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บทคัดย่อ 
 ก๊าซชีวภาพเป็นท่ีรู้จักเป็นอย่างดีว่าเป็นพลังงานทดแทนท่ีสำคัญ ซึ่งขับเคล่ือนการ
พัฒนาเศรษฐกิจในประเทศไทย รัฐบาลไทยพบว่าอุตสาหกรรมแป้งมันสำปะหลังเป็นส่วนท่ี
มีศักยภาพและความเป็นไปได้สูงมีความเหมาะสมของภาคอุตสาหกรรม ขณะท่ีมีเพียงน้ำ
เสียท่ีมาจากอุตสาหกรรมแป้งมันสำปะหลังท่ีถูกใช้ผลิตก๊าซชีวภาพ แต่อย่างไรก็ตามของเสีย
อื่นๆ ถูกท้ิงหรือใช้อย่างอื่นท่ีได้ผลตอบแทนไม่คุ้มค่า ส่ิงเหล่านี้ซึ่งเป็นผลมาจากข้อจำกัดบ้าง
อย่าง เช่น การขาดความรู้ เทคโนโลยี และอุปสรรคด้านการเงิน ซึ่งล้วนแต่ต้องการการ
สนับสนุนและส่งเสริมเป็นอย่างมากจากผู้ที ่เกี ่ยงข้องทั้งหมดประกอบด้วย โรงแป้งมัน
สำปะหลัง รัฐบาล นักวิจัย ชุมชุนที่อยู่โดยรอบ เป็นต้น ปัจจุบันนี้บทบาทที่สำคัญของการ
พัฒนาและเทคโนโลยีการผลิตก๊าซชีวภาพในอุตสาหกรรมแป้งมันมันสำปะหลังนี้ สามารถ
นำไปใช้เป็นต้นแบบและแนวทางของการผลิตก๊าซชีวภาพสำหรับอุตสาหกรรมอื่นๆ ใน
ประเทศไทย 
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Abstract 
 Biogas is well known as an important renewable energy that drives the 
growth of economies in Thailand. Thai governor found that the cassava starch 
industry represents the first promising potential in the industrial section. 
Meanwhile, many organic- rich products and wastes were generated in large 
quantities from the production process.  However, only wastewater was used 
to produce the biogas. While most others were wasted or widely used in non-
financial return ways.  These resulted from some limitations, such as the lack 
of knowledge, technologies, and financial support.  Which it requires serious 
support and encouragement from all stakeholders, such as the cassava starch 
plants, the government, the researchers, the surrounding communities, etc. 
Significantly, the vital role of this technological progress and development in 
the cassava industry can be applied as the model and guideline of biogas 
production for other industries in Thailand. 
 

Keywords: Anaerobic digestion / Biogas / Cassava starch / Renewable 
energy / Wastewater 
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Introduction 
Nowadays, biogas plays an important role in mitigating measures of the 

energy crisis in Thailand. Its advantages include clean energy and 
environmentally friendly [1] by reducing waste to landfill, obtaining by-
product as an organic fertilizer, and a waste to energy conversion. The 
government has made a lot of effort to attract and encourage several 
industries to start biogas production. In 2036, upgrading targets of the biogas 
production from wastewater, manure, and energy crop to generate electricity, 
thermal and compressed bio-methane gas (CBG) will be equivalent to 1,280 
Megawatts (MW), 1,283 kilo-ton oil equivalent (ktoe), and 2,023 ktoe, 
respectively [2]. Particularly, the cassava starch industry is more interesting 
than other industries. Thailand has up to 102 cassava starch plants, generating 
a high amount of starch, at least 34,141 tons per day [3]. Additionally, Thailand 
is the largest cassava starch exporter [4]. It is a promising sector because of its 
numerous organic by-products and waste, which can be used for biogas 
production by converting by-products and wastes to value-added biogas 
energy. The produced biogas is desirable and can be developed for various 
purposes. For instance, it was applied to dry starch, produce electricity and 
thermal energy, etc. It can also be widely utilized by producing CBG as the 
conventional vehicle fuel.  

