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ABSTRACT 
 
 
       The purpose of this research was to investigate the possibility of using ground coffee 
residue in making briquette fuel using a Cold and Low Pressure Densification Machine. Three 
types of binder, fermented water hyacinth, cassava residue and cassava glue were used. There 
were all 14 treatments in this experiment; five of coffee residue with fermented water hyacinth 
at the ratios of 5:5 6:4 7:3 8:2 and 9:1, and five of coffee residue with cassava residue at the 
same ratio of using fermented water hyacinth, three of coffee residue with cassava glue at the 
ratios of 7:3 8:2 and 9:1 and one blank test of coffee residue alone for comparison. The 
physical and fuel properties of the briquettes were analysed, and their economic value was 
evaluated. In addition, the results were statistically analysed using Analysis of Variance and 
Duncan’s Multiple Range Tests. 
       The results showed that coffee residue had a calorific value of 6,038 Kcal/kg (25.28 
MJ/kg ), higher than firewood (4,436 Kcal/kg) but lower than charcoal (6,552 Kcal/kg). When 
mixed with fermented water hyacinth, cassava residue, cassava glue and formed into a 
briquette, the calorific value was decreased to 4,700-5,700 kcal/kg depending on the type and 
amount of binder.  Density of all briquettes was in the range of 0.5-0.9 g/cm3  and decreased 
with the amount of binder. Measurements on the shatter index, which measures the briquettes’ 
tolerance to handling and transportation, were in the range of 0.82-0.99. Efficiency of heat 
utilization of the briquette was in the range of 13.3-23.4 per cent, which is similar to the 
firewood.  
       In an analysis of economic value based on 1999 raw material data, the results showed that 
when the briquette was sold at the minimum price of 1 baht/kg and at 1.25 baht/kg, the Net 
Present Value was positive and the Internal Rate of Return was higher than the Minimum 
Attractive Rate of Return by 15 per cent, proving the project is a viable investment.  
       In terms of utilization of raw coffee residue (4,700-5,700 Kcal/kg or 19.68-23.86 MJ/kg ) 
compared with the stove oil (39.23 MJ/l at the price of 7 baht/l), the results showed that 
18.0433 Mbaht/year (approx. 4,510 baht/ton) could be saved. While using the briquette 
produced from coffee residue compared with stove oil, only 14.9414 Mbaht/year can be saved.  
However, the briquette is more convenient to handle and transport. It can also be used in a 
greater range of industrial and household activities than raw coffee residue. Regarding to 
environmental problems and reducing industrial waste, both of briquettes and coffee residue 
are quite advantageous.  
 
KEY WORDS :  BRIQUETTE FUEL/ COFFEE RESIDUE /FERMENTED WATER 

HYACINTH/ CASSAVA RESIDUE/ CASSAVA GLUE 
 
76 P.  ISBN 974-04-3669-2 
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เชื้อเพลิงอัดแทงจากกากกาแฟ (BRIQUETTE FUEL MADE FROM COFFEE RESIDUE) 
 
นพพร สุดใจธรรม  4337323 ENAT/M 
 
วท.ม.(เทคโนโลยีที่เหมาะสมเพื่อการพัฒนาทรัพยากรและสิ่งแวดลอม) 
 
คณะกรรมการควบคุมวิทยานิพนธ:  อรพินท เอี่ยมศิริ, Ph.D.,  พินัย ออรุงโรจน, M.Eng. 
 

บทคัดยอ 
 
       งานวิจัยนี้มีวัตถุประสงคหลักเพื่อศึกษาความเปนไปไดในการผลิตเช้ือเพลิงอัดแทงจากกากกาแฟโดยใชเครื่อง
อัดเย็น และมีตัวประสานที่ใชในงานวิจัย 3 ชนิดคือ ผักตบชวาหมัก เศษมันสําปะหลัง และแปงเปยก โดยทดลอง
ผลิตเชื้อเพลิงอัดแทงทั้งหมด 14 ตัวอยางคือ เช้ือเพลิงอัดแทงจากกากกาแฟผสมผักตบชวาหมักที่อัตราสวน 5:5  
6:4  7:3  8:2  9:1 จํานวน 5 ตัวอยาง  เช้ือเพลิงอัดแทงจากกากกาแฟผสมเศษมันสําปะหลังที่อัตราสวนเดียวกันกับ
ใชผักตบชวาหมักเปนตัวประสานจํานวน 5 ตัวอยาง และเชื้อเพลิงอัดแทงจากกากกาแฟผสมแปงเปยกที่อัตราสวน 
7:3  8:2  9:1 จํานวน 3 ตัวอยาง โดยเปรียบเทียบกับการทดลองผลิตเช้ือเพลิงอัดแทงจากกากกาแฟลวน 1 ตัวอยาง 
พรอมทั้งวิเคราะหคุณสมบัติทางดานกายภาพ ดานเช้ือเพลิง และศึกษาความคุมคาทางเศรษฐศาสตรในการผลิต 
โดยใชสถิต Analysis of Variance และ Duncan’s Multiple Range Tests ในการวิเคราะหขอมูล 
       จากผลการทดลองพบวากากกาแฟมีคาความรอน 6,038 Kcal/kg  ( 25.28 Mj/kg) :ซึ่งมีคาสูงกวาฟน (4,436 
Kcal/kg) แตตํ่ากวาถานไมเบญจพรรณ  (6,552 Kcal/kg) เมื่อผลิตเปนเชื้อเพลิงอัดแทงโดยผสมผักตบชวาหมัก เศษ
มันสําปะหลัง หรือแปงเปยกจะมีคาความรอนลดลงเหลือ 4,700-5,700 Kcal/kg ขึ้นอยูกับชนิดของตัวประสาน  
และมีคาความหนาแนนอยูระหวาง 0.5 –0.9 g/cm3 ซึ่งจะมีคาลดลงเมื่อตัวประสานที่ใชลดลง คาดัชนีแตกรวนอยู
ระหวาง 0.82-0.99 ซึ่งเปนคาที่แสดงถึงความสามารถของเชื้อเพลิงในการทนตอแรงกระแทกในการขนสงได และ
มีคาสําประสิทธิ์การใชงานของความรอนรอยละ 13.3 – 23.4 ซึ่งใกลเคียงกับฟนไมเบญจพรรณ 
       เมื่อพิจารณาดานความคุมคาทางเศรษฐศาสตรโดยใชขอมูลของวัตถุดิบในป พ.ศ. 2543 พบวา เมื่อขาย
เช้ือเพลิงอัดแทงจากกากกาแฟที่ราคาขายต่ําสุดคือกิโลกรัมละ 1 บาท และที่ราคาขายกิโลกรัมละ 1.25 บาท  คา Net 
Present Value ของราคาขายทั้ง 2 กรณีมีคาเปนบวก และคา Internal Rate of Return มีคามากกวา Minimum 
Attractive Rate of Return ที่ต้ังไวที่รอยละ 15 แสดงวาโครงการมีความคุมคาในการลงทุน 
       เมื่อพิจารณาดานการนํามาใชประโยชนของกากกาแฟ (4,700-5,700 Kcal/kg หรือ 19.68-23.86 Mj/kg) พบวา 
เมื่อคิดเชิงเปรียบเทียบโดยนํากากกาแฟดิบที่ผานการลดความชื้นมาใชเปนเชื้อเพลิงทันทีจะมีคาความรอนรวม
เทียบไดกับน้ํามันเตาที่มีคาความรอน 39.23 MJ/l ราคา 7 บาท/ลิตร คิดเปนมูลคา 18.0433 ลานบาท/ป (ประมาณ 
4,510 บาท/ตัน) ที่สามารถประหยัดได ทั้งนี้หากนํากากกาแฟมาผลิตเปนเชื้อเพลิงอัดแทง ซึ่งมีความสะดวกในการ
ใชงานมากกวาการใชกากกาแฟดิบเปนเชื้อเพลิงโดยตรง โดยคิดเทียบน้ํามันเตาจะสามารถประหยัดเงินไดถึง 
14.9414 ลานบาทตอป ดังนั้นเชื้อเพลิงอัดแทงจากกากกาแฟจึงมีความเหมาะสมในการผลิตเพื่อใชงานโดยเฉพาะ
ใชเปนเชื้อเพลิงทดแทนในกระบวนการอุตสาหกรรมตลอดจนการใชงานในระดับครัวเรือน นอกจากนี้การนํากาก
กาแฟมาผลิตเปนเชื้อเพลิงอัดแทงยังเปนการลดปริมาณกากกาแฟซึ่งเปนวัสดุเหลือทิ้งจากกระบวนอุตสาหกรรมที่
เปนปญหาตอสิ่งแวดลอม 
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CHAPTER I 

INTRODUCTION 

 

 

1.1 Background and state of the problem 
 

According to the statistics in 1998, Thailand uses the firewood and charcoal about 

4,316 cubic meter and 5,952 cubic meter (1). There is much fuel consumption and it will 

be in short supply. So it is necessary to find other sources of energy. Green fuel, which is 

produced from agricultural waste materials, is very interesting especially coffee residue. 

As shown in Table 1-1, the area for growing coffee plant is about 406,421 Rai and it can 

produce 54,871 tons of coffee beans (2). 

 

Table 1-1: Area and productivity of coffee beans in Thailand 

Productivity 2539 2540 2541 2542 
Area (Rai) 
Productivity per Rai of (kg) 
Total productivity (ton 

433,783 
175 

75,856 
 

423,947 
198 

83,897 
 

409,752 
191 

78,214 
 

406,421 
135 

54,871 
 

Source: (2) 

 

Most of coffee beans that produced in Thailand approximately 62.5% are exported 

and only 37.5 % are for domestic consumption.   For the internal consumption of  35.7 %  

only 1.3 per cent used for big roast coffee factories and 0.5 per cent for small roast coffee 

factories (3).  The basic material of instant coffee, green coffee beans, with an amount of 

19,590 tons are produced yearly and 40–60% of this amount is waste material. 

Ultimately, there is coffee residue approximately  7,840–11,750 tons/year from the 

process.   

       According to work done by Sivetz , there are 60 per cent of carbohydrate, 

cellulose and fibre substances which are the flammable materials in coffee residue.  So 

the coffee residue can be flammable material that can be made as the briquette and used 

as fuel.  Therefore, the coffee residue is possible to be developed and compensate to the 

scarcity of firewood and charcoal.  In addition, the advantages of producing coffee 
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residue as the briquette are that it will be more valuable, and reducing an environmental 

pollution. 

For this reason, it is very interesting to investigate to see if  the coffee residue are 

able to be produced as briquette fuel.  Also, to see its fuel property and possible economic 

value of its  utilization. 

 

1.2 Objectives 
 

       The objectives of this work are: 

       1.2.1  To investigate the possibility of producing briquett fuel from ground coffee 

residue. 

       1.2.2  To investigate the mechanical and fuel properties of the briquette from coffee 

residue. 

       1.2.3  To investigate the economic value of  briquette from coffee residue. 

 

1.3  Scope of the study 
 

       The scopes of this work are: 
       1.3.1  The coffee residue used in this research work is the waste material from the 

Coffee Quality Product Ltd. 

       1.3.2  The binders used in this research work are the fermented water hyacinth, 

cassava residue and cassava glue. 

1.3.3 The process of Cold and Low Pressure Densification method with conical 

screw press has been used. 

 

1.4    Expected Results 
 

1.4.1 To know the possibility of producing briquett fuel from ground coffee 

residue. 

1.4.2 To obtain the alternative use and economic value of both ground coffee 

residue and the briquette made from coffee residue as a fuel.  
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CHAPTER II 

LITERATURE REVIEWS 

 

 

2.1 The briquette fuel 
 

        Fuel is a substance that has chemical reaction with oxygen and release heat value 

when it is burned. Most of fuel contains high hydrocarbon component. In addition, its 

availability can be in 3 phases (5), namely solid fuel, liquid fuel and gas fuel. 

       The process of producing briquette can be utilized from agricultural and 

industrial waste (6). These materials usually contain low density and high volume, 

causing in convenient to transport and store. However, it can have higher calorific 

value and strength when it is compressed. Moreover, the study of Reed and Bryant (7) 

shows that the uncompressed agricultural material has the calorific value only 1/3 of 

charcoal by weight and 1/4 by volume, but the calorific value has become 2/3 of 

charcoal by weight and 3/4 by volume when it is compressed (7).  Making the 

briquette has more advantages as it is convenient to store, transport and utilize. In 

addition, producing briquette fuel is one way to renew the huge volume of agricultural 

and industrial wastes to some useful purpose. Furthermore, the compressing of this 

material is the way to improve their calorific value and density in order to compensate 

the firewood and wood charcoal (8).  However, the quality of briquette depends on its 

types and technical aspects of briquetting process. 

 

       2.1.1 Fuel property. 

       The study of household charcoal quality shows that high quality fuel is 

unnecessary to have high calorific value, but it should have other qualifications. (9) 

       1) Sparking of fuel:  the high quality fuel should not be sparked too much when it 

is burned. 

       2) Density and strength:  the high quality fuel should have high density in order 

to burn for a long time. Moreover, it should have high strength. After it has passed the 
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Unconfined Compressive Strength Test, the strength value should be more than 1.91 

kg/cm2 (10). This value is calculated from the vibration in transportation that  is              

2 times over the vibration of  normal transportation. 

       3) smoke:  the high quality fuel should not give rise to the high smoke and violent 

odour when it is burned. 

       In addition, the high quality fuel should have high fixed carbon but low volatile 

matter, ash content and moisture content (11, 12). 

               2.1.1.1 Moisture content: Moisture content is the ratio of moisture to dry 

fuel weight. The suitable moisture content is 6-12 per cent by dry basis (db). The 

unsuitable moisture content causes decreasing of calorific value and easier to crack. 

