0 36,091 0 36,091 0 36,091 0 26,471Cellobiose 0 0 0 0 0 0 0 0 2,973 0 2,973 <p 2,973 0 2,240Ethanol 0 0 0 0 0 586 0 586 586 464 122 n 122 0 1,261Water 160,408 104,433 264,840 175,194 0 681,971 74,496 1,021,308 975,481 253,081 722,399 0 722,399 859,976 1,431,788Sulfuric Acid 0 0 0 0 10,238 10,238 0 10,238 10,238 0 10,238 0 10,238 0 7,289Furfural 0 0 0 0 0 466 0 466 2,208 1,295 913 0 913 0 1,208Ammonia 0 0 0 j 0 0 0 0 0 0 0 0 0 (T 0 0Oxygen 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0Carbon Dioxide 0 CM 0 0 0 0 0 0 0 0 0 0 0 0 0Glycerol 0 0 i 0 0 0 1 0 1 1 0 1 0 1 0 39Succinic Acid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 123Lactic Acid 0 0 0 0 0 5 0 5 5 0 5 0 5 0 403HMF 0 0 0 0 0 9 0 9 230 11 219 0 219 0 165Xylitol 0 0 0 0 0 0 0 0 0 0 0 0 0 0 394Acetic Acid 0 0 0 0 0 2,454 0 2,454 2,454 828 1,626 0 1,626 0 2,794Com Steep Liquor 0 0 0 0 0 3,008 0 3,008 3,008 511 2,498 0 2,498 0 3,592ZM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Cellulase 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Lime 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0CAS0< 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Ash 221,149 0 221,149 0 0 0 0 221,149 221,149 0 0 221,149 221,149 0 0



Table D4 Stream table of the bioethanol process from rice straw for alternative 3 design (continue)
Stream Name S16 S17 S18 S19 ร20 S21 S22 S23 S24 S25 S26 S27 S28 ร29 S30 1Stream Phase Mixed Mixed Liquid Mixed Solid Mixed Mixed Liquid Mixed Mixed Mixed Mixed Mixed Mixed MixedTemperature (°C) 74 50 30 50 30 50 50 30 50 50 50 50 61 61 61Pressure (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 1.00Total Std. Liq. Rate (L/day) n/a n/a 4,039 n/a n/a n/a n/a 3,411 n/a n/a n/a n/a n/a n/a n/aTotal Mass Rate (kg/day) 1,549,894 1,750,598 7,422 1,758,020 15,848 1,773,868 1,773,868 6,267 1,780,135 1,780,135 31,885 1,748,250 3,298,144 329,814 2,968,329Total Molar Rate (kmol/day) 51,820 81,762 76 81,838 214 82,052 82,202 64 82,266 82,329 232 82,098 133,918 13,392 120,526Total Solid Mass Rate (kg/day) 812,595 2,922 n/a 2,922 15,848 18,770 28,077 ท/ a 28,077 32,041 31,283 759 813,354 81,335 732,019Total Enthalpy (GJ/day) -23.69 17.01 0.01 17.02 -1.76 15.26 16.46 0.01 16.48 16.99 -0.19 17.18 -6.52 -0.65 -5.86Component Mass Flow (kg/dav)Cellulose 397,570 1,998 0 1,998 0 1,998 1,998 0 1,998 1,998 1,998 0 397,570 39,757 357,813Hemicellulose 26,795 135 0 135 0 135 135 0 135 135 135 0 26,795 2,679 24,115Galactan 1,119 6 0 6 0 6 6 0 6 6 6 0 1,119 112 1,007Mannan 5,035 25 0 25 0 25 25 0 25 25 25 0 5,035 504 4,532Arabinan 9,941 0 0 0 0 0 0 0 0 0 0 0 9,941 994 8,947Lignin 150,987 759 0 759 0 759 759 0 759 759 0 759 151,746 15,175 136,571Glucose 25,468 60,370 0 60,370 0 60,370 60,370 0 60,370 60,370 121 60,250 85,718 8,572 77,146Mannose 5,462 12,942 0 12,942 0 12,942 12,942 0 12,942 12,942 26 12,916 18,378 1,838 16,540Galactose 1,214 2,876 0 2,876 0 2,876 2,876 0 2,876 2,876 6 2,870 4,084 408 3,676Xylose 81,725 193,720 0 193,720 0 193,720 193,720 0 193,720 193,720 387 193,333 275,058 27,506 247,552Arabinose 11,173 26,471 0 26,471 0 26,471 26,471 0 26,471 26,471 53 26,418 37,591 3,759 33,832Cellobiose 942 2,240 0 2,240 0 2,240 2,240 0 2,240 2,240 0 2,240 3,182 318 2,864Ethanol 531 1,261 0 1,261 0 1,261 1,261 0 1,261 1,261 0 1,261 1,792 179 1,613Water 604,026 1,431,788 0 1,431,788 0 1,431,788 1,437,192 0 1,437,192 1,439,494 0 1,439,494 2,043,520 204,352 1,839,168Sulfuric Acid 3,081 7,289 7,422 14,711 0 14,711 0 6,267 6,267 r 1 0 0 3,081 308 2,773Furfiiral 510 1,208 0 1,208 0 1,208 1,208 0 1,208 1,208 2 1,206 1,716 172 1,544Ammonia 0 0 0 <rl 01 0 0 0 0 0 0 0 0 0 0Oxygen 0 0 0 0 0 0 0 0 0 0 0 0 0 วิา 0Carbon Dioxide 0 0 0 0 0 0 0 0 0 0 0 ! 0 0 0 0Glycerol 17 39 0 39 0 39 39 0 39 39 0 39 56 6~l 50Succinic Acid 52 123 0 123 0 123 123 0 123 123 0 123 175 17 ! 157Lactic Acid 170 403 0 403 0 403 403 0 403 403 0 403 573 57 516HMF 69 165 0 165 0 165 165 0 165 165 0 164 234 23 210Xylitol 166 394 0 394 0 394 394 0 394 394 0 394 560 56 504Acetic Acid 1,179 2,794 0 2,794 0 2,794 2,794 0 2,794 2,794 0 2,794 3,974 397 3,576Com Steep Liquor 1,515 3,592 0 3,592 0 3,592 3,592 0 3,592 3,592 7 3,585 5,099 510 4,589ZM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Cellulase 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0Lime 0 0 0 0 15,848 15,848 4,734 0 4,734 0 0 0 0 0 0CASO4 0 0 0 0 0 0 20,420 0 20,420 29,119 29,119 .0 0 0 0Ash 221,149 0 0 0 0 0 0 0 0 0 0 0 221,149 22,115 199,034



Table D 4  S tr e a m  ta b le  o f  th e  b io e th a n o l  p r o c e s s  f r o m  r ic e  s t r a w  f o r  a l t e rn a t iv e  3 d e s ig n  ( c o n t in u e )
S t r e a m  N a m e S 3 1 S 3 2 S 3 3 S 3 4 ร 3 5 S 3 6 ร 3 7 S 3 8 S 3 9 S 4 0 S 4 I S 4 2 S 4 3 $4 4 $ 4 5  1
S tr e a m  P h a s e M ix e d M ix e d V a p o r L iq u id M ix e d M ix e d M ix e d V a p o r M ix e d M ix e d V a p o r L iq u id M ix e d M ix e d M ix e d
T e m p e r a t u r e  (° C ) 4 2 4 2 3 0 3 0 3 0 4 0 4 0 4 0 4 0 41 3 0 3 0 3 0 4 0 4 0
P r e s s u r e  ( a tm ) 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0
T o ta l  S td . L iq . R a te  ( L /d a y ) n /a n /a 2 6 5 5 ,6 2 0 4 0 ,3 1 9 n /a n /a 1 8 ,5 4 9 n /a n /a 1 ,1 6 3 8 ,2 6 4 3 9 2 ,9 0 0 n /a n /a
T o ta l  M a s s  R a te  (k g /d a y ) 3 2 9 ,8 1 4 2 ,9 6 8 ,3 2 9 163 5 ,6 1 4 4 0 ,5 4 5 3 7 6 ,1 3 7 3 7 6 ,1 3 7 1 5 ,2 1 6 3 6 0 ,9 2 1 3 ,3 2 9 ,2 5 0 7 1 6 8 ,2 5 6 3 9 5 ,1 0 2 3 ,7 3 3 ,3 2 5 3 ,7 2 1 ,3 7 1
T o ta l  M o la r  R a te  ( k m o l / d a y ) 1 3 ,3 9 2 1 2 0 ,5 2 6 10 3 1 2 2 ,2 4 1 1 5 ,9 5 4 1 6 ,4 1 5 351 1 6 ,0 6 4 1 3 6 ,5 9 0 4 2 4 5 8 2 1 ,8 4 1 1 5 8 ,9 3 1 1 5 8 ,8 5 5
T o ta l  S o lid  M a s s  R a t e  (k g /d a y ) 8 1 ,3 3 5 7 3 2 ,0 1 9 n /a n /a 7 9 5 8 2 ,1 3 1 7 3 ,3 7 5 n /a 7 3 ,3 7 5 8 0 5 ,3 9 4 n /a n /a 7 ,7 5 3 8 1 3 ,1 4 6 8 1 3 ,1 4 6
T o ta l  E n t h a l p y  ( G J /d a y ) -1 .5 5 -1 3 .9 4 0.01 0 .0 3 0 .1 7 - 1 .3 4 -0 .8 2 0 .1 3 -0 .9 5 -1 4 .8 9 0 .0 4 0 .0 4 1 .6 8 -1 3 .1 3 -1 3 .3 1
C o m p o n e n t M a s s  F lo w  ( k g / d a y

C e l lu lo s e 39,757 3 5 7 ,8 1 3 0 0 0 3 9 ,7 5 7 2 9 ,8 1 8 0 2 9 ,8 1 8 3 8 7 ,6 3 1 0 0 0 3 8 7 ,6 3 1 3 8 7 ,6 3 1
H e m i c e l lu lo s e 2 ,6 7 9 2 4 ,1 1 5 0 0 0 2 6 7 9 2 ,6 7 9 0 2 ,6 7 9 2 6 ,7 9 5 0 0 0 2 6 ,7 9 5 2 6 ,7 9 5
G a la c ta n 112 1 ,0 0 7 0 0 0 112 112 0 112 1 ,1 1 9 0 0 0 1 ,1 1 9 1 ,1 1 9
M a n n a n 5 0 4 4 ,5 3 2 0 0 0 5 0 4 5 0 4 0 5 0 4 5 ,0 3 5 0 0 0 5 ,0 3 5 5 ,0 3 5
A r a b in a n 994 8,947 0 0 0 994 9 9 4 0 994 9 ,9 4 1 0 0 0 9 ,9 4 1 9 ,9 4 1
L ig n in 1 5 ,1 7 5 1 3 6 ,5 7 1 0 0 0 1 5 ,1 7 5 1 5 ,1 7 5 0 1 5 ,1 7 5 1 5 1 ,7 4 6 0 0 0 1 5 1 ,7 4 6 1 5 1 ,7 4 6
G lu c o s e 8 ,5 7 2 7 7 ,1 4 6 0 0 0 8 ,5 7 2 1 1 ,3 2 7 0 1 1 ,3 2 7 8 8 ,4 7 3 0 0 0 8 8 ,4 7 3 8 5 ,8 1 9
M a n n o s e 1 ,8 3 8 1 6 ,5 4 0 0 0 0 1 ,8 3 8 1 ,8 3 8 0 1 ,8 3 8 1 8 ,3 7 8 0 0 0 1 8 ,3 7 8 1 7 ,8 2 7
G a la c to s e 4 0 8 3 ,6 7 6 0 0 0 4 0 8 4 0 8 0 4 0 8 4 ,0 8 4 0 0 0 4 ,0 8 4 3 ,9 6 1
X y lo s e 2 7 ,5 0 6 2 4 7 ,5 5 2 0 0 0 2 7 ,5 0 6 2 ,3 6 5 0 2 ,3 6 5 2 4 9 ,9 1 7 0 0 0 2 4 9 ,9 1 7 2 4 2 ,4 2 0
A r a b in o s e 3 7 5 9 3 3 ,8 3 2 0 0 0 3 ,7 5 9 3,759 0 3,759 3 7 ,5 9 1 0 0 0 3 7 ,5 9 1 3 6 ,4 6 3
C e l lo b io s e 3 1 8 2 ,8 6 4 0 0 0 3 1 8 3 1 8 0 3 1 8 3 ,1 8 2 0 0 0 3 ,1 8 2 3 ,1 8 2
E th a n o l 179 1 ,6 1 3 0 0 0 1 7 9 1 5 ,3 7 8 1 ,1 5 3 1 4 ,2 2 5 1 5 ,8 3 8 0 ( p 0 1 5 ,8 3 8 1 5 ,8 3 8
W a te r 2 0 4 ,3 5 2 1 ,8 3 9 ,1 6 8 0 0 3 9 ,7 4 9 2 4 4 ,1 0 1 2 4 3 ,1 6 8 122 2 4 3 ,0 4 7 2 ,0 8 2 ,2 1 5 0 0 3 8 7 ,3 4 9 2 ,4 6 9 ,5 6 4 2 ,4 6 9 ,5 6 4
S u lf u r ic  A c id 3 0 8 2 ,7 7 3 0 0 0 3 0 8 3 0 8 ( T 3 0 8 3 ,0 8 1 c P 0 0 3 ,0 8 1 3 ,0 8 1
F u r f u r a l 172 1 ,5 4 4 0 0 0 172 172 0 1 7 2 1 ,7 1 6 0 0 0 1 ,7 1 6 1 ,7 1 6
A m m o n ia 0 0 163 0 0 163 0 0 0 ( p 7 1 6 0 0 7 1 6 7 1 6
O x y g e n 0 0 0 0 0 0 2 8 6 2 8 6 0 0 0 0 0 0 0
C a r b o n  D io x id e 0 0 0 5 1 0 0 1 4 ,3 7 4 1 3 ,6 5 5 7 1 9 7 1 9 0 0 0 7 1 9 7 1 9
G ly c e r o l ____6 _ J 5 0 0 0 0 6 125 0 125 175 0 0 0 175 175
S u c c in ic  A c id โ? 157 0 0 0 17 4 0 9 0 4 0 9 5 6 7 0 0 0 5 6 7 5 6 7
L a c t ic  A c id 57 5 1 6 0 0 0 57 129 0 1 2 9 6 4 5 0 0 0 6 4 5 6 4 5
H M F 2 3 2 1 0 0 0 0 23 2 3 0 23 2 3 4 0 0 0 2 3 4 2 3 4
X y li to l 5 6 5 0 4 0 0 0 5 6 1 ,3 3 8 0 1 ,3 3 8 1 ,8 4 2 0 0 0 1 ,8 4 2 1 ,8 4 2
A c e t i c  A c id 3 9 7 3 ,5 7 6 0 0 0 3 9 7 911 0 9 1 1 4 ,4 8 7 0 0 0 4 ,4 8 7 4 ,4 8 7
C o m  S te e p  L i q u o r 5 1 0 4 ,5 8 9 0 5 ,6 1 4 0 6 ,1 2 4 6 ,1 2 4 0 6 ,1 2 4 1 0 ,7 1 3 0 8 ,2 5 6 0 1 8 ,9 7 0 1 8 ,9 7 0
Z M 0 0 0 0 0 0 1 ,1 8 4 0 1 ,1 8 4 1 ,1 8 4 0 0 0 1 ,1 8 4 1 ,1 8 4
C e l lu la s e 0 0 0 0 7 9 5 7 9 5 795 0 795 7 9 5 0 0 7 ,7 5 3 8 ,5 4 8 8 ,5 4 8
L im e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C A S O 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A s h 2 2 ,1 1 5 1 9 9 ,0 3 4 0 0 0 2 2 ,1 1 5 2 2 ,1 1 5 0 2 2 ,1 1 5 2 2 1 ,1 4 9 0 0 0 2 2 1 ,1 4 9 2 2 1 ,1 4 9



Table D 4  S tr e a m  ta b le  o f  th e  b io e th a n o l  p r o c e s s  f r o m  r ic e  s t r a w  f o r  a l t e r n a t iv e  3 d e s ig n  ( c o n t in u e )

S t r e a m  N a m e S 4 6 S 4 7 S 4 8 S 4 9 S 5 0 S S I S 5 2 S 5 3 S 5 4 S 5 5 S 5 6 S 5 7 S 5 8 S 5 9 S 6 0  1
S tre a m  P h a s e L iq u id M ix e d L iq u id M ix e d V a p o r M ix e d L iq u id S o lid L iq u id L iq u id V a p o r L iq u id V a p o r L iq u id L iq u id
T e m p e r a t u r e  (° C ) 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 9 0 100 100 94 118 9 3
P r e s s u r e  ( a tm ) 1 .0 0 1 .0 0 1 .0 0 1.00 1.00 1.00 1.00 1 .0 0 4 .7 6 4 .7 6 4 .7 6 4 .7 6 1 .7 7 1 .7 7 1 .7 7
T o ta l  S td . L iq . R a te  ( L /d a y ) 7 ,7 5 0 n /a 9 ,7 2 1 n /a 9 5 ,9 9 2 n /a 3 ,0 6 9 ,8 4 9 n /a 3 ,0 6 9 ,8 4 9 3 ,0 6 9 ,8 4 9 8 4 ,3 5 2 2 ,9 8 5 ,4 9 7 2 2 7 ,4 4 8 2 ,7 5 8 ,0 4 9 2 0 9 ,4 0 6
T o ta l  M a s s  R a te  ( k g /d a y ) 11,953 3 ,7 2 1 ,3 7 3 11,953 3 ,7 3 3 ,3 2 6 7 9 ,3 3 8 3 ,6 5 3 ,9 8 8 3 ,1 8 9 ,1 7 6 4 6 4 ,8 1 2 3 ,1 8 9 ,1 7 6 3 ,1 8 9 ,1 7 6 6 9 ,3 1 2 3 ,1 1 9 ,8 6 4 1 8 6 ,2 3 9 2 ,9 3 3 ,6 2 5 1 6 8 ,4 1 3
T o ta l  M o la r  R a te  ( k m o l /d a y ) 7 6 1 6 1 ,4 6 9 133 1 6 1 ,6 0 2 1 ,8 9 5 1 5 9 ,7 0 6 1 4 3 ,9 7 4 1 5 ,7 3 3 1 4 3 ,9 7 4 1 4 3 ,9 7 4 1 ,6 4 8 1 4 2 ,3 2 6 4 ,9 6 0 1 3 7 ,3 6 5 4 ,0 0 0
T o ta l  S o l id  M a s s  R a te  ( k g /d a y ) n /a 4 6 4 ,8 1 2 n /a 4 6 4 ,8 1 2 n /a 4 6 4 ,8 1 2 n /a 4 6 4 ,8 1 2 n /a n /a n /a n /a n /a n /a n /a
T o ta l  E n t h a l p y  (G J /d a y ) 0 .1 8 1 5 .7 8 0 .0 5 1 5 .8 3 0 .6 9 1 5 .1 4 2 5 .2 0 -1 0 .0 7 2 5 .2 9 4 9 .1 3 0 .9 0 5 3 .3 0 1 0 .0 7 5 8 .9 9 1.81
C o m p o n e n t M a s s  F lo w  ( k g / d a y )

