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ABSTRACT 
 The purpose of this study is to identify oil palm plantation area and estimate 
the amount of oil palm by-products, which consist of by-products from field activities  
(oil palm trunks and fronds) and from palm mills (shells, empty fruit bunches, fibres 
and palm oil mill effluent). In addition, technology patterns for oil palm by-products 
utilization in Thailand and other countries such as Malaysia and Indonesia are also 
identified. Then appropriate technology for oil palm by-products utilization is 
evaluated in term of commercial viability, environmental impact and public 
perception by 3 experts in economics, environment and social studies respectively. 
 In 2005, the oil palm plantation area in Krabi Province was about 96,000 
hectares, which includes 39,000 hectares of less than 20 years of age and 56,000 
hectares of more than 20 years of age. The estimation of oil palm by-products was 
about 5.7 million tons, which included oil palm trunks (4.7 million tons), felled fronds 
(900,000 tons), pruned fronds (24,000 tons), empty fruit bunches (36,000 tons), fibres 
(21,000 tons) and shells (9,000 tons). The technologies introduced for oil palm  
by-products utilization include mushroom cultivation technology, which is the most 
suitable, animal feeding, activated carbon and particleboard technologies, which are 
very suitable, and pulp and paper and vitamin E extraction technologies, which are 
moderately suitable. 
 In conclusion, appropriate technologies for each kind of oil palm by-products 
utilization in Krabi Province are; 1) mushroom technology for empty fruit bunches 
utilization; 2) animal feeding technology for palm oil mill effluent utilization;  
3) activated carbon technology for shells utilization; 4) particleboard technology 
fronds, empty fruit bunches, trunks and fibres utilization; 5) pulp and paper 
technology for trunks, fronds and empty fruit bunches utilization; and 6) vitamin e 
extraction technology for leaflet utilization respectively. In the future they should be 
developed and extended in Thailand’s industries, since this could convert oil palm 
by-products into value added materials and decrease waste from agriculture and 
manufacturing. 