As mentioned above the cassava starch industry represents a promising 
and powerful section for biogas production. The Thai government is also 
interested in acquiring biogas from this industry. Significantly, the important 
target six industries (cassava, vegetable oil, ethanol, rubber, and food 
processing) are encouraged to produce biogas, according to the biogas 
technology promotion program for industry 2008 – 2012 organized by The 
Office of Natural Resources and Environmental Policy and Planning [5]. This 
project is the preparation for the future energy crisis and response to 
Sustainable Development Goal 7 (SDG 7: ensuring access to clean and 
affordable energy) 

This work aimed to literature the present situation and the knowledge 
base on biogas production from the cassava starch industry in Thailand. The 
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authors hope the readers will find this article useful, and provide more ideas 
for interested readers in this field. 
The use of biogas in Thailand  

In 2018, Thailand used renewable energy as approximately 15.28% of 
overall energy consumption, which can be categorized into three major 
renewable energy types, as shown in Table 1. Biogas plays a significant role in 
economic development. It was used up to 528.60 ktoe, which could produce 
electricity  about 505 MW or heat energy about 634 ktoe [6]. Biogas is crucial 
energy to mitigate further the energy crisis that is continuously much more 
severe. Recently, the data from the report of the Ministry of Energy indicated 
that several industries are potential and suitable for biogas production (Figure 
1). 

 
 

Figure 1 The biogas production potential in different industries 
 

The cassava starch industry is a great biogas source [6]. Consequently, 
many supporting measures occurred. For instance, the promotion campaign 
to use an up-flow anaerobic sludge blanket (UASB) technology for wastewater 
treatment, the development of anaerobic fixed film using nylon wire mesh as 
media, the financial support from the Ministry of Industry. all led to many 
constructions of the biogas production system from wastewater in 36 cassava 
starch plants. But up to 41 plants remain without the biogas production 
system [7]. This gap is so powerful, attractive, and interesting. 
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Table 1 The situation of renewable energy use in the year 2018 

Renewable energy for electricity 
production 

Production capacity 
(MW) 

1. Solar energy 2,715.21 
2. Wind energy 927.82 
3. Water energy 3,094.13 
4. Biomass 3,276.88 
5. Biogas 500.15 
6. Waste to energy 283.00 
7. Geothermal energy 0.30 

Total 10,797.50 

Renewable energy for thermal 
energy production 

Production capacity 
(ktoe) 

1. Solar energy 8.38 
2. Biomass 5,831.54 
3. Biogas 528.60 
4. Waste to energy 98.50 

Total 6,467.01 
Renewable energy for biofuel 

production 
Production capacity 

(ml/d) 
1. Ethanol 4.15 
2. Biodiesel 4.19 

Total 8.34 
 
The important by-products and wastes from cassava starch production as 
the potential substrate to produce biogas. 

1) Cassava peel 
It is estimated that about 30 kilograms of cassava peel is produced 

from one ton of fresh cassava root used [8]. Therefore, the total amount of 
cassava peel was approximately 299 tons per year in Thailand. The main 
component of its peel is carbohydrates, around 38-42%. It has a small protein 
content of 4-5% [9]. Typically, the cyanogenic glucoside was removed by sun-
drying and fermenting before applying it as animal feeds [10]. Some of these 
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were sold as an organic fertilizer in crops and mushroom cultivation. The 
selling prices of cassava peel are too low, around 1.6-4.8 dollars per kilogram 
(50-150 baht per kilogram) [11]. Normally, cassava peel has the potential for 
biogas production because it contains large amounts of cyanogenic glycoside 
and high protein levels. However, its usage has some limitations, such as it 
takes a long time for digestion (13 – 20 days) and needs to be prepared before 
removing cyanide [12]. 

2) Cassava pulp 
About 3.29 million tons of cassava pulp were generated annually in 

Thailand by calculating based on 330 kilograms per ton of fresh cassava root 
[13, 8]. About half of its dry weights are high in carbohydrate content but 
extremely low in protein content, only 2% [14]. Currently, its dumping has 
relatively high environmental impacts. High organic matter may contribute to 
groundwater and soil contamination from its digestion. Moreover, its anaerobic 
digestion in landfills produces a high amount of methane emissions which 
causes global warming [15]. Only a small portion of pulp was applied in the 
agriculture and livestock sectors. The average selling price of pulp ranged from 
9.6-2.7 dollars per kilogram (300-400 baht per kilogram) [11].  

Both cassava peel and pulp characteristics are unsuitable to use as 
animal feeds due to protein deficiency. Commonly, animal diets are made up 
of crude protein between 65 and 75% and carbohydrates between 14 and 
19% by dry weight [16]. Therefore, they must be mixed with other protein-rich 
substrates such as soybean and peanut before applying. 