C e l lu lo s e 0 3 4 ,1 1 2 0 3 4 ,1 1 2 0 34,112 0 3 4 ,1 1 2 0 0 0 0 0 0 0
H e m i c e l lu lo s e 0 2 6 ,7 9 5 0 2 6 ,7 9 5 0 2 6 ,7 9 5 0 2 6 ,7 9 5 0 0 0 0 0 0 0
G a la c ta n 0 1 ,1 1 9 0 1 ,1 1 9 0 1 ,1 1 9 0 1 ,1 1 9 0 0 0 0 0 0 0
M a n n a n 0 5 ,0 3 5 0 5 ,0 3 5 0 5 ,0 3 5 0 5 ,0 3 5 0 0 0 0 0 0 0
A ra b in a n 0 9 ,9 4 1 0 9 ,9 4 1 0 9 ,9 4 1 0 9 ,9 4 1 0 0 0 0 0 0 0
L ig n in 0 1 5 1 ,7 4 6 0 1 5 1 ,7 4 6 0 1 5 1 ,7 4 6 0 1 5 1 ,7 4 6 0 0 0 0 0 0 0
G lu c o s e 2 ,6 5 4 3 9 1 ,2 3 9 0 3 9 1 ,2 3 9 0 3 9 1 ,2 3 9 3 9 1 ,2 3 9 0 3 9 1 ,2 3 9 3 9 1 ,2 3 9 0 3 9 1 ,2 3 9 0 3 9 1 ,2 3 9 0
M a n n o s e 551 1 7 ,8 2 7 0 1 7 ,8 2 7 0 1 7 ,8 2 7 1 7 ,8 2 7 0 1 7 ,8 2 7 1 7 ,8 2 7 0 1 7 ,8 2 7 0 1 7 ,8 2 7 0
G a la c to s e 123 3 ,9 6 1 0 3 ,9 6 1 0 3 ,9 6 1 3 ,9 6 1 0 3 ,9 6 1 3 ,9 6 1 0 3 ,9 6 1 0 3 ,9 6 1 0
X y lo s e 7 ,4 9 8 1 3 ,8 1 8 0 1 3 ,8 1 8 0 1 3 ,8 1 8 1 3 ,8 1 8 0 1 3 ,8 1 8 1 3 ,8 1 8 0 1 3 ,8 1 8 0 1 3 ,8 1 8 0
A r a b in o s e 1 ,1 2 8 3 6 ,4 6 3 0 3 6 ,4 6 3 0 3 6 ,4 6 3 3 6 ,4 6 3 Ô I 3 6 ,4 6 3 3 6 ,4 6 3 0 3 6 ,4 6 3 0 3 6 ,4 6 3 0
C e l lo b io s e 0 4 ,9 1 0 0 4 ,9 1 0 5 1 4 ,9 1 0 4 ,9 1 0 0 4 ,9 1 0 4 ,9 1 0 0 4 ,9 1 0 0 1 4 ,9 1 0 0
E th a n o l 0 1 6 2 ,9 1 6 0 1 6 2 ,9 1 6 1 ,4 7 8 1 6 1 ,4 3 8 1 6 1 ,4 3 8 0 1 6 1 ,4 3 8 1 6 1 ,4 3 8 4 8 4 1 6 0 ,9 5 4 1 5 9 ,0 1 7 1 ,9 3 7 1 5 8 ,2 2 1
W a te r 0 2 ,4 3 0 ,3 4 2 0 2 ,4 3 0 ,3 4 2 2 ,3 3 8 2 ,4 2 8 ,0 0 3 2 ,4 2 8 ,0 0 3 0 2 ,4 2 8 ,0 0 3 2 ,4 2 8 ,0 0 3 2 ,1 8 5 2 ,4 2 5 ,8 1 8 2 7 ,1 6 6 2 ,3 9 8 ,6 5 2 1 0 ,1 9 1
S u lf u r ic  A c id 0 3 ,0 8 1 0 3 ,0 8 1 0 3 ,0 8 1 3 ,0 8 1 0 3 ,0 8 1 3 ,0 8 1 0 3 ,0 8 1 0 3 ,0 8 1 0
F u r f u r a l 0 1 7 1 6 0 1 ,7 1 6 6 1 ,7 1 0 1 ,7 1 0 0 1 ,7 1 0 1 ,7 1 0 10 1 ,7 0 0 4 0 1 ,6 6 0 0
A m m o n ia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
O x y g e n 0 2 ,1 9 4 0 2 ,1 9 4 2 ,0 1 5 180 1 8 0 0 180 180 180 0 0 0 0
C a r b o n  D io x id e 0 1 3 9 ,9 0 5 0 1 3 9 ,9 0 5 7 3 ,4 7 4 6 6 ,4 3 1 6 6 ,4 3 1 0 66,431 6 6 ,4 3 1 6 6 ,4 3 1 0 0 0 0
G ly c e r o l 0 1 ,2 7 0 0 1 ,2 7 0 0 1 ,2 7 0 1 ,2 7 0 0 1 ,2 7 0 1 ,2 7 0 0 1 ,2 7 0 0 1 ,2 7 0 0
S u c c in ic  A c id 0 4 ,1 0 2 0 4 ,1 0 2 0 4 ,1 0 2 4 ,1 0 2 0 4 ,1 0 2 4 ,1 0 2 0 4 ,1 0 2 0 4 ,1 0 2 0
L a c t ic  A c id 0 1 ,3 0 2 1 1 ,9 5 3 1 3 ,2 5 5 0 1 3 ,2 5 5 1 3 ,2 5 5 0 1 3 ,2 5 5 1 3 ,2 5 5 0 1 3 ,2 5 5 0 1 3 ,2 5 5 0
H M F 0 2 3 4 0 2 3 4 0 2 3 4 2 3 4 0 2 3 4 2 3 4 1 2 3 2 0 2 3 2 0
X y li to l 0 1 3 ,1 4 3 0 1 3 ,1 4 3 0 1 3 ,1 4 3 1 3 ,1 4 3 0 1 3 ,1 4 3 1 3 ,1 4 3 0 1 3 ,1 4 3 0 1 3 ,1 4 3 0
A c e t i c  A c id 0 9 ,1 6 8 0 9 ,1 6 8 15 9 ,1 5 4 9 ,1 5 4 0 9 ,1 5 4 9 ,1 5 4 4 9 ,1 5 0 12 9 ,1 3 8 0
C o m  S te e p  L iq u o r 0 1 8 ,9 7 0 0 1 8 ,9 7 0 11 1 8 ,9 5 8 1 8 ,9 5 8 0 1 8 ,9 5 8 1 8 ,9 5 8 16 1 8 ,9 4 2 4 1 8 ,9 3 8 0
Z M 0 6 ,3 6 9 0 6 ,3 6 9 0 6 ,3 6 9 0 6 ,3 6 9 0 0 0 0 0 0 0
C e l lu la s e 0 8 ,5 4 8 0 8 ,5 4 8 0 8 ,5 4 8 0 8 ,5 4 8 0 0 0 0 0 0 0
L im e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
c a s o „ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A s h 0 2 2 1 ,1 4 9 0 2 2 1 ,1 4 9 0 2 2 1 ,1 4 9 0 2 2 1 ,1 4 9 0 0 0 0 0 0 0



Table D4 S tr e a m  ta b le  o f  th e  b io e th a n o l  p r o c e s s  f ro m  r ic e  s t r a w  f o r  a l t e r n a t iv e  3 d e s ig n  ( c o n t in u e )
S t r e a m  N a m e S 6 1 S 6 2 S 6 3 S 6 4 S 6 S S 6 6 S 6 7 S 6 8 S 6 9 S 7 0 S 7 1 S 7 2 S 7 3 S 7 4 S 7 5  1
S tr e a m  P h a s e L iq u id V a p o r V a p o r V a p o r L iq u id L iq u id M ix e d M ix e d M ix e d V a p o r L iq u id M ix e d M ix e d L iq u id V a p o r
T e m p e r a t u r e  (° C ) 112 i o o i o o i o o 4 0 100 117 7 2 7 2 7 2 72 61 61 71 61
P r e s s u r e  ( a tm ) 1.77 1.77 1.00 1.00 1 .0 0 4 .7 6 1 .7 7 0 .3 3 0 .3 3 0 .3 3 0 .3 3 0 .2 0 0 .2 0 0.33 0 .2 0
T o ta l  S td . L iq . R a te  ( L /d a y ) 1 8 ,0 4 2 2 0 9 ,4 0 6 20 0 ,00 0 9 ,4 0 6 2 0 0 ,0 0 0 3 ,0 6 9 ,8 4 9 2 ,7 7 6 ,0 9 1 2 ,7 7 6 ,0 9 1 2 ,7 7 6 ,0 9 1 4 7 8 ,6 1 7 2 ,2 9 7 ,4 7 4 2 ,2 9 7 ,4 7 4 2 ,2 9 7 ,4 7 4 4 7 8 ,6 1 7 5 1 3 ,8 0 5
T o ta l  M a s s  R a te  (k g /d a y ) 1 7 ,8 2 6 1 6 8 ,4 1 3 1 5 9 ,0 1 6 9 ,3 9 6 1 5 9 ,0 1 6 3 ,1 8 9 ,1 7 6 2 ,9 5 1 ,4 5 1 2 ,9 5 1 ,4 5 1 2 ,9 5 1 ,4 5 1 4 7 7 ,8 9 9 2 ,4 7 3 ,5 5 2 2 ,4 7 3 ,5 5 2 2 ,4 7 3 ,5 5 2 4 7 7 ,8 9 9 5 1 3 ,3 3 9
T o ta l  M o la r  R a te  ( k m o l / d a y ) 9 6 0 4 ,0 0 0 3 ,4 7 9 5 2 2 3 ,4 7 9 1 4 3 ,9 7 4 1 3 8 ,3 2 6 1 3 8 ,3 2 6 1 3 8 ,3 2 6 2 6 ,3 1 5 1 1 2 ,0 1 0 1 1 2 ,0 1 0 1 1 2 ,0 1 0 2 6 ,3 1 5 2 8 ,3 5 8
T o ta l  S o lid  M a s s  R a te  ( k g /d a y ) n /a n /a n /a n /a n /a n /a ๙ a n /a ท/ a n /a n /a n /a n /a n /a n /a
T o ta l  E n t h a l p y  ( G J /d a y ) 0 .3 4 8.20 7 .1 4 1 .0 5 0 .6 4 54.20 59.33 59.33 8 4 .7 0 5 2 .0 4 3 2 .6 6 3 2 .6 6 7 8 .8 1 5 .8 9 5 5 .6 3
C o m p o n e n t M a s s  F lo w  ( k g / d a y )

C e l lu lo s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H e m ic e l lu lo s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G a la c ta n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M a rrn a n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A ra b in a n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 __________2 _
L ig n in 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G lu c o s e 0 0 0 0 0 3 9 1 ,2 3 9 3 9 1 ,2 3 9 3 9 1 ,2 3 9 3 9 1 ,2 3 9 0 3 9 1 ,2 3 9 3 9 1 ,2 3 9 3 9 1 ,2 3 9 0 0
M a n n o s e 0 0 0 0 0 1 7 ,8 2 7 1 7 ,8 2 7 1 7 ,8 2 7 1 7 ,8 2 7 0 1 7 ,8 2 7 1 7 ,8 2 7 1 7 ,8 2 7 0 0
G a la c t o s e 0 0 0 0 0 3 ,9 6 1 3 ,9 6 1 3 ,9 6 1 3 ,9 6 1 0 3 ,9 6 1 3 ,9 6 1 3 ,9 6 1 0 0
X y lo s e 0 0 0 0 0 1 3 ,8 1 8 1 3 ,8 1 8 1 3 ,8 1 8 1 3 ,8 1 8 0 1 3 ,8 1 8 1 3 ,8 1 8 1 3 ,8 1 8 0 0
A ra b in o s e (p 0 0 0 0 3 6 ,4 6 3 3 6 ,4 6 3 3 6 ,4 6 3 3 6 ,4 6 3 0 3 6 ,4 6 3 3 6 ,4 6 3 3 6 ,4 6 3 0 0
C e l lo b io s e 0 0 0 0 0 4 ,9 1 0 4 ,9 1 0 4 ,9 1 0 4 ,9 1 0 0 4 ,9 1 0 4 ,9 1 0 4 ,9 1 0 0 0
E th a n o l 7 9 5 1 5 8 ,2 2 1 1 5 8 ,2 2 1 0 1 5 8 ,2 2 1 1 6 1 ,4 3 8 2 ,7 3 2 2 ,7 3 2 2 ,7 3 2 1 ,9 9 3 7 3 9 7 3 9 7 3 9  i 1 ,9 9 3 5 8 6
W a te r 1 6 ,9 7 5 1 0 ,1 9 1 7 9 5 9 ,3 9 6 7 9 5 2 ,4 2 8 ,0 0 3 2 ,4 1 5 ,6 2 7 2 ,4 1 5 ,6 2 7 2 ,4 1 5 ,6 2 7 4 6 9 ,9 0 2 1 ,9 4 5 ,7 2 5 1 ,9 4 5 ,7 2 5 1 ,9 4 5 ,7 2 5 4 6 9 ,9 0 2 5 0 6 ,8 0 9
S u lf u r ic  A c id 0 0 0 0 0 3 ,0 8 1 3 ,0 8 1 3 ,0 8 1 3 ,0 8 1 0 3 ,0 8 1 3 ,0 8 1 3 ,0 8 1 < p 0
F u r fu ra l 4 0 0 0 0 0 1 ,7 1 0 1 ,7 0 0 1 ,7 0 0 1 ,7 0 0 9 5 0 7 4 9 7 4 9 749 9 5 0 4 6 7
A m m o n ia 0 0 < r l 0 0 0 0 0 0 0 0 0 0 0 0
O x y g e n 0 0 0 0 0 180 0 0 0 0 0 0 0 0 0
C a r b o n  D io x id e 0 0 0 0 0 6 6 ,4 3 1 0 0 0 0 0 0 0 0 0
G ly c e r o l 0 0 0 0 0 1 ,2 7 0 1 ,2 7 0 1 ,2 7 0 1 ,2 7 0 1 1 ,2 6 9 1 ,2 6 9 1 ,2 6 9 __________L 1
S u c c in ic  A c id 0 0 0 0 0 4 ,1 0 2 4 ,1 0 2 4 ,1 0 2 4 ,1 0 2 0 4 .1 0 2 4 ,1 0 2 4 ,1 0 2 r 0
L a c t ic  A c id 0 0 0 0 0 1 3 ,2 5 5 1 3 ,2 5 5 1 3 ,2 5 5 1 3 ,2 5 5 5 1 3 ,2 5 0 1 3 ,2 5 0 1 3 ,2 5 0 5 5
H M F 0 0 0 0 0 2 3 4 2 3 2 2 3 2 2 3 2 7 2 2 6 2 2 6 2 2 6 7 9
X y li to l 0 0 0 0 0 1 3 ,1 4 3 1 3 ,1 4 3 1 3 ,1 4 3 1 3 ,1 4 3 0 1 3 ,1 4 3 1 3 ,1 4 3 1 3 ,1 4 3 0 0
A c e t ic  A c id 12 0 0 0 0 9 ,1 5 4 9 ,1 5 0 9 ,1 5 0 9 ,1 5 0 2 ,6 0 4 6 ,5 4 6 6 ,5 4 6 6 ,5 4 6 2 ,6 0 4 2,454
C o m  S te e p  L iq u o r 4 0 0 0 0 1 8 ,9 5 8 1 8 ,9 4 2 1 8 ,9 4 2 1 8 ,9 4 2 2,437 1 6 ,5 0 4 1 6 ,5 0 4 1 6 ,5 0 4 2 ,4 3 7 3 ,0 0 9
Z M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C e l lu la s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L im e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C A S O 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A s h 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0



Table D 4  S tr e a m  ta b le  o f  th e  b io e th a n o l  p r o c e s s  f ro m  r ic e  s t r a w  fo r  a l t e r n a t iv e  3 d e s ig n  ( c o n t in u e )

S t r e a m  N a m e S 7 6 S 7 7 S 7 8 S 7 9 S 8 0 S 8 I S 8 2 S 8 3 S 8 4 S 8 5 S 8 6 S 8 7  1
S tre a m  P h a s e L iq u id L iq u id L iq u id L iq u id L iq u id L iq u id L iq u id V a p o r M ix e d M ix e d M ix e d L iq u id
T e m p e r a t u r e  (° C ) 61 -------------- 61 61 7 0 70 7 0 70 2 2 0 100 100 100 4 4
P r e s s u r e  ( a tm ) 0 .2 0 0 .2 0 0 .2 0 0 .3 1 0 .3 1 0 .3 1 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0
T o ta l  S td . L iq . R a te  (L /d a y ) 1 ,7 8 3 ,6 6 9 9 0 ,9 9 4 1 ,6 9 2 ,6 7 5 5 6 9 ,6 1 1 4 7 5 ,4 0 2 9 4 ,2 0 9 4 7 5 ,4 0 2 5 1 3 ,8 0 5 5 1 3 ,8 0 5 5 1 3 ,7 9 5 6 8 9 ,1 3 9 1 ,3 3 6 ,2 1 5
T o ta l  M a s s  R a te  ( k g /d a y ) 1 ,9 6 0 ,2 1 3 1 0 0 ,0 0 0 1 ,8 6 0 ,2 1 3 5 7 7 ,8 9 9 4 8 2 ,3 2 0 9 5 ,5 8 0 4 8 2 ,3 2 0 5 1 3 ,3 3 9 5 1 3 ,3 3 9 5 1 3 ,3 2 9 6 8 8 ,5 0 0 1 ,3 4 2 ,2 8 4
T o ta l  M o la r  R a te  ( k m o l /d a y ) 8 3 ,6 5 2 4 ,2 6 8 7 9 ,3 8 5 3 0 ,5 8 3 2 5 ,5 2 5 5 ,0 5 8 2 5 ,5 2 5 2 8 ,3 5 8 2 8 ,3 5 8 2 8 ,3 5 7 3 8 ,0 8 1 7 3 ,2 6 0
T o ta l  S o lid  M a s s  R a te  ( k g /d a y ) ท/a n /a n /a n /a n /a n /a n /a n /a n /a n /a n /a n /a
T o ta l  E n t h a l p y  ( G J /d a y ) 2 3 .1 8 1 .1 8 2 2 .0 0 7 .0 7 5 .9 0 1 .1 7 5 .9 0 5 9 .5 9 5 3 .2 0 2 9 .3 6 3 0 .2 7 1 0 .4 2
C o m p o n e n t M a s s  F lo w  ( k g / d a y )

C e l lu lo s e 0 0 0 0 0 0 0 0 0 0 0 0
H e m ic e l lu lo s e 0 0 0 0 0 0 0 0 0 0 0 0
G a la c ta n 0 0 0 0 0 0 0 0 0 0 0 0
M a n n a n 0 0 0 0 0 0 0 0 0 0 0 0
A ra b in a n 0 0 0 0 0 0 0 0 0 0 0 0
L ig n in 0 0 0 0 0 0 0 0 0 0 0 0
G lu c o s e 3 9 1 ,2 3 9 1 9 ,9 5 9 3 7 1 ,2 8 0 1 9 ,9 5 9 1 6 ,6 5 8 3 ,3 0 1 1 6 ,6 5 8 0 0 0 0 1 6 ,6 5 8
M a n n o s e 1 7 ,8 2 7 9 0 9 1 6 ,9 1 7 9 0 9 7 5 9 1 5 0 7 5 9 0 0 0 0 7 5 9
G a la c to s e 3 ,9 6 1 2 0 2 3 ,7 5 9 2 0 2 1 6 9 3 3 1 6 9 0 0 0 0 1 6 9
X y lo s e 1 3 ,8 1 8 7 0 5 1 3 ,1 1 3 7 0 5 5 8 8 117 5 8 8 0 0 0 0 5 8 8
A ra b in o s e 3 6 ,4 6 3 1 ,8 6 0 3 4 ,6 0 3 1 ,8 6 0 1 ,5 5 3 3 0 8 1 ,5 5 3 0 0 0 n 1 ,5 5 3
C e l lo b io s e 4 ,9 1 0 2 5 0 4 ,6 5 9 2 5 0 2 0 9 41 2 0 9 0 0 0 0 2 0 9
E th a n o l 154 8 146 2 ,0 0 1 1 ,6 7 0 3 3 1 1 ,6 7 0 5 8 6 5 8 6 5 8 6 5 8 6 1 ,6 7 0
W a te r 1 ,4 3 8 ,9 1 5 7 3 ,4 0 6 1 ,3 6 5 ,5 0 9 5 4 3 ,3 0 8 4 5 3 ,4 4 9 8 9 ,8 5 9 4 5 3 ,4 4 9 5 0 6 ,8 0 9 5 0 6 ,8 0 9 5 0 6 ,8 0 0 6 8 1 ,9 7 1 1 ,3 1 3 ,4 1 4
S u lfu r ic  A c id 3 ,0 8 1 157 2 ,9 2 4 157 131 2 6 131 0 0 0 0 131
F u r fu ra l 2 8 3 14 2 6 8 9 6 5 8 0 5 1 6 0 8 0 5 4 6 7 4 6 7 4 6 7 4 6 6 8 0 5
A m m o n ia 0 0 0 0 0 0 0 0 0 0 0 0
O x y g e n 0 0 0 0 0 0 0 0 0 0 0 0
C a rb o n  D io x id e 0 0 0 0 0 0 0 0 0 0 0 0
G ly c e ro l 1 ,2 6 8 6 5 1 ,2 0 3 6 6 55 11 55 1 1 1 1 55
S u c c in ic  A c id 4 ,1 0 2 2 0 9 3 ,8 9 3 2 0 9 175 3 5 175 0 0 0 0 175
L a c t ic  A c id 1 3 ,2 4 5 6 7 6 1 2 ,5 6 9 6 8 1 5 6 8 113 5 6 8 5 5 5 5 5 6 8
H M F 2 1 7 11 2 0 6 18 15 3 15 9 9 9 9 15
X y li to l 1 3 ,1 4 3 6 7 0 1 2 ,4 7 3 6 7 1 5 6 0 111 5 6 0 0 0 0 0 5 6 0
A c e ti c  A c id 4 ,0 9 2 2 0 9 3 ,8 8 3 2 ,8 1 3 2 ,3 4 8 4 6 5 2 ,3 4 8 2 ,4 5 4 2 ,4 5 4 2 ,4 5 4 2 ,4 5 4 2 ,3 4 7
C o m  S te e p  L iq u o r 1 3 ,4 9 6 6 8 8 1 2 ,8 0 7 3 ,1 2 6 2 ,6 0 9 5 1 7 2 ,6 0 9 3 ,0 0 9 3 ,0 0 9 3 ,0 0 8 3 ,0 0 8 2 ,6 0 9
Z M 0 0 0 0 0 0 0 0 0 0 0 0
C e l lu la s e 0 0 0 0 0 0 0 0 0 0 0 0
L im e 0 0 0 0 0 0 0 0 0 0 0 0
C A S O j 0 0 0 0 0 0 0 0 0 0 0 0
A s h 0 0 0 0 0 0 0 0 0 0 0 0