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BY-PRODUCTS  / KRABI PROVINCE 
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บทคัดยอ 
 การศึกษาครั้งน้ีมีวัตถุประสงคเพ่ือจําแนกพื้นที่ปลูกปาลมนํ้ามัน ในจังหวัดกระบี่ และเพื่อประเมินปริมาณ
วัสดุพลอยไดจากปาลมนํ้ามัน ซึ่งประกอบดวย วัสดุพลอยไดที่เกิดจากกิจกรรมภายในสวน ไดแก ทางใบ และลําตน 
และวัสดุพลอยไดจากกระบวนการผลิตในโรงงานอุตสาหกรรม ไดแก ทะลายปาลมเปลา เสนใย กะลา และกากของ
เสียจากกระบวนการสกัดน้ํามัน รวมทั้งทําการศึกษารูปแบบของเทคโนโลยีการใชประโยชนวัสดุพลอยไดจากปาลม
นํ้ามัน ทั้งที่มีในประเทศไทย และจากตางประเทศ เชน มาเลเซีย และอินโดนีเซีย จากนั้นจึงทําการประเมินเทคโนโลยี 
โดยพิจารณา 3 ปจจัย คือ ดานเศรษฐศาสตรการลงทุน ดานผลกระทบสิ่งแวดลอม และดานการยอมรับของชุมชน 
 ป 2548 พ้ืนที่ปลูกปาลมนํ้ามันในจังหวัดกระบี่ มีประมาณ 600,000 ไร เปนพ้ืนที่ปลูกปาลมนํ้ามันที่มีอายุ
นอยกวา 20 ป ประมาณ 240,000 ไร และพ้ืนที่ปลูกปาลมนํ้ามันที่มีอายุมากกวา 20 ป ประมาณ 360,000 มีปริมาณ 
วัสดุพลอยได รวมทั้งสิ้นประมาณ 5.7 ลานตัน ประกอบดวย ปริมาณลําตนประมาณ 4.7 ลานตัน ปริมาณทางใบ
ประมาณ 900,000 ตัน ปริมาณทางใบที่เกิดจากการตัดแตงประมาณ 24,000 ตัน ปริมาณทะลายเปลาประมาณ 36,000 
ตัน ปริมาณเสยใยประมาณ 21,000 ตัน และปริมาณกะลาประมาณ 9,000 ตัน เทคโนโลยีที่เหมาะสมที่สามารถรองรับ
ปริมาณวัสดุพลอยไดจากปาลมนํ้ามัน ประกอบดวย เทคโนโลยีการเพาะเห็ดฟาง ซึ่งมีความเหมาะสมมากที่สุด 
รองลงมา ไดแก เทคโนโลยีการผลิตอาหารสัตว เทคโนโลยีการผลิตถานกัมมันต และเทคโนโลยีการผลิตไมพารติเคิล
บอรด มีความเหมาะสมมาก และเทคโนโลยีการผลิตเยื่อกระดาษ และเทคโนโลยีการสกัดวิตามิน อี มีความเหมาะสม
ปานกลาง 
 กลาวโดยสรุป คือ เทคโนโลยีที่เหมาะสมเพื่อการใชประโยชนวัสดุพลอยไดจากปาลมนํ้ามัน ในจังหวัด
กระบี่ ไดแก 1) เทคโนโลยีการเพาะเห็ดฟาง สําหรับการใชประโยชนทะลายเปลา 2) เทคโนโลยีการผลิตอาหารสัตว 
สําหรับการใชประโยชนกากของเสียจากโรงงาน 3) เทคโนโลยีการผลิตถานกัมมันต สําหรับการใชประโยชนจาก
กะลา 4) เทคโนโลยีการผลิตไมพารติเคิลบอรดสําหรับการใชประโยชนลําตน ทางใบ เสนใย และทะลายเปลา  
5) เทคโนโลยีการผลิตเยื่อและกระดาษ สําหรับการใชประโยชนลําตน ทางใบ และทะลายเปลา 6) เทคโนโลยีการสกัด
วิตามิน อี สําหรับการใชประโยชนจากใบ ตามลําดับ ซึ่งในอนาคต ควรมีการสงเสริมและพัฒนาเทคโนโลยีดังกลาวให
เกิดขึ้นในประเทศไทย ทั้งน้ีเพ่ือเพ่ิมมูลคาใหกับวัสดุพลอยไดจากปาลมน้ํามัน แทนการทิ้งอยางเปลาประโยชน และยัง
เปนการเพิ่มรายไดไดอีกทางหนึ่งดวย 
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CHAPTER I 