              2.1.1.2 Ash content: Ash content is an inorganic substance that is remained 

after burning fuel at 750 Celsius degree for 6 hours, for example, magnesium oxide, 

calcium oxide and silica etc.  However, the high quality fuel should have low ash 

content. 

               2.1.1.3 Fixed carbon: Fixed carbon is the carbon content after reducing 

volatile matter at 950 Celsius degrees. The high quality fuel should have high fixed 

carbon that improves burning and the flammability quality. 

               2.1.1.4 Volatile matter: The most volatile matter substances are carbon, 

oxygen and hydrogen that can be burned.  However, the high quality fuel should have 

low volatile matter. 

               2.1.1.5 Calorific value: One of the important fuel qualities is calorific value. 

The high quality fuel should have high calorific value that depends on the carbon 

content. 

               2.1.1.6 Total sulfur: The total sulfur is the whole sulfur in fuel. It should be 

low total sulfur in high quality fuel. 

 

2.2  Raw material property.  

 
       The study of Islam (13) shows that the agricultural waste that contains Ligno-

cellulose substance such as sawdust, water hyacinth etc. can be used as raw material 

or as bider in briquetting process (13). They contain inorganic and organic 

components, especially carbohydrates, namely 50 per cent of cellulose and 20-30 per 
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cent of lignin. (14)  Moreover, there are many agricultural wastes that have fuel 

property like firewood (15),  as shown in the following Table 2-1 

 

Table 2-1: Properties of agricultural waste and firewood  

      Fuel types 
Moisture 
Content 

(%) 

Ash 
Content 

(%) 

Volatile 
matter 

(%) 

Fixed  
carbon 

(%) 

Calorific 
value 

(kcal/kg) 
Sensitive plant 
Water hyacinth 
Saw dust 
Rice husk 
Copse firewood 
General firewood 
General charcoal 

6.7 
11.8 
5.7 
5.9 
8.0 
43
4.7 

5.3 
8.8 
2.6 
17.5 
3.9 
15
10.7 

69.3 
55.3 
72.5 
62.1 
73.3 
79.1
19.09 

18.7 
24.2 
24.9 
20.4 
22.8 
15.1
65.57 

3,826 
3,096 
4,820 
3,900 
4,390 
4,436
6,552 

Source: (16)

 

       In the hot and high densification process, the agricultural waste such as water 

hyacinth, sawdust and dried leaves are pressed and dried. Most of these briquette fuels 

have more density than copse-firewood (810 g/cm3),  for example, the densities of 

briquette made from sawdust and rice husk are 1,257 and 1,325 g/cm3 (15) while the 

others have the same or slightly lower calorific value than firewood.. For this reason, 

they can take a long time to burn, meaning that a shorter boiling time of water.  

However, they release high fume when initially burning (17, 18). 

 

2.3 Coffee residue.  
 

       2.3.1 Coffee breeds and marketing

       Coffee beans are a local product of Africa. There are 3 breeds of commercial 

coffee beans (19) namely 

       1) Arabica: Its scientific name is Coffea arabica L. (20). Arabica is the most 

famous of coffee beans that originating in Abezenia. It has low caffeine and its 

productivity is about 75 per cent of world production. 

       2) Robusta: Its scientific name is Coffea caephora Pierre ex Froehner (20) that 

originating in Central Africa and found in 1900s. In addition, this breed is tolerant and 

provides higher productivity per unit area but lower productivity than Arabica, 

providing about 25 per cent of world production. 
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       3) Excelsa: This kind of coffee bean has the scientific name of  Coffea liberica 

Hiern. Its origin is Western Africa. Although Excelsa is tolerant to a dry climate, but 

it provides lower productivity than the others.  

       Furthermore, there are 2 coffee strains that are usually grown in Thailand. 

Robusta is mostly planted in Southern Thailand such as Chum Porn, Surat Tani, 

Ranong, Krabi and Nakhon Sri Thammarat provinces etc.  Arabica is planted in 

Northern Thailand such as Chiang Mai, Chiang Rai and Tak provinces etc. Moreover, 

Robusta and Arabica provide 97 and 3 per cent of coffee beans production in 

Thailand. (21) The green coffee beans productivity in Thailand are 83,897, 78,214 

and 54,871 ton in 1997, 1998 and 1999 respectively. (2)  These amount were exported 

62.5 per cent and only 37.5 per cent was consumed in the country. In addition, coffee 

beans that are used in Thailand can be divided in 3 parts. There are 35.7, 1.3 and 0.5 

per cent for instant coffee factories, huge roast coffee factories and small roast coffee 

factories respectively.  

       In 1999, Thailand used 19,590 ton of coffee bean as raw material for producing 

instant coffee. However, there is approximately 40-60 per cent of coffee residue 

remain from the instant coffee processes that depend on processing technology in 

each factory. It can be seen that there is at least 7,840 –11,750 ton still be remained as 

coffee residue. 

 

       2.3.2 Coffee bean botany 

       In coffee beans processing, the coffee cherries are dried before being divided to 

coffee beans and cherries. In one coffee cherry, after removing flesh, there is                  

a parchment layer and silver skin inside the parchment layer. The green or clean 

coffee bean is in these layers (22). The study of chemical components of coffee beans 

shows that there are 60 per cent of carbohydrate, 13 per cent of oil, 13 per cent of 

protein, 4 per cent ash and 10 per cent of other substance in it. (4) 

 

       2.3.3 Instant coffee processing 

       This research work uses coffee residue that come from the instant coffee 

processing, that firstly divide coffee beans from the cherries, then roast and grind 

them before extraction. The extraction process provides 2 parts of coffee 
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compositions of coffee residue and coffee liquor. The coffee liquor is then dried and 

added with aromatic substances. Finally, this process provides instant coffee as shown 

in Figure 2-2 

 

 

 

 

 

 

Figure 2-1: Instant coffee processing 

    Source: (22) 

 

       2.3.4 Chemical compositions of coffee bean 

       The roast coffee beans have both parts of soluble and insoluble. The soluble 

substance is the component in the instant coffee. And the insoluble substance is the 

main composition of roast coffee bean, as shown in Table 2-2. 

 

Table 2-2: Chemical compositions of soluble and insoluble parts of roast coffee. 

Per Cent Chemical compositions 
Soluble Insoluble 

1. Carbohydrates (53 %) 
   Reducing sugar 
   Caramelized sugar 
   Hemi-cellulose (hydrolizable) 
   Fiber (Holo-cellulose and Lignin :non-    

hydrolizable) 
2. Oils 
3. Proteins 
4. Ash (Oxide) 
5. Acids, non-volatile 

          Chlorogenic 
          Cafeic 
          Quinic 
          Oxalic, Malic, Citric, Tartaric 
       Volatile acids 

6. Triganelline 
7. Caffeine (Arabicas 1.0 %, Robustas 2.0 %) 
8. Phenolics 
9. Volatile 

           Carbon dioxide 
           Essence of aroma and flavor 

 
1-2 

10-17 
1 
- 
 
- 

1-2 
3 
 

4.5 
0.5 
0.5 
1.0 

0.35 
1.0 
1.2 
2.0 

 
Trace 
0.04 

 
- 

7-0 
14 
22 

 
15 
11 
1 
 
- 
- 
- 
- 
- 
- 
- 
- 
- 

2.0 
- 

Total 27-35 65-73 
Source: (4) 

Roasting Grinding Extraction Aromatisation Instant coffee

Coffee residue 
S p r a y  a n d 

 Freeze Drying 
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       The above table lists the chemical compositions of roast coffee. There are 27-35 

per cent of soluble and 65-73 per cent of insoluble parts. In addition, the insoluble 

part is the main component of coffee residue. The chemical compositions and ash 

composition of coffee residue are listed in the following Table 2-3 and 2-4 

 

         Table 2-3: Chemical compositions of coffee residue.  

Chemical compositions  wt.% db 

1. Carbohydrate (60%) 
Caramelization sugar 

      Hemi-cellulose 
   Fiber (Holo-cellulose, Lignin) 

1. Oils (and fatty acids) 
2. Proteins (amino acid and complex) 
3. Ash (Oxide) 
4. Volatiles 

      Carbon dioxide 
6.    Triganelline, Caffeine, Phenols etc. 

 
10 
20 
30 
18 
15 
1 
 
3 
3 

          Source: (4) 

 

         Table 2-4: Ash compositions of coffee residue. 

Mineral oxide wt.% db 

K2O 
P2O5 
CaO 
MgO 
Fe2O3 
Na2O 
SiO2 
SO3 

33.65 
32.05 
9.62 
9.62 
1.92 
0.32 
3.21 
9.61 

          Source: (4) 

 

         Table 2-5: Ultimate calorific value of coffee residue (kcal/kg) 

Moisture Content  
(%) 

Calorific value 
 (kcal / kg) 

0 
25 
67 
75 

5,000 
4,445-5,000 

4,833 
3,890 

           Source: (4) 

 

       The above tables show that there are 50 per cent of cellulose and fibre in coffee 

residue (4). Furthermore, coffee residue contains just 0.5 wt.% db of ash and 0.19 wt.% 

db of sulfur that is a hazardous substance. (23) 
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       The study of calorific value shows that coffee residue has high calorific value of 

5,000 kcal/kg with 25 per cent of moisture content. Its’ calorific value is higher than 

other agricultural waste. For this reason, coffee residue is suitable to produce a 

briquette fuel.  

 

2.4 Binder  
 

       Binder is a substance that can make briquette material agglomerate together. It 

can be divided into 4 types:- 

 

       2.4.1 Inorganic binder  

       Inorganic binder such as sodium silicate, lime silicate and magnesium etc. 

Although, its advantage is low fume when it is burned, it has also the disadvantage of 

increasing ash to the fuel. 

 

       2.4.2 Cereal binder 

       Cereal binder such as molass and cassava glue etc. is usually derived from 

agricultural waste. The disadvantage is it is hard to be preserved. 

 

       2.4.3 Heavy petroleum products 

       There are many heavy petroleum products such as asphalt, pitch and pitulium etc. 

The disadvantage is that they contain high sulfur and are expensive. 

 

       2.4.4 Fermented biomass 

       Fermented biomass such as fermented weed and leaves that contain 50-60 per 

cent of moisture content (11). In addition, the fermented biomass provides lower 

sulfur than other binders, which contain synthetic components. It is quite cheap 

because it doesn’t have any purchasing cost, it has only storing cost, so fermented 

biomass is chosen for being binder in this work. 
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2.5   The property of water hyacinth in aspect of binding 

 
       Water hyacinth is aquatic plants that grow widely on water surface that causes 

problems of irrigation, hydroelectricity, agricultural, fishery, transportation, economic 

and sociality. Moreover, it has high potential product and growth rate as shown in 

Table 2-6.  The highest potential product and growth rates are 19.9 g/m2 and 3.39 

g/day (24).  For these reasons there are problems that have to be solved. Considering 

the components of water hyacinth, there are cell and chemical components as shown 

in Table 2-7 and Table 2-8. 

 

Table 2-6: Growth rate and potential product of water hyacinth. 

Time 
(day) 

Dry weight 
(g) 

Growth rate 
(g/day) 

Increasing dry 
weight (g) 

Potential product 
(g/day/m 2) 

0 
15 
30 
45 
60 
75 
90 

105 
120 
135 
150 
165 

31 
82.9 

288.1 
579.7 
951.7 

1,338.7 
1794.5 
2130.0 
1890.0 
1711.7 
1286.7 
930.0 

- 
3.5 

13.7 
19.4 
25 
26 

30.4 
22.4 
-16.0 
-11.9 
-28.3 
-23.8 

- 
51.9 
257.0 
547.6 
920.6 

1307.6 
1763.5 
2099.0 
1859.0 
1680.6 
1255.7 
899.0 

- 
3.5 
8.6 

12.2 
15.3 
17.4 
19.6 
20.0 
15.5 
12.5 
8.4 
5.5 

Source: (14) 

 
Table 2-7: Cell component of water hyacinth 

Component wt.% db 
Cellulose 
Hemi – cellulose 
Lignin 
Ash 

15.9 
45.9 
6.8 

22.7 
Carbon : Nitrogen 20.9  : 1 

Source: (25) 

Table 2-8: Chemical compositions of water hyacinth.  

Component wt.% db 
Carbon 
Hydrogen 
Nitrogen 
Potassium 
Sodium 
Calcium 
Phosphorus 
Sulfur 
Magnesium 

32-35 
5.4-5.8 
2.8-3.5 
2.0-3.5 
1.5-2.5 
0.6-1.3 
0.4-1.0 
0.3-0.4 
0.2-0.3 

Source: (26) 
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       As shown in aboved table, water hyacinth has main cell components that are 60 

per cent of cellulose and hemi-cellulose, that can improve burning quality of fuel.        

(5, 25) Furthermore, there is low sulfur content of only 0.3-0.4 wt.%db, with calorific 

value about 3,096 kcal/kg. (27). After it is fermented, it can be used as binder (28)���

The study of cold and low pressure densification shows that sawdust or lignite that is 

mixed with fermented water hyacinth is easier to be compressed but the calorific 

value is decreased (16, 27) For this reason, water hyacinth has been selected as a 

binder in this work because it is the water plant that causes an environmental 

problems, but it doesn’t need p urchase cost. Moreover, it is the biomass binder that 

provides high calorific value and low sulfur content. 

 

2.6 The property of cassava residue in aspect of binding 

 
       Cassava is a plant that contains high carbohydrate. Its common name is cassava 

and its scientific name is Monihot esculenta Crantz (29).  In 1999, there were 

16,506,625 ton of cassava productivity in Thailand. (2). This cassava residue, that 

includes shell and flesh, is the agricultural waste produced from cutting and drying 

cassava before sending to the cassava pellets industries and others. After cassava is 

dried, the moisture content is decreased by 40-50 per cent (30), making the amount of 

cassava remain only 9,903,3000 ton with only 10-20 per cent of cassava residue. 