D.2.5 Alternative 4 Design

Table D5 S tr e a m  ta b le  o f  th e  b io e th a n o l  p r o c e s s  f ro m  r ic e  s t r a w  fo r  a l t e r n a t iv e  4  d e s ig n
S t r e a m  N a m e S I ร 2 S 3 S 4 S 5 S 6 S 7 S 8 ร 9 S IO S l l S I 2 S 1 3 S 1 4 S I S  1
S tre a m  P h a s e M ix e d V a p o r M ix e d L iq u id L iq u id L iq u id V a p o r M ix e d M ix e d V a p o r L iq u id S o lid M ix e d L iq u id M ix e d
T e m p e r a tu r e  (° C ) 3 0 1 6 0 1 0 0 55 3 0 55 2 6 8 180 180 102 102 102 102 55 81
P re s s u re  ( a tm ) 1 .0 0 6.00 1 .0 0 1.00 1 .0 0 1.00 1 3 .0 0 1 0 .0 0 1 0 .0 0 1.00 1.00 1 .0 0 1.00 1.00 1.00
T o ta l  S td . L iq . R a te  ( L /d a y ) n /a 1 1 4 ,4 4 8 n /a 6 5 9 ,7 2 1 6 ,8 8 4 6 6 6 ,6 1 4 3 4 1 ,1 2 4 n /a n /a 2 9 4 ,5 4 3 1,210,022 n /a n /a 1 ,3 4 9 ,0 4 6 n /a
T o ta l  M a s s  R a te  (k g /d a y ) 1 .3 4 8 ,7 9 2 1 1 4 ,3 3 6 1 ,4 6 3 ,1 2 7 6 6 1 ,3 4 6 1 2 ,6 4 9 6 7 4 ,0 0 4 3 4 0 ,7 8 8 2 ,4 7 7 ,9 1 9 2 ,4 7 7 ,9 1 9 2 9 4 ,3 2 6 1 ,3 6 0 ,7 3 4 8 2 2 ,8 5 8 2 ,1 8 3 ,5 9 3 1 ,3 5 2 ,3 6 7 1 ,9 1 1 ,0 7 8
T o ta l  M o la r  R a te  ( k m o l / d a y ) 2 9 ,1 3 3 6 ,3 4 7 3 5 ,4 7 9 3 6 ,3 5 6 1 2 9 3 6 ,4 8 5 1 8 ,9 1 7 9 0 ,8 8 1 8 8 ,3 0 6 1 6 ,2 7 5 5 4 ,5 1 9 1 7 ,5 1 1 7 2 ,0 3 1 7 4 ,3 4 3 9 0 ,6 4 9
T o ta l  S o lid  M a s s  R a te  (k g /d a y ) 1 ,1 8 6 ,9 1 1 n /a 1 ,1 8 6 ,9 1 1 n /a n /a n /a n /a 1 ,1 8 6 ,9 1 1 8 2 2 ,8 5 8 n /a n /a 8 2 2 ,8 5 8 8 2 2 ,8 5 8 n /a 2 ,9 4 8
T o ta l  E n th a lp y  (G J /d a y ) -6 5 .3 1 1 3 .1 6 - 5 2 .1 5 6 .3 8 0.02 6 .4 0 3 9 .5 2 -6 .2 3 2 5 .5 4 3 2 .8 3 2 4 .0 5 -3 1 .3 3 - 7 .2 8 1 3 .0 5 2 7 .3 9
C o m p o n e n t M a s s  F lo w ( k g / d a y )

C e l lu lo s e 4 6 8 ,8 3 0 0 4 6 8 ,8 3 0 0 0 0 0 4 6 8 ,8 3 0 4 0 3 ,1 6 4 0 0 4 0 3 ,1 6 4 4 0 3 ,1 6 4 0 2 ,0 1 6
H e m ic e l lu lo s e 2 7 2 ,9 8 9 0 2 7 2 ,9 8 9 0 0 0 0 2 7 2 ,9 8 9 2 7 ,1 7 2 0 0 2 7 ,1 7 2 2 7 ,1 7 2 0 136
G a la c ta n 4 ,7 4 8 0 4 ,7 4 8 0 0 0 0 4 ,7 4 8 1 ,1 3 5 0 0 1 ,1 3 5 1 ,1 3 5 0 6
M a n n a n 2 1 ,3 6 4 0 2 1 ,3 6 4 0 0 0 0 2 1 ,3 6 4 5 ,1 0 6 0 0 5 ,1 0 6 5 ,1 0 6 0 2 6
A ra b in a n 4 2 ,7 2 9 0 4 2 ,7 2 9 0 0 0 0 4 2 ,7 2 9 1 0 ,0 3 1 0 0 1 0 ,0 3 1 1 0 ,0 3 1 0 0
L ig n in 1 5 3 ,1 1 1 0 1 5 3 ,1 1 1 0 0 0 0 1 5 3 ,1 1 1 1 5 3 ,1 1 1 0 0 1 5 3 ,1 1 1 1 5 3 ,1 1 1 0 7 6 6
G lu c o s e 0 0 0 4 ,9 2 7 (T 1 4 ,9 2 7 0 4 ,9 2 7 7 4 ,7 3 1 0 7 4 ,7 3 1 0 7 4 ,7 3 1 1 0 ,0 7 5 5 9 ,6 4 4
M a n n o s e 0 0 0 2 8 2 ( T 1 2 8 2 0 2 8 2 1 8 ,0 8 6 0 1 8 ,0 8 6 0 1 8 ,0 8 6 5 7 7 1 3 ,1 2 3
G a la c to s e 0 0 0 6 3 0 ผ ิา 0 6 3 4 ,0 1 9 0 4 ,0 1 9 0 4 ,0 1 9 128 2 ,9 1 6
X y lo s e 0 0 0 2 1 8 0 2 1 8 0 2 1 8 2 7 7 ,5 4 8 0 2 7 7 ,5 4 8 0 2 7 7 ,5 4 8 4 4 5 1 9 5 ,5 1 3
A ra b in o s e c P 0 0 5 7 7 0 5 7 7 0 5 7 7 3 6 ,9 9 3 0 3 6 ,9 9 3 < p 3 6 ,9 9 3 1 ,1 8 0 2 6 ,8 4 3
C e l lo b io s e 0 < n 0 7 7 0 7 7 0 7 7 3 ,0 7 7 0 3 ,0 7 7 0 3 ,0 7 7 158 2 ,2 7 8
E th a n o l 0 0 0 4 2 6 0 4 2 6 0 4 2 6 4 2 6 3 3 3 9 3 0 9 3 8 7 2 6 7 9
W a te r 1 6 1 ,8 8 1 1 1 4 ,3 3 6 2 7 6 ,2 1 6 6 5 3 ,7 9 1 0 6 5 3 ,8 0 0 3 4 0 ,7 8 8 1 ,2 7 0 ,8 0 5 1 ,2 2 4 ,5 6 5 2 9 2 ,8 1 9 9 3 1 ,7 4 6 0 9 3 1 ,7 4 6 1 ,3 3 6 ,9 1 9 1 ,5 9 5 ,5 6 6
S u lfu r ic  A c id 0 0 0 5 9 1 2 ,6 4 9 1 2 ,7 0 8 0 1 2 ,7 0 8 1 2 ,7 0 8 0 1 2 ,7 0 8 0 1 2 ,7 0 8 122 9 ,0 1 8
F u r fu ra l 0 0 0 8 5 0 85 0 85 1 ,8 4 3 1 ,0 9 9 7 4 4 0 7 4 4 174 6 4 5
A m m o n ia 0 0 0 0 0 0 0 0 0 0 0 0 0 01 0
O x y g e n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C a rb o n  D io x id e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G ly c e ro l 0 0 0 20 0 20 0 20 20 0 20 0 20 41 43
S u c c in ic  A c id 0 0 0 6 5 0 6 5 0 6 5 6 5 0 65 0 6 5 132 139
L a c t ic  A c id 0 0 0 2 0 9 0 2 0 9 0 2 0 9 2 0 9 0 2 0 9 0 2 0 9 4 2 7 4 4 7
H M F 0 0 0 12 0 12 0 12 2 3 5 10 2 2 5 0 2 2 5 24 175
X y li to l 0 0 0 2 0 8 0 2 0 8 0 2 0 8 2 0 8 0 2 0 8 0 2 0 8 4 2 5 4 4 6
A c e ti c  A c id 0 0 0 8 5 0 8 5 0 8 5 8 5 2 7 5 8 0 58 173 163
C o m  S te e p  L iq u o r 0 0 0 2 4 3 0 2 4 3 0 2 4 3 2 4 3 3 8 2 0 5 0 2 0 5 4 9 6 4 9 3
Z M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C e l lu la s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L im e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C A S O 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A s h 2 2 3 ,1 3 9 0 2 2 3 ,1 3 9 0 0 0 0 2 2 3 ,1 3 9 2 2 3 ,1 3 9 0 0 2 2 3 ,1 3 9 2 2 3 ,1 3 9 0 0



Table D 5  S tr e a m  ta b le  o f  th e  b io e th a n o l  p r o c e s s  f ro m  r ic e  s t r a w  f o r  a l t e r n a t iv e  4  d e s ig n  ( c o n t in u e )

S t r e a m  N a m e S I 6 S 1 7 S I S S I 9 ร 2 0 S 2 1 ร 2 2 S 2 3 S 2 4 S 2 5 S 2 6 S 2 7 ร 2 8 S 2 9  ' S 3 »  1
S tre a m  P h a s e M ix e d M ix e d L iq u id M ix e d S o lid M ix e d M ix e d L iq u id M ix e d M ix e d M ix e d M ix e d M ix e d M ix e d M ix e d
T e m p e r a tu r e  (°C ) 81 50 3 0 5 0 3 0 5 0 5 0 3 0 5 0 5 0 5 0 5 0 6 3 63 63
P r e s s u r e  ( a tm ) 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0
T o ta l  S td . L iq . R a te  ( L /d a y ) n /a n /a 3 ,8 0 8 n /a n /a n /a n /a 3 ,7 5 2 n /a n /a n /a n /a n /a n /a n /a
T o ta l  M a s s  R a te  (k g /d a y ) 1 ,6 2 4 ,9 0 1 1 ,9 1 1 ,0 7 8 6 ,9 9 8 1 ,9 1 8 ,0 7 6 1 7 ,3 0 8 1 ,9 3 5 ,3 8 4 1 ,9 3 5 ,3 8 4 6 ,8 9 5 1 ,9 4 2 ,2 7 8 1 ,9 4 2 ,2 7 9 3 4 ,5 8 4 1 ,9 0 7 ,6 9 5 3 ,5 3 2 ,5 9 5 3 5 3 ,2 6 0 3 ,1 7 9 ,3 3 6
T o ta l  M o la r  R a te  ( k m o l / d a y ) 5 5 ,7 2 5 9 0 ,6 4 9 71 9 0 ,7 2 1 2 3 4 9 0 ,9 5 4 9 1 ,1 1 8 7 0 9 1 ,1 8 8 9 1 ,2 5 8 251 9 1 ,0 0 7 1 4 6 ,7 3 2 1 4 ,6 7 3 1 3 2 ,0 5 9
T o ta l  S o lid  M a s s  R a te  (k g /d a y ) 8 1 9 ,9 1 0 2 ,9 4 8 n /a 2 ,9 4 8 1 7 ,3 0 8 2 0 ,2 5 6 3 0 ,3 8 9 n /a 3 0 ,3 8 9 3 4 ,7 5 1 3 3 ,9 8 5 7 6 6 8 2 0 ,6 7 5 8 2 ,0 6 8 7 3 8 ,6 0 8
T o ta l  E n t h a l p y  ( G J /d a y ) -2 1 .6 2 1 8 .4 3 0.01 1 8 .4 4 - 1.93 1 6 .5 1 1 7 .8 3 0.01 1 7 .8 4 1 8 .4 0 -0 .1 9 1 8 .6 0 -3 .0 3 -0 .3 0 -2 .7 3
C o m p o n e n t M a s s  F lo w  ( k g / d a y ) . . . .

C e l lu lo s e 4 0 1 ,1 4 9 2 ,0 1 6 0 2 ,0 1 6 0 2 ,0 1 6 2 ,0 1 6 0 2 ,0 1 6 2 ,0 1 6 2 ,0 1 6 0 4 0 1 ,1 4 9 4 0 ,1 1 5 3 6 1 ,0 3 4
H e m ic e l lu lo s e 2 7 ,0 3 6 1 3 6 0 136 0 1 3 6 1 3 6 0 136 136 136 0 2 7 ,0 3 6 2 ,7 0 4 2 4 ,3 3 2
G a la c ta n 1 ,1 2 9 6 0 6 0 6 6 0 6 6 6 0 1 ,1 2 9 113 1 ,0 1 6
M a n n a n 5 ,0 8 1 2 6 0 2 6 0 2 6 2 6 0 2 6 2 6 2 6 0 5 ,0 8 1 5 0 8 4 ,5 7 3
A ra b in a n 1 0 ,0 3 1 0 0 0 0 0 0 0 0 0 0 0 1 0 ,0 3 1 1 ,0 0 3 9 ,0 2 8
L ig n in 1 5 2 ,3 4 6 7 6 6 0 7 6 6 0 7 6 6 7 6 6 0 7 6 6 7 6 6 0 7 6 6 1 5 3 ,1 1 1 1 5 ,3 1 1 1 3 7 ,8 0 0
G lu c o s e 2 5 ,1 6 2 5 9 ,6 4 4 0 5 9 ,6 4 4 0 5 9 ,6 4 4 5 9 ,6 4 4 0 5 9 ,6 4 4 5 9 ,6 4 4 119 5 9 ,5 2 4 8 4 ,6 8 6 8 ,4 6 9 7 6 ,2 1 8
M a n n o s e 5 ,5 3 9 1 3 ,1 2 3 0 1 3 ,1 2 3 0 1 3 ,1 2 3 1 3 ,1 2 3 (T 1 1 3 ,1 2 3 1 3 ,1 2 3 2 6 1 3 ,0 9 7 1 8 ,6 3 6 1 ,8 6 4 1 6 ,7 7 3
G a la c to s e 1 ,231 2 ,9 1 6 0 2 ,9 1 6 0 2 ,9 1 6 2 ,9 1 6 0 2 ,9 1 6 2 ,9 1 6 6 2 ,9 1 0 4 ,1 4 1 4 1 4 3 ,7 2 7
X y lo s e 8 2 ,4 8 1 1 9 5 ,5 1 3 0 1 9 5 ,5 1 3 0 1 9 5 ,5 1 3 1 9 5 ,5 1 3 0 1 9 5 ,5 1 3 1 9 5 ,5 1 3 3 9 1 1 9 5 ,1 2 2 2 7 7 ,6 0 2 2 7 ,7 6 0 2 4 9 ,8 4 2
A ra b in o s e 1 1 ,3 3 0 2 6 ,8 4 3 0 2 6 ,8 4 3 0 2 6 ,8 4 3 2 6 ,8 4 3 0 2 6 ,8 4 3 2 6 ,8 4 3 54 2 6 ,7 8 9 3 8 ,1 1 9 3 ,8 1 2 3 4 ,3 0 7
C e l lo b io s e 9 5 8 2 ,2 7 8 0 2 ,2 7 8 0 2 ,2 7 8 2 ,2 7 8 0 2 ,2 7 8 2 ,2 7 8 0 2 ,2 7 8 3 ,2 3 5 3 2 4 2 ,9 1 2
E th a n o l 2 8 6 6 7 9 0 6 7 9 0 6 7 9 6 7 9 0 6 7 9 6 7 9 0 6 7 9 9 6 5 9 6 8 6 8
W a te r 6 7 3 ,1 1 9 1 ,5 9 5 ,5 6 6 0 1 ,5 9 5 ,5 6 6 0 1 ,5 9 5 ,5 6 6 1 ,6 0 1 ,4 4 9 0 1 ,6 0 1 ,4 4 9 1 ,6 0 3 ,9 8 2 0 1 ,6 0 3 ,9 8 2 2 ,2 7 7 ,1 0 1 2 2 7 ,7 1 0 2 ,0 4 9 ,3 9 1
S u lfu r ic  A c id 3 ,8 1 2 9 ,0 1 8 6 ,9 9 8 1 6 ,0 1 6 0 1 6 ,0 1 6 0 6 ,8 9 5 6 ,8 9 5 0 0 Ô 1 3 ,8 1 2 381 3 ,4 3 1
F u r fu ra l 2 7 3 6 4 5 0 6 4 5 0 6 4 5 6 4 5 0 6 4 5 6 4 5 1 6 4 4 9 1 7 9 2 8 2 5
A m m o n ia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
O x y g e n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C a r b o n  D io x id e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G ly c e ro l 18 4 3 0 4 3 0 4 3 4 3 0 4 3 4 3 0 4 3 61 6 5 5
S u c c in ic  A c id 5 8 1 3 9 0 139 0 139 1 3 9 0 139 139 0 139 197 2 0 177
L a c t ic  A c id 1 8 8 4 4 7 0 4 4 7 0 4 4 7 4 4 7 0 4 4 7 4 4 7 0 4 4 7 6 3 6 6 4 5 7 2
H M F 7 4 175 0 175 0 175 175 0 175 175 0 175 2 4 8 25 2 2 3
X y li to l 1 8 8 4 4 6 0 4 4 6 0 4 4 6 4 4 6 0 4 4 6 4 4 6 0 4 4 6 6 3 3 6 3 5 7 0
A c e t i c  A c id 6 9 163 0 163 0 163 163 0 163 163 0 163 231 23 2 0 8
C o m  S te e p  L i q u o r 2 0 8 4 9 3 0 4 9 3 0 4 9 3 4 9 3 0 4 9 3 4 9 3 1 4 9 2 7 0 0 7 0 6 3 0
Z M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C e l lu la s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L im e 0 0 0 0 1 7 ,3 0 8 1 7 ,3 0 8 5 ,2 0 8 0 5 ,2 0 8 0 0 0 0 0 0
C A S O 4 0 0 0 0 0 0 2 2 ,2 3 2 0 2 2 ,2 3 2 3 1 ,8 0 2 3 1 ,8 0 2 0 0 0 0
A s h 2 2 3 ,1 3 9 0 0 0 0 0 0 0 0 0 0 0 2 2 3 ,1 3 9 2 2 ,3 1 4 2 0 0 ,8 2 5



Table D 5  S tr e a m  ta b le  o f  th e  b io e th a n o l  p r o c e s s  f ro m  r ic e  s t r a w  f o r  a l t e r n a t iv e  4  d e s ig n  ( c o n t in u e )

S t r e a m  N a m e S 3 1 S 3 2 ร 3 3 ร 3 4 S 3 5 ร 3 6 S 3 7 S 3 8 S 3 9 S 4 0 S 4 1 ร 4 2 S 4 3 S 4 4 S 4 5  1
S tr e a m  P h a s e M ix e d M ix e d V a p o r L iq u id M ix e d M ix e d M ix e d V a p o r M ix e d M ix e d V a p o r L iq u id M ix e d M ix e d M ix e d
T e m p e r a t u r e  (°C ) 41 4 2 3 0 3 0 3 0 4 0 4 0 4 0 4 0 41 3 0 3 0 3 0 4 0 4 0
P r e s s u r e  ( a tm ) 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0
T o ta l  S td . L iq . R a te  ( L /d a y ) n /a n /a 2 6 7 6 ,0 2 4 4 0 ,6 0 0 n /a ท/ a 1 8 ,6 2 2 n /a n /a 1 ,1 6 9 8 ,8 5 8 3 9 6 ,4 2 5 n /a n /a
T o ta l  M a s s  R a te  (k g /d a y ) 3 5 3 ,2 6 0 3 ,1 7 9 ,3 3 6 164 6 ,0 1 8 4 0 ,8 2 8 4 0 0 ,2 7 0 4 0 0 ,2 7 0 1 5 ,2 7 8 3 8 4 ,9 9 2 3 ,5 6 4 ,3 2 7 7 2 0 8 ,8 5 0 3 9 8 ,6 4 7 3 ,9 7 2 ,5 4 4 3 ,9 6 0 ,5 2 1
T o ta l  M o la r  R a te  ( k m o l / d a y ) 1 4 ,6 7 3 1 3 2 ,0 5 9 10 3 3 4 2 ,2 5 7 1 7 ,2 7 4 1 7 ,7 3 6 3 5 3 1 7 ,3 8 3 1 4 9 ,4 4 2 4 2 491 2 2 ,0 3 7 1 7 2 ,0 1 3 1 7 1 ,9 3 6
T o ta l  S o lid  M a s s  R a t e  (k g /d a y ) 8 2 ,0 6 8 7 3 8 ,6 0 8 n /a n /a 8 0 2 8 2 ,8 7 0 7 4 ,0 3 0 ท/ a 7 4 ,0 3 0 8 1 2 ,6 3 8 n /a ๙ a 7 ,8 2 2 8 2 0 ,4 6 0 8 2 0 ,4 6 0
T o ta l  E n th a lp y  (G J /d a y ) - 1 .4 2 -1 2 .7 7 0 .0 1 0 .0 3 0 .1 7 -1 .2 1 - 0 .6 8 0 .1 3 -0 .8 1 1 3 .5 8 0 .0 4 0 .0 5 1 .7 0 - 1 1 .8 0 -1 1 .9 8
C o m p o n e n t M a s s  F lo w  ( k g / d a y )