INTRODUCTION 
 

 

1.1  Background and Justification 

 Oil palm is one of the most important plant, which produces palm oil and palm 

kernel oil. They are widely used in food and other industries such as detergents and 

cosmetics. South of Thailand is the largest producer. Majority of oil palm plantation 

in Krabi, Suratthani and Pang-nga Provinces. Since the high cost of diesel situation, 

the Thai government decided to increasing oil palm plantation area such as in 

abandoned area and replanting oil palm plantation area to produce bio-diesel for being 

alternative energy. Krabi province is the chosen one to increasing oil palm plantation, 

since it has been suitable in climate, soil and amount of rainfall. 

 Oil palm by-products consist of the vegetative of the palm from the palm 

trunks and fronds in the field, shells, empty fruit bunches (EFB), press fruit fibres 

(mesocarp fibres) and palm oil mill effluent (POME) at the oil palm mill. At present 

in Thailand, oil palm by-products are not effectively utilized and in many instance, 

has cause pollution problem. A new research attempt to convert oil palm by-products 

into value added materials such as pulp and paper, particle board and cement tiles. 

 The purpose of this study is to identify oil palm plantation area and estimate 

the amount of oil palm by-products, which consist of the palm from in the field (palm 

trunks and fronds) and at the palm mill (shell, EFB, mesocarp fibres and POME). In 

addition technology patterns for oil palm by-products utilization in Thailand and other 

countries such as Malaysia and Indonesia are also identified. Then appropriate 

technology for oil palm by-products utilization would be evaluated in term of 

commercial viability, environmental impact and public participation. 
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1.2 Objective 

 1.2.1  To identify oil palm plantation area and amount of oil palm by-

products estimation 

 1.2.2  To identify existing technologies using for oil palm by-products 

utilization 

 1.2.3  To evaluate appropriate technologies for oil palm by-products 

utilization in Krabi Province 

  

1.3 Conceptual Framework 

 

 

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1-1 Conceptual framework diagram 

 

1.4  Scope and Limitations of the study 

 1.4.1  Study of the area 

  This study takes place in Krabi province which is located on the west 

coast of south region in Thailand. The area is 4,708.512 square kilometers where 

consists of 8 Amphoes, 51 Tambols, and  383 Villages.  

Existing technologies and 
alternative technologies for oil 
palm by-products utilization 

To evaluate technology for oil 
palm by-products 

Appropriate technology for oil 
palm by-products utilization in 

Krabi Province 

To evaluate technology in term of  
1) commercial viability  
2) environmental impact 
3) public perception  

Oil palm plantation area and 
amount of oil palm by-products 

estimate 
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Figure 1-2   Study area 

 

1.4.2 Scope of the study 

  1. Oil palm by-products in this study is the palm from the palm trunks 

and fronds in field, shells, empty fruit bunches (EFB), fibres and palm oil mill 

effluent (POME) at the palm mill. 

  2. This study is defined as survey research the questionnaire has been 

used for data collect. 

  3. Appropriate technology evaluation for oil palm by-products 

utilization in term of commercial viability, environmental impact and public 

perception. 
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1.5 Expected Results 

 1.5.1  Appropriate technology for oil palm by-products utilization 

 1.5.2  To convert oil palm by-products into value added materials 

 1.5.3  To decreased waste from agriculture and manufactories 
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CHAPTER II 

LITERATURE REVIEWS 
 

 

2.1  Study Area 

Krabi province is situated in southwest of Thailand. It peripheral also covers 

30 islands in Andaman Sea. General topographic condition of Krabi is mountain, hill, 

and plain. The still pristine jungles include white mangrove, mangrove swamp, and 

evergreen forest. 

Krabi's mountainous physical geography is broken by highland and plain on 

the mainland with natural forest those dominate by Dipterocarpaceae. The Krabi 

River flows 5 kilometers through the city and its estuary is at Tambon Pak Nam. Its 

sandy clay soil conditions are perfect for plantations, such as para-rubber tree, palm, 

mango, coconut, and coffee. 

Tropical monsoon climate creates two distinct seasons. The summer is in 

between January to April and the rainy season is prolonging during May to December. 

Monsoon winds change directions according to season. Temperatures range between 

16.9 and 37.3 degrees Celsius and the annual rainfall averages 2,568.5 mm. 

 The total area of Krabi province is around 4,708.512 square kilometers. It 

administrative boundaries divided into 8 amphoes which consists of Amphoe Mueang 

Krabi, Amphoe Ao Luek, Amphoe Khao Phanom, Amphoe Khlong Thom, Amphoe 

Ko Lanta, Amphoe Lam Thap, Amphoe Nuea Khlong, and Amphoe Plai Phraya.  
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Source: Department of Environmental Quality Promotion, (No date). 
 

Figure 2-1 Krabi Province’s boundary 

Amphoe 
Pai Praya 

Amphoe 
Ao Luk 

Amphoe 
Khao Phanom 

Amphoe 
Muang 

Amphoe 
Nua Khlong Amphoe 

Lam Thap 

Amphoe 
Khlong Thom 

Amphoe 
Ko Lanta 



Fac. of Grad. Studies, Mahidol Univ.                          M.Sc. (Appro. Tech. for Resou. & Env. Dev.) / 7

2.2  The Oil Palm 

The oil palm tree is a tropical plant which commonly grows in warm climates 

at altitudes of less than 1,600 feet above mean sea level. There is one species, Elaeis 

guineensis Jacq. is one of the most important economic crop in South of Thailand. It 

produces palm oil and palm kernel oil, which are widely used in food and other 

industries such as detergents and cosmetics. 