Therefore, there is an amount of cassava residues approximately 1,980,600 ton/year in 

1999.  The chemical components of cassava are shown in Table 2.9. 

 

Table 2-9: Chemical compositions of dry cassava 

Component wt.%db 
Moisture 
Carbohydrate 
Protein 
Lipid 
Ash 
Fibre 

10.36 
70.63 
2.63 
0.51 
2.20 
1.73 

Source: (30) 
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        In addition, it is found that the cassava residue can be used as binder in the 

briquette process at the Fuel and Natural Energy Testing Center, Pathumtani province, 

because it has fine texture and can make material agglomeration when it receives 

moisture.�Moreover, it is the agricultural waste that has high productivity. It doesn’t 

need any purchasing cost, it need only storing cost. So cassava residue is probably 

used as a binder in this work. 

 

2.7 The property of cassava glue in aspect of binding 

 
       In 2001, there was 1.5-1.8 million ton of cassava powder productivity from 

5,922,000 ton of fresh cassava.  In the cassava powder process, it provides about 20 

per cent of cassava powder from the fresh cassava. The cost of cassava powder is 25-

30 bath/kg which is not too expensive and it is convenient to buy. The chemical 

components of cassava powder are 30 per cent and 70 per cent of amylose and 

amylopectin. Considering to cassava powder structure, it contains hydroxyl group. 

Moreover, the cassava powder is an insoluble substance that can absorb moisture, 

then the volume and density is increased so its velocity is also increased (31). 

Moreover, from Somsak works (32) it is found that cassava glue cans be used as the 

binder in pelletizing process of anthracite charcoal powder. So the cassava glue 

should possibly be used as binder in this work.  

 

 2.8 Binding theory 

 
       There are two type of briquetting process that are 1) cold and low-pressure 

densification and 2) hot and high-pressure densification. The first type is usually used 

with material and binder that can make materials agglomerate together. On the other 

hand, the second type is usually used with agricultural materials that contain ligno-

cellulose component. The lino-cellulose substance is melted down and becoming the 

binder when the heat is increased during briquetting process. Both types of 

densifications make the material particles closer by pressing them until there are 

attractive forces. Furthermore, the strength of this force is inverse with the square of 
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length particles. (33) The molecular bonding is Van der Waal’s force that is weak 

bond, while Valance force or Interlocking force is high strength bond. (34) 

       Furthermore, most of the attractive force is Van der Waal’s force in briquetting 

process because the normal press can make only the particles are closer. Moreover, 

the strength of  briquette depends on its attraction force and the texture of materials.  

 

2.9 Fuel Densification  

 
       2.9.1 Densification method 

       There are two types of densification methods- 1) cold and low-pressure 

densification that can be divided into two types. They are cold and low-pressure 

densification with binder and without binder and- 2) hot and high-pressure 

densification (14) 

       1) Cold and low-pressure densification: It can be divided into two types. 

               1.1) Cold and low-pressure densification with binder:  It is the densification 

for materials which can not be agglomerated by themselves. So they should be 

pressed with the binder. Furthermore, the binder qualities are 

- to bind the materials, 

- to burn well and release less fumes, 

- not too weak or crack when it receives more moisture, and 

- low purchasing cost 

               1.2) Cold and low-pressure densification without binder:  This densification 

is suitable for material that can be agglomerated by them, especially fermented 

agricultural waste (6). 

       2) Hot and high-pressure densification: This densification is suitable for 

materials that contain lino-cellulose. When the materials receive more heat, its lino-

cellulose component will be melted down and becoming a binder. In addition, the 

machines that are used in this process are usually heat dried, so these densifications 

consume energy 2-3 times more than cold and low-pressure densification. (14) 
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       2.9.2 Factors effecting briquette fuel 

       There are factors that effecting briquette qualities. 

       1) Moisture content:  The suitable moisture content for densification process is 

6-12 per cent of briquette weight (16).  It is difficult to press the raw materials that 

contain low moisture content. Moreover, the water in raw material will explode and 

crack on its surface if there is too much moisture content. (35) 

       2) Particle size: The suitable particle size for densification is 48-100 mesh. 

However, for material with particle size of smaller than 4 mesh should be less than 

10-20 per cent. The suitable particle size effects the briquette process, as it is easier to 

agglomerate so facilitating  low-pressure with the binder in this process.�(33) 

       3) Pressure: In the hot and high-pressure densification, the machine that provides 

suitable heating level and fiction between cylinder and material effects the suitable 

pressure. Moreover, the material that is pressed through the cylinder will have more 

density. So that it can be agglomerated well in cold and low-pressure densification.�

(36, 37) 

       4) Temperature: Reed and al study the comparison of energy consumption in 

briquette process ( ). The results show that, in the hot and high-pressure densification, 

if the temperature of materials are increased to 220-225 0C, the pressure can be 

reduced 2 times of normal pressure. The material that contains lino-cellulose 

substance should have the initial temperature at 120-160 0C. In addition, the suitable 

temperature of the machine should be 260-360 0C in order to agglomerate the material 

and save the energy. (37) 

       2.9.3 The densification machines 

      From S. Eriksson and M. Prior work (38) the densification machines are divided 

into 3 types.  

       1) Piston press: In this machine, pressure is applied discontinuously by the action 

of piston on material packed into a cylinder. They may have a mechanical capacity 

and flywheel or hydraulic actions on the piston as shown in Figure 2-2. In addition, 

the volume of material that can be fed in front of the piston defines the capacity of it. 

Moreover, capacity by weight depends on the density of the material before 

compression. 



Fac. Of Grad. Studies, Mahidol Univ.   M.Sc.(Appro. Tech. for Res.&Env. Dev.)/15 

 

 

 

 

 

 

 

 

 

Figure 2-2: Piston press 

                 Source: (38) 

 

       2) Screw extruders: Its pressure is applied continuously by passing the material 

through a screw with diminishing volume. Pressure is built up along the screw rather 

than in a single zone as in the piston machines. There are three types of screw 

extruders as follows:  

               2.1) Conical screw presses: This machine has a capacity of about 600 to 

1,000 kg/hr. It is reinforced with hard metal inlays to resist the very high wear 

experienced. The die is a single hole matrix with a diameter of 95 mm. Assuming a 

total of 100 kW  for a production rate of 1,000 kWh as shown in Figure 2-3. 

               2.2) Screw extruders without heated dried:  Actually, this machine has a 

capacity of about 300 to 500 kg/hr. It is hand fed and works best for agricultural 

materials. After the briquette fuels are produced, they must be placed by hand on the 

trays in order to leave it dry. Because the machine doesn’t have heating and it is low -

pressure process, so this method is quite low in cost rate. 

               2.3) Screw extruders with heated dies:  The main press feature of this 

machine is a screw press that feeds the raw material from feeding funnel. It has 

capacity of about 150 to 180 kg/hr. In addition, the briquettes have a characteristic 

hole through the center from the central screw drive. An electric resistant heater wire 

around it heats the die. The central hole of the briquette can be acted as the chimney 

for the steam that generated at high temperature as shown in Figure 2-4. Moreover, 

�
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the normal operating temperature is quite high about 250-300 0C. For this reason, it 

has  high operating and maintenance cost. 

 

 

 

 

 

 

 

 

 

 

Figure 2-3: Conical screw presses   

Source: (38) 

 

 

 

 

 

 

 

 

 

Figure 2-4: Screw extruders with heated dies 

        Source: (38) 

 

       3) Pellet press:   In this machine, rollers run over a surface and the material is 

pushed into a hole each time. The dies are made out of rings or disks though other 

configurations are possible. In addition, the Pellet presses are different from other 

briquette machines because their dies have smaller diameters (usually up to 

approximate 30 mm). Moreover, each machine has a number of dies arranged with 
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hole bored in thick steel disk or ring. This machine is shown in Figure 2-5. It has a 

capacity of about 200 to 8,000 kg/hr. However various types of roller-press can be 

utilized to form briquettes and a binding agent must be used to agglomerate the raw 

materials. 

 

 

 

 

 

 

 

 

 

 

Figure 2-5: Pellet press 

                 Source: (38) 
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CHAPTER III 

RESEARCH METHODOLOGY 

 

 

       This research work has been carried out at the Fuel and Natural Energy Testing 

Center, Pathumtani province. The laboratory at the Faculty of Environment and 

Resource Studies, Mahidol University, and the Economic and Forest Products 

Research Division, Royal Forest Department. 

 

3.1 Conceptual Framwork 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-1: Schematic diagram of research work 

Coffee residue from the instant 
coffee process 

Data analyses 

Produce the briquette fuel made from 
 coffee residue by using  

cold and low-pressure densification  

Physical and chemical property analyses 
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3.2 Equipments and Materials 
        

All equipments and materials used in this work are: 

 

       3.2.1 Equipments 

1) Fermented tank 

2) Hammer mill chopper 

3) The cold and low-pressure densification and the conical screw press 

4) Electricity-drying oven 

5) Universal Testing Machine (UTM) 

6) Bomb Calorimeter 

7) Elemental Analyser 

8) Electric muffle furnace  

9) Crucibles or capsules 

 

       3.2.2  Materials & Chemicals. 

1) Coffee residue. 

2) Water hyacinth   

3) Cassava residue 

4)  Cassava glue 

5) Benzoic acid  

6) Methyl Orange, Methyl Red or Methyl Purple Indicator  

7) Oxygen  

8) Sodium Carbonate Standard Solution (Na2CO3) 

9) Barium Chloride solution  

10) Eschka mixture 5) Hydrochloric acid (1+1) and Hydrochloric acid (1+9)  

11) Methyl orange indicator solution  

12) Sodium Carbonate saturate solution  

13) Sodium hydroxide solution. 

14) gas that contains sulfur compound 
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3.3 Experimental  

 
       This research work can be divided into three parts as follows: 

 

       3.3.1 Producing the briquette from coffee residue. 

 

1) Preparation of raw material 

               1.1) Coffee residue:  Coffee residue used in this work were coffee spent that 

produced from, the Coffee quality product Co.Ltd., the instant coffee factory in 

Chachengchao province. 

               1.2) Fermented water hyacinth:  Water hyacinth used in this work was 

collected from water surfaces then put it in a fermented tank that has 1.5 m3 by 

volume. It takes 1-2 months for the fermentation process until it becomes brown.  

After that, it was cut by using Hammer Mill Chopper for reducing its size to 

approximately 48-100 mesh that suitable for well mixing (34). 

               1.3) Cassava residue:  It was taken from the factory that produces cassava 

pellets. 

               1.4) Cassava glue:  In the cassava glue process, cassava starch is mixed with 

1,000 cm3 of clean water. Then boil for about 20 minutes until the mixture has more 

viscosity and sticky. (34). 

               1.5) Raw material Analysis:  Raw materials of coffee residue, fermented 

water hyacinth  and cassava residue were analyzed for their properties namely 

moisture content fixed carbon ash content  and volatile matter  

 

       2) Experimental design 

       In this work, the experiment was design using Complete Randomized Design 

(CRD). There are 14 treatments, namely one of blank experiment using only coffee 

residue, five of the mixture of coffee residue with fermented water hyacinth at the 

ratio of 5:5 6:4 7:3 8:2 and 9:1, five of coffee residue mixed with cassava residue at 

the ratio of 5:5  6:4  7:3  8:2 and 9:1, and the last group of treatment is coffee residue 

mixed with cassava glue at the ratio of 7:3  8:2 and 9:1. Each treatment has three 

replication. Therefore, the total experiment were 42 experiment. 
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Table 3-1: Mixture of coffee residue and binder.  

Treatment Component Ratio Coffee residue:binder 
(kg) 

1 
 

2 
3 
4 
5 
6 
 

7 
8 
9 
10 
11 

 
12 
13 
14 

Coffee residue 
 
Coffee residue : water hyacinth 
Coffee residue : water hyacinth 
Coffee residue : water hyacinth 
Coffee residue : water hyacinth 
Coffee residue : water hyacinth 
 
Coffee residue : cassava residue 
Coffee residue : cassava residue 
Coffee residue : cassava residue 
Coffee residue : cassava residue 
Coffee residue : cassava residue 
 
Coffee residue : cassava glue 
Coffee residue : cassava glue 
Coffee residue : cassava glue 

- 
 

9 : 1 
8 : 2 
7 : 3 
6 : 4 
5 : 5 

 
9 : 1 
8 : 2 
7 : 3 
6 : 4 
5 : 5 

 
9 : 1 
8 : 2 
7 : 3 

15 
 

13.5  :  1.5 
12.0  :  3.0 
10.5  :  4.5 
  9.0  :  6.0 
 7.5   :  7.5 

 
13.5  :  1.5 
12.0  :  3.0 
10.5  :  4.5 
  9.0  :  6.0 
 7.5   :  7.5 

 
13.5  :  1.5 
12.0  :  3.0 
10.5  :  4.5 

 

 However, it can be seen that the last ratios of coffee residue mixed with 

fermented water hyacinth or cassava residue were the ratio of 5:5, this was designed 

as controlling the briquette quality that should be provided from coffee residue. In 

case of the coffee residue with cassava glue as shown in Table 3.1, they have only 3 

treatments, duing to only 15-25 per cent by weight of cassava glue is enough to make 

agglomeration of raw material (34).  