C e l lu lo s e 4 0 ,1 1 5 3 6 1 ,0 3 4 0 0 0 4 0 ,1 1 5 3 0 ,0 8 6 0 3 0 ,0 8 6 3 9 1 ,1 2 0 0 0 0 3 9 1 ,1 2 0 3 9 1 ,1 2 0
H e m ic e l lu lo s e 2 ,7 0 4 2 4 ,3 3 2 0 0 0 2 ,7 0 4 2 ,7 0 4 0 2 ,7 0 4 2 7 ,0 3 6 0 0 0 2 7 ,0 3 6 2 7 ,0 3 6
G a la c ta n 113 1 ,0 1 6 0 0 0 113 113 0 113 1 ,1 2 9 0 0 0 1 ,1 2 9 1 ,1 2 9
M a n n a n 5 0 8 4 .5 7 3 0 0 0 5 0 8 5 0 8 0 5 0 8 5 ,0 8 1 0 0 0 5 ,0 8 1 5 ,0 8 1
A ra b in a n 1 ,0 0 3 9 ,0 2 8 0 0 0 1 ,0 0 3 1 ,0 0 3 0 1 ,0 0 3 1 0 ,0 3 1 0 0 0 1 0 ,0 3 1 1 0 ,0 3 1
L ig n in 1 5 ,3 1 1 1 3 7 ,8 0 0 0 0 0 1 5 .3 1 1 1 5 ,3 1 1 0 1 5 ,3 1 1 1 5 3 ,1 1 1 0 0 0 1 5 3 ,1 1 1 1 5 3 ,1 1 1
G lu c o s e 8 ,4 6 9 7 6 ,2 1 8 0 0 0 8 ,4 6 9 1 1 ,4 2 3 0 1 1 ,4 2 3 8 7 ,6 4 0 0 0 0 8 7 .6 4 0 8 5 ,0 1 1
M a n n o s e 1 ,8 6 4 1 6 ,7 7 3 0 0 0 1 ,8 6 4 1 ,8 6 4 0 1 ,8 6 4 1 8 ,6 3 6 0 0 0 1 8 ,6 3 6 1 8 ,0 7 7
G a la c to s e 4 1 4 3 ,7 2 7 0 0 0 4 1 4 4 1 4 0 4 1 4 4 ,1 4 1 0 0 0 4 ,1 4 1 4 ,0 1 7
X y lo s e 2 7 ,7 6 0 2 4 9 ,8 4 2 0 0 0 2 7 ,7 6 0 2 ,3 8 7 < p 2 ,3 8 7 2 5 2 ,2 2 9 0 0 0 2 5 2 ,2 2 9 2 4 4 ,6 6 2
A ra b in o s e 3 ,8 1 2 3 4 ,3 0 7 0 0 0 3 ,8 1 2 3 ,8 1 2 0 3 ,8 1 2 3 8 ,1 1 9 0 n 0 3 8 ,1 1 9 3 6 ,9 7 5
C e l lo b io s e 3 2 4 2 ,9 1 2 0 0 0 3 2 4 3 2 4 0 3 2 4 3 ,2 3 5 0 0 5 1 3 ,2 3 5 3 ,2 3 5
E th a n o l 9 6 8 6 8 0 0 0 9 6 1 5 ,3 5 2 1,151 1 4 ,2 0 1 1 5 ,0 6 9 0 0 n 1 5 ,0 6 9 1 5 ,0 6 9
W a te r 2 2 7 ,7 1 0 2 ,0 4 9 ,3 9 1 0 0 4 0 ,0 2 6 2 6 7 ,7 3 6 2 6 6 ,7 9 3 133 2 6 6 ,6 5 9 2 ,3 1 6 ,0 5 0 0 0 3 9 0 ,8 2 4 2 ,7 0 6 ,8 7 5 2 ,7 0 6 ,8 7 5
S u lfu r ic  A c id 381 3 ,4 3 1 ____O j 0 0 381 381 0 381 3 ,8 1 2 0 0 0 3 ,8 1 2 3 ,8 1 2
F u r fu ra l 9 2 8 2 5 0 0 0 9 2 9 2 0 9 2 9 1 7 0 0 0 9 1 7 9 1 7
A m m o n ia 0 0 164 0 0 164 0 0 0 0 7 2 0 0 0 7 2 0 7 2 0
O x y g e n 0 0 0 0 0 0 2 8 8 2 8 8 0 0 0 0 0 0 0
C a r b o n  D io x id e 0 0 0 0 0 0 1 4 ,4 2 7 1 3 ,7 0 6 721 721 0 0 0 721 721
G lv c e ro l 6 55 0 0 0 6 126 0 126 1 8 0 0 0 0 180 180
S u c c in ic  A c id 2 0 โ า า 1 0 0 0 2 0 4 1 4 0 4 1 4 591 0 0 0 591  ! 591
L a c t ic  A c id 6 4 5 7 2 0 0 0 6 4 136 0 136 7 0 8 0 0 0 7 0 8 7 0 8
H M F 2 5 2 2 3 0 0 0 2 5 25 0 2 5 2 4 8 0 0 0 2 4 8 2 4 8
X y li to l 6 3 5 7 0 0 0 0 6 3 1 ,3 5 7 0 1 ,3 5 7 1 ,9 2 7 0 0 0 1 ,9 2 7 1 ,9 2 7
A c e t i c  A c id 2 3 2 0 8 0 0 0 2 3 5 3 9 0 5 3 9 7 4 7 0 0 0 7 4 7 7 4 7
C o m  S te e p  L iq u o r 7 0 6 3 0 0 6 ,0 1 8 0 6 ,0 8 8 6 ,0 8 8 0 6 ,0 8 8 6 ,7 1 8 0 8 ,8 5 0 0 1 5 ,5 6 7 1 5 ,5 6 7
Z M 0 0 0 0 0 0 1 ,1 8 9 0 1 ,1 8 9 1 ,1 8 9 0 0 0 1 ,1 8 9 1 ,1 8 9
C e l lu la s e 0 0 0 0 8 0 2 8 0 2 8 0 2 0 8 0 2 8 0 2 0 0 7 ,8 2 2 8 ,6 2 5 8 ,6 2 5
L im e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C A S O . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A s h 2 2 .3 1 4 2 0 0 ,8 2 5 0 0 0 2 2 ,3 1 4 2 2 ,3 1 4 0 2 2 ,3 1 4 2 2 3 ,1 3 9 0 0 0 2 2 3 ,1 3 9 2 2 3 ,1 3 9



!Table D5 S tr e a m  ta b le  o f  th e  b io e th a n o l  p r o c e s s  f r o m  r ic e  s t r a w  f o r  a l t e rn a t iv e  4  d e s ig n  ( c o n t in u e )

S t r e a m  N a m e ร 4 6 S 4 7 S 4 8 ร 4 9 S 5 0 S S I S 5 2 S S 3 S S 4 S S 5 S 5 6 S 5 7 S S 8 S 5 9 ' S 6 0  1
S tr e a m  P h a s e L iq u id M ix e d L iq u id M ix e d V a p o r M ix e d L iq u id S o lid L iq u id L iq u id V a p o r L iq u id V a p o r L iq u id L iq u id
T e m p e r a t u r e  ( ° C ) 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 1 0 0 1 0 0 100 9 4 117 9 3
P r e s s u r e  ( a tm ) 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 4 .7 6 4 .7 6 4 .7 6 4 .7 6 1.77 1 .7 7 1.77
T o ta l  S td . L iq . R a t e  ( L /d a y ) 7 ,7 9 5 n /a 9 ,7 7 8 n /a 8 9 ,5 5 7 n /a 3 ,3 0 9 ,8 8 4 ท/ a 3 ,3 0 9 ,8 8 4 3 ,3 0 9 ,8 8 4 9 1 ,2 9 3 3 ,2 1 8 ,5 9 1 2 2 8 ,0 7 0 2 ,9 9 0 ,5 2 1 2 0 9 ,4 0 5
T o ta l  M a s s  R a te  (k g /d a y ) 1 2 ,0 2 3 3 ,9 6 0 ,5 2 2 1 2 ,0 2 3 3 ,9 7 2 ,5 4 5 7 4 ,0 5 7 3 ,8 9 8 ,4 8 8 3 ,4 2 9 ,5 2 2 4 6 8 ,9 6 6 3 ,4 2 9 ,5 2 2 3 ,4 2 9 ,5 2 2 7 5 ,0 2 3 3 ,3 5 4 ,4 9 9 1 8 6 ,8 5 8 3 ,1 6 7 ,6 4 1 1 6 8 ,4 1 2
T o ta l  M o la r  R a te  ( k m o l / d a y ) 7 6 1 7 4 ,5 4 8 133 1 7 4 ,6 8 1 1 ,7 7 1 1 7 2 ,9 1 1 1 5 7 ,0 3 7 1 5 ,8 7 3 1 5 7 ,0 3 7 1 5 7 ,0 3 7 1 ,7 8 5 1 5 5 ,2 5 2 4 ,9 9 5 1 5 0 ,2 5 7 4 ,0 0 0
T o ta l  S o l id  M a s s  R a te  (k g /d a y ) n /a 4 6 8 ,9 6 6 n /a 4 6 8 ,9 6 6 n /a 4 6 8 ,9 6 6 n /a 4 6 8 ,9 6 6 n /a n /a n /a n /a n /a n /a n /a
T o ta l  E n t h a l p y  ( G J /d a y ) 0 .1 8 1 7 .3 6 0 .0 5 1 7 .4 1 0 .6 4 1 6 .7 6 2 6 .9 2 - 1 0 .1 6 2 7 .0 2 5 8 .4 0 0 .9 8 57.43 1 0 .1 4 6 3 .8 0 1.81
C o m p o n e n t M a s s  F lo w  ( k g / r i a v )

C e l lu lo s e 0 3 4 ,4 1 9 0 3 4 ,4 1 9 0 3 4 ,4 1 9 0 3 4 ,4 1 9 0 0 0 0 0 0 0
H e m ic e l lu lo s e 0 2 7 ,0 3 6 0 2 7 ,0 3 6 0 2 7 ,0 3 6 0 2 7 ,0 3 6 0 0 0 0 0 0 0
G a la c ta n 0 1 ,1 2 9 0 1 ,1 2 9 0 1 ,1 2 9 0 1 ,1 2 9 0 0 0 0 0 0 0
M a n n a n 0 5 ,0 8 1 0 5 ,0 8 1 0 5 ,0 8 1 0 5 ,0 8 1 0 0 0 0 0 0 0
A ra b in a n 0 1 0 ,0 3 1 0 1 0 ,0 3 1 0 1 0 ,0 3 1 0 1 0 ,0 3 1 0 0 0 0 0 0 0
L ig n in 0 1 5 3 ,1 1 1 0 1 5 3 ,1 1 1 0 1 5 3 ,1 1 1 0 1 5 3 ,1 1 1 0 0 0 0 0 0 0
G lu c o s e 2 ,6 2 9 3 9 4 ,7 8 1 0 3 9 4 ,7 8 1 5 1 3 9 4 ,7 8 1 3 9 4 ,7 8 1 0 3 9 4 ,7 8 1 3 9 4 ,7 8 1 0 3 9 4 ,7 8 1 0 3 9 4 ,7 8 1 0
M a n n o s e 5 5 9 1 8 ,0 7 7 0 1 8 ,0 7 7 0 1 8 ,0 7 7 1 8 ,0 7 7 0 1 8 ,0 7 7 1 8 ,0 7 7 0 1 8 ,0 7 7 0 1 8 ,0 7 7 0
G a la c to s e 124 4 ,0 1 7 0 4 ,0 1 7 5 1 4 ,0 1 7 4 ,0 1 7 0 4 ,0 1 7 4 ,0 1 7 0 4 ,0 1 7 0 4 ,0 1 7 0
X y lo s e 7 ,5 6 7 1 3 ,9 4 6 0 1 3 ,9 4 6 0 1 3 ,9 4 6 1 3 ,9 4 6 0 1 3 ,9 4 6 1 3 ,9 4 6 0 1 3 ,9 4 6 0 1 3 ,9 4 6 0
A r a b in o s e 1 ,1 4 4 3 6 ,9 7 5 0 3 6 ,9 7 5 0 3 6 ,9 7 5 3 6 ,9 7 5 0 3 6 ,9 7 5 3 6 ,9 7 5 0 3 6 ,9 7 5 0 3 6 ,9 7 5 0
C e l lo b io s e 0 4 ,9 5 4 0 4 ,9 5 4 0 4 ,9 5 4 4,954 0 4 ,9 5 4 4 ,9 5 4 0 4,954 0 4 ,9 5 4 0
E th a n o l 0 1 6 2 ,7 3 0 0 1 6 2 ,7 3 0 1 ,2 9 2 1 6 1 ,4 3 8 1 6 1 ,4 3 8 0 1 6 1 ,4 3 8 1 6 1 ,4 3 8 4 8 4 1 6 0 ,9 5 4 1 5 9 ,0 1 6 1 ,9 3 7 1 5 8 ,2 2 1
W a te r 0 2 ,6 6 7 ,2 9 1 0 2 ,6 6 7 ,2 9 1 2 ,1 9 7 2 ,6 6 5 ,0 9 4 2 ,6 6 5 ,0 9 4 0 2 ,6 6 5 ,0 9 4 2 ,6 6 5 ,0 9 4 2,399 2 ,6 6 2 ,6 9 6 2 7 ,8 0 1 2 ,6 3 4 ,8 9 5 1 0 ,1 9 1
S u lf u r ic  A c id 0 3 ,8 1 2 0 3 ,8 1 2 0 3 ,8 1 2 3 ,8 1 2 0 3 ,8 1 2 3 ,8 1 2 0 3 ,8 1 2 0 3 ,8 1 2 0
F u r fu ra l 0 9 1 7 0 9 1 7 3 9 1 4 9 1 4 0 9 1 4 9 1 4 5 9 0 8 2 9 8 7 9 0
A m m o n ia o ' 0 0 0 0 0 0 0 0 0 0 0 0 0 0
O x y g e n 0 2 ,2 1 0 0 2 ,2 1 0 2 ,0 0 3 2 0 7 2 0 7 0 2 0 7 2 0 7 2 0 7 0 0 0 0
C a rb o n  D io x id e 0 1 4 0 ,4 5 7 0  i 1 4 0 ,4 5 7 6 8 ,5 4 6 7 1 ,9 1 1 7 1 ,9 1 1 0 7 1 ,9 1 1 7 1 ,9 1 1 7 1 ,9 1 1 0 0 0 0
G ly c e r o l 0 1 ,2 7 8 0 1 ,2 7 8 0 1 ,2 7 8 1 ,2 7 8 0 1 ,2 7 8 1 ,2 7 8 0 1 ,2 7 8 0 1 ,2 7 8 0
S u c c in ic  A c id 0 4 ,1 4 6 0 4 ,1 4 6 0 4 ,1 4 6 4 ,1 4 6 0 4 ,1 4 6 4 ,1 4 6 0 4 ,1 4 6 0 4 ,1 4 6 0
L a c t ic  A c id 0 1 ,3 6 8 1 2 ,0 2 3 1 3 ,3 9 0 0 1 3 ,3 9 0 1 3 ,3 9 0 0 1 3 ,3 9 0 1 3 ,3 9 0 0 1 3 ,3 9 0 0 1 3 ,3 9 0 0
H M F 0 2 4 8 0 2 4 8 0 2 4 8 2 4 8 0 2 4 8 2 4 8 1 2 4 7 0 2 4 7 0
X y li to l 0 1 3 ,3 3 3 0 1 3 ,3 3 3 0 1 3 ,3 3 3 1 3 ,3 3 3 0 1 3 ,3 3 3 1 3 ,3 3 3 0 1 3 ,3 3 3 0 1 3 ,3 3 3 0
A c e t i c  A c id 0 5 ,4 4 7 0 5 ,4 4 7 8 5 ,4 3 9 5 ,4 3 9 0 5 ,4 3 9 5 ,4 3 9 2 5 ,4 3 7 8 5 ,4 2 9 0
C o m  S te e p  L i q u o r 0 1 5 ,5 6 7 0 1 5 ,5 6 7 8 1 5 ,5 5 9 1 5 ,5 5 9 0 1 5 ,5 5 9 1 5 ,5 5 9 13 1 5 ,5 4 6 3 1 5 ,5 4 3 0
Z M 0 6 ,3 9 6 0 6 ,3 9 6 0 6 ,3 9 6 0 6 ,3 9 6 0 0 0 0 0 0 0
C e l lu la s e 0 8 ,6 2 5 0 8 ,6 2 5 0 8 ,6 2 5 0 8 ,6 2 5 0 0 0 0 0 0 0
L im e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C A S O 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A s h 0 2 2 3 ,1 3 9 0 2 2 3 ,1 3 9 0 2 2 3 ,1 3 9 0 2 2 3 ,1 3 9 0 0 0 0 0 0 0



Table D 5  S tr e a m  ta b le  o f  th e  b io e th a n o l  p r o c e s s  f ro m  r ic e  s t r a w  fo r  a l t e r n a t iv e  4  d e s ig n  ( c o n t in u e )
S t r e a m  N a m e ร 61 S 6 2 ร 6 3 S 6 4 S 6 5 ร 6 6 S 6 7 ร 6 8 S 6 9 S 7 0 ร ?  1 1
S tr e a m  P h a s e L i q u i d V a p o r V a p o r V a p o r L iq u id M ix e d L iq u id L iq u id L iq u id L iq u id L iq u id
T e m p e r a t u r e  (° C ) ---------------- 112 io o 100 100 4 0 117 54 55 55 55 55
P r e s s u r e  (a tm ) 1 .7 7 1.77 1.00 1.00 1.00 1.77 1 .7 7 21.00 1.00 1.00 1 .0 0
T o ta l  S td . L iq . R a te  ( L /d a y ) 1 8 ,6 6 5 2 0 9 ,4 0 5 20 0 ,00 0 9 ,4 0 5 200,000 3 ,0 0 9 ,1 8 6 3 ,0 0 9 ,1 9 5 3 ,0 0 9 ,1 9 5 2 ,1 1 4 ,4 9 1 8 9 4 ,7 0 4 1 0 5 ,7 2 5
T o ta l  M a s s  R a te  (k g /d a y ) 1 8 ,4 4 6 1 6 8 ,4 1 2 1 5 9 ,0 1 6 9 ,3 9 6 1 5 9 ,0 1 6 3 ,1 8 6 ,0 8 7 3 ,1 8 6 ,0 9 7 3 ,1 8 6 ,0 9 7 2 ,1 1 9 ,6 9 8 1 ,0 6 6 ,3 9 9 1 0 5 ,9 8 5
T o ta l  M o la r  R a te  ( k m o l / d a y ) 9 9 5 4 ,0 0 0 3 ,4 7 9 5 2 2 3 ,4 7 9 1 5 1 ,2 5 2 1 5 1 ,2 5 3 1 5 1 ,2 5 3 1 1 6 ,5 2 5 3 4 ,7 2 8 5 ,8 2 6
T o ta l  S o lid  M a s s  R a te  (k g /d a y ) n /a n /a n /a n /a n /a n /a n /a n /a n /a n /a n /a
T o ta l  E n t h a l p y  ( G J /d a y ) 0.35 8.20 7 .1 4 1 .0 5 0 .6 4 6 4 .1 5 3 2 .7 7 33.22 20.45 1 2 .7 6 1.02
C o m p o n e n t M a s s  F lo w  ( k g / d a j 7)

C e l lu lo s e 0 0 0 0 0 0 0 0 0 0 0
H e m ic e l lu lo s e 0 0 0 0 0 0 0 0 0 0 0
G a la c ta n 0 0 0 0 0 0 0 0 0 0 0
M a n n a n 0 0 0 0 0 0 0 0 0 0 0
A ra b in a n 0 0 0 0 0 0 0 0 0 0 0
L ig n in 0 0 0 0 0 0 0 0 5 1 0 0
G l u c o s e 0 0 0 0 0 3 9 4 ,7 8 1 3 9 4 ,7 8 3 3 9 4 ,7 8 3 1 5 ,7 9 1 3 7 8 ,9 9 2 7 9 0
M a n n o s e 0 0 0 0 0 1 8 .0 7 7 1 8 ,0 7 7 1 8 ,0 7 7 9 0 4 1 7 ,1 7 3 4 5
G a la c to s e 0 0 0 0 0 4 ,0 1 7 4 ,0 1 7 4 ,0 1 7 201 3 ,8 1 6 10
X y lo s e 0 0 0 0 1 r 1 3 ,9 4 6 1 3 .9 4 6 13 ,9 4 6 6 9 7 1 3 ,2 4 9 35
A r a b in o s e 0 0 0 0 0 3 6 ,9 7 5 3 6 ,9 7 6 3 6 ,9 7 6 1 ,8 4 9 3 5 ,1 2 7 9 2
C e l lo b io s e 0 0 0 0 0 4 ,9 5 4 4,954 4 ,9 5 4 2 4 8 4 ,7 0 6 12
E th a n o l 7 9 5 1 5 8 ,2 2 1 1 5 8 ,2 2 1 0 1 5 8 ,2 2 1 2 ,7 3 2 2 ,7 3 2 2 ,7 3 2 1 ,3 6 6 1 ,3 6 6 6 8
W a te r 1 7 ,6 1 1 1 0 ,1 9 1 7 9 5 9 ,3 9 6 7 9 5 2 ,6 5 2 ,5 0 5 2 ,6 5 2 ,5 1 3 2 ,6 5 2 ,5 1 3 2 ,0 9 5 ,4 8 5 5 5 7 ,0 2 8 1 0 4 ,7 7 4
S u lf u r ic  A c id 0 0 6~1 0 0 3 ,8 1 2 3 ,8 1 2 3 ,8 1 2 191 3 ,6 2 1 10
F u r fu ra l 2 9 0 0 0 0 9 0 8 9 1 0 9 1 0 2 7 3 6 3 7 14
A m m o n ia 0 0 0 0 0 0 0 0 0 0 0
O x y g e n 0 อ ิฯ 0 0 0 0 0 0 0 0 0
C a rb o n  D io x id e 0 0 0 0 0 0 0 0 0 0 0
G ly c e r o l 0 5 1 0 0 0 1 ,2 7 8 1 ,2 7 9 1 ,2 7 9 6 4 1 ,2 1 5 3
S u c c in ic  A c id 0 1 0 0 0 0 4 ,1 4 6 4 ,1 4 6 4 ,1 4 6 2 0 7 3 ,9 3 9 10
L a c t ic  A c id 0 0 0  ! 0 0 1 3 ,3 9 0 1 3 ,3 9 0 1 3 ,3 9 0 6 7 0 1 2 ,7 2 1 3 3
H M F 0 0 0 0 0 2 4 7 2 4 7 2 4 7 37 2 1 0 2
X y li to l 0 0 0 0 0 1 3 ,3 3 3 1 3 ,3 3 3 1 3 ,3 3 3 6 6 7 1 2 ,6 6 7 33
A c e t ic  A c id 8 0 0 0 0 5 ,4 3 7 5 ,4 3 7 5 ,4 3 7 2 7 2 5 ,1 6 6 14
C o m  S te e p  L i q u o r 3 0 0 0 0 1 5 ,5 4 6 1 5 ,5 4 6 1 5 ,5 4 6 7 7 7 1 4 ,7 6 8 39
Z M 0 0 0 0 0 0 0 0 0 0 0
C e l lu la s e 0 0 0 0 0 0 0 0 0 0 0
L im e 0 0 0 0 0 0 0 0 0 0 0
C A S O 4 0 0 0 0 0 0 0 0 0 0 0
A s h 0 0 0 0 0 0 0 0 0 0 0



