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Introduction 

 

 In Lao PDR, fossil fuels are entirely imported. Hence, biofuels do offer potential 

financial benefits, such as a reduction in fossil fuel imports and a concurrent reduction in 

subsidies for diesel, which could be reinvested in the biofuels sector. As it currently spends more 

on imported fuel, even a small reduction in these imports will make money available for use in 

other sectors of the economy.  However, the successful development of a biofuels sector (that 

also contributes to rural development) requires significant support by multi-lateral agencies to 

support mainly private sectors to establish confidence in the new technology. The government of 

Lao plans to replace 10% of the national fossil fuel consumption with biofuels by 2025. A 

National Energy Development Plan encourages the investment in biofuel production and 

promotes the use of biofuel to reduce the fossil fuel consumption. The Ministry of Energy and 

Mines (MEM) has just initiated to draft a strategy document on the development of biofuel and a 

policy document on fuel saving and promotion of biofuel production.  

 

 The project “Overcoming Policy, Market and Technological Barriers to Support 

Technological Innovation and South-South Technology Transfer; The Pilot Case of Ethanol 

Production from Cassava”, is funded by the Global Environment Facility (GEF) under the 

Poznan Strategic Programme on Technology Transfer for Climate Change under UN Framework 

for Climate Change Convention (UNFCCC) and implemented by the United Nations Industrial 

Development Organization (UNIDO). The objective of the project is to remove barriers in 

support of south- south technology transfer on ethanol production from cassava. The King 

Mongkut University of Technology Thailand (KMUTT)’s innovative technology to produce 

bioethanol from cassava offers higher productivity of cassava production and reduced energy and 

time used during fermentation process. The project intends to transfer the innovative technology 

on production of bio-ethanol from cassava using the Very High Gravity-Simultaneous 

Saccharification and Fermentation (VHG-SSF) technology to neighbouring countries, in 

particular to Lao PDR, Myanmar and Vietnam (LMV), together with technical assistance that 

shares lessons learnt and know-how from Thailand. The National Center for Genetic Engineering 

and Biotechnology (BIOTEC), Thailand has been subcontracted by UNIDO under this project. 

The scope of the subcontract was to provide support and assistance to private sector companies 

with adjusting existing bioethanol plants and/or establishing new bioethanol plants by utilizing 

HG/VHG-SSF technology of ethanol from cassava roots, in Lao PDR.  

 This innovative technology is the bioethanol production from cassava with higher ethanol 

productivity and reduced energy as well as water used during fermentation process. This 

https://www.nstda.or.th/
https://www.nstda.or.th/
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technology package can be transferred to recipient countries with interest including Lao PDR, 

Myanmar and Viet Nam (LMV), together with technical assistance that shares lessons learnt 

from Thailand with the following components: 

 1) Institutional capacity strengthening for HG/VHG-SSF technology dissemination 

 2) South-South technology transfer: Capacity building and policy dialogue participants 

from LMV 

 3) Technology transfer, commercialization of the new technology and private sector 

development  

 

Cassava feedstocks for bioethanol 

 Cassava chips and fresh roots can be used for bioethanol production with various 

advantages and disadvantages to minimize the raw material cost.  Cassava chips are a dried form 

of cassava roots. The simplest means of extending the root’s shelf life is by sun drying to lower 

the moisture content. The obtained chips can be stocked in the warehouse and transported easily. 

The major disadvantage of chip is high soil and sand contamination which can cause machine 

corrosion and shorten its useful lifetime. Fresh roots are cheap during the harvest season, easy to 

remove sand, contain some nutrients and minerals that are advantageous for yeast fermentation 

and are of interest for bioethanol production. The limitations are short-shelf life, cannot be 

stocked and limited to fermentation with high solid content.  
 

 However, fresh roots, when ground and mixed with water, produce thick and less fluid 

slurry, unless more water is added, resulting in a low total solid content, as well as low ethanol 

concentration in the mash. To effectively use fresh roots in bioethanol production, viscosity 

reduction enzymes (VRE) are introduced to pre-treat ground roots. Accordingly, the 

fermentation at higher solid contents of ground fresh roots can be efficiently achieved with the 

fermentation efficiency up to 90%. 

 

 In Laos, cassava (Manihot esculenta Crantz) is important crop for small holder farmers. 