Elaeis guineensis Jacq., is characterized by its vertical trunk and the feathery 

nature of its leaves. Every year, 20-40 new leaves, called "fronds", develop in 

continuous whorls at the apex of the trunk. The fruit bunches develop between the 

trunk and the base of the new fronds.  

 

 
Source: Teera Akesomtramate, et al., 2003. 

Figure 2-2  Oil palm root, stem, and leaf characteristic of oil palm 

 

Although new plantations start to bear at three years, generally the first 

commercial crop requires between five and six years and continues to produce for  

25-30 years, or until the palms grow too high to be harvested.  

Oil palm has both male and female flowers on the same tree. It produces 

thousands of fruits, in compact bunches whose weight varies between 10 and 40 

kilograms. Each fruit is almost spherical, ovoid or elongated in shape. Generally the 

fruit is dark purple, almost black before it ripens and orange red when ripe. 

 Some 40 leaves crown the stately column of the oil palm and as it reaches 

middle age its leaves spread out - between 10 and 25 feet in length – and almost 
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parallel to the ground. Each leaf has short thorns at its base and about 250 leaflets in 

an irregular pattern on both sides of the petiole. Thus, these leaflets are not continuous 

like the tines of a feather. In fact, the irregular appearance of the frond is one of the 

characteristic features of this species. 

 Its stem stands straight in the form of an inverted cone. In the wild it may 

grow to heights of one hundred feet and more. The stems of young and adult plants 

are wrapped in leaves which give them a rather rough appearance. The older trees 

have smooth stems apart from the scars left by the leaves which have withered and 

fallen off. 

Primary roots grow downwards from the base of the palm and radiate 

outwards in a more or less horizontal direction close to the surface of the ground. 

Their length and depth depend on the type of soil. 

 The fruit has a single seed – the palm kernel – protected by a wooden 

endocarp or shell, surrounded by a fleshy mesocarp or pulp. This fruit produces two 

types of oil: one extracted from the pulp (palm oil) and the other from the kernel 

(palm kernel oil). 

Once a plantation reaches full production, a new inflorescence is produced 

every 15 days. It weighs between 15 and 20 kg. Bunch carry from 500-4,000 fruit, a 

mean of about 1,500 being usual, with a fruit-to-bunch ratio of 60-70 percent. The 

fruit bunch is ovoid and may reach 50 centimeter in length and 35 centimeter in 

breadth.  

The bunches consist of outer and inner fruit, the latter somewhat flattened and 

less pigmented; a few so-called parthenocarpic fruit which have developed even 

though fertilization has not taken place; some small undeveloped non-oil-bearing 

‘infertile fruit’; and the bunch and spikelet stalks and spines. In the parthenocarpic 

fruit endosperm and embryo are absent and the centre is usually solid.  



Fac. of Grad. Studies, Mahidol Univ.                          M.Sc. (Appro. Tech. for Resou. & Env. Dev.) / 9

 
Source: A. H-Kittikun et.al., 2000. 

Figure 2-3 Fresh fruit bunch 

 

2.3  Oil Palm Production 

 Oil palm is an important plantation crop in the tropical regions. Malaysia and 

Indonesia are the major palm-oil producing and exporting countries, with Malaysia 

producing 67.4 million tons Indonesia producing 40.0 million tons and Thailand 

producing 4 million tons in 2002. World production of palm oil was shown in 

table 2-1. 

 

Table 2-1  Oil palm production in the world, 2000 – 2002  
Area (1,000 rai) Yields (1,000 tons) Yields/rai (kg.) 

Country 
2000 2001 2002 2000 2001 2002 2000 2001 2002 

Malaysia 19,219 20,688 21,063 56,600 58,950 67,400 2,945 2,849 3,200 

Indonesia 12,588 13,750 15,000 36,380 38,300 40,000 2,890 2,785 2,667 

Nigeria 19,250 19,875 19,875 8,220 5,800 5,800 427 428 428 

Thailand 1,303 1,457 1,644 3,256 4,089 4,001 2,500 2,807 2,434 

Columbia 842 866 906 2,470 2,600 2,650 2,933 3,002 2,924 

Total 53,202 56,636 58,488 106,926 109,739 119,851 11,695 11,871 11,653 

Source: Office of Agricultural Economics, 2004. 