D.2.6 Alternative 5 Design
Table D6 S tr e a m  ta b le  o f  th e  b io e th a n o l  p r o c e s s  f ro m  r ic e  s t r a w  f o r  a l t e rn a t iv e  5 d e s ig n

i

S t r e a m  N a m e S I ร 2 S 3 S 4 S 5 ร 6 ร ? S 8 S 9 S 1 0 S l l S I 2 S 1 3 ร ] 4 S I S  1
S tr e a m  P h a s e M ix e d V a p o r M ix e d L i q u i d L iq u id L iq u id V a p o r M ix e d M ix e d V a p o r L iq u id S o lid M ix e d L iq u id M ix e d
T e m p e r a t u r e  (° C ) 3 0 1 6 0 1 0 0 3 0 3 0 3 0 2 6 8 180 1 8 0 101 101 101 101 3 0 7 0
P r e s s u r e  ( a tm ) 1 .0 0 6 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 3 .0 0 1 0 .0 0 1 0 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0
T o ta l  S td . L iq . R a te  ( L /d a y ) n /a 1 1 4 ,4 4 8 n /a 6 8 3 ,0 2 0 7 ,4 2 8 6 9 0 ,4 4 8 3 9 8 ,2 1 9 n /a n /a 3 1 3 ,5 4 6 1 ,2 9 2 ,2 0 6 n /a n /a 1 ,3 4 4 ,2 5 9 n /a
T o ta l  M a s s  R a te  (k g /d a y ) 1 ,4 2 0 ,2 5 3 1 1 4 ,3 3 6 1 ,5 3 4 ,5 8 8 6 8 2 ,3 4 6 1 3 ,6 5 0 6 9 5 ,9 9 6 3 9 7 ,8 2 6 2 ,6 2 8 ,4 1 0 2 ,6 2 8 ,4 1 0 3 1 3 ,3 9 6 1 ,4 4 8 ,5 5 9 8 6 6 ,4 5 5 2 ,3 1 5 ,0 1 4 1 ,3 4 2 ,9 3 3 1 ,9 6 6 ,3 5 2
T o ta l  M o la r  R a te  ( k m o l / d a y ) 3 0 ,6 7 6 6 ,3 4 7 3 7 ,0 2 3 3 7 ,8 7 6 1 3 9 3 8 ,0 1 5 2 2 ,0 8 3 9 7 ,1 2 1 9 4 ,4 0 9 1 7 ,3 4 6 5 8 ,6 2 4 1 8 ,4 3 9 7 7 ,0 6 3 7 4 ,5 4 4 9 3 ,6 7 8
T o ta l  S o l id  M a s s  R a te  (k g /d a y ) 1 ,2 4 9 ,7 9 5 n /a 1 ,2 4 9 ,7 9 5 n /a n /a n /a n /a 1 ,2 4 9 ,7 9 5 8 6 6 ,4 5 5 n /a n /a 8 6 6 ,4 5 5 8 6 6 ,4 5 5 n /a 3 ,1 0 5
T o ta l  E n t h a l p y  ( G J /d a y ) -6 8 .7 7 1 3 .1 6 -5 5 .6 1 3 .5 8 0 .0 2 3 .6 1 4 6 .1 3 -5 .8 7 2 7 .5 8 3 4 .9 8 2 5 .5 9 - 3 2 .9 9 -7 .4 0 7 .0 5 2 5 .0 8
C o m p o n e n t M a s s  F lo w  ( k g / d a y )

C e l lu lo s e 4 9 3 ,6 6 9 0 4 9 3 ,6 6 9 0 0 0 0 4 9 3 ,6 6 9 4 2 4 ,5 2 5 0 0 4 2 4 ,5 2 5 4 2 4 ,5 2 5 0 2 ,1 2 3
H e m i c e l lu lo s e 2 8 7 ,4 5 3 0 2 8 7 ,4 5 3 0 0 0 0 2 8 7 ,4 5 3 2 8 ,6 1 1 0 0 2 8 ,6 1 1 2 8 ,6 1 1 0 143
G a la c ta n 4 ,9 9 9 0 4 ,9 9 9 0 0 0 0 4 ,9 9 9 1 ,1 9 5 0 0 1 ,1 9 5 1 ,1 9 5 0 6
M a n n a n 2 2 ,4 9 6 0 2 2 ,4 9 6 0 0 0 0 2 2 ,4 9 6 5 ,3 7 7 0 0 5 ,3 7 7 5 ,3 7 7 0 2 7
A r a b in a n 4 4 ,9 9 3 0 4 4 ,9 9 3 0 0 0 0 4 4 ,9 9 3 1 0 ,5 6 2 0 0 1 0 ,5 6 2 1 0 ,5 6 2 0 0
L ig n in 1 6 1 ,2 2 4 0 1 6 1 ,2 2 4 0 0 0 0 1 6 1 ,2 2 4 1 6 1 ,2 2 4 0 0 1 6 1 ,2 2 4 1 6 1 .2 2 4 0 8 0 6
G lu c o s e 0 0 0 0 0 0 0 0 7 3 ,5 0 2 0 7 3 ,5 0 2 0 7 3 ,5 0 2 0 5 1 ,6 9 4
M a n n o s e 0 0 0 0 0 0 0 0 1 8 ,7 4 7 0 1 8 ,7 4 7 0 1 8 ,7 4 7 0 1 3 ,1 8 3
G a la c to s e 0 0 0 0 0 0 0 0 4 ,1 6 6 0 4 ,1 6 6 0 4 ,1 6 6 0 2 ,9 3 0
X y lo s e 0 0 0 0 0 5 1 0 ( p 2 9 2 ,0 2 4 0 2 9 2 ,0 2 4 0 2 9 2 ,0 2 4 0 2 0 5 ,3 8 1
A r a b in o s e 0 0 0 0 0 0 0 0 3 8 ,3 4 6 0 3 8 ,3 4 6 0 3 8 ,3 4 6 0 2 6 ,9 6 5
C e l lo b io s e ( p 5 1 0 5 ฯ 0 5 1 0 ( p 3 ,1 5 9 0 3 ,1 5 9 o ' 3 ,1 5 9 0 2 ,2 2 4
E th a n o l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W a te r 1 7 0 ,4 5 8 1 1 4 ,3 3 6 2 8 4 ,7 9 3 6 8 2 ,3 4 6 0 6 8 2 ,3 4 6 3 9 7 ,8 2 6 1 ,3 6 4 ,9 6 5 1 ,3 1 6 ,2 7 6 3 1 2 ,2 7 8 1 ,0 0 3 ,9 9 8 0 1 ,0 0 3 ,9 9 8 1 ,3 4 2 ,9 3 3 1 ,6 5 0 ,5 9 7
S u lf u r ic  A c id 0 0 5 1 0 1 3 ,6 5 0 1 3 ,6 5 0 1 3 ,6 5 0 1 3 ,6 5 0 0 1 3 ,6 5 0 0 1 3 ,6 5 0 0 9 ,5 9 4
F u r fu ra l 0 0 0 0 0 0 < n 0 1 ,8 5 1 1 ,1 0 8 7 4 3 0 7 4 3 0 5 2 2
A m m o n ia 0 0 0 0 0 0 5"1 0 0 0 0 0 0 0 0
O x y g e n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C a r b o n  D i o x i d e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G ly c e r o l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S u c c i n i c  A c id 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L a c t ic  A c id 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H M F 0 0 0 0 0 0 0 0 2 3 5 10 2 2 5 0 2 2 5 0 1 5 9
X y li to l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A c e t i c  A c id 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C o m  S te e p  L i q u o r 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Z M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C e l lu la s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L im e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C A S O < 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A s h 2 3 4 ,9 6 1 0 2 3 4 ,9 6 1 0 0 0 0 2 3 4 ,9 6 1 2 3 4 ,9 6 1 0 0 2 3 4 ,9 6  i 2 3 4 ,9 6 1 0 0
N i t r o g e n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0



Table D 6  S tr e a m  ta b le  o f  th e  b io e th a n o l  p r o c e s s  f ro m  r ic e  s t r a w  f o r  a l t e r n a t iv e  5 d e s ig n  ( c o n t in u e )
S t r e a m  N a m e S I 6 S I 7 S I 8 S I 9 S 2 0 S 2 I ร 2 2 S 2 3 ร 2 4 S 2 S S 2 6 S 2 7 ร 2 8 ร 2 9 ร 3 0  1
S tr e a m  P h a s e M ix e d M ix e d L iq u id M ix e d S o lid M ix e d M ix e d L iq u id M ix e d M ix e d M ix e d M ix e d M ix e d M ix e d M ix e d
T e m p e r a t u r e  (° C ) 7 0 5 0 3 0 5 0 3 0 5 0 5 0 3 0 5 0 5 0 5 0 5 0 59 59 59
P r e s s u r e  ( a tm ) 1.00 1.00 1 .0 0 1.00 1.00 1.00 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1.00 1.00
T o ta l  S td . L iq . R a te  ( L /d a y ) n /a n /a 3 ,7 3 5 n /a n /a n /a n /a 3 ,8 3 9 n /a n /a n /a n /a n /a n /a n /a
T o ta l  M a s s  R a te  (k g /d a y ) 1 ,6 9 1 ,5 9 5 1 ,9 6 6 ,3 5 2 6 ,8 6 4 1 ,9 7 3 ,2 1 6 1 7 ,7 6 2 1 ,9 9 0 ,9 7 8 1 ,9 9 0 ,9 7 8 7 ,0 5 4 1 ,9 9 8 ,0 3 1 1 ,9 9 8 ,0 3 1 3 5 ,5 3 6 1 ,9 6 2 ,4 9 5 3 ,6 5 4 ,0 9 0 3 6 5 ,4 0 9 3 ,2 8 8 ,6 8 1
T o ta l  M o la r  R a te  ( k m o l /d a y ) 5 7 ,9 2 9 9 3 ,6 7 8 7 0 9 3 ,7 4 8 2 4 0 9 3 ,9 8 8 9 4 ,1 5 5 72 9 4 ,2 2 7 9 4 ,2 9 9 2 5 8 9 4 ,0 4 1 1 5 1 ,9 7 1 1 5 ,1 9 7 1 3 6 ,7 7 3
T o ta l  S o l id  M a s s  R a te  ( k g /d a y ) 8 6 3 ,3 5 0 3 ,1 0 5 n /a 3 ,1 0 5 1 7 ,7 6 2 2 0 ,8 6 6 3 1 ,2 7 8 n /a 3 1 ,2 7 8 3 5 ,7 4 1 3 4 ,9 3 5 8 0 6 8 6 4 ,1 5 6 8 6 ,4 1 6 7 7 7 ,7 4 0
T o ta l  E n t h a l p y  (G J /d a y ) -2 5 .4 3 1 8 .9 2 0.01 1 8 .9 3 -1 .9 8 1 6 .9 5 1 8 .3 0 0.01 18 .31 1 8 .8 9 - 0 .2 0 1 9 .0 9 - 6.34 -0 .6 3 - 5 .7 0
C o m p o n e n t M a s s  F lo w  ( k g / d a y )

C e l lu lo s e 4 2 2 ,4 0 2 2 ,1 2 3 0 2 ,1 2 3 0 2 ,1 2 3 2 ,1 2 3 0 2 ,1 2 3 2 ,1 2 3 2 ,1 2 3 0 4 2 2 ,4 0 2 4 2 ,2 4 0 3 8 0 ,1 6 2
H e m ic e l lu lo s e 2 8 ,4 6 8 143 0 143 0 143 143 0 143 143 143 0 2 8 ,4 6 8 2 ,8 4 7 2 5 ,6 2 1
G a la c t a n 1 ,1 8 9 6 0 6 0 6 6 0 6 6 6 0 1 ,1 8 9 119 1 ,0 7 0
M a n n a n 5 ,3 5 0 2 7 0 2 7 0 2 7 2 7 0 27 2 7 2 7 0 5 ,3 5 0 5 3 5 4 ,8 1 5
A r a b in a n 1 0 ,5 6 2 0 0 0 0 0 0 0 0 0 0 0 1 0 ,5 6 2 1 ,0 5 6 9 ,5 0 6
L ig n in 1 6 0 ,4 1 7 8 0 6 0 8 0 6 0 8 0 6 8 0 6 0 8 0 6 8 0 6 0 8 0 6 1 6 1 ,2 2 4 1 6 ,1 2 2 1 4 5 ,1 0 1
G l u c o s e 2 1 ,8 0 8 5 1 ,6 9 4 0 5 1 ,6 9 4 0 5 1 ,6 9 4 5 1 ,6 9 4 0 5 1 ,6 9 4 5 1 ,6 9 4 103 5 1 ,5 9 1 7 3 ,3 9 9 7 ,3 4 0 6 6 ,0 5 9
M a n n o s e 5 ,5 6 4 1 3 ,1 8 3 0 1 3 ,1 8 3 0 1 3 ,1 8 3 1 3 ,1 8 3 0 1 3 ,1 8 3 1 3 ,1 8 3 2 6 1 3 ,1 5 7 1 8 ,7 2 1 1 ,8 7 2 1 6 ,8 4 9
G a la c t o s e 1 ,2 3 6 2 ,9 3 0 0 2 ,9 3 0 0 2 ,9 3 0 2 ,9 3 0 0 2 ,9 3 0 2 ,9 3 0 6 2 ,9 2 4 4 ,1 6 0 4 1 6 3 ,7 4 4
X y lo s e 8 6 ,6 4 4 2 0 5 ,3 8 1 0 2 0 5 ,3 8 1 0 2 0 5 ,3 8 1 2 0 5 ,3 8 1 0 2 0 5 ,3 8 1 2 0 5 ,3 8 1 411 2 0 4 ,9 7 0 2 9 1 ,6 1 3 2 9 ,1 6 1 2 6 2 ,4 5 2
A r a b in o s e 1 1 ,3 8 1 2 6 ,9 6 5 0 2 6 ,9 6 5 0 2 6 ,9 6 5 2 6 ,9 6 5 0 2 6 ,9 6 5 2 6 ,9 6 5 54 2 6 ,9 1 1 3 8 ,2 9 2 3 ,8 2 9 3 4 ,4 6 3
C e l lo b io s e 9 3 5 2 ,2 2 4 0 2 ,2 2 4 0 2 ,2 2 4 2 ,2 2 4 0 2 ,2 2 4 2  2 2 4 0 2 ,2 2 4 3 ,1 5 9 3 1 6 2 ,8 4 3
E th a n o l 0 0 0 0 ( p 0 0 0 0 0 0 0 ( p 0 0
W a te r 6 9 6 ,3 3 4 1 ,6 5 0 ,5 9 7 0 1 ,6 5 0 ,5 9 7 0 1 ,6 5 0 ,5 9 7 1 ,6 5 6 ,6 4 3 0 1 ,6 5 6 ,6 4 3 1 ,6 5 9 ,2 3 4 (โ 1 1 ,6 5 9 ,2 3 4 2 ,3 5 5 ,5 6 8 2 3 5 ,5 5 7 2 , 120,012
S u lf u r ic  A c id 4 ,0 5 5 9 ,5 9 4 6 ,8 6 4 1 6 ,4 5 8 0 1 6 ,4 5 8 0 7 ,0 5 4 7 ,0 5 4 0 0 0 4 ,0 5 5 4 0 6 3 ,6 5 0
F u r f u r a l 2 2 1 5 2 2 0 5 2 2 0 5 2 2 5 2 2 0 5 2 2 5 2 2 1 521 7 4 2 74 6 6 8
A m m o n i a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
O x y g e n 0 0 0 0 0 0 0 0 0 <r 0 0 0 0 0
C a r b o n  D io x id e 0 0 0 cT 0 0 0 0 0 0 0 0 0 0 0
G ly c e r o l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S u c c i n i c  A c id 0 0 0 0 0 51 0 0 0 0 0 0 0 0 0
L a c t ic  A c id 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H M F 6 7 1 5 9 0 159 0 1 5 9 1 5 9 0 159 1 5 9 0 158 2 2 5 2 3 2 0 3
X y li to l 0 0 (T 0 0 0 0 0 0 0 0 0 0 0 0
A c e t i c  A c id 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C o m  S te e p  L iq u o r 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Z M 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C e l lu la s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L im e 0 0 0 0 1 7 ,7 6 2 1 7 ,7 6 2 5 ,3 2 9 0 5 ,3 2 9 0 0 0 0 0 0
C A S O 4 0 0 0 0 0 0 2 2 ,8 4 5 0 2 2 ,8 4 5 3 2 ,6 3 6 3 2 ,6 3 6 0 0 0 0
A s h 2 3 4 ,9 6 1 0 0 0 0 0 0 0 0 0 0 0 2 3 4 ,9 6 1 2 3 ,4 9 6 2 1 1 ,4 6 5
N i t r o g e n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0



Table D6 S tr e a m  ta b le  o f  th e  b io e th a n o l  p r o c e s s  f ro m  r ic e  s t r a w  fo r  a l t e r n a t iv e  5 d e s ig n  ( c o n t in u e )

S t r e a m  N a m e S 3 1 ร 3 2 ร 3 3 ร 3 4 S 3 S ร 3 6 ร 3 7 ร 3 8 S 3 9 S 4 0 .ร41 S 4 2 ร 4 3 S 4 4 S 4 5 ร 4 6  1
S tr e a m  P h a s e M ix e d M ix e d V a p o r L iq u id M ix e d M ix e d M ix e d V a p o r M ix e d M ix e d V a p o r L iq u id M ix e d M ix e d M ix e d L iq u id
T e m p e r a t u r e  (°C ) 41 4 2 3 0 3 0 3 0 4 0 4 0 4 0 4 0 41 3 0 3 0 3 0 4 0 4 0 4 0
P re s s u re  ( a tm ) 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0
T o ta l  S td . L iq . R a te  ( L /d a y ) n /a n /a 2 6 9 6 ,2 1 8 4 2 ,7 5 0 n /a n /a 1 8 ,6 8 7 ท/ a n /a 1 ,1 7 8 9 ,1 4 5 4 1 7 ,4 2 4 n /a n /a 7 ,8 6 5
T o ta l  M a s s  R a te  (k g /d a y ) 3 6 5 ,4 0 9 3 ,2 8 8 ,6 8 1 1 6 6 6 ,2 1 2 4 2 ,9 9 0 4 1 4 ,7 7 7 4 1 4 ,7 7 7 1 5 ,3 3 4 3 9 9 ,4 4 3 3 ,6 8 8 ,1 2 4 7 2 6 9 ,1 3 6 4 1 9 ,7 6 4 4 ,1 1 7 ,7 4 8 4 ,1 0 5 ,6 2 3 1 2 ,1 2 5
T o ta l  M o la r  R a te  ( k m o l / d a y ) 1 5 ,1 9 7 1 3 6 ,7 7 3 10 3 4 5 2 ,3 7 6 1 7 ,9 2 8 1 8 ,3 8 8 3 5 4 1 8 ,0 3 3 1 5 4 ,8 0 7 4 3 5 0 7 2 3 ,2 0 4 1 7 8 ,5 6 0 1 7 8 ,4 8 3 7 7
T o ta l  S o lid  M a s s  R a te  ( k g /d a y ) 8 6 ,4 1 6 7 7 7 ,7 4 0 n /a n /a 8 4 5 8 7 ,2 6 0 7 7 ,8 9 8 n /a 7 7 ,8 9 8 8 5 5 ,6 3 8 n /a n /a 8 ,2 3 7 8 6 3 ,8 7 5 8 6 3 ,8 7 5 ท/ a
T o ta l  E n th a lp y  (G J /d a y ) -1 .5 6 -1 3 .9 9 0 .0 1 0 .0 3 0 .1 8 -1 .3 3 - 0 .7 6 0 .1 3 - 0 .8 9 -1 4 .8 8 0 .0 4 0 .0 5 1 .7 9 -1 3 .0 1 -1 3 .1 9 0 .1 8
C o m p o n e n t M a s s  F lo w  ( k g / d a y )