The most of cassava varieties are bitter type with high cyanide content and highly toxic when 

consumed. Therefore, Laos people consume rice as the main stable food while, similar to 

Thailand, cassava are processed into cassava chip and starch for food and feed industries. The 

bitter cassava is a cash crop for farmer and mainly processed to chip and starch. Cassavas chip 

are a dried form of cassava roots and exported to Vietnam, China and Thailand. The current 

situation of cassava processing in Lao PDR has 6 cassava starch factories, but do not have the 

commercial scale bioethanol plant. 

 

 Cassava is suited to the agronomic conditions of the production areas in Lao PDR. 

Particularly, cassava is excellent drought tolerant, easy to grow with low input requirement and 

can be easily processed by farmers to dried chip for sale. For this reason, the rapid expansion of 

cassava planting area from only 7,300 hectares in 2000 to 94,726 hectares in 2016 had occurred, 

with a shift of a total fresh root production from 71,000 tons to 3.09 million tons and the yield 

increased from 9.73 to 32.68 tons/Ha. While, the average cassava production in Thailand is 33 

million tons in 2017. 
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 Generally, in Laos, cassava is planted by small farmers who do not have the modern 

planting knowledge and good practices. The farmers cultivate and sell their products to factories 

or middlemen with unfixed and low prices. The root price is cheap for used as the raw material 

for bioethanol plant but the supply has a limitation. While the economics and transportation 

sector are expanding, there is an increasing demand for fuel oil, Laos must import one hundred 

percent of its fuel oil from neighbouring countries i.e. Thailand and Vietnam. Therefore, Lao 

PDR has an opportunity to develop and establish the bioethanol plant to reduce oil imports and 

increase cassava plantation for sustainable energy and security of agriculture. 

 

 

  
Cassava field in Laos Drying of cassava chip by farmers 

  
Cassava chip collecting yard  

of Thai owner 

Cassava chip collecting yard with 

100-200 tons/day for export to Thailand 

 

Cassava farm, chip process and chip collecting yard at Salavan 

province, Lao PDR. 
 

 

 

 

 

 

 

 

 



4 

 

HG/VHG-SSF technology for transformation of cassava to bioethanol 

 Nowadays, the production process of bioethanol from starch feedstock is developed to 

significantly reduce processing time and energy consumption by conducting saccharification and 

fermentation in a same step; this process is called “Simultaneous Saccharification Fermentation”, 

or SSF process. In this SSF process, glucoamylase and yeast are added together to the liquefied 

slurry. The conventional SSF process is operated at normal gravity with 16-20% dissolved solid 

and yielded 8-10% (v/v) ethanol in mash. To further improve the overall process of ethanol 

production, the fermentation process called “High Gravity (HG)” or “Very High Gravity (VHG)” 

is utilized to obtain a higher ethanol concentration up to 13-15 or 16-20% (v/v), respectively. 

The HG or VHG process uses higher dissolved solid contents, greater than 25 or 30%, 

respectively.  

                                                                                                                                                        

 This is very practical for ethanol factories to adopt this technology. The process at 

bioethnol plant is consisted of 5 steps as follows;  

 

 1) Root preparation 

 Roots, at the factory gate are sampled for determining root starch contents to estimate 

root prices. Fresh roots are processed by transferring to a root hopper, soil and sand removal 

drum, and then the root washer where wet peels with some hard stems or stumps are manually 

removed. Washed roots are subsequently chopped and ground by a rasper at only 18-20% solid 

content due to their high viscosity. The conventional SSF process of fresh roots, therefore, 

results in lower ethanol concentration of 8-9% (v/v) and lower production capacity of ethanol 

plant when compared to the same process using chip at 25% solid content as raw material. 

 

 2) Viscosity reduction pretreatment 

High viscosity of fresh root can be reduced by introducing viscosity reduction enzyme 

(VRE), which can hydrolyze plant cell wall structure. This allows fresh root fermentation at 

higher than 25 and 30% solid content; the processes are called HG and VHG-SSF. In this 

pretreatment step, VRE is added to ground fresh root and heated to 50
o
C for 30 min. Fresh root 

viscosity is reduced by 50% and the slurry can be readily pumped to fermenter. 