In term of mixing coffee residue with binder, they were mixed in Mixing 

machine at the ratio and weight that were designed as shown in Table 3.1.  Then, the 

mixture of 15 kg. for each ratio was taken and transfer to densifigation machine under 

controlling condition.�

 

       3) Densification of Briquette fuel 

       Mixture of raw materials, coffee residue with binder of fermented water hyacinth, 

cassava residue or cassava glue were pressed using at the Fuel and Natural Energy 

Testing Center, Pathumtani province. The machine type of the cold and low-pressure 

densification with the conical screw press was used. Then all the pressed mixtures of 

coffee residue with binder were transferred to be dried in oven as it consumes energy 

2-3 times lower than the hot and high-pressure densification. 
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       4) Reducing the moisture content 

       The electricity-drying oven was used for decreasing the moisture content of the 

briquette in order to control the treatment condition. Then, all the briquette fuel were 

subjected to be dried in the oven under the condition of 104 °C for 24 hours. 

 

       3.3.2 Sample analysis. 

 

       In this work, all the briquette fuel made from coffee residue were analyzed for 

their properties as the following Table. 

 

Table 3-2: Analysis of  briquette made from coffee residue. 

Physical analysis Proximate analysis Ultimate analysis Efficiency of fuel 
heat 

 
Density 
Compressive strength 
Shatter index 

 
Moisture Content 
Ash Content 
Volatile Matter 
Fixed Carbon 
Calorific Value 

 
Total Carbon 
Total Hydrogen 
Total Nitrogen 
Total Sulfur 
 

 

 

       1) Physical analysis 

               1.1) Density :  Density can be calculated as follows: (16) 

 ρ   =   M / V 

where:  ρ =  density of the briquette fuel, g/cm3 
   M =  mass of the briquette fuel, g 
   V =  volume of the briquette fuel, cm3  

 

               1.2) Compressive strength :  Using a band saw and suitable jigs to cut a 

briquette into a cube of length that is twice their diameter. Then, put it on the 

Universal Testing Machine (UTM) and test it.  Operate the apparatus until the failure 

of briquette occurs, then record the maximum force that indicated at failure. Repeat 

the test on the same samples for 3 times (16).  Then calculate the compressive 

strength as follows: 

      δC   =  F/A 

where:  δC =  compressive strength, kg/cm2 
   F =  maximum force applied, kg 
   A =  mean area of the face of the sample, cm2 
 



Fac. Of Grad. Studies, Mahidol Univ.                                  M.Sc.(Appro. Tech. for Res.&Env. Dev.)/23 

               1.3) Shatter index:    Shatter index test is used to indicate the tolerance of 

briquette in utilization, transportation and storage. In each experiment, 5 kg of the 

briquette in a plastic bag allowed to be fall freely from a height of 2 meters on to the 

cement floor 3 times that would show the tolerance. (16) 

               To determine the mass of contents of one container use a horizontal 

movement on the 20 mm test sieve. Each piece in the increment has been in direct 

contact with the sieve plate. Then turn each piece of the briquette retained on the sieve 

to determine whether it passes through the sieve. Before the next increment is sieved, 

remove determination of their mass. For each sample the shatter index can be 

calculated as follows: 

       R   =  m1/m2 

where:  R =  shatter index. 
   m1 =  mass of piece of briquette retained, g  
   m2 = mass of the total contents of briquette before sieving, g 
 

2) Proximate analysis 

       The proximate analysis has been conducted by using the American Society for 

Testing and Material (ASTM). 

 

               2.1) Moisture content analysis:  The moisture of briquettes were determined 

using ASTM D3173-87 (39), the oven shall be constructed to have a uniform 

temperature between the limit of 104 °C to 110 °C. The apparatus we use in this 

experiment are drying oven, desiccator and crucibles with covers. And the procedure 

is shown as follows: 

        (1) Heat the empty crucibles under the conditions at which the sample is to be 

dried (104°C for 1 hr), place the cover on the crucible, cool over a desiccant for 15 to 

30 minutes.  Weigh one gram of sample or dip out with a spatula from the sample 

bottle approximately 1 g of sample, put it into the crucible. 

        (2) After removing the covers, quickly place the crucibles in a preheated oven 

at 104 °C to 110°C through which passes a current of dry air. Close the oven at once 

and heat for 1 hour, open the oven, cover the crucibles quickly, cool in a desiccator 

and weigh as soon as the crucibles have reached room temperature or until a constant 

weigh.  Then, calculate the per cent of moisture in the sample as follows: 
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Moisture content, %   =  [ (A-B) /A ] x 100 

   where:  A =  sample used, g. 
    B = sample after heating, g  

 

               2.2) Ash content analysis:   This test method covers the determination of 

ASTM D3174-97 (39).  The apparatus were electric muffle furnace, desiccator and 

crucibles with covers. The procedure are shown as follows: 

        (1) Heat the empty crucibles under the conditions at which the sample is to be 

dried (450 to 500°C for 30 minutes), place the cover on the crucible, cool over a 

desiccant for 1 hour. 

        (2) Transfer approximately 1 g of the sample to a weighed crucible and cover 

quickly, then place the crucible containing the sample in a cold furnace and heat 

gradually at such a rate that the temperature reaches 450 to 500°C in 1 hour. 

        (3) Continue heating so that at the end of the second hour a temperature of 700 

to 750°C is reached.  Continue heating the ash at 700 to 750°C for two additional 

hours. After that, remove the crucible from the furnace, place the cover on it, then 

cool it under condition to minimize moisture pick up, and weigh. Calculate the ash 

percent in the sample as follows: 

           Ash content, %   =  [ (A-B) /C ] x 100 

where:  A = weight of crucible with cover and ash residue, g. 
   B = weight of empty crucible with cover, g  
   C = weight of analysis sample used, g. 
 

               2.3) Volatile matter analysis:    This test method covers the determination of 

ASTM D3175-89a (39). The apparatus are electric muffle furnace, desiccator and 

crucibles with covers. The procedure is shown as follows: 

        (1) Heat the empty crucibles under the conditions at which the sample is to be 

dried (450 to 500°C for 30 minute), place the cover on the crucible, then cool over a 

desiccant for 1 hr. 

        (2) Weight 1 g of the sample in a weighed crucible, close with a cover that fits 

closely enough so that the carbon deposit does not burn away from the underside. 

Then insert directly into the furnace chamber that shall be maintained at a temperature 

of 950 + 20°C. After heating for a total of exactly 7 minutes, remove the crucible 

from the furnace and without disturbing the cover, cool in a desiccator. Weight as 



Fac. Of Grad. Studies, Mahidol Univ.                                  M.Sc.(Appro. Tech. for Res.&Env. Dev.)/25 

soon as cold. The percentage loss of weight minus the percentage moisture content 

equals the volatile matter. Calculate the weight loss percent and volatile matter as 

follows: 

          Weight loss, %   =  [ (A-B) /A ] x 100 

where:  A = weight of sample used, g. 
   B = weight of sample used after heating, g  
 

     Volatile matter, %  =  C - D 

 where:  C = weight loss, %. 
   D = moisture content, % 
 

               2.4) Fixed carbon analysis:    The fixed carbon is the carbon that remains 

after the removal of the volatile matter content and the ash content (39). The fixed 

carbon content (FC), which is expressed as percentage (by mass) is given by the 

equation:- 

           FC  =  100 – (A + V) 

where:  A =  ash content, %. 
   V = volatile matter, % 
 
 

2.5) Calorific value analysis:    This test method follows ASTM D2015-96 

(39).  The apparatus and facilities are The procedure is shown as follows: 

       (1) Regulate the weight of the pellets of benzoic acid in each series to yield 

approximately the same temperature rise as that obtained with the coal tested in the 

same laboratory. The usual range of masses is 0.9 to 1.3 g. 

        (2) Rinse the bomb, invert to drain, and leave undried. Add 1.0 ml of water to 

the bomb prior to assembly for a determination. 

        (3) Connect a measured length of ignition wire to the ignition terminals, with 

enough slack to allow the ignition wire to maintain contact with the sample. 

        (4) Assemble the bomb and charge it with oxygen to a consistent pressure 

between 2 to 3 MPa. This pressure must remain the same for each calibration and 

each calorific;-value determination. Admit the oxygen slowly into the bomb so as not 

to blow powdered material from the sample holder. 

        (5) Fill the calorimeter vessel (bucket) with the measured quantity of water 

adjusted from 1.0 to 2.0°C below room temperature but not lower than 20°C. Use the 

same mass of water in each test weighed to +05 g.  For 2000 ml, the proper quantity 
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can be obtained by use of a volumetric flask calibrated to deliver 2000 + 0.5 ml. Place 

the calorimeter vessel in the jacket, connect the electrodes, and place the stirrers, 

thermometers and cover in position. The starting temperature should be within + 

0.5°C. 

        (6) Allow 5 min. for attainment of equilibrium. Adjust the jacket temperature 

to match the calorimeter temperature within 0.01°C. Take calorimeter temperature 

reading at one-minute intervals until the same temperature, within one-tenth of the 

smallest thermometer subdivision, is observed in three successive readings.  Record 

this ‘initial temperature’, t1 and 20°C. Adjust the jacket temperature to match the 

calorimeter temperature during the period of rise. Take calorimeter temperature 

readings and record this as the ‘final temperature’. 

        (7) Open the cover and remove the bomb. Release the pressure at a uniform 

rate. Open the bomb and examine the bomb interior. Discard the test if unburned 

sample or sooty deposits are found. Wash the interior of the bomb with distilled water 

containing the titration indicator and titrate the washings with standard sodium 

carbonate solution.  

       (8) Remove and measure, or weigh, the combined pieces of unburned ignition 

wire and subtract from the original length, or weigh to determine the wire consumed 

in firing. If the wire is weighed, remove the ball of oxidized metal from the end of 

each piece of wire before weighing. Calculate the gross calorific value as follows: 

  Qv (gross) =  [(tE) - e1 -  e2 - e3] / g 

Where:   Qv =  gross calorific value, Btu/lb 
t = corrected temperature rise (°C) 
E = energy equivalent, Btu/lb 

    e1   = Correction for the heat of formation of HNO3, Btu 
    e2 = Correction for heat of combustion of ignition wire,Btu 

e3 =  Correction for difference between heat of formation     
   of H2SO4 from the heat of formation of HNO3, Btu 

    g = mass of sample 
 

3) Ultimate Analysis 

3.1) Total carbon, hydrogen and nitrogen analysis:  Total carbon, hydrogen 

and nitrogen were conducted using Elemental Analyser. 

3.2) Total sulfur analysis:  This test method covers the determination of 

ASTM D3177-89 (39). The procedure is shown as follows: 
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        (1) Preparation of sample and mixture: Thoroughly mix on glazed paper 

approximately 1 g of the sample, weighted to nearest 0.1 mg and 3 g of Esxhka 

mixture. The amount of sample to be taken will depend on the amount of BaCl2 

required. Porcelain capsule or crucible and cover with 1 g of Eschka mixture. 

        (2) Ignition: Heat the crucibles over an alcohol, gasoline, gas flame or 

electrically heated muffle. The use of artificial gas for heating the sample and the 

Eschka mixture is permissible only when the crucibles are heated in a muffle. 

        (3) Subsequent treatment: Remove the crucible and empty contents into a 200 

ml beaker and digest with 100 ml of hot water for ½ to ¾ hr, while stirring 

occasionally. Place the wet filter containing the precipitate of barium sulfate. Place 

the wet filter containing the precipitate of barium sulfate (BaSO4) in a weighted 

crucible, fold the paper loosely over the precipitate to allow a free access of air but 

prevent spattering. Smoke the paper off gradually in a muffle furnace and at no time 

allow to burn with flame. Ater the paper is practically consumed, raise the 

temperature to approximately 800 + 50°C and heat to constant weight. Weight the 

barium sulfate to the nearest 0.1 mg. 

        (4) Blanks and Corrections: The preferred method of correction is by the 

analysis of a weighed ratio of a standard sulfate using the prescribed reagents and 

operation in full compliance with the standard. Using the same amount of all reagents 

that were employed in the routine determination. If the standard sulfate analysis 

procedure is carried out once a week, or if a new supply of a reagent is used, for a 

series of solutions covering the approximate range of the weight of BaSO4 determined 

for the sample, the deficiency or excess founded by the appropriate check 

determination. This is more accurate than the simple reagent blank. If very high-purity 

reagents are used or extra precaution is exercised, there may be no sulfate apparent in 

the blank. In other word, the solubility limit for BaSO4 has not been reached, some 

sulfate in the sample can remain in solution or redissolve. Calculate the sulfur content 

as follows: 
        Sulfur, %   =  (A-B) x 13.738 

        C 
 

where:  A = weight of BaSO4 precipitated, g. 
   B = weight of BaSO4 correction, g  
   C = weight of sample, g 
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        4)  Efficiency of fuel heat. 

            This experiment was conducted in normal condition. In this procedure the 

4,000 g of water was boiled in aluminum pot No. 24 that contains a thermometer. Use 

10 cm3 of  briquette fuel that putting on the liquid fuel as starting fuel.  Using the 

whole 500 g of fuel for ignition, boil the water until the temperature increases to 

100°C then change to a new pot of water. Record the temperature every 3 minutes 

until the water in the last pot does not increase. (40) Calculate Efficiency of  fuel heat 

as follows: 
            n 

µ =       Σ     [ ms (t 2  - t 1)  +  ms (t 3  - t 1) ]   x  100 
        t =1       wq 
 

where: µ =  Efficiency of using fuel heat 
 w =   weight of fuel (g) 
 q =   calorific value of fuel (cal/g) 
 m =   weight of water (g) 
 s  =   calorific value of water (1 cal/g-°C) 
 t1 =   initial temperature (°C) 
 t2 =   boiling temperature (°C) 
 t3 =   final temperature (°C) 
 n =  number of time that the temperature increase to 100°C 
 

5)  Data analysis 

        After producing and analysing the properties of the briquette made from 

coffee residue, the results were statistically processed by using ANOVA and DMRT 

in order to help in choosing the right treatment from the differences of  the fuel 

property. 