 

 In 2002, Thailand’s oil palm plantation area is 1,643,861 rai which produced 

4.0 million tons of oil palm as table 2-2.  
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Table 2-2  Oil palm production in Thailand, 2000 – 2002  
Area (rai) Yields (tons) Yields/rai (kg.) 

Province 
2000 2001 2002 2000 2001 2002 2000 2001 2002 

Krabi 475,846 532,058 563,908 1,222,448 1,571,167 1,402,645 2,569 2,953 2,487 

Chumphon 259,349 280,076 317,648 635,146 766,008 777,576 2,449 2,735 2,448 

SuratThani 370,229 390,110 460,567 944,824 1,127,418 1,129,889 2,552 2,890 2,453 

Satun 64,383 69,308 73,508 151,493 171,121 164,060 2,353 2,469 2,232 

Trang 49,454 52,183 55,828 115,030 134,945 128,908 2,326 2,586 2,309 

Total 1,219,261 1,323,735 1,471,459 3,068,941 3,770,659 3,603,078 12,249 13,633 11,929 

 

Source: Office of Agricultural Economics, 2004 

 

Age class management and utilization in early stage of 10 years of oil palm 

plantation, it needs intensive tending and care. Because of that period is indicating oil 

palm productivity. There are interested intervals to nourish oil palm plantation 

including; 

  1) 0-3 year old (Before giving product) 

  2) 4-10 years old (Productive interval) 

  3) more than 10 years old (Product declining period) 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
Source: Teera Akesomtramate, et al., 2003. 

Figure 2-4 Age classes of oil palm production  
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Table 2-3  Potential of oil palm in Thailand by age classes, Dec 2001 
Prediction amount of 
Yields of Crude Palm 

Oil Production 

Improving amount of 
Yields of Crude Palm 

Oil Production  Age 
Class 
(year) 

Area 
(rai) 

Harvest 
Area 
(rai) 

Amount of 
oil palm 

tree 
(tree/area) 

Annual 
(ton/harvest 

area) 

Average 
(ton/rai) 

Annual 
(ton/harvest 

area) 

Average 
(ton/rai) 

<4 449,999 0 9,899,978 0 0.00 0 0.00 
4-6 221,713 221,713 4,877,686 290,444 1.31 549,848 2.48 
7-9 209,450 209,450 4,607,900 619,972 2.96 917,391 4.38 

10-20 635,838 635,838 13,988,436 2,002,890 3.15 2,937,572 4.62 
21-25 235,400 235,400 5,178,800 680,306 2.89 1,002,804 4.26 
>25 47,600 47,600 1,047,200 116,144 2.44 182,308 3.83 

Total 1,800,000 1,350,001 39,600,000 3,709,756 2.75 5,589,923 3.91 
Source: Teera Akesomtramate, et al., 2003. 

 

2.4 Oil Palm By-Products 

Oil palm by-products consist of the vegetative mass of the palm which ranges 

from the palm trunks and fronds in the field, to shells, empty fruit bunches, press fruit 

fibres (mesocarp fibres) and palm oil mill effluent (POME) at the oil palm mill. 

(Mohamad Husin et. al., 1985). 

 

2.4.1  Trunks and Fronds in the Field 

  Oil palm is replanted at an average age of 25 years. Palm that are still 

producing high yield, but have grown too tell for harvesting; can be considered ready 

for replanting irrespective of their ages. Thus, in many instances, much younger palm 

are replanted and much older palm are still in production. At replanting, the trunk 

ranges between 15-18 meter in height and 45-60 centimeter in diameter, measured 1.5 

meter above the ground level. The outermost layer of the trunk is the bark, which is 

about 3-3.5 centimeter thick. The trunk consisted of long vascular bundles, encrusted 

in parenchyma ground tissue. The average dry weight per trunk is 600 kg. Assuming 

that the average planting density is 138 palms per hectare (22 palms per rai). (Chan 

K.W. et. al., 1982).  
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  Normally, there are 40-50 fronds on each mature palm, which is a hard 

fibrous body and may be as long as 6-9 meter. (Teera Akesomtramate et. al., 2003). 