C e l lu lo s e 4 2 ,2 4 0 3 8 0 ,1 6 2 0 0 0 4 2 ,2 4 0 3 1 ,6 8 0 0 3 1 ,6 8 0 4 1 1 ,8 4 2 0 0 0 4 1 1 ,8 4 2 4 1 1 ,8 4 2 0
H e m ic e l lu lo s e 2 ,8 4 7 2 5 ,6 2 1 0 0 0 2 ,8 4 7 2 ,8 4 7 0 2 ,8 4 7 2 8 ,4 6 8 0 0 0 2 8 ,4 6 8 2 8 ,4 6 8 0
G a la c ta n 119 1 ,0 7 0 0 0 0 1 1 9 119 0 1 1 9 1 ,1 8 9 0 0 0 1 ,1 8 9 1 ,1 8 9 0
M a n n a n 5 3 5 4 ,8 1 5 0 0 0 5 3 5 5 3 5 0 5 3 5 5 ,3 5 0 0 0 0 5 ,3 5 0 5 ,3 5 0 0
A ra b in a n 1 ,0 5 6 9 ,5 0 6 0 0 0 1 ,0 5 6 1 ,0 5 6 0 1 ,0 5 6 1 0 ,5 6 2 0 0 0 1 0 ,5 6 2 1 0 ,5 6 2 0
L ig n in 1 6 ,1 2 2 1 4 5 ,1 0 1 0 0 0 1 6 ,1 2 2 1 6 ,1 2 2 0 1 6 ,1 2 2 1 6 1 ,2 2 4 0 0 0 1 6 1 ,2 2 4 1 6 1 ,2 2 4 0
G lu c o s e 7 ,3 4 0 6 6 ,0 5 9 0 0 0 7 ,3 4 0 1 1 ,9 7 6 0 1 1 ,9 7 6 7 8 ,0 3 4 0 0 0 7 8 ,0 3 4 7 5 ,6 9 3 2 ,3 4 1
M a n n o s e 1 ,8 7 2 1 6 ,8 4 9 0 0 0 1 ,8 7 2 1 ,8 7 2 0 1 ,8 7 2 1 8 ,7 2 1 0 0 0 1 8 ,7 2 1 1 8 ,1 5 9 5 6 2
G a la c to s e 4 1 6 3 ,7 4 4 0 0 0 4 1 6 4 1 6 0 4 1 6 4 ,1 6 0 0 0 0 4 ,1 6 0 4 ,0 3 5 125
X y lo s e 2 9 ,1 6 1 2 6 2 ,4 5 2 0 0 0 2 9 ,1 6 1 2 ,5 0 8 0 2 ,5 0 8 2 6 4 ,9 6 0 0 0 0 2 6 4 ,9 6 0 2 5 7 ,0 1 1 7 ,9 4 9
A ra b in o s e 3 ,8 2 9 3 4 ,4 6 3 0 0 0 3 ,8 2 9 3 ,8 2 9 0 3 ,8 2 9 3 8 ,2 9 2 0 0 0 3 8 ,2 9 2 3 7 ,1 4 3 1 ,1 4 9
C e l lo b io s e 3 1 6 2 ,8 4 3 0 0 0 3 1 6 3 1 6 0 3 1 6 3 ,1 5 9 0 0 0 3 ,1 5 9 3 ,1 5 9 0
E th a n o l 0 0 0 0 0 0 1 5 ,3 1 0 1 ,1 4 8 1 4 ,1 6 1 1 4 ,1 6 1 0 0 0 1 4 ,1 6 1 1 4 ,1 6 1 0
W a te r 2 3 5 ,5 5 7 2 ,1 2 0 ,0 1 2 0 0 4 2 ,1 4 5 2 7 7 ,7 0 2 2 7 6 ,6 9 5 138 2 7 6 ,5 5 7 2 ,3 9 6 ,5 6 8 0 0 4 1 1 ,5 2 7 2 ,8 0 8 ,0 9 5 2 ,8 0 8 ,0 9 5 0
S u lf u r ic  A c id 4 0 6 3 ,6 5 0 0 0 0 4 0 6 4 0 6 0 4 0 6 4 ,0 5 5 0 0 โ เ 4 ,0 5 5 4 ,0 5 5 0
F u r fu ra l 7 4 6 6 8 ____0 J 0 0 7 4 7 4 0 7 4 7 4 2 0 0 0 7 4 2 7 4 2 0
A m m o n ia 0 0 1 6 6 0 0 166 0 0 0 0 7 2 6 0 0 7 2 6 7 2 6 0
O x v g e n 0 0 0 0 0 5 1 2 9 6 2 9 6 0 0 0 0 0 0 0 0
C a rb o n  D io x id e 0 0 0 0 0 0 1 4 ,4 7 5 1 3 ,7 5 2 7 2 4 7 2 4 0 0 0 7 2 4 7 2 4 0
G ly c e ro l 0 0 0 0 0 0 119 0 119 1 1 9 0 0 0 119 119 0
S u c c in ic  A c id 0 0 0 0 0 0 4 0 2 0 4 0 2 4 0 2 0 0 0 4 0 2 4 0 2 0
L a c t ic  A c id 0 0 0 0 0 0 73 0 73 73 0 0 0 7 3 7 3 0
H M F 2 3 2 0 3 0 0 0 23 23 0 2 3 2 2 5 0 0 0 2 2 5 2 2 5 0
X y li to l 0 0 0 0 0 0 1 ,3 5 9 0 1 ,3 5 9 1 ,3 5 9 0 0 0 1 ,3 5 9 1 ,3 5 9 0
A c e t i c  A c id 0 0 0 0 0 0 5 1 8 0 5 1 8 5 1 8 0 0 0 5 1 8 5 1 8 0
C o m  S te e p  L iq u o r 0 0 0 6 ,2 1 2 0 6 ,2 1 2 6 ,2 1 2 0 6 ,2 1 2 6 ,2 1 2 0 9 ,1 3 6 0 1 5 ,3 4 8 1 5 ,3 4 8 0
Z M 0 0 0 0 0 0 1 ,1 9 7 0 1 ,1 9 7 1 ,1 9 7 0 0 0 1 ,1 9 7 1 ,1 9 7 0
C e l lu la s e 0 0 0 0 8 4 5 8 4 5 8 4 5 0 8 4 5 8 4 5 0 0 8 ,2 3 7 9 ,0 8 2 9 ,0 8 2 0
L im e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C A S O < 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A s h 2 3 ,4 9 6 2 1 1 ,4 6 5 0 0 0 2 3 ,4 9 6 2 3 ,4 9 6 0 2 3 ,4 9 6 2 3 4 ,9 6 1 0 0 0 2 3 4 ,9 6 1 2 3 4 ,9 6 1 0
N itro g e n 0 0 0 0 0 0 0 0 0 0 0 0 0 ___ 0 _ 0 0



Table D6 S tre a m  ta b le  o f  th e  b io e th a n o l  p r o c e s s  f r o m  r ic e  s t r a w  fo r  a l t e r n a t iv e  5 d e s ig n  ( c o n t in u e )

S t r e a m  N a m e S 4 7 S 4 8 S 4 9 S 5 0 S S I S S 2 S S 3 S 5 4 S 5 5 S 5 6 S 5 7 S 5 8 S S 9 S 6 0 S 6 I ร 6 2  1
S tr e a m  P h a s e M ix e d L i q u i d M ix e d V a p o r M ix e d L iq u id S o lid L iq u id L iq u id V a p o r L iq u id V a p o r L iq u id L iq u id L iq u id V a p o r
T e m p e r a t u r e  (° C ) 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 100 100 100 94 117 93 112 100
P r e s s u r e  (a tm ) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 4 .7 6 4 .7 6 4 .7 6 4 .7 6 1 .7 7 1 .7 7 1.77 1 .7 7 1.77
T o ta l  S td .  L iq . R a te  ( L /d a y ) n /a 9 ,8 6 1 n /a 8 7 ,5 7 8 n /a n /a n /a n /a n /a 9 4 ,2 4 9 n /a 2 2 8 ,4 1 5 3 ,1 0 2 ,3 1 4 2 0 9 ,4 1 5 1 9 ,0 0 0 2 0 9 ,4 1 5
T o ta l  M a s s  R a te  (k g /d a y ) 4 ,1 0 5 ,6 2 4 1 2 ,1 2 5 4 ,1 1 7 ,7 4 9 7 2 ,4 5 1 4 ,0 4 5 ,2 9 9 3 ,5 5 1 ,7 7 7 4 9 3 ,5 2 2 3 ,5 5 1 ,7 7 7 3 ,5 5 1 ,7 7 7 7 7 ,4 5 7 3 ,4 7 4 ,3 2 0 1 8 7 ,2 0 3 3 ,2 8 7 ,1 1 7 1 6 8 ,4 2 2 1 8 ,7 8 1 1 6 8 ,4 2 2
T o ta l  M o la r  R a te  ( k m o l /d a y ) 1 8 0 ,9 9 3 135 1 8 1 ,1 2 8 1 ,7 3 3 1 7 9 ,3 9 5 1 6 2 ,6 9 2 1 6 ,7 0 2 1 6 2 ,6 9 2 1 6 2 ,6 9 2 1 ,8 4 3 1 6 0 ,8 4 9 5 ,0 1 5 1 5 5 ,8 3 4 4 ,0 0 1 1 ,0 1 4 4 ,0 0 1
T o ta l  S o l id  M a s s  R a te  ( k g /d a y ) 4 9 3 ,5 2 2 n /a 4 9 3 ,5 2 2 n /a 4 9 3 ,5 2 2 n /a 4 9 3 ,5 2 2 n /a n /a n /a n /a n /a n /a n /a ท/ a n /a
T o ta l  E n t h a l p y  ( G J /d a y ) 1 7 .8 4 0 .0 5 1 7 .8 9 0 .6 3 1 7 .2 7 2 7 .9 5 -1 0 .6 8 2 8 .0 5 6 0 .5 4 1.01 59.53 1 0 .1 8 66 .22 1.81 0 .3 6 8.20
C o m p o n e n t M a s s  F lo w  ( k g / d a y ) __ _________  . .  _

C e l lu lo s e 3 6 ,2 4 2 0 3 6 ,2 4 2 0 3 6 ,2 4 2 0 3 6 ,2 4 2 0 0 0 0 0 0 0 0 0
H e m ic e l lu lo s e 2 8 ,4 6 8 0 2 8 ,4 6 8 0 2 8 ,4 6 8 0 2 8 ,4 6 8 0 0 0 0 0 0 0 0 0
G a la c ta n 1 ,1 8 9 0 1 ,1 8 9 0 1 ,1 8 9 0 1 ,1 8 9 0 0 0 0 0 0 0 0 0
M a n n a n 5 ,3 5 0 0 5 ,3 5 0 0 5 ,3 5 0 0 5 ,3 5 0 0 0 0 0 0 0 0 0 0
A r a b in a n 1 0 ,5 6 2 0 1 0 ,5 6 2 0 1 0 ,5 6 2 0 1 0 ,5 6 2 0 0 0 0 0 0 0 0 0
L ig n in 1 6 1 ,2 2 4 0 1 6 1 ,2 2 4 0 1 6 1 ,2 2 4 0 1 6 1 ,2 2 4 0 0 0 0 0 0 0 0 0
G lu c o s e 4 1 5 ,3 9 5 0 4 1 5 ,3 9 5 0 4 1 5 ,3 9 5 4 1 5 ,3 9 5 0 4 1 5 ,3 9 5 4 1 5 ,3 9 5 0 4 1 5 ,3 9 5 0 4 1 5 ,3 9 5 0 0 0
M a n n o s e 1 8 ,1 5 9 0 1 8 ,1 5 9 0 1 8 ,1 5 9 1 8 ,1 5 9 0 1 8 ,1 5 9 1 8 ,1 5 9 0 1 8 ,1 5 9 0 1 8 ,1 5 9 0 0 0
G a la c to s e 4 ,0 3 5 0 4 ,0 3 5 0 4 ,0 3 5 4 ,0 3 5 0 4 ,0 3 5 4 ,0 3 5 0 4 ,0 3 5 0 4 ,0 3 5 0 0 0
X y lo s e 1 4 ,6 5 0 0 1 4 ,6 5 0 0 1 4 ,6 5 0 1 4 ,6 5 0 0 1 4 ,6 5 0 1 4 ,6 5 0 0 1 4 ,6 5 0 0 1 4 ,6 5 0 0 0 0
A r a b in o s e 3 7 ,1 4 3 0 3 7 ,1 4 3 0 3 7 ,1 4 3 3 7 ,1 4 3 0 3 7 ,1 4 3 3 7 ,1 4 3 0 3 7 ,1 4 3 0 3 7 ,1 4 3 0 0 0
C e l lo b io s e 5 ,2 1 7 0 5 ,2 1 7 0 5 ,2 1 7 5 ,2 1 7 0 5 ,2 1 7 5 ,2 1 7 0 5 ,2 1 7 0 5 ,2 1 7 0 0 0
E th a n o l 1 6 2 ,6 6 3 0 1 6 2 ,6 6 3 1 ,2 2 6 1 6 1 ,4 3 7 1 6 1 ,4 3 7 0 1 6 1 ,4 3 7 1 6 1 ,4 3 7 4 8 4 1 6 0 ,9 5 3 1 5 9 ,0 1 6 1,937 1 5 8 ,2 2 1 7 9 5 1 5 8 ,2 2 1
W a te r 2 ,7 6 6 ,3 7 3 0 2 ,7 6 6 ,3 7 3 2 ,1 5 3 2 ,7 6 4 ,2 2 1 2 ,7 6 4 ,2 2 1 0 2 ,7 6 4 ,2 2 1 2 ,7 6 4 ,2 2 1 2 ,4 8 8 2 ,7 6 1 ,7 3 3 2 8 ,1 4 9 2 ,7 3 3 ,5 8 4 1 0 ,2 0 1 1 7 ,9 4 8 1 0 ,2 0 1
S u lf u r ic  A c id 4 ,0 5 5 0 4 ,0 5 5 0 4 ,0 5 5 4 ,0 5 5 0 4 ,0 5 5 4 ,0 5 5 0 4 ,0 5 5 0 4 ,0 5 5 0 0 0
F u r fu ra l 7 4 2 0 7 4 2 2 7 4 0 7 4 0 0 7 4 0 7 4 0 4 7 3 5 2 7 7 0 9 0 2 7 0
A m m o n ia '  n 0 า 0 0 0 0 0 0 0 0 0 0 0 0 0 0
O x y g e n 2 ,2 8 3 0 2 ,2 8 3 2 ,0 5 8 2 2 5 2 2 5 0 2 2 5 2 2 5 2 2 5 0 0 0 0 0 0
C a r b o n  D io x id e 1 4 1 ,2 3 6 o l 1 4 1 ,2 3 6 6 6 ,9 9 6 7 4 ,2 4 0 7 4 ,2 4 0 0 7 4 ,2 4 0 7 4 ,2 4 0 7 4 ,2 4 0 0 0 0 0 0 0
G ly c e r o l 1 ,2 1 7 0 1 ,2 1 7 0 1 ,2 1 7 1 ,2 1 7 0 1 ,2 1 7 1 ,2 1 7 0 1 ,2 1 7 0 1 ,2 1 7 0 0 0
S u c c in ic  A c id 4 ,0 3 0 0 4 ,0 3 0 0 4 ,0 3 0 4 ,0 3 0 0 4 ,0 3 0 4 ,0 3 0 0 4 ,0 3 0 0 4 ,0 3 0 0 ■ 0 0
L a c t ic  A c id 7 3 8 1 2 ,1 2 5 1 2 ,8 6 3 0 1 2 ,8 6 3 1 2 ,8 6 3 0 1 2 ,8 6 3 1 2 ,8 6 3 0 1 2 ,8 6 3 0 1 2 ,8 6 3 0 0 0
H M F 2 2 5 0 2 2 5 0 2 2 5 2 2 5 0 2 2 5 2 2 5 1 2 2 4 0 2 2 4 0 0 0
X y li to l 1 3 ,3 4 1 0 1 3 ,3 4 1 0 1 3 ,3 4 1 1 3 ,3 4 1 0 1 3 ,3 4 1 1 3 ,3 4 1 0 1 3 ,3 4 1 0 1 3 ,3 4 1 0 0 0
A c e t i c  A c id 5 ,2 5 2 0 5 ,2 5 2 7 5 ,2 4 5 5 ,2 4 5 0 5 ,2 4 5 5 ,2 4 5 2 5 ,2 4 3 8 5 ,2 3 5 0 8 0
C o m  S te e p  L iq u o r 1 5 ,3 4 8 0 1 5 ,3 4 8 8 1 5 ,3 4 0 1 5 ,3 4 0 0 1 5 ,3 4 0 1 5 ,3 4 0 13 1 5 ,3 2 7 3 1 5 ,3 2 4 0 3 0
Z M 6,444 0 6 ,4 4 4 0 6 ,4 4 4 0 6 ,4 4 4 0 0 0 0 0 0 0 0 0
C e l lu la s e 9 ,0 8 2 0 9 ,0 8 2 0 9 ,0 8 2 0 9 ,0 8 2 0 0 0 0 0 0 0 0 0
L im e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CA SO .1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A s h 2 3 4 ,9 6 1 0 2 3 4 ,9 6 1 0 2 3 4 ,9 6 1 0 2 3 4 ,9 6 1 0 0 0 0 0 0 0 0 0
N i t r o g e n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0



Table D6 S tr e a m  ta b le  o f  th e  b io e th a n o l  p r o c e s s  f ro m  r ic e  s t r a w  f o r  a l t e r n a t iv e  5 d e s ig n  ( c o n t in u e )
S t r e a m  N a m e S 6 3 S 6 4 S 6 5 ร 6 6 S 6 7 ร 6 8 S 6 9 S 7 0 S 7 I S 7 2 S 7 3 S 7 4 S 7 5 ร 7 6 ร  7 7  1
S tr e a m  P h a s e V a p o r V a p o r L iq u id V a p o r L iq u id V a p o r L iq u id M ix e d M ix e d V a p o r M ix e d V a p o r V a p o r V a p o r V a p o r
T e m p e r a t u r e  (°C ) 100 1 0 0 4 0 3 0 3 0 4 7 3 5 4 5 6 5 0 6 0 0 4 3 2 6 8 2 6 8 2 6 8 160
P r e s s u r e  ( a tm ) 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .0 0 1 .1 0 1 0 0 .0 0 1 .0 0 1 .0 0 1 0 0 .0 0 1 .0 0 1 3 .0 0 1 3 .0 0 1 3 .0 0 5 .2 3
T o ta l  S td . L iq . R a te  ( L /d a y ) 2 0 0 ,0 0 0 9 ,4 1 5 2 0 0 ,0 0 0 2 ,5 9 6 ,5 1 0 1 ,7 4 9 ,3 2 5 2 ,5 9 6 ,5 1 0 1 ,7 4 9 ,3 2 5 n /a n /a 1 ,7 4 9 ,3 2 5 n /a 1 ,7 4 9 ,3 2 5 4 1 3 ,2 4 3 1 ,3 3 6 ,0 8 2 1 ,3 3 6 ,0 8 2
T o ta l  M a s s  R a te  (k g /d a y ) 1 5 9 ,0 1 7 9 ,4 0 5 1 5 9 ,0 1 7 2 ,2 5 1 ,2 2 2 1 ,7 4 7 ,6 0 0 2 ,2 5 1 ,2 2 2 1 ,7 4 7 ,6 0 0 2 ,7 4 4 ,7 4 4 2 ,7 4 4 ,7 4 0 1 ,7 4 7 ,6 0 0 2 ,7 4 4 ,7 4 0 1 ,7 4 7 ,6 0 0 4 1 2 ,8 3 6 1 ,3 3 4 ,7 6 4 1 ,3 3 4 ,7 6 4
T o ta l  M o la r  R a te  ( k m o l / d a y ) 3 ,4 7 9 5 2 2 3 ,4 7 9 7 8 ,0 3 1 9 7 ,0 0 7 7 8 ,0 3 1 9 7 ,0 0 7 9 4 ,7 3 3 9 9 ,5 7 7 9 7 ,0 0 7 9 9 ,5 7 7 9 7 ,0 0 7 2 2 ,9 1 6 7 4 ,0 9 1 7 4 ,0 9 1
T o ta l  S o lid  M a s s  R a te  ( k g /d a y ) n /a n /a n /a n /a n /a n /a n /a 4 9 3 ,5 2 2 2 9 9 ,0 9 4 n /a 2 9 9 ,0 9 4 ท/ล n /a n /a n /a
T o ta l  E n th a lp y  ( G J /d a y ) 7 .1 5 1 .0 5 0 .6 4 3 .7 8 9 .1 7 6 .8 6 1 0 .6 4 -3 .8 2 2 0 6 .8 8 1 9 3 .0 3 2 4 .4 9 2 0 2 .6 6 4 7 .8 7 1 5 4 .7 8 1 5 3 .6 8
C o m p o n e n t M a s s  F lo w  ( k g / d a y )