 

3.4. Economic Value Analysis 
 

The assumptions in studying of the capital value in the economic value analysis. 

are determined as follows: 

• There is a small industrial factory that consists of a cold and low-pressure 

densification, which is conical screw press type, a hammer mill chopper 

machine and mixing machine. The factory is in Chacheansoa province that 

is close to the coffee source.  

• The project periods is 5 years, the operation system is operated 8 hours a 

day and the productivity rare is 800 kg/day. The cold and low-pressure 
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densification, which is conical screw press type, a hammer mill chopper 

machine and mixing machine, are operated 8, 4 and 1.5 hr/day respectively. 

• Use 2-labor force and labor cost is 166 baht/person/day. 

• There is apparatus and machines cost without building cost. 

• 5) The maintenance expense is 10 per cent of machine purchase cost. 

• 6) Loan interest rate is 12.5 percent/year. 

• 7) There is no raw materials cost. 

• 8) The price (baht/kg) of briquette fuels until end of the project. 

 

       3.4.1  Productivity cost 

  

               1) Fixed cost 

- Interest rate 

- Machines cost 

- Labor cost 

               2) Variable cost 

-  Electricity cost 

-  Transportation and storage cost 

-  etc. 

 

3.4.2 Methods for determining economic value. 

 

       In term of economic analysis, the determination of Break even point, Payback 

period, Net Present Value (NPV) and Internal Rate of Return (IRR) are important for 

an analysis of economic value, the details of those factor are as follows: 

 

        1) Net Present Value (NPV) 

        In the literature of finance, present worth (PW) is more generally known as net 

present value (NPV). The essential feature of it is the discounting to present value of 

all cash flows expected to result from an investment decision. That is, in order to 

satisfy the basic requirement that alternative is compared only if money consequences 
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are measured at a common point of reference (41, 42).  The calculation of  NPV can 

be done from the following equation: 

  NPV  =  PWi -  PWc 
where:  PWi =  Present worth of net income, baht 

   PWc = Present worth of net cost, baht  
 
           n 
   NPV  =     ∑          B j   -   C j 
                  j = 1       (1  +  i) j 

where:  NPV =  net present value, baht 
Bj = cash flow at end of period j for consequence considered to be   

    “benefits”, (j = 0, 1, 2,…, n) 
   Cj = cash flow at end of period j for consequence considered to be 

            “cots”, (j = 0, 1, 2,…, n) 
 

       2) Internal Rate of Return (IRR) 

       The internal rate of return for a given investment project is the interest rate, i, 

which the net present value of all expected cash flows is precisely zero. When all cash 

flows are discounted at rate i, the equivalent present worth of all benefits exactly 

equals the equivalent present worth of project costs. In addition, IRR should be more 

than MARR (Minimum Attractive Rate of Return) so that the investment of the 

project would be worthy. 

        More over, there are other economic methods for determining the economic 

value in short time that are Break even point and Payback period. 

 

        3) Break even point 

               Break even point is used to determine the product quantity that is produced 

in order to make a total cost equals to revenue. (41). Calculation is as followed 

equation: 

N =          F      . 
             C -V 

where:  N =  product quantity, kg. 
   F = fixed cost, baht  
   C = product price, baht/kg 
   V = variable cost, baht/kg 
 

        4) Payback period 

               Payback period is used to determine the relative attractiveness of investment 

proposal. The essence of this technique is determination of the number of periods  
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required to recover an initial investment. (41) In this case, the number of payback 

periods is that value of N such that: 

              n 
   P          =   ∑    Aj 
             j = 1       

where:  n =  investment period, yr 
   P = initial investment, baht  
   Aj = cash flow in period j, baht/kg 
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CHAPTER IV 

RESULTS AND DISCUSSION 

 

 

4.1   Raw materials properties 

 

Raw materials used in this work were coffee residue that was waste from 

instant coffee factory and three types of binder namely fermented water hyacinth, 

cassava residue and cassava glue. They were analyzed for basic properties before 

subjecting to the briquette making process. 

 

1) Ultimate Analysis. 

        As the results shown in Table 4-1, raw materials, coffee residue, fermented 

water hyacinth and cassava residue, were ultimately analyzed using Elemental 

Analyser.  

        1.1) Total carbon:  The coffee residue had higher total carbon (58.65 wt.%db) 

than the binders of fermented water hyacinth (33.56 wt.%db) and cassava residue 

(39.4 wt.%db). Therefore, the briquettes made from coffee residue that mixed with 

cassava residue and cassava glue are expected to have higher total carbon and calorific 

value than that mixed with fermented water hyacinth. 

        1.2) Total Hydrogen: The coffee residue had slightly higher total carbon (7.47 

wt.%db) than fermented water hyacinth (5.6 wt.%db) and cassava residue (6.96 

wt.%db).  

 1.3) Total Nitrogen: It can be seen in Table 4.2 that coffee residue had slightly 

lower total nitrogen (2.18 wt.%db) than fermented water hyacinth (3.15 wt.%db) but 

higher than cassava residue (0.48 %db). Therefore, the briquettes made from coffee 

residue that mixed with fermented water hyacinth are expected to producing NOx  

more than using cassava residue and cassava as binder. 
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        1.4) Total sulfur:  It is very interesting that all raw materials of coffee residue 

(0.19 wt.%db), fermented water hyacinth (0.35 wt.%db) and cassava residue (0.07 

wt.%db) had very low amount of sulfur, causing  no risk of SOx that would be 

prduced after burning.  

 

Table 4-1: Elemental Analysis of coffee residue, fermented water hyacinth  
a n d  c a s s a v a  r e s i d u e . 

Ultimate Analyses Coffee residue Water hyacinth Cassava residue 

C (wt.%db) 
H (wt.%db) 
N (wt.%db) 
S (wt.%db) 

58.65 
 7.47 
 2.18 
 0.19 

33.56 
 5.60 
 3.15 
 0.35 

39.40 
 6.96 
 0.48 
 0.07 

 

 2) Proximate analysis 

        As the results shown in Table 4-2, the raw materials of coffee residue, 

fermented water hyacinth and cassava residue that used in making briquette were 

contained moisture content of 60-70, 80 and 15 per cent respectively. However, after 

drying at 104 °C for 1 hour, the results showed that moisture content remained only 

2.9, 11.8 and 6.6 per cent.  In case of ash content, it is appeared on 0.5, 7.8 and 2.6 per 

cent respectively.  It can be seen that the results was closely the same as work done by 

Sivetz (4) in which it is showed that coffee residue contain ash content only 0.5-1 per 

cent. Results of volatile matter and fixed carbon of coffee residue, fermented water 

hyacinth and cassava residue were appeared at 88.2, 47.7 and 84.6 and 11.3, 48.7, 

13.4 respectively.  

 

Table 4-2: Coffee residue, fermented water hyacinth and cassava residue properties. 

Raw Materials Moisture Content*  
(wt.%) 

Fixed Carbon 
(wt.%db) 

Ash Content  
(wt.%db) 

Volatile Matter  
(wt.%db) 

Coffee residue 
Fermented water hyacinth 
Cassava residue 

   2.9 
11.8 
  6.6 

11.3 
48.7 
13.4 

0.5 
7.8 
2.6 

88.2 
47.7 
84.6 

R e m a r k :  *  T h e  m o i s t u r e  c o n t e n t  a f t e r  d ry i n g  p r o c e s s  a t  1 0 4  ° C  f o r  1  h o u r 
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4.2  Producing the briquette fuel. 

 

       In this work, 3 types of binders namely fermented water hyacinth, cassava residue 

and cassava glue were mixed with coffee residue and densified using cold and low-

pressure densification process. The briquettes that can be produced from coffee 

residue with fermented water hyacinth were five ratios of 5:5 6:4 7:3 8:2 and 9:1. In 

case of using cassava residue and cassava glue as binder, they can be produced only 

four (5:5 6:4 7:3 8:2) and two (7:3 8:2) ratios of both binder, except for the ratio of 9:1 

that cannot be agglomerated after being pressed, showing that the briquette can be 

made from only 11 treatment.  Then, it can be concluded that fermented water 

hyacinth, cassava residue and cassava glue can be used as binder in making briquette 

made from coffee residue, in which the least ratio of  binder should be 10%, 20% and 

20% by weight respectively. 

 

4.3  Briquette properties 
 

4.3.1 Physical properties of the briquette. 

        After producing the briquettes, they were subjected to be analyzed for their 

physical properties. Regarding the results shown in Table 4-3, only 11 samples were 

agglomerated as briquettes that analysis for the physical properties of density, strength 

and shatter index had been conducted. 

 

Table 4-3:�Physical property analysis of the briquette made from coffee residue. 

Component of the Briquette Ratio Density  
(g/cm3) 

Strength  
(kg/cm2) 

Shatter  
Index 

Coffee residue: Fermented Water hyacinth 
Coffee residue: Fermented Water hyacinth 
Coffee residue: Fermented Water hyacinth 
Coffee residue: Fermented Water hyacinth 
Coffee residue: Fermented Water hyacinth 

5:5 
6:4 
7:3 
8:2 
9:1 

0.8237  d 
0.7930  c,d 
0.7816  c,d 
0.7738  c 
0.7497  c 

15.4263  e 
12.9581  d,e 
9.0322  b,c 
6.9914  b 
3.7018  a 

0.98 
0.98 
0.89 
0.96 
0.82 

Coffee residue: Cassava residue 
Coffee residue: Cassava residue 
Coffee residue: Cassava residue 
Coffee residue: Cassava residue 

5:5 
6:4 
7:3 
8:2 

0.7003  b 
0.6943  b 
0.6888  b 
0.5314  a 

3.8252  a 
3.6355  a 
3.4388  a 
3.1144  a 

0.96 
0.93 
0.94 
0.89 

Coffee residue: Cassava glue 
Coffee residue: Cassava glue 

7:3 
8:2 

0.9181  e 
0.7899  c,d 

13.4673  e 
10.8617  c,d 

0.99 
0.98 

R e m a r k :  T h e  s a m e  a l p h a b e t  m e a n s  t h e  s a m e  g r o u p  o f  s i g n i f i c a n c e . 
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        1) Density:  The density of all briquette were slightly difference in the range of 

0.53-0.92 g/cm3 among the types of binder. The briquette that used fermented water 

hyacinth as the binder had 0.75-0.82 g/cm3 of density, with the highest density (0.82 

g/cm3) at the ratio 5:5, while the other ratios had a slightly lower density (0.79, 0.78, 

0.77, 0.75 g/cm3) than the ratio of 5:5 significantly. These results means that 

fermented water hyacinth approximately 10% was enough to be used as binder in 

making briquette from coffee residue.  In addition, the density of briquette that used 

cassava residue as binder was slightly different (0.70, 0.69, 0.69, and 0.53 g/cm3) 

except for the ratio of 8:2 (0.53 g/cm3) that was significantly different at the level of 

0.05. However, it is appeared that the density was gradually decreased with amount of 

binder, meaning that density of briquette fuel will be changed significantly if cassava 

residue were mixed more than 20% by weight. In case of the briquette that used 

cassava glue as binder, they had the highest density among all kinds of briquettes and 

the difference was significantly high at the ratio of  7:3 (0.92 g/cm3). 

       2) Strength:  According to experimental results as shown in Table 4.3, it is shown 

that the briquettes had the strength between 3.11-15.43 kg/cm2. The highest  strength 

of the briquettes were appeared at the briquette using fermented water hyacinth at the 

ratios of 5:5, 6:4 (15.43, 12.96, kg/cm2) and cassava glue at the ratio of 7:3 (13.47 

kg/cm2). They also had higher strength significantly than the briquettes that mixed 

with fermented water hyacinth at the ratios of 7:3, 8:2 and 9:1 (9.03, 6.99, 3.70 

kg/cm2). However, the least strength at the ratio of 9:1 (3.70 kg/cm2) was appeared 

among the group of using fermented water hyacinth. In consideration to other binders, 

the strength of the briquette that mixed with cassava residue at the ratios of 5:5, 6:4, 

7:3 and 8:2 (3.83, 3.64, 3.44, 3.11 kg/cm2) were closely the same and were among the 

group of lowest strength.  Moreover, the strength of the briquettes depended on the 

amount of binder that was decreased relatively to the strength of the briquettes. 

       3) Shatter index:  As the results shown in Table 4.3, the shatter index of the 

briquettes were between 0.82-0.99. The briquette that used cassava glue as binder at 

the ratio of 7:3 had the highest shatter index (0.99), while using fermented water 

hyacinth as binder, at the ratio of 9:1 had lowest level of shatter index (0.82). In 

addition, we found that the shatter index were dependedly on the density and strength, 

meaning that there was a relationship among its physical properties namely when the 
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briquette had high density and strength, it usually had high in shatter index. From 

work done by S. Eriksson and M. Prior, they showed that the suitable fuel should have 

a shatter index between 0.5-1.0. Therefore, the briquette made from coffee residue that 

produced by using, either fermented water hyacinth, cassava residue or cassava glue, 

as binder are convenient to be handle and transport. 

 

        4.3.2  P r o x i m a t e  a n a l y s i s  o f  t h e  b r i q u e t t e s . 

        There were 11 samples of the briquettes made from coffee residue that had 

been analysed, as the results shown in Table 4-4. 