The felled fronds has an average dry weight of about 115.4 kg. (Corley, 1971). In 

addition to the felled fronds from replanting, pruned fronds are also available in the 

field from the process of pruning. The pruned fronds are several times larger in 

quantity then the felled fronds. Pruned fronds, stacked in various ways in palm inter 

rows, has been reported to be beneficial for feeder roots because moisture is conserve 

in the soil. It also reduce surface erosion and provide nutrient to the palms. However, 

the utilization of fronds in oil palm plantation has been reported to harbour rats, 

snakes and insects pets.  

  During the replanting process, the trunks and fronds are normally left 

to rot or burnt down in the field. In sloppy areas, they are properly positioned on the 

terrace to limit erosion. However, freshly felled trunk connot be easily in the field 

because of the presence of high moisture content. Leaving the trunks in the field 

without further processing, will physically hinder the process of replanting. Oil palm 

trunk normally takes about 5 years to completely mineralize. Meanwhile, they serve 

as breeding grounds for oil palm insect pets, such as rhinocerous beetles and 

reinfestation of Ganoderma especially in coastal area. In some estates, the trunks were 

poisoned before they are felled to increase the rate of decomposition and to avoid 

insect and disease incidence. In other, after the poison palm are felled, they are cut 

into smaller pieces, and then pulverized using a special chipping machine. This 

process reduce the mineralization time of the trunk but the cost is high. (Tan, 1984) 

 

  
Source: Field Trip, 15 December 2005. 

Figure 2-5 The fronds are left to rot in the field 
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Table 2-4 Nutrient equivalent of one ton of dried pruned fronds 

Nutrients 
Wt. of Nutrients 

(kg) 
Equivalent Wt. Fertilizer (kg) 

Fertilizer Value 

(M$) 

Nitrogen (N) 7.5 37.5 kg. Ammonium Sulphate 15 

Phosphorus (P) 1.06 6.92 kg. CIRP 1.04 

Pottassium (K) 9.81 19.6 kg. Potassium Chloride 7.84 

Magnesium (Mg) 2.79 185 kg. kieserite 7.12 

Total   31.12 

Note: Estimated pruned fronds per hectare is 10 ton per year 

Source: Mohamad Husin et.al.,1985. 

 

Oil palm leaflets are by-products which are available in great 

abundance from oil palm plantations. The oil palm leaflets are from frond pruning and 

oil palm replanting. In view of the large availability of oil palm leaflets, a study 

towards effective utilization of this resource is thought to be of interest. Currently, the 

study of Vitamin E in oil palm leaflets is interested. 

 

2.4.2  Empty Fruit Bunch, Mesocarp Fibres, Shell and Palm Oil Mill 

Effluent at the Oil Palm Mill. 

  The fresh fruit bunch harvested from the field were brought to palm oil 

mill and sterilized under pressure at 3 atmosphere for about one hour. The sterilized 

bunches are then sent for threshing to separate the fruits from the bunches. About 

20% to 22% of the weight of fresh fruit bunch is the empty bunches. Normally, the 

empty bunches contain 30.5% dry matter, 2.5% oil and 63% water. The sterilized 

fruits which has been separate from the bunches were fed into a digester, where they 

are converted into homogeneous oily mash. The digested mass were fed into a press 

for extraction of the crude oil. After pressing about 13.5% and 5.5% of the total 

weight of the fresh fruit bunches is converted into pressed fruit fibres and shell 

respectively. The dry matter of the pressed fruit fibres and shell is approximately 60% 

and 85% of their weight, respectively.  
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Source: A. H-Kittikun et.al., 2000. 

Figure 2-6 Pressed fruit fibres 

 

 
Source: A. H-Kittikun et.al., 2000. 