C e l lu lo s e 0 0 0 0 0 0 0 3 6 ,2 4 2 7 ,2 4 8 0 7 ,2 4 8 0 0 0 0
H e m ic e l lu lo s e 0 0 0 0 0 0 0 2 8 ,4 6 8 5 ,6 9 4 0 5 ,6 9 4 0 0 0 0
G a la c ta n 0 0 0 0 0 0 0 1 ,1 8 9 2 3 8 0 2 3 8 0 0 0 0
M a n n a n 0 0 0 0 0 0 0 5 ,3 5 0 1 ,0 7 0 0 1 ,0 7 0 0 0 0 0
A ra b in a n 0 0 0 0 0 0 0 1 0 ,5 6 2 2 ,1 1 2 0 2 ,1 1 2 0 0 0 0
L ig n in 0 0 0 0 0 0 0 1 6 1 ,2 2 4 3 2 ,2 4 5 0 3 2 ,2 4 5 0 0 0 0
G lu c o s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
M a n n o s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
G a la c to s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
X y lo s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A ra b in o s e 0 0 0 CM 0 0 0 0 0 0 0 0 0 n 0
C e l lo b io s e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
E th a n o l 1 5 8 ,2 2 1 0 1 5 8 ,2 2 1 0 0 0 0 0 0 0 0 0 0 0 0
W a te r 7 9 6 9 ,4 0 5 7 9 6 0 1 ,7 4 7 ,6 0 0 0 1 ,7 4 7 ,6 0 0 0 1 6 7 ,8 7 9 1 ,7 4 7 ,6 0 0 1 6 7 ,8 7 9 1 ,7 4 7 ,6 0 0 4 1 2 ,8 3 6 1 ,3 3 4 ,7 6 4 1 ,3 3 4 ,7 6 4
S u lfu r ic  A c id 0 0~1 0 0 0 0 0 0 0 0 0 0 __ _2น 0  ! 0
F u rfu ra l 0 0 0 0 0 0 0 0 0 0 0 51 0 0 0
A m m o n ia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
O x y g e n <r 0 0 5 2 4 ,3 4 8 ( M 5 2 4 ,3 4 8 51 5 2 4 ,3 4 8 1 0 4 ,8 6 8 0 1 0 4 ,8 6 8 CM 0 0 0
C a rb o n  D io x id e 0 0 0 0 0 0 0 0 4 4 6 ,0 2 5 0 4 4 6 ,0 2 5 0 0 0 0
G ly c e ro l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S u c c in ic  A c id 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L a c t ic  A c id 0 0 0 0 0 0 0  ! 0 0 0 0 0 0 0 0
H M F 0 0 0 0 0 0 0  ! 0 0 0  1 0 0 0 0 0
X y li to l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A c e ti c  A c id 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C o m  S te e p  L iq u o r 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ZM 0 0 0 0 0 0 0 6 ,4 4 4 6 ,4 4 4 0 6 ,4 4 4 0 0 0 0
C e l lu la s e 0 0 0 0 0 0 0 9 ,0 8 2 9 ,0 8 2 0 9 ,0 8 2 0 0 0 0
L im e 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C A S O „ 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
A s h 0 0 0 0 0 0 0 2 3 4 ,9 6 1 2 3 4 ,9 6 1 0 2 3 4 ,9 6 1 0 0 0 (p
N itro g e n 0 0 0 1 ,7 2 6 ,8 7 4 0 1 ,7 2 6 ,8 7 4 0 1 ,7 2 6 ,8 7 4 1 ,7 2 6 ,8 7 4 0 1 ,7 2 6 ,8 7 4 0 0 0 0



Appendix E Economic Evaluation for Base Case Design

E.l Price

E. 1.1 Exchange Rate
1 Dollar US was equal to approximate 30 Baht (2011-2012).
E .l.2 Raw Material. Product and Utility Prices

Table EE2.1 Raw material and product prices

Raw Material Price
Raw Material Price from Literature Price from Cal culation

Value Unit Value Unit
Rice straw 30 Baht/ton 0.001 $/kg
Water 1 23.5 Baht/n? 0.000783 $/kg
Sulfuric acid |J| 18 Baht/kg 0 .6 $/kg
Lime l3J 12 Baht/kg 0.4 $/kg
Ammonia 565 $/ton 0.565 $/kg
CLS [3J 800 $/ton 0 .8 $/kg
Cellulase 151 5 $/kg 5 $/kg

Product Price
Product Price from Literature Price from Calculation

Value Unit Value Unit
Ethanol lb| 27.17 Baht/L 1.14 $/kg

References: [1] Niracharopas, 2011 [4] www.icis.com

[2] Provincial Waterworks Authority (PWA) [5] www.alibaba.com

[3] www.clickchemical.com [6] EPPO

Table E l.2.2 Utility price

Cooling Water
Cooling
Water*

Price from 
Literature

Price from 
Calculation

Volume per 
Energy

Value Unit Value Unit Value Unit
CW 30-45  “c " 2 Baht/m3 1 $/GJ 15.97 m3/GJ
CW 30-40  “c 2 Baht/m3 1 .6 $/GJ 24.00 m3/GJ
CW 30-39  c 2 Baht/m3 1.778 $/GJ 26.67 "ท?/gT
CW 30-38  “c 2 Baht/m3 2 $/GJ 30.00 m3/GJ

http://www.icis.com
http://www.alibaba.com
http://www.clickchemical.com
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Table E l.2.2 Utility price (continue)

Steam
Price from Price from Mass per

Steam Literature Calculation Energy
Value Unit Value Unit Value Unit

LP steam 0.73 Baht/kg 1 1 .6 8 $/GJ 480.00 kg/GJ
HP steam 0.75 Baht/kg 14.77 $/GJ 590.60 kg/GJ

Electricity
Price from Price from Convert FactorElectricity Literature Calculation

Value Unit Value Unit Value Unit
Electricity” 1.7 Baht/kWh 15.83 $/GJ 0.0036 GJ/kWh

* Assume that cooling water recycle 12 times in cooling tower.

** Temperature of cooling water (inlet -  outlet) from heat exchanger. 

*** Average value from EPPO

E.2 Raw Materials and Products Annual Price

Table E2.1 Raw materials annual price

Raw Material Quantity
(kg/year) Annual Price EthanoH$/L)

Rice Straw 473,419,251 $473,419 0.0071
Sulfuric Acid 9,190,757 $5,514,454 0.0827
Lime 5,921,578 $2,368,631 0.0355
Ammonia 297,078 $167,849 0.0025
Com Steep Liquor 5,116,615 $4,093,292 0.0614
Cellulase 3,027,252 $15,136,261 0.2270
Water 826,469,722 $647,126 0.0097
LP steam (Prehydrolysis) 38,111,864 $926,118 0.0139
HP steam (Prehydrolysis) 132,638,022 $3,315,951 0.0497

Total $29,897,785 0.4896

Table E2.2 Products annual price

Product Quantity (kg/year) Annual Price
Ethanol 53,005,280 $60,426,019

Total $60,426,019
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Table E3.1 Annual cooling water cost for the base case design
E3 Annual Utility Cost for Base Case Design

Unit Quantity
(MJ/hr)

Price
($/GJ) Utility Cost Cost per Ethanol

($/L)
El 6,163 1 $48,811 0.0007
E2 926 1 $7,334 0.0001
E3 8,291 1 $65,665 0 .0 0 1 0
E6 6,506 1 $51,528 0.0008
R2 1,437 1 .6 $18,210 0.0003
R3 616 1 .6 $7,802 0.0001
R4 597 1.78 $8,407 0.0001
R5 5,407 2 $85,647 0.0013

Condenser T1 26,051 1 $206,324 0.0031
Condenser T2 26,549 1 $210,268 0.0032

Total $709,995 0.0106

Table E3.2 Annual LP steam cost for the base case design

Unit Quantity
(MJ/hr)

Price
($/GJ) Utility Cost Cost per Ethanol

($/L)
E4 32,499 1 1 .6 8 $3,006,340 0.0451
E5 6,386 1 1 .6 8 $590,741 0.0089

Reboiler T1 42,917 1 1 .6 8 $3,970,063 0.0596
Reboiler T2 18,541 1 1 .6 8 $1,715,146 0.0257

Total $9,282,290 0.1392

Table E3.3 Annual HP steam cost for the base case design

Unit Quantity
(MJ/hr) Price ($/GJ) Utility Cost Cost per Ethanol

($/L)
R1 5,595 14.77 $654,494 0.0098

Total $654,494 0.0098
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Table E3.4 A n n u a l  e le c t r i c i ty  c o s t  fo r  th e  b a s e  c a s e  d e s ig n

Unit Quantity 
(kW) * Utility Cost Cost per Ethanol

($/L)
Feed Handling 270 0.057 $121,863 0.0018

PI 28 0.057 $12,787 0 .0 0 0 2
Cooling Tower 380 0.057 $171,511 0.0026

Total $306,161 0.0046

Therefore, total annual utility cost for the base case design was $10,952,940 
and cost per ethanol production for the base case design was 0.1642 $/L

E.4 Equipment Sizing and Purchase Cost for Base Case Design

Table E4.1 Mixer sizing and purchase cost for the base case design

Unit Material Capacity (ท!3) Purchase Cost
Ml CS 2.04 $16,307
M2 s s 4.82 $38,150
M3 s s 10.73 $59,160
M4 s s 7.56 $48,827
M5 s s 11.84 $62,440
M6 s s 11.84 $62,440
M7 s s 11.85 $62,469
M8 s s 16.9 $75,889
M9 s s 2 .0 2 $23,684

M10 s s 17.22 $76,674
M il s s 2 0  18 $83,639

Total $609,679

Table E4.2 Pump sizing and purchase cost for the base case design

Unit Type Material Efficiency Flow Rate 
(m3/h)

AP
(atm)

Purchase
Cost

PI Centrifugal s s 50% 133.86 3.76 $21,237
Total $21,237
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Table E 4 .3  F la s h  s iz in g  a n d  p u rc h a s e  c o s t  fo r  th e  b a s e  c a s e  d e s ig n

Unit Type Material Liq. Rate 
(m3/h)

Height
(m)

Diameter
On)

Purchase
Cost

FI Vertical 316  s s 63.55 6  0 0 1.50 $162,230
Total $162,230

Table E4.4 Heat exchanger sizing and purchase cost for the base case design

Unit Type Material บ Value 
(kW/m2/K)

Area
(m2)

Purchase
Cost

El Floating shell & tube 304 SS 1.4196 53.16 $41,753
E2 Floating shell & tube 304 SS 1.4196 14.36 $22,938
E3 Floating shell & tube 304 SS 1.4196 128.14 $75,150
E4 Floating shell & tube 304 SS 1.4196 73.78 $51,313
E5 Floating shell & tube c s 1.4196 19.75 $8,540
E6 Floating shell & tube c s 2.2713 30.14 $10,241

Total $209,935

Table E4.5 Reactors sizing and purchase cost for the base case design

Unit Type Material Capacity
(■ ท3)

Height
(■ ท) Dia. (m) Purchase

Cost
R1 Plug Flow SS 2.58 5.00 0.81 $2,219,716
R2 Vertical 316 SS 71.46 1 0 .0 0 3.02 $331,996
R3 Horizontal 316 SS 286.38 1 0 .0 0 6.04 $716,021

R4-1 Vertical 316 SS 0 .1 2 1 .2 0 0.35 $19,994
R4-2 Vertical 316 SS 0.94 2.80 0.65 $48,416
R4-3 Vertical 316 SS 7.54 5.00 1.39 $115,518
R4-4 Horizontal 316 SS 60.31 5.00 3.92 $19,994
R4-5 Horizontal 316 SS 482.46 1 0 .0 0 7.84 $102,455

R5 (17 
vessels) Horizontal 316 SS 1,984.88

(each)
14.00
(each)

13.44
(each) $1,664,699

Total $5,238,809
* SSCF Seed Fermenter (R4) has 5 vessels. It is more precisely for economic analysis if we calculate them individual.

**SSCF Fermenter (R5 and R6) has 17 vessels which separate to three continuous trains. The table shows sizing of each of

vessel. So, the total capacity of SSCF fermenter is 33,743 m5.
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Table E4.6 T o w e r  u n i t  s iz in g  a n d  p u rc h a s e  c o s t  f o r  th e  b a s e  c a s e  d e s ig n

Unit Detail Quantity
Tower
Material 316 s s
Height (m) 24.9
Diameter (m) 1.83
Purchase Cost $437,706
Tray
Type Valve
Material SS
No. of Trays 32
Diameter (mm) 47.63
Purchase Cost $40,930
Vessel
Type Horizontal

T1 Material 316 SS
Length (m) 4.69
Diameter (m) 1.17
Purchase Cost $53,315
Condenser
Type Fixed tube
Material 316 SS
Area (m2) 88.91
Purchase Cost $30,411
Reboiler
Type Floating shell & tube
Material 316 SS
Area (m2) 112.51
Purchase Cost $68,493
Total Purchase Cost of T1 $630,855
Tower

T2 Material 316 SS
Height (m) 41.97
Diameter (m) 1 .6 8
Purchase Cost $424,449
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Table E4.6 Tower unit sizing and purchase cost for the base case design 
(continue)

Unit Detail Quantity'
Tray
Type Valve
Material ss
No. of Trays 60
Diameter (mm) 47.63
Purchase Cost $76,744
Vessel
Type Horizontal
Material 316 SS
Length (m) 4.71
Diameter (m) 1.18

T2 Purchase Cost $53,845
Condenser
Type Fixed tube
Material 316 SS
Area (m2) 93.66
Purchase Cost $31,707
Reboiler
Type Floating shell & tube
Material 316 SS
Area (m2) 39.04
Purchase Cost $35,034
Total Purchase Cost of T2 $621,779

Total Tower Cost $1,252,634

Table E4.7 Additional unit purchase cost for the base case design (Wooley et ai, 
1999)

Unit Equipment Purchase Cost
- Feed Handling Unit $856,000

SCI Solid/Liquid Filter $320,000
SC2 Gypsum Filter $30,120
SC3 Seed Hold Tank $33,000
SC6 Molecular Sieve $475,000

Total $1,714,120
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Table E4.8 U ti l i ty  u n i t  s iz in g  a n d  p u rc h a s e  c o s t  f o r  th e  b a s e  c a s e  d e s ig n

Equipment Capacity' (m3/h) Purchase Cost
Cooling Tower 1,416.9 $1,019,412

Total $1,019,412

Table E4.9 Storage unit sizing and purchase cost for the base case design

Equipment Type Mat. Capacity
(ท,3)

Height
(ท*)

Dia.
(ท*)

Purchase
Cost

H2SO4 Storage Roof Tank s s 151.18 14.55 3.64 $66,103
NH3 Storage Roof Tank s s 12.60 6.35 1.59 $50,485
CLS Storage RoofTank c s 154.55 14.66 3.66 $44,707

Ethanol Storage Floating
RoofTank c s 2,879.47 38.86 9.71 $497,173

Total $658,468

Therefore, Total Purchase Equipment Cost for the base case design was $10,886,524

E.5 Capital Cost Analysis for Base Case Design

Table E5.1 Breakdown of capital cost for the base case design

Description % Result

I. Direct costs (65-85 % of Fixed-capital investment)

Purchased Equipment Delivered (15-40 % of fixed-capital investment) 19.8 $11,975,176

Purchased Equipment Installation (6-14 % of fixed-capital investment) 9.3 $5,628,333

Instrumentation and Controls (installed) (2-12 % of fixed-capital investment) 7.1 $4,311,063

Piping (Installed) (4-17 % of fixed-capital investment) 13.5 $8,143,120

Electrical Systems (Installed) (2-10 % of fixed-capital investment) 2.2 $1,317,269

Buildings (Including Services) (2-18 % of fixed-capital investment) 3.6 $2,155,532

Yard Improvement (2-5 % of fixed-capital investment) 2.0 $1,197,518

Service Facilities (Installed) (8-30 % of fixed-capital investment) 13.9 $8,382,623

Land Cost (1-2 % of fixed-capital investment) 1.0 $603,549

Total Direct Cost $43,714,182
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Table E5.1 Breakdown of capital cost for the base case design (continue)

Description % Result

II.  Indirect costs (15-35 % of Fixed-capital investment)

Engineering and Supervision (4-20 %  of fixed-capital investment) 6.5 $3,951,808

Construction Expenses (4-17 % of fixed-capital investment) 8.1 $4,909,822

Legal Expenses (0.5-3 % of fixed-capital investment) 0.8 $479,007

Contractor's Fees (2-6 % of fixed-capital investment) 4.4 $2,634,539

Contingency (5-15 % of fixed-capital investment) 8.7 $5,269,077

Total Indirect Cost $22,450,409

III .  Fixed-capital Investment (F C I) = Direct cost + Indirect cost $60,354,887
IV . W orking capital Investments (W C) (5-20 % of Total capital 

investment)
5.0 $3,179,409

V. Total Capital Investment (T C I) =  Fixed-capital investment + W orking capital $63,534,296

E.6 Operating Cost Analysis for Base Case

Table E6.1 Breakdown of operating cost for the base case design

Items of O perating Cost % of Basis Basis Cost, s/year
I. Variable Cost
Raw Material - - $32,643,101
Utilities - - $10,952,939
Waste Treatment - - $6,506,293
Operating Labor 2.0 % Fixed Capital Investment $1,207,098
Operating Supervision 40.0 % Operating Labor $482,839
Maintenance and Repairs 1.0% Fixed Capital Investment $603,549
Operating Supplies 0.75 % Fixed Capital Investment $452,662
Laboratory Charges 15.0% Operating Labor $181,065
Royalties 1.0% Total Product Cost $619,552

Total Variable Cost $53,649,098
II. Fixed Charges
Property Taxes 1.0% Fixed Capital Investment $603,549
Insurance 0.75 % Fixed Capital Investment $452,662

Total Fixed Charges $1,056,211
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Table E6.1 Breakdown of operating cost for the base case design (continue)

Items of O perating Cost % of Basis Basis Cost, $/year
III. M anufacturing Cost
Plant Overhead 60.0 % Labor + Supervision + Maintenance $1,376,091

Total M anufacturing Cost $56,081,400
IV. General Expense
Administration 40.0 % Labor + Supervision + Maintenance $917,394
Distribution & selling 4.0 % Total Product Cost $2,478,208
Research & Development 4.0 % Total Product Cost $2,478,208

General Expense $5,873,811
V. Total Product Cost with Out Depreciation $61,955,212



Appendix F System Boundary and Environmental Impact Results of New 
Design Alternatives

F .l Alternative 1

Utilities Energy Chemicals

Emission or Fertilizer 1 99-5 % wt. I
I_____________________J

Figure F l.l System boundary of alternative 1 design.

Table F l.l Environmental impact of bioethanol conversion process from rice straw 
per one kilogram ethanol 99.5 wt% of the alternative 1 design

Impact category Unit Total
Abiotic depletion kg Sb eq 2.65E-02
Global warming (GWP100) kg C 02 eq 6.42E-01
Ozone layer depletion (ODP) kg CFC-11 eq 4.66E-07
Human toxicity kg 1,4-DB eq 1.50E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.24E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2.85E+03
Terrestrial ecotoxicity kg 1,4-DB eq 4.33E-02
Photochemical oxidation k g  C 2 H 4 8.34E-03
Acidification kg S02 eq 2.37E-02
Eutrophication kg P04 eq 1.25E-02
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Abiotic depletion I 
Global wanning (GWP100) I 

Ozone layer depletion (ODP) I 
Human toxicity I 

Fresh water aquatic ecotox. 
Marine aquatic ecotoxicity I 

Terrestrial ecotoxicity I 
Photochemical oxidation ;

Acidification I 
Eutrophication j 

-60%
□  Plantation ■  Transportation

Impact categories
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Figure FI.2 Distribution of environmental impacts classified stage by stage of 
alternative 1 design.

F.2 Alternative 2

Utilities Energy Chemicals

Emission or Fertilizer 1 99.5 % w t. II_______________ j

Figure F2.1 S y s te m  b o u n d a r y  o f  a l t e rn a t iv e  2  d e s ig n .
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Table F2.1 E n v ir o n m e n ta l  im p a c t  o f  b io e th a n o l  c o n v e r s io n  p r o c e s s  f ro m  r ic e  s t r a w
p e r  o n e  k i lo g r a m  e th a n o l  9 9 .5  w t%  o f  th e  a l t e rn a t iv e  2  d e s ig n

Impact category Unit Total
Abiotic depletion kg Sb eq 2.38E-02
Global warming (GWP100) kg C02 eq 3.10E-01
Ozone layer depletion (ODP) kg CFC-11 eq 4.25E-07
Human toxicity kg 1,4-DB eq 1.41E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.24E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2.79E+03
Terrestrial ecotoxicity kg 1,4-DB eq 4.15E-02
Photochemical oxidation kg C2H4 8.30E-03
Acidification kg S02 eq 2.29E-02
Eutrophication kg P04 eq 1.28E-02

Impact categories

Abiotic depletion 
Global warming (GWP100) 

Ozone layer depletion (ODP) 
Human toxicity 

Fresh water aquatic ecotox. 
Marine aquatic ecotoxicity 

Terrestrial ecotoxicitv 
Photochemical oxidation 

Acidification 
Eutrophication

-60%
□  Plantation B Transportation

-40% -20% 0% 20% 40% 60% S0% 100%
□  Pretreatment ร  Detoxification HSSCF Fermentation B Distillation HD Dehydration ร พ พ T

Figure F2.2 D is t r ib u t io n  o f  e n v ir o n m e n ta l  im p a c ts  c la s s i f ie d  s ta g e  b y  s ta g e  o f
a l t e rn a t iv e  2  d e s ig n .
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F.3 Alternative 3
Utilities Energy Chem icals

Emission or Fertilizer I 99.5 %wt. J

Figure F3.1 System boundary of alternative 3 design.