 

Table 4-4: Proximate analysis of the briquettes made from coffee residue. 
Component of the 

Briquette 
Ratio Moisture Content 

(wt.%) 
Ash Content 

(wt.%db) 
Volatile Matter 

(wt.%db) 
Fixed Carbon 

(wt.%db) 
CoR: FWH 
CoR: FWH 
CoR: FWH 
CoR: FWH 
CoR: FWH 

5:5 
6:4 
7:3 
8:2 
9:1 

4.5410  f 
4.6427  f 
4.1646  e 
4.2250  e 
4.2141  e 

4.2892  d 
3.4724  c 
2.4577  b 
2.0846  a 
1.6972  a 

86.7108  b 
87.0189  b 
89.0612  d 
89.7182  e 
90.1601  f 

9.0000 
9.5087 
8.4811 
8.1972 
8.1427 

CoR: CaR 
CoR: CaR  
CoR: CaR  
CoR: CaR 

5:5 
6:4 
7:3 
8:2 

3.8473  dh 
3.9117  d 
3.9081  d 
3.2004  a 

6.8571  e 
6.8525  f 
6.4805  e 
9.1921  g 

87.6679  b 
87.7516  c 
88.0365  c 
87.3808  a 

5.4750 
5.3959 
5.4830 
3.4271 

CoR: CaG  
CoR: CaG 

7:3 
8:2 

3.6879  c 
3.4338  b 

4.0933  d 
  3.9723  c,d 

92.0224  g 
92.5153  g 

3.8844 
3.5124 

General fire wood* 
General charcoal 

 4.3000 
4.6500 

     1.3998 
   10.2025 

   73.3257 
   18.1451 

   25.2745 
   71.6524 

Rem a rk :  *  re f e r  t o  work  d on e  by  t he  F uel  an d  N atu ra l  E ne rgy  Te s t in g  C en t er 

T h e  sa m e  a l p h a b e t  m e a n s  t h e  s a m e  g r o u p  o f  s i g n i f i c a n t l y  d i f f e r e n c e . 

 C o R  a s  C o f f e e  R e s i d u e ,  F W H  a s  F e r m e n t e d  W a t e r  H y a c i n t h , 

C a R  a s  C a s s a v a  R e s i d u e  a n d  C a G  a s  C a s s a v a  G l u e 

 

        1.1) Moisture content:  All the briquettes produced from coffee residue had 

moisture content almost 3.2-4.6% by weight, that closed to general firewood and 

charcoal (4.3, 4.65 wt.%). The moisture content of the briquette mixed with fermented 

water hyacinth at the ratios of 5:5 and 6:4 (4.5 and 4.6 wt.%) were higher significantly 

than the ratio of 7:3, 8;2 and 9:1 (4.2, 4.2, and 4.2, wt.%).  

 In addition, the moisture content of the briquettes mixed with cassava residue 

at the ratios of 5:5. 6:4 and 7:3 (3.8, 3.9, and 3.9 wt.%) were not significantly different 

but higher than the ratio of 8:2 (3.2 wt.%) significantly. Moreover, the briquette mixed 



Fac. Of Grad. Studies, Mahidol Univ.  M.Sc.(Appro. Tech. for Res.&Env. Dev.)/37 

cassava glue at ratio 7:3 (3.69 wt.%) had more moisture content than ratio 8:2 (3.43 

wt.%) significantly. In comparison among types of binder, it can be seen that the 

briquettes using fermented water hyacinth still be given a slightly higher moisture 

content than cassava residue and cassava glue, eventhough in briquette making 

process they were dried at 104 0C before packaging to prevent moisture content 

adsorption. As the moisture content effected the fuel quality, therefore the moisture 

content of qualified fuel should be kept in range of 4-8 wt.%. (12) For this reason, all 

the briquettes that produced from either fermented water hyacinth, cassava residue or 

c a s s a v a  g l u e  a s  b i n d e r  h a d  a  s u i t a b l e  m o i s t u r e  c o n t e n t . 

        1.2) Ash content:  The briquette mixed with cassava residue (6.9, 6.9, 6.5 and 

9.2 wt.%db) had highest ash content comparing with the briquette using cassava glue 

(4.1 and 4.0 wt.%db) and fermented water hyacinth (4.3, 3.5, 2.5, 2.1 and 1.7 wt.%db) 

as binder. The briquette mixed with cassava residue at the ratio of 8:2 had highest ash 

content (9.5 wt.%db), and different significantly from the ratio of 5:5, 6:4 and 7:3 (6.9, 

6.9, and 6.5 wt.%db). The briquette group of using cassava glue had lower ash content 

than using cassava residue as binder, but they have no significantly difference of ash 

c o n t e n t  i n  b o t h  r a t i o s  o f  7 : 3  a n d  8 : 2  ( 4 . 1  a n d  4 . 0  w t . % d b ) .   

 It can be seen that ash content were very much varied within briquette group of 

using fermented water hyacinth. Duing to higher amount of ash content in fermented 

water hyacinth (7.8 wt.%db) than the coffee residue (0.5 wt.%db), therefore, ash 

content of the briquette were gradually decreased with amount of binder. Moreover, 

the briquette at the ratios  of 8:2 and 9:1 had least ash content (2.1 and 1.7 wt.%db), 

and the briquette using cassava residue at the ratio of 8:2 had highest ash content (9.2 

wt.%db),. 

 Regarding use of cassava residue and cassava glue as binder, the results 

showed that low variation of  ash content with both groups were appeared. As to 

higher amount of ash in using cassava residue  than cassava glue that might be due to 

contaminated soil on the residue. However, when compared with general firewood 

and charcoal, the briquette made from coffee residue had more ash content than the 

general firewood (1.4 wt.%db) but lower than charcoal (10.2 wt.%db). 

 1.3) Volatile matter: All analysed briquettes had volatile matter ranging from 

90.2-92.5 wt.%db. They had more volatile matter than the general firewood (73.3 



Nopporn Sudjaitham  Results and Discussion/38 

wt.%db) and charcoal (18.1 wt.%db) or even coffee residue alone (88.2 wt.%db).  In 

case of the general charcoal had less volatile matter than the briquettes because in 

making charcoal tar and gas had been reduced from wood that passed carbonization 

process. (16) 

 Regarding use of cassava residue and cassava glue as binder, the briquette 

mixed with cassava glue (92.0, and 92.5 wt.%db) had highest volatile matter 

comparing with briquette using cassava residue (87.7, 87.7, 87.0 and 87.4 wt.%db) 

and fermented water hyacinth (4.3, 3.5, 2.5, 2.1 and 1.7 wt.%db) as binder. It can also 

be seen that there are slightly variation of volatile matter within each group. As to 

higher amount of volatile matter in using cassava glue (88.2%db) than cassava residue 

(84.6%db) that might be due to closely amount of volatile matter in both coffee 

residue and cassava binder.  

        1.4) Fixed Carbon:   According to the results shown in Table 4.4, it is showed 

that fixed carbon in the briquettes made from coffee residue with fermented water 

hyacinth (9.0, 9.5, 8.5, 8.2 and 8.1 wt.%db) were higher than with cassava residue (5.5, 

5.4, 5.5 and 3.4  wt.%db) and cassava glue (3.9 and 3.5 wt.%db).  It can be seen that it 

was very much lower than firewood (25.3 wt.%db) and chacoal (71.7 wt.%db), 

meaning their efficiency of heat utilization should be also lower than firewood and 

charcoal. In order to compare the influence of  binder to the amount of fixed carbon in 

the briquettes, it can also be seen that at the same ratio of 7:3, fermented water 

hyacinth (8.5 wt.%db) can give higher fixed carbon than cassava residue (5.5 wt.%db)  

and cassava glue (3.9 wt.%db). Among the same group of binder, it is appear that  

t h e y  a r e  m o r e  o r  l e s s  t h e  s a m e  i n  t h e  a m o u n t  o f  f i x e d  c a r b o n . 

 1.5) Calorific value :  As the results shown in Table 4-5 and Figure 4-1, all the 

briquettes that were produced, they had calorific value of 4,700-5,700 kcal/kg, higher 

than firewood (4,436 kcal/kg) but lower than charcoal (6,552 kcal/kg) significantly, In 

order to compare the influence of different binder to the calorific value of the 

briquettes, it can be seen that at the same ratio of 7:3, fermented water hyacinth (5,336 

kcal/kg) can give higher calorific value than cassava residue (4,693 kcal/kg) and 

cassava glue (5,628 kcal/kg). However, within the same group of binder, the calorific 

value are more or less the same but slightly increasing in relation with decreasing of 

binders are also appeared. However, these change are consistent with fixed carbon and 
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volatile matter. Among groups of binder, using cassava glue (5,628 and 5,692kcal/kg) 

the briquettes can give higher calorific value than fermented water hyacinth (5,230, 

5,278, 5,336, 5,446 and 5,428 kcal/kg) and cassava residue (4,539, 4,555, 4,693 and 

4,932 kcal/kg).   

 

Table 4-5: Calorific value of the briquette made from coffee residue. 

Component of the briquette.  Ratio Calorific value  
(kcal/kg) 

Coffee residue: Fermented water hyacinth 
Coffee residue: Fermented water hyacinth 
Coffee residue: Fermented water hyacinth 
Coffee residue: Fermented water hyacinth 
Coffee residue: Fermented water hyacinth 

5:5 
6:4 
7:3 
8:2 
9:1 

5,230.59  e 
5,278.48  f 
5,336.05  g 
5,446.55  h 
5,428.22  h 

Coffee residue: Cassava residue 
Coffee residue: Cassava residue 
Coffee residue: Cassava residue 
Coffee residue: Cassava residue 

5:5 
6:4 
7:3 
8:2 

4,539.56  b 
4,555.85  b 
4,693.54  c 
4,932.93  d 

Coffee residue: Cassava glue 
Coffee residue: Cassava glue 

7:3 
8:2 

5,628.45  i 
5,692.90  j 

General fire wood 
General charcoal 

 4,436.00  a 
6,552.10  k 

Rem a rk:  The  sa me a lph a b et  mean s  t h e  sa me g ro up  o f  s i gn i f i ca nt l y  d i f f e rence . 

 

 

 

 

 

 

 

 

Figure 4-1: Calorific value of the briquettes, comparing with firewood and charcoal. 

Remark:    1, 2, 3, 4, 5 were coffee residue: fermented water hyacinth at ratios 5:5, 6:4, 7:3, 8:2, 9:1  
6, 7, 8, 9 were coffee residue: cassava residue at  ratios 5:5,  6:4,  7:3,  8:2  
1 0  a n d  1 1  w e r e  c o f f e e  r e s i d u e :  c a s s a v a  g l u e  a t  r a t i o s  7 : 3  a n d  8 : 2  
1 2  a n d  1 3  w e r e  t h e  g e n e r a l  f i r e w o o d  a n d  g e n e r a l  c h a r c o a l 

 

        1.6) Efficiency of fuel heat utilization:   According to the results shown in 

Table 4-6 and Figure 4-2, the briquettes had efficiency of fuel heat utilization ranging 
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from 13.3-23.4%, and were close to that of general firewood (19.0 %) but lower than 

the charcoal (46.2 %).  

Table 4-6: Efficiency of fuel heat utilization and time of  burning. 

Component of the briquette. Ratio Efficiency of fuel heat 
utilization   (%) 

Time of  burning 
(minute) 

Coffee residue: Fermented water hyacinth 
Coffee residue: Fermented water hyacinth 
Coffee residue: Fermented water hyacinth 
Coffee residue: Fermented water hyacinth 
Coffee residue: Fermented water hyacinth 

5:5 
6:4 
7:3 
8:2 
9:1 

18.84 
18.03 
18.05 
20.10 
13.30 

43 
33 
34 
61 
27 

Coffee residue: Cassava residue 
Coffee residue: Cassava residue 
Coffee residue: Cassava residue 
Coffee residue: Cassava residue 

5:5 
6:4 
7:3 
8:2 

23.37 
23.27 
19.82 
19.19 

43 
54 
39 
39 

Coffee residue: Cassava glue 
Coffee residue: Cassava glue 

7:3 
8:2 

15.32 
16.79 

35 
32 

General fire wood 
General charcoal 

 19.00 
46.17 

40 
82 

 

 

 

 

 

 

 

 

 

 

 

 

  Figure 4-2: Efficiency of fuel heat utilization 

  Remark: 1, 2, 3, 4, 5 were coffee residue: fermented water hyacinth at ratios of 5:5, 6:4, 7:3, 8:2, 9:1,  
6, 7, 8, 9 were coffee residue: cassava residue at ratios of 5:5, 6:4, 7:3, 8:2  
1 0  a n d  1 1  we re  co f f ee  r e s i du e :  ca ssav a  g l u e  a t  ra t i o s  of  7 :3  a nd  8 :2 
1 2  a n d  1 3  w e r e  t h e  g e n e r a l  f i r e w o o d  a n d  g e n e r a l  c h a r c o a l . 

 

       The briquettes that mixed with cassava residue at the ratio of 5:5 and 6:4 had 

highest efficiency of 23.4 and 23.3 % and slightly lower belong to 7:3 (19.8 %) and 

8:2 (19.2 %). Although, at the ratio of 5:5 and 6:4 had slightly lower calorific value 

(4,540 and 4,556 kcal/kg) than other ratios of 7:3 (4,693 kcal/kg) and 8:2 (4,932 
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kcal/kg), but it had higher strength and could agglomerate well. In case of using 

cassava glue they are rather low in efficiency (15.3 and 16.8 %) but high in calorific 

value than cassava residue and fermented water hyacinth. 

       Regarding the briquettes made of coffee residue with fermented water hyacinth, at 

the ratio of  8:2 (20.1 %) it is rather high in efficiency than the others (1.8, 18.0, 18.0, 

and 13.3 %), but in general their efficiency and amount of binder are relatively 

decreased with the same as using cassava residue. As the briquette at the ratio of 9:1 

had lowest efficiency of using fuel heat (13.3 %) eventhough it was high in calorific 

value (5,428 kcal/kg). In addition, it was also low in strength (3.7 kg/cm2), causing 

poor in agglomeration that making the briquette can not be cut into 10 centimeter and 

can not burn well. Therefore, at the ratio of 8:2 (20% of binder) is more suitable than 

the others as it gives more advantage in case of using fermented water hyacinth as 

binder 

 

       Although the briquette that can agglomerate well had low calorific value, they can 

have high fuel efficiency.  In addition, it took longer time to burn and involved the 

boiling of many pots of water. Considering the calorific value shown, the coffee 

residue had high calorific value (6,038 kcal/kg) and also volatile matter (90.85 

wt.%db).  In addition, 11 samples of the briquette that composed of high proportion of 

coffee residue always contained high calorific value and volatile matter, causing high 

fumes and contaminant. So the briquettes are not convenient for using in the 

household. 