 

 3) Liquefaction 

 The starch is cooked to rupture the granular structure to improve its susceptibility to 

enzyme hydrolysis. During cooking, the high viscosity of the slurry is developed due to starch 

gelatinization, therefore cooking is commonly performed in the presence of liquefying enzymes, 

i.e. -amylase to liquefy cooked slurry at temperature higher than 95
o
C for 90 min. 

 

 4) Fermentation by HG/VHG-SSF process 

 After liquefaction, the liquefied slurry is cooled down to 32C and then pumped to 

fermenter. Glucoamylase and yeast are added together. While glucoamylase hydrolyze dextrin to 

glucose, yeast can use glucose to produce ethanol at the same time. This fermentation step time 

is about 48 hours and resulting in the mash with a higher ethanol concentration up to 13-15 or 

16-20% (v/v), respectively. 
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 5) Distillation and dehydration 

 The fermented mash is then distilled to 95% and then dehydrated to remove water by 

molecular sieve to produce 99.5% anhydrous ethanol. This ethanol can be blended with 

conventional gasoline for gasohol production. 

 

 

 

 

 
 

Schematic of ethanol production from fresh cassava roots by HG/VHG-SSF process. 
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Supporting for establish bioethanol plant in Lao PDR 

 

 The aim of this assignment was to provide the support and assistance to private sectors/ 

companies who are interested to integrate HG/VHG-SSF technology from KMUTT for the 

bioethanol plant from cassava in Lao PDR. Khongsedon Co., Ltd. has expressed their interest in 

adopting technology and planned to establish 2 bioethanol plant: one small-scale and one 

commercial-scale bioethanol plant with the capacity of 10,000 and 200,000 L/day, respectively. 

The company wants to promote cassava plantation in Salavan province in order to increase 

income as well as energy security for Lao PDR. Gasohol, a blend of gasoline with ethanol would 

become an alternative cheap energy source for Laos' people. Khongsedon Co., Ltd. planned to 

invest the small commercial bioethanol plant with the capacity of 10,000 L/day by integrated 

HG/VHG-SSF technology from KMUTT.  
 

 Consequently, more activities were provided to support this company including i) 

technical support on cassava feedstock qualities & preparation, laboratory analysis, and the basic 

plant design to integrate KMUTT technology for small-scale and commercial-scale bioethanol 

plant; ii) on site-visit of cassava planting area and ethanol plant; iii) training workshop for 

farmers and iv) the establishment of cassava training center. Even then, this company has a 

limitation to invest in the commercial bioethanol plant because most banks in Lao provide loans 

with interest rates as high as 15%. Hence, commercial-scale bioethanol plant was not 

recommended for investment since the financial risk was very high.  

 

 Finally, the Project Steering Committee (PSC) decided to allocate the budget for 

establishing the first demonstration plant from cassava in Lao PDR with the production capacity 

of 300 L/day. KMUTT team conducted the first test run around October 2018 after 

commissioning. The ethanol product will be blended to gasohol E10 and sold at Khongsedon 

district. The 300 L of anhydrous ethanol/day (the practical yield after distillation and dehydration 

process) will be blended with 2,700 L of gasoline 91 to produce 3,000 L of Gasohol E10 per day 

or 900,000 L/year. If gasohol business is successful and has more demand in Southern part of 

Laos, Khongsedon Co., Ltd has the future plan to increase plant capacity by increasing fermenter 

tanks and some facilities to meet increasing demand of biofuel.  

 

 The support and assistance activities provided by BIOTEC for the technology transfer 

under this project have been accomplished for the intended purposes. As a result, the company is 

ready to set up the first demonstration bioethanol plant in Lao PDR. The knowledge of cassava 

plantation, farm management, guidelines for establishing cassava training center and ethanol 

production technology had been transferred to Khongsedon Co., Ltd. The test run started in 

November 2018 and performed by KMUTT team under the UNIDO-GEF project which will be 

completed by the end of this year.  This demonstration plant will be the beginning of bioethanol 

industry development as a clean renewable energy in Lao PDR. 
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Fermenter 10,000 L Distillation and dehydration unit 

 

First demonstration bioethanol plant from cassava with capacity of 300 L/day  

at Khongsedon Co, Ltd., Lao PDR 

 