3) Wastewater  
The wastewater was discharged with a volume of 4.54 cubic meters 

per ton of fresh cassava root used [17]. Accordingly, the estimated wastewater 
equal to 45,300 cubic meters per year is intentionally treated. Cassava 
wastewater generally has pH near acidic. It has high organic matter in BOD 
values, as shown in Table 2. 

The aeration pond was the most popular wastewater treatment 
system in the cassava starch industry, followed by the activated sludge 
process and the oxidation pond, respectively. Some serious environmental 
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problems occurred from the wastewater treatment system and caused people 
to be worried and unhealthy, such as odor nuisance, soil contamination, 
aquatic toxicity, etc. Thus, a big effort was to induce many companies to 
change an old wastewater treatment system to an anaerobic one. This will be 
operated in the closed airtight reactor without odor release. Also, it is 
beneficial to obtain valuable biogas as a by-product. 
 
Table 2 The wastewater characteristics from the cassava starch industry 
Parameter Value Unit 
Wastewater 

type 

modified 
cassava 

wastewater 

cassava 
wastewater 

cassava 
wastewater  

cassava 
wastewater  

cassava 
wastewater  

 

pHa 6.21 4.34 4.1-4.8 3.9-4.5 4.2 - 

TDSb 13,520 - - - 975 mg/l 
TSc - 2,252 7,666 17,800 - mg/l 

CODd 20,433 8,152 2,240 33,700 1,236 mg/l 
BODe 9,750 - 1,450 - 430 mg/l 

Reference [18] [19] [20] [21] [22]  
a: Hydrogen ionic potential, b: Total dissolved solids, c: Total Solids, d: Chemical 
oxygen demand, e: Biochemical oxygen demand 
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Figure 2 By-products and wastes from the cassava starch production process 
[23] 

 
The popular anaerobic digestion system is applied to produce biogas 
from the cassava starch industry [24] 

Unfortunately, there was only the wastewater used to produce biogas 
in Thailand. The Thai governor announced the campaign to promote the use 
of renewable biogas energy. The popular anaerobic digestion systems were 
taken to produce biogas from wastewater as follows: 

1) Up-flow anaerobic sludge blanket (UASB) 
Wastewater was filled from the bottom to the topside tank. Bacterial 

sludge was separated into two layers. At the bottom is a sludge bed, and the 
upper side is a lighting sludge blanket. The produced biogas will flow through 
the gas-solid separator that covers the upper part of the tank. This system is 
unsuitable for wastewater with high suspended solids. 
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2) Anaerobic fixed film (AFF) 
The bacteria are fixed to the media to prevent the washout. This 

resulted in them resisting the organic shock loads and faster recovery. 
3) Continuous stirred tank reactor (CSTR) 

In CSTR, the mixing system can help improve the digestion efficiency 
leading to better biogas yield. This system can receive a high organic loading 
rate (OLR) by digesting within a shorter time. 

4) Anaerobic baffled reactor (ABR) 
The ABR long shape reactor is typically made up of many baffles to 

control the flow direction and velocity in the range of 0.2-0.4 meters per hour. 
The system can be used for wastewater with high suspended solids. However, 
there is a limitation on the large land use requirement. 

5) Modified covered lagoon (MCL) 
The lagoon is covered by high-density polyethylene or 

polyvinylchloride plastic to collect biogas. The microorganism balance is 
controlled by pumping out with the sludge separator. 
 
The study of the biogas production from the cassava starch industry 

The overview of biogas production capacity from various substrates of 
the cassava starch industry presents in Table 3. Only pulp and wastewater 
were conducted to demonstrate the biogas production potential and the 
methane. Since both are easy and ready to use, the peel must be pretreated 
to remove the cyanogenic glucoside before use in anaerobic digestion. The 
literature results indicate that they are the potential substrates for biogas 
production and methane production. Specially, the wastewater produced the 
proper biogas consisting of a methane content higher than 50% is the 
appropriate alternative fuel for other power generations. [25]. Additionally, this 
level accords with the suggestions from several experts, which it is worth 
investment. However, additional study of the biogas production from peel, 
and others should be conducted later. 
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Table 3 The previous studies and research about the biogas production 
from the cassava starch industry 

Substrate Digestion 
system 

Digestion 
condition 

Yield 
Methane 
content 

(%) 
Ref. 

Biogas Methane   

pulp 
Bottle 120 

ml 

At 35 oC, shaking 
speed 120 rpm, 
pretreat with 

ultrasonic 20 m. 