       In addition, in case of replacement to general firewood and charcoal, results show 

that the briquettes (4,700-5,700 kcal/kg) had more calorific value than general 

firewood (4,436 kcal/kg) but less than general charcoal (7,690 kcal/kg). The efficiency 

of fuel heat utilization of the briquette (13.3-23.4 %) was close to general firewood 

(19 %) but they released high fumes. So the briquettes are suitable for using in the 

industrial field that complete combustion are controllable. 

       Considering the transportation aspect of the briquette, it shows that the pressed 

coffee residue was convenient for use and transporting. Their shatter index was 0.82-

0.99 %, showing the tolerance level was high. For this reason, every ratio of the 

briquettes can be produced, with the more convenience of the briquette processing to 
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that of cassava residue and cassava glue than fermented water hyacinth as binder. This 

is due to the cassava residue was the agricultural waste that its quantity is high with  

no purchasing cost but had only storage cost. In addition, the cassava glue that was 

produced from cassava starch had low cost and used at small quantity. However, even 

the fermented water hyacinth have also no purchasing cost and high calorific value 

(3,096 kcal/kg) but preparation process is cost efficient, duing to they had to be 

collected from the water resource and spent 1-2 months for being fermented. So there 

was a large difference between fermented water hyacinth and cassava residue and 

cassava glue in preparation. 

       Moreover, there are differently properties of fuel, for example, the briquette that 

used cassava glue as binder at the ratio of 8:2 had high calorific value (5,692.9 

kcal/kg), and contained low ash content (4.0 wt.%db), but it contained highest volatile 

matter (92.5 wt.%db). Moreover, the briquette mixed with fermented water hyacinth 

at the ratios of 8:2 and 9:1 had lower calorific value (5,446.5 and 5,428.2 kcal/kg), but 

had least ash content (2.1 and 1.7 wt.%db). In addition, it contained lower volatile 

matter (89.7 and 94.13 wt.%db) than the briquette that mixed with cassava glue. So 

when considering the environmental aspect it shows that the briquette mixed with 

fermented water hyacinth at ratios 8:2 and 9:1 had less effect than the briquette mixed 

with cassava glue at the ratio of 8:2.  

       According to fuel properties of the briquette, in general the results show that there 

are a relationship among their properties but they were slightly different, therefore 

every type and ratio of the briquettes can be produced for using in the industrial 

field.and.  However, we can see that in this experiment the briquettes are quite high in 

volatile matter duing to raw materials especially coffee residue and cassava had highly 

volatile matter. Consequently, low fixed carbon content and low in efficiency of fuel 

heat utilization but rather high of smoke. Therefore, it is not worth to be developed as 

char or coke for specific use. More advantage could be obtained from direct use as 

coffee residue or briquette fuel, but temperature should adequately be high to make 

complete combustion.  
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4.4  Economic Analysis 
 

       In the process of making briquette from coffee residue, value of  fixed cost,  

variable cost,  and capital cost per year are of 127,600 baht, 0.2933 baht/kg and 

192,420 baht, as the details shown in Appendix B.   

       When the briquette made from coffee residue are sold at the minimum price of 1 

baht/kg. The net present value (NPV) of the project will be  33,419 baht at the 15% 

rate of return, then if the internal rate of return (IRR) is 24 %, the break even point is 

15,047 kg/month and the pay back period is 3 years and 8 months.  

       However, when the briquette is sold at 1.25 baht/kg., the net present value (NPV) 

of the project will be 234,551 baht at the 15% rate of return. If the internal rate of 

return (IRR) is 75 %, the break even point is 11,115 kg/month and the pay back period 

is 1 year and 5 months. 

       Regarding economic value analysis, the net present value must be >  0. If the NPV 

that equals 0 mean the project can receive the profit as the interest. In case of the IRR, 

it must be more or equivalent to the minimum rate of return (MARR) providing the 

project has economic value. The results of  these 2 cases of prices show that the NPV 

is positive and IRR are more than MARR of 15%, proving the project is valuable for 

the investment. 

 

4.5 Utilization 

 
       The briquette made from coffee residue had an advantages of being the 

replacement fuel. The coffee residue was the industrial waste that was available in 

high quantity. Based on statistical data of the coffee bean usage in 1999, there was 

coffee residue 7,840-11,750 ton with 60 per cent of moisture content or 3,136-4,700 

ton on dry basis (wt.%db). 

 

        4.5.1 Utilization of coffee residue. 
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        Base on statistic data in 1999, the coffee residue approximately 4,000 ton/year 

was produced in Thailand. It has the calorific value of 6,038 kcal/kg, which close to 

charcoals of 6,552 kcal/kg but more than the calorific value of general firewood 

(4,436 kcal/kg). After reducing the moisture content of the coffee residue, it has 

calorific value of 2.4152 x 1010 kcal or 10.1120 x 107 MJ.  In comparison with the 

stove oil in which it has the calorific value of 39.23 MJ/l at the price of 7 baht/l.  The 

calorific value of the coffee residue is equavalent to amount of stove oil 2.5778 x 106 l 

with the value of 18.0433 million baht. (1Btu/lb=2.326J/g, 1.8 Btu/lb=1cal/g) (44) 

meaning that the factory can save the money about 18 mbaht/year  These results have 

implied significantly to the benefit that can be obtained from recycling waste of coffee 

residue.  

 

        4.5.2 Utilization of briquette made from coffee residue. 

        After the coffee residue was densified, the briquette approximately 4,000 

ton/year with the calorific value of 5,000 kcal/kg had been produced. Therefore, its 

total calorific value of 2 x 1010 kcal is equivalent to 2.1345 x 106 l of stove oil. 

Considering the energy use in comparison with stove oil, it can be seen that when we 

use the coffee residue as the fuel it money of about 14.9414 mbaht/year can be saved.  

Regarding the utilization of the briquette fuel, it can be seen that the briquette made 

from coffee residue was more convenient to use as fuel than coffee residue, either in 

term of transport or usage. It is, therefore, useful to other industrial and also household 

activities. Furthermore, producing coffee residue as the briquette can reduce to that of 

industrial waste and also environmental problems.  

 

 



Fac. Of Grad. Studies, Mahidol Univ.  M.Sc.(Appro. Tech. for Res.&Env. Dev.)/45 

 

 

CHAPTER V 

CONCLUSION AND RECOMMENDATION 

 

 

5.1 Conclusions 

 

5.1.1 Briquette fuel qualities 

       In this experiment, there are 11 treatments, namely, five of coffee residue mixed 

fermented water hyacinth in ratios 5:5 6:4 7:3 8:2 and 9:1, five of coffee residue 

mixed cassava residue in ratios 5:5  6:4  7:3  8:2, and coffee residue mixed cassava 

glue in ratios 7:3 8:2 and 9:1. Their physical qualities were the density (0.53-0.92 

g/cm3), strength (3.11-15.43 kg/cm2) and the shatter index (0.82-0.99) that presented 

the ability of the briquette fuel for its toleration in transportation. Considering, the 

briquette fuel qualities shown the briquette fuel had moisture content (3.4-4.6 per 

cent), ash content (1.77-9.50 per cent) and volatile matter (90.27-95.81per cent). The 

briquette fuel had high total carbon and low sulfur because the coffee residue, 

previously, the raw material had high total carbon (58.65 per cent) and low sulfur 

(0.19 per cent). In addition, the briquette mixed cassava glue at ratio 8:2 had highest 

calorific value (4,700-5,700 kcal/kg) and efficiency of using fuel heat (13.3-23.4 per 

cent). In addition, the efficiency of using fuel heat of the briquette fuel was almost as 

efficient as using fuel heat of general firewood (19 per cent). Moreover, the briquette 

fuel mixed cassava glue at ratio 8:2 had highest calorific value (5,692.90 kcal/kg) and 

the briquette fuel mixed cassava residue at ratio 5:5 and 6:4 had highest efficiency of 

using fuel heat (23.37 and 23.27 per cent). 

       The convenience of the process using cassava residue or cassava glue as the 

binder was better than using fermented water hyacinth, because both of them can mix 

with the coffee residue immediately. On the other hand, the water hyacinth must 

spend 1-2 months for fermentation. In addition, the coffee residue had high calorific 
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value and the briquette fuel can be tolerable with the cash force, so every kind and 

ratio of the briquette can be produced. 

 

       5.1.2 Economic analysis 

       When the briquette made from coffee residue was sold at the minimum price of 1 

baht/kg the net present value (NPV) was 33,419 baht at 15 per cent of the rate of 

return, the internal rate of return (IRR) was 24 per cent, the break even point was 

15,047 kg/month and the pay back period was 3 years and 8 months when the 

briquette was sold at 1.25 baht/kg. The net present value (NPV) was 234,551 baht at 

15 per cent of the rate of return, the internal rate of return (IRR) was 75 per cent, the 

break even point was 11,115 kg/month and the pay back period was 1 year and 5 

months.  The results of 2 cases of prices show that the NPV was positive and IRR 

were more than MARR by 15 per cent proving the project was a viable investment. 

 

       5.1.3 Utilization 

       There was 4,000 ton/year of coffee residue. It had 6,038 kcal/kg of calorific value. 

It had 2.4152 x 1010 kcal or 10.1120 x 107 MJ. When compared with the stove oil that 

had 39.23 MJ/l of the calorific value and 7 baht/l. The coffee residue equaled 2.5778 x 

106 l of stove oil and its value was 18.0433 million baht. (44)  In addition, after the 

coffee residue was pressed, there was 4,000 ton/year of the briquette that had 5,000 

kcal/kg. Its total calorific value was 2 x 1010 kcal and equaled 2.1345 x 106 l of stove 

oil. Considering the energy use by comparison with stove oil it can be shown that 

when using coffee residue as the fuel it can save money, 14.9414 million baht per 

year. In addition, the briquette made from coffee residue was more convenient for use 

than coffee residue as the fuel. Moreover producing the coffee residue as the briquette 

was reduced to that of industrial waste. So the briquette was suitable for use in the 

industrial field.  
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5.2  Recommendations 

 
       From all results of this study as mentioned above, it can be recommended as 

given below: 

       5.2.1 Improving the briquette fuel qualities in order to reduce volatile matter and 

to be harmonious with the charcoal by using hot and high densification is 

recommended for further study.  

       5.2.2 Replacement of briquette fuel made from the coffee residue with other solid 

fuel in the instant coffee factory or the other factory is recommended. 
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APPENDIX A 

Efficiency of Fuel Heat Utilization 

 

 
Table A-1: Time and temperature for boiling water using the briquette fuel made 

from coffee residue that mixed with fermented water hyacinth at 

different  ratio.

Temperature of water (°C) 
5:5 6:4 7:3 8:2 9:1 Time 

(min) 
1 2 1 2 1 2 1 2 1 2 

0 
3 
6 
9 
12 
15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 

29.5 
39.0 
47.0 
57.5 
74.0 
90.0 

100.0 
 

30.0 
41.0 
49.0 
54.0 
59.0 
64.0 
67.5 
71.0 
74.0 
77.0 
79.0 
81.5 
81.5 
83.0 

29.5 
38.0 
46.5 
56.0 
73.0 
87.0 
97.5 
100 

 

30.0 
38.0 
46.0 
52.0 
56.0 
61.0 
65.0 
68.5 
71.0 
73.5 
75.5 
76.8 
78.5 
78.5 
78.5 
78.5 

29.5 
38.0 
50.0 
62.0 
77.0 
91.5 
99.5 
100.0 

30.1 
40.5 
49.5 
55.5 
61.0 
65.0 
69.0 
72.0 
75.0 
76.5 
77.5 
78.5 
79.0 
80.0 
80.0 

30.0 
36.0 
42.0 
54.0 
66.0 
81.5 
100.0 

30.0 
46.0 
57.0 
68.0 
74.0 
79.0 
84.0 
89.0 
91.0 
94.0 
95.0 
95.5 
97.0 

28.5 
34.0 
42.0 
54.5 
69.5 
85.0 
95.0 
99.5 

28.0 
33.5 
38.0 
41.0 
43.5 
45.0 
46.0 
46.5 
47.0 
47.5 
47.5 
47.8 

Remark :   1 and 2 were the number of pot 
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Table A-2: Time and temperature for boiling water using the briquette fuel made 

from coffee residue that mixed with cassava residue at different ratio.  

Temperature of water (°C) 
5:5 6:4 7:3 8:2 Time 

(min) 
1 2 1 2 1 2 1 2 

0 
3 
6 
9 
12 
15 
18 
21 
24 
27 
30 
33 
36 
39 
42 

30.0 
37.0 
48.0 
58.0 
68.0 
79.0 
89.5 

100.0 
 
 

30.0 
46.5 
58.0 
66.0 
73.0 
76.0 
81.0 
83.0 
84.5 
87.5 
90.0 
92.0 
92.5 
94.0 

 

30.0 
40.0 
55.0 
74.0 
89.0 
100.0 

32.0 
49.0 
62.0 
70.0 
74.0 
78.0 
82.5 
85.5 
89.0 
91.0 
93.0 
94.5 
95.5 
96.0 
96.0 

30.0 
40.0 
49.0 
63.0 
77.0 
91.0 

100.0 

30.0 
37.0 
46.0 
52.0 
58.0 
62.0 
66.0 
69.0 
71.0 
73.0 
75.0 
76.0 
77.0 
77.0 

29.0 
38.0 
47.0 
59.0 
72.0 
88.0 

100.0 

30.0 
43.0 
51.0 
56.0 
62.0 
66.0 
70.0 
73.0 
75.0 
76.5 
78.5 
78.5 

Remark :   1 and 2 were the number of pot 

 

 

Table A-3: Time and temperature for boiling water using the briquette fuel made 

from coffee residue that mixed with cassava glue at different ratio.  