Figure 2-7 Oil palm shells 

 

The processing of fresh fruit bunches in the oil palm mill generates 

large quantity of waste water of effluent. The main wastewater from the palm oil 

extraction by wet process is the wastewater from oil room after separator or decanter. 

This stream of wastewater combined with sterilizer condensate and cooling water are 

called palm oil mill effluent (POME). On the average, the rate of palm oil mill 

effluent (POME). Production is about 2.5 times for every ton of crude palm oil 

produced. 
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2.5  Potential Utilization 

 The utilization of oil palm by-products for agricultural applications ranges 

from mulching of the palms in the field with empty fruit bunches and pruned fronds to 

irrigation of the field with POME in which evaluation from several trials have shown 

positive results. The statuses on other aspects of utilizations are follows. 

  

 2.5.1  Oil Palm Trunks Utilization  

  - Pulp and Paper 

  The potential of oil palm trunks as a raw material for the production of 

Neutral Sulphite Semi-Chemical Pulping (NSSC) pulps. The fibrous strands were 

found to have a mean fibre length of 1.23 mm. and a mean cell-wall thickness of 3.4 

microns. The fibre characteristics suggested good interfibre bonding during sheet 

formation. (Mohd et. al., 1985) 

 

  -Building Materials 

  Oil palm trunks is a potential source of raw material for the 

manufacture of particleboards. In June, 1985, three-layer, graded-density 

particleboards were manufactured from oil palm trunks at a commercial pilot plant in 

Bison Werke, Springe, West Germany. These particleboards were assessed to German 

Standards. (L.T. Chew et. al., 1985) 

 

 2.5.2  Oil Palm Fronds and Leaflets Utilization 

  -Building Materials 

  Oil palm fronds both of pruned fronds and felled fronds can be 

utilization to particleboard Kittipong Tangkij (2000) study to suitability of 

particleboard produce from oil palm fronds, trunk and empty fruit bunch. 

Particleboards from 3 materials have non-binder. 
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Figure 2-8 Particleboards 

 

  - Chemical (Vitamin E) 

  Vitamin E, mainly α-tocopherol homologue, was found to be present 

in the range 0.32-0.58% (dry basis) in oil palm leaflets. In view of the high 

concentrations of Vitamin E in oil palm leaflet, this renewable resource has been 

thought as potential source of Vitamin E.  

 

 2.5.3  Empty Fruit Bunch Utilization 

  - Pulp and Paper 

  The experience of chemithermomechanical pulping (CTMP process) of 

non-woody fibres and tropical hardwoods, the suitability of TM-pulping of caustic 

soda-treated empty fruit bunches (EFB) from oil palm was investigated on a 

laboratory scale to produce newsprint grade pulp. The laboratory tests suggested that 

the ERB were easily disintegrated with smaller energy requirement than with biogases 

and tropical hardwoods. The TMP pulps from EFB were rich in long fibre fraction 

and gave hand sheets with comparatively high strengths, especially, the tear factor and 

folding endurance. (Yoshinari Kobayashi et al.,1986) 

 

  - Substrate for Mushroom Cultivation  

           EFB could be used directly as a substrate for mushroom cultivation. At 

present many farmers use EFB to grown straw mushroom.  
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Source: A. H-Kittikun et.al., 2000 

Figure 2-9 Empty fruit bunches could be used a substrate for mushroom cultivation 

  

 2.5.4  Oil Palm Fibres Utilization 

  - Building Material 

  Mohamad Husin et. al. (1985) study to obtain preliminary information 

on the suitability of fibre from oil palm empty fruit bunches as composite materials 

for fibre cement roofing tiles. Freshly sterilized empty fruit bunches obtained from 

palm oil mil were defiberated ad cut into various length and mixed with cement and 

sand at various proportions.  