- 
267±1.51 
ml/g VSa 

added 
- [26] 

wastewater 
Packed–

bed reactor 
3.64 l 

OLR 10 g/l/d, at 
25 oC 

311 
ml/g 
COD 

- >80 [27] 

pulp + 
wastewater 

Bottle 650 
ml 

Pretreat by 
alkaline or acid 
at neutral pH 

and thermal for 
45 m at 200 oC 

in 5% TS 

4,125.5 
ml/kg TS - - [28] 

wastewater Horizontal 
flow filter 

OLR 11.8 g 
COD/l/d, at 

33±2 oC 

360 ml/ 
g COD - 69-81 [29] 

pulp Flask 1.25 l 
Feeding rate 

58.3 g TS/batch 
at 55±2 oC 

- 
0.638-0.395 

m3/kg 
VSadded 

- [30] 

wastewater 

Two-stage 
anaerobic 
digestion 

with a 
bottle 500 

ml 

Feeding rate 15 
g/l at the 

thermophilic 
condition 

- 319.5 
l/kg COD 55 [31] 

pulp 

Semi-
continuousl

y feed 
stirred tank 

reactor 

OLR 35 kg 
VS/m3/d at 37 oC - 118±50 

ml/g VS 43±8 [32] 

a: Volatile solids 
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The role of biogas  from the cassava starch industry 
1) Thermal energy production 

Biogas can be utilized directly to produce fuel for thermal energy 
generation. The cassava starch plant obtained a lot of the financial benefits of 
energy savings by replacing a traditional natural gas vehicle (NGV) and heavy 
oil with biogas. Because it reduces the large amount of NGV and heavy oil that 
are required to ignite the burner in the drying process. If one cubic meter of 
biogas is at 60%, methane can be converted up to 21-24 megajoules of 
thermal energy [33]. However, the application of biogas may be inappropriate 
because of various impurities in the biogas, such as humidity, carbon dioxide, 
or hydrogen sulfide. It needs to be cleaned up before use. 

2) Electricity production 
The average electricity productivity from biogas was approximately 

2.185 kilowatt-hours per cubic meter of biogas [34]. The study by Pennapa 
and colleagues [35] indicated that one ton of the produced cassava starch can 
generate renewable biogas of about 117.45 cubic meters. Calculating based 
on the wastewater was produced of 15 cubic meters per ton of starch 
produced, and biogas was generated at 7.83 cubic meters per cubic meter of 
the wastewater. Unfortunately, only the wastewater was taken to produce the 
biogas for electricity generation. This may have several barriers about the lack 
of knowledge, technology, and budget. Additionally, there are also some 
restrictions concerning the electricity generator needs to obtain the building 
construction permit, the factory license, the electricity generator license, and 
the control energy production license that need to be received before starting 
the construction and operation. 

3) Vehicle fuel production 
It is well known that a weight of 0.5 kilograms of CBG was produced 

from biogas, approximately one cubic meter. In 2021, the Thai government 
wanted to encourage the use of CBG in replace of NGV at least 5% [36]. 
Interestingly, the cassava starch industry is the highest CBG producer, 
approximately 1,287-1,775 cubic meters per year, followed by the ethanol 
industry, palm oil industry, rubber industry, and food processing industry from 
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the study by Pennapa and colleagues [35], as shown in Figure 3. The cassava 
starch industry was seen as the crucial potential sector to drive this target. 
However, much necessary support from the government is so important and 
helpful in such cases.Since there are several obstacles, such as the lack of 
biogas upgrading technology, and the confidence about the use of CBG. 
Furthermore, the absence of management policy about CBG producer 
registration and the non-obvious selling CBG price are the significant obstacles 
[37]. 

 

 
 

Figure 3 The CBG production capacities of various industries 
 

Conclusion 
All data indicates the cassava starch industry has a high potential to 

develop the utilization of biogas in Thailand. The large volume of organic-rich 
by-products and wastes from its production process are the prominent 
substrate in the anaerobic digestion for biogas production. In general, they are 
wasted or used in inappropriate and uneconomical ways. These are probably 
due to the lack of knowledge and technologies, including many barriers such 
as budget, legal, etc. As a result, this issue is one of the significant issues that 
need to be addressed and continued further study. However, rapid 
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socioeconomic growth is the stronger driving force to accelerate its innovation 
development in Thailand. Thus, the involved key stakeholders, such as the 
government, the cassava starch plants, and the community, must accept, 
engage, and adapt to the challenge of this change. 
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