Temperature of water (°C) 
7:3 8:2 

Time 
(min) 

1 2 1 2 
0 
3 
6 
9 
12 
15 
18 
21 
24 
27 
30 
33 
36 

28.0 
34.5 
45.0 
61.0 
71.0 
84.0 
95.0 

100.0 

28.5 
37.0 
43.5 
47.5 
51.5 
56.0 
59.0 
61.5 
63.0 
63.5 
64.0 
64.5 
65.0 

28.0 
32.0 
41.0 
55.0 
68.0 
81.5 
94.0 

100.0 

28.0 
40.0 
46.0 
51.5 
57.0 
61.0 
66.5 
69.0 
70.5 
72.0 
73.5 
74.5 
75.0 

Remark :   1 and 2 were the number of pot 

 

 

 

 



Nopporn Sudjaitham    Appendix A/ 54 

Table A-4: Time and temperature for boiling water, using the general charcoal 

 

Temperature of water (°C) Time 
(min) 1 2 3 4 

0 
3 
6 
9 

12 
15 
18 
21 
24 
27 
30 
33 
36 
39 
42 
45 

29.5 
30.5 
33.0 
36.0 
40.0 
46.0 
53.0 
61.0 
70.5 
80.5 
91.5 

100.0 

29.0 
43.0 
55.5 
70.5 
85.5 
98.5 

 

42.0 
54.0 
66.0 
75.0 
85.0 
92.0 
97.5 

28.0 
37.0 
43.0 
48.0 
53.0 
58.0 
61.0 
64.0 
66.0 
68.0 
69.0 
70.0 
71.0 
71.0 
72.0 
72.0 

Remark :   1, 2, 3 and 4 were the number of  pot 
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APPENDIX B 

Economic Analysis 
 

 

       The economic analysis was divided into 3 parts that were the capital cost, price and 

economic value analysis methods as shown: 

 

1. Capital cost 

There were 3 types of cost as follows: 

1) Machine cost and depreciation.   

2) Electricity cost,  and  

3) Transportation cost.  

 

        1.1  Machine cost and depreciation 

        For briquette made from coffee residue process, the machine costs are shown in 

Table B-1 

 

Table B-1: Machine cost in making briquette from coffee residue process. 

Types of machinery Cost (Baht) 

1. Cold and low pressure densification, Conical screw press 5 Hz 

Productivity 100 kg/hr 

2. Hammer mill chopper 7.5 Hz, Productivity 300 kg/hr 

3. Mixing machine 5 Hz, Productivity 200 kg/hr 

65,000 

 

45,000 

30,000 

Total 140,000 

Source: interview from Utsaphattana Settakrit Co. Ltd, 2003 

 

      The annual depreciation was determined by dividing the first cost, or unadjusted basis 

minus any salvage value and divided by the recovery period of the project. The calculation 

can be done as the following equation :- 

         Dt  =  P  -  L 

           N 
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Where:  t   =  year (t = 1, 2, …, n) 
   Dt  =  annual depreciation charge 
   P =  first cost (baht) 
   L =  salvage value (baht) 
   N = recovery period 
 

       As shown in Table B-1, the machine cost was 140,000 baht, the annual depreciation 

was 22,400 baht (20% of first cost) and the salvage cost was 28,000 baht when the 

recovery period of the project was 5 years. 

 

       1.2  Electricity cost 

 

       The project assumed the briquette  produced 800 kg/day or 240,000 kg/year. In 

addition, the conical screw press, the hammer mill chopper and the mixing machine were 

operated 8 hr/day, 1.5 hr/day and 4 hr/day, respectively. The electricity cost was calculated 

as shown: 

            Electricity (Unit)  = Electricity power (kW) x Working hour (hr) 

1) Conical – screw press 5Hz (1 Hz = 0.746 kW) 

         Electricity per year  = 3.73 kW  x 8 hr x 300 day  =  8,952 Unit 

2) Mixing machine 5Hz 

         Electricity  per year  = 3.73 kW  x 4 hr x 300 day  =  4,476 Unit 

3) Hammer mill chopper 7.5Hz 

         Electricity  per year  = 5.60 kW  x 1.5 hr x 300 day  =  2,518 Unit 

       In this process, the electricity used was 15,946 unit/year, the electricity cost was 2.11 

baht/unit or 33,650 baht/year and the electricity cost per unit that used to produce briquette 

made from coffee residue was 0.14 baht/kg. 

 

       1.3  Transportation cost 

 

       The transportation cost that obtained from interviewing the Chacheangsoa 

Transportation Co. Ltd. in 2003, was used for calculation.  It is the rate of 900 baht per 30 

kilometers and one truck can contain 26 tons.  After the briquette was dried, the weight of 

briquette was only 40% of  the coffee residue weight. So one truck can contain 10.4 tons of 

the briquette, and the transportation cost of briquettes was 0.0865 baht/kg. Therefore, in 
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the production process of 240,000 kg of the briquette, the transportation cost would be 

20,770 baht. The capital cost was shown in Table B-2 

 

Table B-2: Fixed cost and Variable cost per unit of briquette made from coffee residue   

processing. 

Type Cost 
(baht/yr.) 

Cost per 
unit 

(baht/kg) 

Remarks 

Fixed cost 
1. Machines cost 
2. Labor cost 
                  Total 
Variable cost 
1. Electricity cost 
2. Maintenance cost 
3. Transportation cost 
4. Etc. 
                 Total 

 
28,000 
99,600 

127,600 
 

33,650 
14,000 
20,770 
2,000 

70,420 

 
 
 
 
 

0.1402 
0.0583 
0.0865 
0.0083 
0.2933 

Productivity yield 240,000 kg/yr. 
 
 
Salary 4,150 bath/human            
(calculate from labour cost is 166 
bath/human/day, use 2-labor force) 
 
 
2.11 baht/unit 

Total 198,020   
 

 

2. Price 

 
       The price of briquette made from coffee residue was calculated as follows;- 

        Price  = cost of capital per year (operation cost) + benefit   

         Capital Cost/year = labor cost+electricity cost + maintenance cost + transportation  

     cost + depreciation + etc. 

        = 99,600 + 33,650 + 14,000 + 20,770 + 2,000 +22,400   

     = 192,420 baht 

         Capital Cost/kilogram = 192,420/240,000   

= 0.8018 baht/kg 

        The price of briquette made from coffee residue was determined  2 cases that were 

minimum price of 1 baht/kg  and 1.25 baht/kg 
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        2.1  Minimum price 

        The minimum price was calculated from the least income that made net present 

value equal 0, devided by quantity of briquette (kg) that were sold. The cash-flow diagram 

was shown in Figure B-1 

 

 

 

 

 

 

 

 

Figure B-1: Cash-flow diagram of producing briquette made from coffee residue 

 

        In addition, the minimum price was calculated from the present value of income 

that made NPV = 0 (R), machine cost (P) = 140,000 baht, capital cost per year (D1, D2, 

…,D5) = 192,420 baht, salvage value (L) = 28,000 baht and (Minimum Rate of Return: 

MARR) =15 %. The MARR was chosen at 15% because it includes 7% of interest rate in 

2003 and 8% of goal of the benefit. 

NPV  =  R(P/A, 15%, 5) + L(P/F, 15%, 5)  - P - D(P/A, 15%, 5) 

0  =  R(3.3522) + 28,000(0.4972)  - 140,000 - 192,420(3.3522)  

 R =  230,031 baht 

       In this process, briquette made from coffee residue produced 240,000 kg/year and the 

income that made NPV = 0 was 230,031 baht/year. So the minimum price was 0.9585 

baht/kg or about 1 baht/kg. 

 

       2.2 Price at 1.25 baht/kg  

 

        Price (baht/kg) = 0.8018 + 0.4009  = 1.2027 = 1.25 baht. 

       So in this research, economic values were considered for  2 prices of briquette made 

from coffee residue, namely 1 baht and 1.25 baht. 

 

P 
D1 D2 D3 D4 D5 

R1 R2 

R5  

R4 R3 L 

MARR = 15% 



Fac. Of Grad. Studies, Mahidol Univ.  M.Sc.(Appro. Tech. for Res.&Env. Dev.)/59 
�

3. Methods for determining economic value 

 
       Methods for determining economic values were divided in 2 cases, specifically 1 baht 

and 1.25 baht. The methods for determination were 1) Net Present Value ( NPV) and 2) 

Internal Rate of Return: IRR 

 

       3.1 Price at 1 baht 

 

               3.1.1  Net Present Value: NPV 

               The net present value can be calculated from 240,000 kg/year of briquette 

product, machine cost (P) = 140,000 baht, cost of capital per year (D1, D2, …,D5) = 

192,420 baht, income per year (R1, R2, …,R5)  = 240,000 baht, salvage value (L) = 28,000 

baht and (Minimum Rate of Return: MARR) =15 % 

NPV  = 240,000(P/A, 15%, 5) + 28,000(P/F, 15%, 5)  - 140,000 - 192,420(P/A, 15%, 5) 

=  240,000(3.3522) + 28,000(0.4972)  - 140,000 - 192,420(3.3522)  

 =  33,419 baht. 

 

       3.1.2 Internal Rate of Return: IRR 

       The Internal Rate of Return was the interest rate that provided net present value 

equaled 0. IRR can be calculated as follows: 

       R(P/A, i%, 5) + L(P/F, i%, 5)  - P - D(P/A, i%, 5) = 0 

       240,000(P/A, i%, 5) + 28,000(P/F, i%, 5)  - 140,000 - 192,420(P/A, i%, 5)  =  0 

       IRR from this calculation was 24%.  

        In addition, there were consistent methods that were used to determine the 

economic value.  Those were the Break even point and Payback period. 

        Break even point 

  Break even point  =               Fixed cost              . 
                            Price – Variable cost 
     =             10,634      .   
                                1 – 0.2933 

=  15,047 kg/month 
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        Payback period 

        Payback period is the number of years that was the present value of income minus 

the present value of expense then the result equaled 0. When machine cost (P)                            

= 140,000 baht, cost of capital per year (D1, D2, …,D 5) = 192,420 baht, income per year   

(R1, R2, …,R 5)  = 240,000 baht, salvage value (L) = 28,000 baht and (Minimum Rate of 

Return: MARR) =15 %  

        R(P/A, 15%, n) + L(P/F, 15%, n)  - P - D(P/A, 15%, n) = 0 

        (R-D)(P/A, 15%, n) + L(P/F, 15%, n)  - P = 0 

        Payback period by opening the interest rate table was 3 years and 8 months. 

 

       3.2 Price at 1.25 baht 

 

               3.2.1  Net Present Value: NPV 

               Net present value can be calculated from 240,000 kg/year of briquette product, 

machine cost (P) = 140,000 baht, cost of capital per year (D1, D2, …,D 5) = 192,420 baht, 

income per year (R1, R2, …,R 5)  = 300,000 baht, salvage value (L) = 28,000 baht and 

(Minimum Rate of Return: MARR) =15 % 

NPV  =  300,000(P/A, 15%, 5) + 28,000(P/F, 15%, 5)  - 140,000 - 192,420(P/A, 15%, 5) 

=  300,000(3.3522) + 28,000(0.4972)  - 140,000 - 192,420(3.3522)  

 =  234,551 baht 

 

        3.2.2 Internal Rate of Return: IRR 

        Internal Rate of Return was the interest rate that provided net present value equaled 

0. IRR can be calculated as follows 

        R(P/A, i%, 5) + R6(P/F, i%, 5)  - P - D(P/A, i%, 5) = 0 

        300,000(P/A, i%, 5) + 28,000(P/F, i%, 5)  - 140,000 - 192,420(P/A, i%, 5)  =  0 

        IRR from this calculation was 73%.   

        There were consistent methods that were used to determine the economic value as 

follows: 
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        Break even point 

Break even point =             10,634          .   
                          1.25 – 0.2933                            

     = 11,115 kg/month 
 
        Payback period 

        When machine cost (P) = 140,000 baht, cost of capital per year (D1, D2, …,D 5) = 

192,420 baht, income per year (R1, R2, …,R 5)  = 300,000 baht, salvage value (L) = 28,000 

baht and (Minimum Rate of Return: MARR) =15 %  

(R-D)(P/A, 15%, n) + L(P/F, 15%, n)  - P = 0 

Payback period by opening the interest rate table was 1 years and 5 months. 
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APPENDIX C 
 

 

 

 

 

 

 

 

 

 

 

 

Figure C-1: Characteristic of coffee residue 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C-2: Characteristic of fermented water hyacinth 
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Figure C-3: Cold and low-pressure densification by using conical screw press 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C-4: Characteristic of briquette fuel made from coffee residue 

 

 



Nopporn Sudjaitham    Biography/ 64 

BIOGRAPHY 

 

 
NAME Ms. Nopporn Sudjaitham 

DATE OF BIRTH March 6, 1979 

PLACE OF BIRTH Bangkok, Thailand 

INSTITUTIONS ATTENDED Thammasat University, 1996-2000 

 Bachelor of Scince 

 (Rural Technology Science) 

 Mahidol University, 2000-2003 

 Master of Science (Appropriate  

 Technology for Resources and 

 Environmental Development) 

FELLOWSHIP/  Energy Conservation Promotion Fund, 

RESEARCH GRANT Energy Policy and Planing office, 

 Ministry of Energy 