Table F3.1 Environmental impact of bioethanol conversion process from rice straw 
per one kilogram ethanol 99.5 wt% of the alternative 3 design

Impact category Unit Total
Abiotic depletion kg Sb eq 2.49E-02
Global warming (GWP100) kg C02 eq 5.10E-01
Ozone layer depletion (ODP) kgCFC-11 eq 4.01E-07
Human toxicity kg 1,4-DB eq 1.31E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.16E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2.54E+03
Terrestrial ecotoxicity kg 1,4-DB eq 3.85E-02
Photochemical oxidation kg C2H4 9.37E-03
Acidification kg S02 eq 2.18E-02
Eutrophication kg P04 eq 1.22E-02
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Abiotic depletion 

Global warming (GWP100) 

Ozone layer depletion (ODP) 
Human toxicity' 

Fresh water aquatic ecotox. 
Marine aquatic ecotox icily 

Terrestrial ecotoxicity 
Photochemical oxidation 

Acidification 
Eutrophication

-60%

Impact categories

-40% -20°/ 20% 40% 60% 80% 100%
□  Plantation M Transportât ion HPretreatment □  Detoxification sc F Fermentation □ Distillation ^Evaporation □ Dehydration ร พ'พ T

Figure F3.2 Distribution of environmental impacts classified stage by stage of 
alternative 3 design.

F.4 Alternative 4

U tilit ie s  E n e r g y  C h e m ic a ls

E m is s io n  o r  F er tilize r  1 9 9 .5  % w t .  II_ _ _ _ _ _ _  J

Figure F4.1 System boundary of alternative 4 design.
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Table F4.1 Environmental impact of bioethanol conversion process from rice straw
per one kilogram ethanol 99.5 wt% of the alternative 4 design

Impact category Unit Total
Abiotic depletion kg Sb eq 2.23E-02
Global warming (GWP100) kg C 02 eq 2.40E-01
Ozone layer depletion (ODP) kg CFC-11 eq 4.05E-07
Human toxicity kg 1,4-DB eq 1.34E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.17E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2.69E+03
Terrestrial ecotoxicity kg 1,4-DB eq 3.89E-02
Photochemical oxidation kg C2H4 8.46E-03
Acidification kg S 0 2 eq 2.18E-02
Eutrophication kg P04 eq 1.23E-02

Impact categories
Abiotic depletion 

Global warming (GWP100) 
Ozone layer depletion (ODP) 

Human toxicity 
Fresh water aquatic ecotox. 
Marine aquatic ecotoxicity 

Terrestrial ecotoxicity 
Photochemical oxidation 

Acidification 
Eutrophication

-60% -40% -20% 0% 20% 40% 60% S0% 100%
□  Plantation ฒ Transportation KPretreatment E3Detoxification HSSCFFermentation æ Distillation oMembrane ^Dehydration ธ พ 'พ 'T

Figure F4.2 Distribution of environmental impacts classified stage by stage of
alternative 4 design.
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F.5 Alternative 5

utilities Energy Chemical ร

E m iss io n  o r  F e r t iliz e r  I 9 9 .5  % w t .  I

Figure F5.1 System boundary of alternative 5 design.

Table F5.1 Environmental impact of bioethanol conversion process from rice Straw 
per one kilogram ethanol 99.5 wt% of the alternative 5 design

Impact category Unit Total
Abiotic depletion kg Sb eq 2.61E-02
Global warming (GWP 100) kg C 02 eq 5.91E-01
Ozone layer depletion (ODP) kg CFC-11 eq 4.85E-07
Human toxicity kg 1,4-DB eq 1.42E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.21E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2.86E+03
Terrestrial ecotoxicity kg 1,4-DB eq 3.72E-02
Photochemical oxidation kg C2H4 8.30E-03
Acidification kg S 0 2 eq 2.31E-02
Eutrophication kg P 04 eq 1.06E-02
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Abiotic depletion 

Global warming (GWP100) 

Ozone layer depletion (ODP) 
Human toxicity 

Fresh water aquatic ecotox. 

Marine aquatic ecotoxicity 

Terrestrial ecotoxicity’ 

Photochemical oxidation 

Acidification 

Eutrophication

Impact categories
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□  Plantation BTransportation HPretreatment อ Detoxification HSSCFFermentation ^Distillation □  Dehydration ร พ พ !  □  Combustion

Figure F5.2 Distribution of environmental impacts classified stage by stage of 
alternative 5 design.

F.6 Alternative 6

U tilit ie s  E n e r g y  C h e m ic a ls

Em ission or Fertilizer 1 99 .5  % w t. I____ J

Figure F6.1 System boundary of alternative 6 design.
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Table F6.1 Environmental impact of bioethanol conversion process from rice straw
per one kilogram ethanol 99.5 wt% of the alternative 6 design

Impact category Unit Total
Abiotic depletion kg Sb eq 2.22E-02
Global warming (GWP100) kg C 02 eq 6.78E-02
Ozone layer depletion (ODP) kg CFC-11 eq 4.17E-07
Human toxicity kg 1,4-DB eq 1.28E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.20E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2 76E+03
Terrestrial ecotoxicity kg 1,4-DB eq 3.42E-02
Photochemical oxidation kg C2H4 8.23E-03
Acidification kg S 0 2 eq 2.20E-02
Eutrophication kg P 04 eq 1.05E-02

I m p a c t  c a t e g o r i e s

Abiotic depletion 
Global wanning (GWP100) 

Ozone layer depletion (ODP) 
Human toxicity 

Fresh w ater aquatic ecotox. 
Marine aquatic ecotoxicity 

Terrestrial ecotoxicity 
Photochemical oxidation 

Acidification 
Eutrophication j 

-60%
□ Plantation □ Transportation H Pre-treatment 0 Detoxification HSSCF Fennentation □ Distillation ID Dehydration 0YVVVT □ Combustion

Figure F6.2 Distribution of environmental impacts classified stage by stage of
alternative 6 design.
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F.7 Alternative 7

Utilities Energy Chemicals

A ll k in d  o f  W a ste  to  L a n d fill  I E t h a n o l  I
E m is s io n  or  F er tilize r  I 9 9 .5  % w t .  I

Figure F7.1 System boundary of alternative 7 design.

Table F7.1 Environmental impact of bioethanol conversion process from rice straw 
per one kilogram ethanol 99.5 wt% of the alternative 7 design

Impact category Unit Total
Abiotic depletion kg Sb eq 2.33E-02
Global warming (GWP100) kg C 02 eq 2.73E-01
Ozone layer depletion (ODP) kg CFC-11 eq 3.93E-07
Human toxicity kg 1,4-DB eq 1.18E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.12E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2.51E+03
Terrestrial ecotoxicity kg 1,4-DB eq 3.16E-02
Photochemical oxidation kg C2H4 9.31E-03
Acidification kg S 0 2 eq 2.09E-02
Eutrophication kg P 04 eq 1.00E-02
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Abiotic depletion 

Global wanning (GWP100) 
Ozone layer depletion (ODP) 

Human toxicity 
Fresh water aquatic ecotox. 
Marine aquatic ecotoxicity 

Terrestrial ecotoxicity 
Photochemical oxidation 

Acidification 

Eiitrophication

Impact categories

-80% -60% -40% -20% 0% 20% 40% 60% 80% 100%
□  Plantation a  Transportation HPretreatment □  Detoxification BSSCF Fermentation □ Distillation ID Evaporation □ Dehydration OWWT

Figure F7.2 Distribution of environmental impacts classified stage by stage of 
alternative 7 design.

F.8 Alternative 8

U tilit ie s E n e r g y C h e m ic a ls

C O i U p ta k e

R ic e  P la n ta t io n T ra n sp o rta tio n

E t h a n o l  C o n v e r s io n  P r o c e s s
E le c tr ic ity  / —

S te a m  <Jrะ
L ig n in

C o m b u s tio n

S o lid  W a ste

P r e tr e a tm e n t D e to x if ic a t io n
R e c y c le d  W a ter  T------ J .— --1

W a ste w a te r
T r e a tm en t

T r e a ted  W a te r

M e m b r a n e
W a ste w a te r

S S C F
F e r m e n ta tio n

D is t il la t io n

D e h y d r a t io n

A il  k in d  o f  
E m is s io n

W a ste  to  L a n d fill  
o r  F er t ilize r

I--- -- ------- 1I E t h a n o l  1
I 9 9 .5  % w t .  I

Figure F8.1 System boundary of alternative 8 design.
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Table F8.1 Environmental impact of bioethanol conversion process from rice straw
per one kilogram ethanol 99.5 wt% of the alternative 8 design

Impact category Unit Total
Abiotic depletion kg Sb eq 2.08E-02
Global warming (GWP 100) kg C 02 eq 7.35E-03
Ozone layer depletion (ODP) kg CFC-11 eq 3.97E-07
Human toxicity kg 1,4-DB eq 1.21E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.14E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2.66E+03
Terrestrial ecotoxicity kg 1,4-DB eq 3.20E-02
Photochemical oxidation kg C2H4 8.40E-03
Acidification kg S 02 eq 2.10E-02
Eutrophication kg PO4 eq 1.01E-02

I m p a c t  c a t e g o r ie s

Abiotic depletion • 
Global warming (GWP100) : 

Ozone layer depletion (ODP) : 
Human toxicity I 

Fresh water aquatic ecotox. I 
Marine aquatic ecotoxicity j 

Terrestrial ecotoxicity I 
Photochemical oxidation ;

Acidification : 
Eutrophication I 

-80%
□ Plantation 0 Transportation

-60% -40% -20% 0% 20% 40% 60% 80% 100%
□  Pretreatment ธ Detoxification BSSCF Fermentation ฒ Distillation B Membrane □  Dehydration HWWT

Figure F8.2 Distribution of environmental impacts classified stage by stage of
alternative 8 design.
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F.9 Alternative 9

Utilities Energy Chemicals

E m is s io n  or  F er tilizer  J 9 9 .5  % w t .  I

Figure F9.1 System boundary of alternative 9 design.

Table F9.1 Environmental impact of bioethanol conversion process from rice straw 
per one kilogram ethanol 99.5 wt% of the alternative 9 design

Impact category Unit Total
Abiotic depletion kg Sb eq 2.38E-02
Global warming (G WP 100) kg C0 2 eq 3.06E-01
Ozone layer depletion (ODP) kgCFC-11 eq 4.24E-07
Human toxicity kg 1,4-DB eq 1.41E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.24E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2.79E+03
Terrestrial ecotoxicity kg 1,4-DB eq 4.15E-02
Photochemical oxidation kg C2H4 8.30E-03
Acidification kg S 02 eq 2.29E-02
Eutrophication kg P04 eq 1.24E-02
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Impact categories
Abiotic depletion I 

Global warming (GWP100)

Ozone layer depletion (ODP) 

Human toxicity 

Fresh water aquatic ecotox.

Marine aquatic ecotoxicity 

Terrestrial ecotoxicity : 

Photochemical oxidation I 

Acidification : 

Eutrophication 1 

-60%
□ Plantation o  Transportation

-40% -20% 0% 20% 40% 60% 80% 100%
HPretreatment HDetoxification B SSC F Fennentation 0  D istillation 1  Dehydration ร พ พ T

Figure F9.2 Distribution of environmental impacts classified stage by stage of 
alternative 9 design.

F.10 Alternative 10

U tilit ie s  E n erg y  C h e m ic a ls

E m iss io n  or  F er tilizer  1 9 9 .5  % w t. II_________ i

Figure FI 0.1 System boundary of alternative 10 design.
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Table F l0.1 Environmental impact of bioethanol conversion process from rice
straw per one kilogram ethanol 99.5 wt% of the alternative 10 design

Impact category Unit Total
Abiotic depletion kg Sb eq 2.37E-02
Global warming (GWP100) kg C 02 eq 3.63E-01
Ozone layer depletion (ODP) kg CFC-11 eq 3.83E-07
Human toxicity kg 1,4-DB eq 1.27E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1 16E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2.52E+03
Terrestrial ecotoxicity kg 1,4-DB eq 3.77E-02
Photochemical oxidation kg C2H4 9.35E-03
Acidification kg S 0 2 eq 2.14E-02
Eutrophication kg PO4 eq 1.19E-02

I m p a c t  c a t e g o r i e s

Abiotic depletion j 
Global wanning (GWP100) : 

Ozone layer depletion (ODP) I 
Human toxicity : 

Fresh water aquatic ecotox. 
Marine aquatic ecotoxicity ; 

Terrestrial ecotoxicity I 
Photochemical oxidation j 

Acidification j 
Eutropliication

-60%
□  Plantation ฒ Transportation QPretreatment ร Detoxification sSSCFFennentation 0  Distillation Cl Evaporation ^Dehydration ร พ พ !

Figure FI 0.2 Distribution of environmental impacts classified stage by stage of
alternative 10 design.
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F. 11 Alternative 11

Utilities Energy Chemicals

E m is s io n  o r  F er tilizer  1 9 9 .5  % w t .  II______________J

Figure F l 1.1 System boundary of alternative 11 design.

Table Fl 1.1 Environmental impact of bioethanol conversion process from rice 
straw per one kilogram ethanol 99.5 wt% of the alternative 11 design

Impact category' Unit Total
Abiotic depletion kg Sb eq 2.19E-02
Global wanning (GWP100) kg C02 eq 1.87E-01
Ozone layer depletion (ODP) kg CFC-11 eq 3.98E-07
Human toxicity kg 1,4-DB eq 1.32E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.17E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2.68E+03
Terrestrial ecotoxicity kg 1,4-DB eq 3.87E-02
Photochemical oxidation kg C2H4 8.42E-03
Acidification kg S 02 eq 2.17E-02
Eutrophication kg P04 eq 1.22E-02



209

Abiotic depletion 
Global wanning (GWP100) I 

Ozone layer depletion (ODP) 
Human toxicity : 

Fresh water aquatic ecotox.
Marine aquatic ecotoxicity 

Terrestrial ecotoxicity I 
Photochemical oxidation 

Acidification 
Eutrophication

-60%
□  Plantation ฒ Transportation

Impact categories

-40% -20% 0% 20% 40% 60% 80% 100%
Q Pretreatment 0 Detoxification B SSCF Fermentation 0 Distillation ท Membrane □  Dehydration ร พ พ T

Figure FI 1.2 Distribution of environmental impacts classified stage by stage of 
alternative 11 design.

F.12 Alternative 12

U tilit ie s Energy' C h e m ic a ls

C O ? U p ta k e

R ic e  P la n ta t io n

E t h a n o l  C o n v e r s io n  P r o c e s s

E le c tr ic ity  <Jะช

S te a m  <Jzะ
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C o m b u s tio n

S o lid  W a ste

T ra n sp o rta tio n P re tre a tm e n t D e to x if ic a t io n S S C F
F e r m e n ta tio n

W a ste w a te r
T rea tm en t

T rea ted  W a ter

W a ste w a te r D is t il la t io n
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! E th
J 9 9 .5

a n o l 1
% \v t. 1

A l l  k in d  o f  
E m iss io n

W a ste  to  L a n d fill  
o r  F er tilizer

Figure F12.1 System boundary of alternative 12 design.
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Table F12.1 Environmental impact of bioethanol conversion process from rice
straw per one kilogram ethanol 99.5 wt% of the alternative 12 design

Impact category Unit Total
Abiotic depletion kg Sb eq 2.46E-02
Global warming (GWP100) kg C 02 eq 3.99E-01
Ozone layer depletion (ODP) kg CFC-11 eq 4.57E-07
Human toxicity kg 1,4-DB eq 1.36E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1 20E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2 82E+03
Terrestrial ecotoxicity kg 1,4-DB eq 3.60E-02
Photochemical oxidation kg C2H4 8.27E-03
Acidification kg ร 0 2 eq 2.27E-02
Eutrophication kg PO4 eq 1.02E-02

Impact categories
Abiotic depletion 

Global warming (GWP100) 

Ozone layer depletion (OOP) 

Human toxicity 

Fresh water aquatic ecotox. 

Marine aquatic ecotoxicity 

Terrestrial ecotoxicity 

Photochemical oxidation 

Acidification  

Eutrophication

-60% -40% -20% 0% 20% 40% 60% 80% 100%

□ Plantation !  Transportation □  Pretreatment □ Detoxification BSSCF Fermentation □  Distillation □  Dehydration BW W T ^Com bustion

Figure F12.2 Distribution of environmental impacts classified stage by stage of
alternative 12 design.
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F.13 Alternative 13

Utilities Energy C hem ical ร

Emission or Fertilizer I 99.5  %\vt. I

Figure F13.1 System boundary of alternative 13 design.

Table F13.1 Environmental impact of bioethanol conversion process from rice 
straw per one kilogram ethanol 99.5 wt% of the alternative 13 design

Impact category Unit Total
Abiotic depletion kg Sb eq 2.22E-02
Global warming (GWP100) kg C 0 2 eq 6.51E-02
Ozone layer depletion (ODP) kg CFC-11 eq 4.16E-07
Human toxicity kg 1,4-DB eq 1.27E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.20E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2.76E+03
Terrestrial ecotoxicity kg 1,4-DB eq 3.42E-02
Photochemical oxidation kg C2H4 8.23E-03
Acidification kg S 0 2 eq 2.20E-02
Eutrophication kg P 0 4 eq 1.01E-02
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A b io tic  d ep le tio n  

G lob a l w a n n in g  (G W P 1 0 0 ) 

O zo n e  layer d ep le tio n  (O D P ) 

H u m an  to x ic ity  

F re sh  w a te r aq u atic  eco to x . 

M arin e  aquatic  e co to x ic ity  

T e rres tria l e co to x ic ity  

P ho to ch em ica l o x id a tio n  

A c id ific a tio n  

E u tro p h ica tio n

-60%

Im p a c t  c a tego r ies

□  P lan ta tio n  B  T ra n sp o rta t io n  B  P re trea tm en t 0 D eto x ifica tio n  H S S C F  F em ien ta tio n  0  D is til la tio n  ต D eh y d ra tio n  ธ  พ 'พ 'T Cl C om bu stio n

Figure F13.2 Distribution of environmental impacts classified stage by stage of 
alternative 13 design.

F.14 Alternative 14

Utilities Energy Chemical ร

C O , Uptake

Rice Plantation Transportation

Ethanol Conversion Process

Electricity

Steam <Jะะ

Lignin
Combustion

Solid Waste

Pretreatment Detoxification

Recycled Water Î

Wastewater
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บ -
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Wastewater
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l _   ______________ 1

Figure F14.1 System boundary of alternative 14 design.
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Table Fl 4.1 Environmental impact of bioethanol conversion process from rice
straw per one kilogram ethanol 99.5 wt% of the alternative 14 design

Impact category' Unit Total
Abiotic depletion kg Sb eq 2.23E-02
Global warming (GWP100) kg C 02 eq 2.77E-01
Ozone layer depletion (ODP) kg CFC-11 eq 3.75E-07
Human toxicity kg 1,4-DB eq 1.15E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.12E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2.49E+03
Terrestrial ecotoxicity kg 1,4-DB eq 3.08E-02
Photochemical oxidation kg C2H4 9.29E-03
Acidification kg S 02 eq 2.06E-02
Eutrophication kg PO4 eq 9.77E-03

Impact categories

A bio tic  depletion 

G lobal w arm in g  (G W P100) 

Ozone layer d ep le tion  (O D P) 

H um an toxicity ! 

Fresh w a te r aquatic  eco to x . 

M arine aquatic  ecotox ici tv 1 

TerTestTial eco tox icity  : 

Photochem ical oxidation  ;

A c i d i f i c a t i o n  I 

E u t r o p h i c a t i o n  I

-80% -60% -40% -20% 0% 20% 40% 60% 80% 100%
□  P lantation  B T ran sp orta tion  □  P re trea tm ent □  D etoxification  B S S C F F en n en ta tio n  ^ D is tilla t io n  n  Evaporation  Q D eh vd ration  ร พ W T

Figure FI 4.2 Distribution of environmental impacts classified stage by stage of
alternative 14 design.
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F.15 Alternative 15
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C'O; Uptake

Rice Plantation Transportation

Ethanol Conversion Process

H«tncit7<jE”
Steam <£—

Lignin
Combustion

Solid Waste

Pretreatment Detoxification

Recycled Water j ----- *-----1
Wastewater
Treatment

Treated Water

Membrane

พ7astewater

SSCF
Fermentation

Distillation

Dehydration

A ll kind of 
Emission

Waste to Landfill 
or Fertilizer

I Ethanol I 
I 99.5  %\vt. I

Figure F15.1 System boundary of alternative 15 design.

Table F15.1 Environmental impact of bioethanol conversion process from rice 
straw per one kilogram ethanol 99.5 wt% of the alternative 15 design

Impact category Unit Total
Abiotic depletion kg Sb eq 2.05E-02
Global warming (GWP100) kg C 02 eq 9.35E-03
Ozone layer depletion (ODP) kg CFC-11 eq 3.90E-07
Human toxicity kg 1,4-DB eq 1.19E+00
Fresh water aquatic ecotoxicity kg 1,4-DB eq 1.13E+00
Marine aquatic ecotoxicity kg 1,4-DB eq 2.66E+03
Terrestrial ecotoxicity kg 1,4-DB eq 3.17E-02
Photochemical oxidation kgC2H4 8.35E-03
Acidification kg S 02 eq 2.09E-02
Eutrophication kg P 0 4 eq 1.00E-02
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Impact categories
Abiotic depletion 

Global wanning (GW P100) 

Ozone layer depletion (ODP) 

Human toxicity 

Fresh water aquatic ecotox. 

Marine aquatic ecotoxicity 

Terrestrial ecotoxicity 

Photochemical oxidation 

Acidification 

Eutrophication

-80% -60% -40% -20% 0% 20% 40% 60% 80% 100%

□ Plantation HTransportation ร Pretreatment 0 Detoxification HSSCF Fermentation ฮ Distillation ID Membrane □ Dehydration ร พ พ T

Figure F15.2 Distribution of environmental impacts classified stage by stage of 
alternative 15 design.
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