  

 2.5.5  Oil Palm Shell Utilization 

  - Building Material 

  The oil palm shell produced is mainly used as fuel for the boiler, 

occasionally it is used for paving from roads or sold commercially. The shell is hard 

and does not easily suffer deterioration. Since its density is 550 to 650 kg/m3 it can be 

profitably used as a substitute for gravel in making concrete. The resulting concrete 

will be lightweight in nature and structurally sound. (Sk. Abdus Salam et. al., 1985) 

 

- Wastewater treatment 

The shells are often accumulating in the mill. Another possible use of 

shells is the production of charcoal and activated carbon which should need further 

investigation. 
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2.5.6  Palm Oil Mill Effluent Utilization 

  - Animal Feed 

  Palm oil mill effluent (POME) in poultry feeds. From the chemical 

analysis, POME contain 12.4% crude protein (CP). There are similarities in the levels 

of most of the nutrients. However, POME is high in ash and oil content. In poultry 

trial, the metabolisable energy levels of POME were respectively 7.70 MJ/kg.  

  

2.6  Appropriate Technology 

 Appropriate technology have many an expert to definition, including: 

In the report of Ministry of Overseas Development mentioned to Appropriate 

Tecnology as: 

 “Appropriate Technology may be defined as technology appropriate to a 

country’s factors of production in that it maximises the use of factors which are 

locally plentiful and minimises the use fo those which are locally scarce”.  

 USAID summary definition appropriate technology as:  

“In terms of available resources, appropriate technlogies are intensive in the 

use of the abundant factor, labor, economical in the use of scrce factors, capital and 

highly trained personnel and intensive in the use of domestically produced inputs”. 

The concept of appropriate technology implies a redefinition of economic 

efficiency. Traditionally, ecnomic efficiency has been viewed as producing maximum 

output with minimum input or cost. Evaluating the appropriateness of technoloty 

emphasizes how production occurs and the consequent implications for the quality of 

the physical environment and the life of the individual. This new perspective 

represents a fundamental change in the way people evaluate economic relationships. 

In Appropriate Technology Sourcebook defined “Appropriate Technology” is 

a term that in repressents a particular view of society and technology. It suggests that 

technology is neither neutral nor does it evolve along a single path. It recognizes that 

different cultural and geographical groups have different technologies that are 

appropriate to their circumstand that technological self-determination is essential to 

cultural identies (and political independence) It suspects that the only wise technology 

are those which seek to accomodate themselves to the biological environment within 

which they are used; it is called, among other this “environmentally appropriate 
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technology”. It assumes that the purpose economically productive activiry is to 

produce what is determined by in an enjoyable, creative process; not what is 

determined by endless in an alienating, repetitive production process. It stresses that 

every society has a technological tradition and that new technologies must be out of 

this tradition. And it presumes that the only development makes sense is development 

of the people and their skills by the people and for the people. 

The term “Appropriate Technology” implies that there is such thing as 

inappropriate technology. As suggested above, there is a new to develop appropriate 

technologies not only among those people that have so much that they are 

extraordinarily wasteful. It is significant that appropriate technology thus is not one 

more fashionable remedy to recommend to the people of poor countries by the people 

of rich country. Not only are many of the most committed advocates of appropriate 

technology members of rich countries who are working for a more human-scale 

technology to fit their own conditions, but the very origins of the moment come from 

the Gandhian tradition of local production for local new. 

However, Appropriate Technology have definition from many source, but one 

of definition that everyone can be agree is definition from UNEP in 1975s. by A.K.N 

Reddy from India mention to “The goals of Appropriate Technology may be 

summarized under three headings: Environmental, Social and Economic. 

Environmental goals of Appropriate Technology include: saving energy, 

recycling materials, reducing the use of resources, minimizing pollution, using only 

renewable resources, being in harmony with the local ecology and providing for a 

sustainable future. 

Social goals for Appropriate Technology include: meeting basic human needs, 

providing for creative and interesting work, giving control to the user, blending with 

traditional culture, promoting community harmony, being locally developed, and 

giving power to the people. 

Economic goals for Appropriate Technology include: needs, reducing 

economic inequalities, generating employment, producing from local resources, 

producing for local consumption and leading toward economic decentralization”. 
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 Principle of Appropriate Technology as: 

 1. Appropriate Technology is by the people: People, the end users are men, 

women, children and the poor must be involved with every aspect of appropriate 

technology development. They must be involved in choosing, designing, building, 

using and owning technology. Any time people are not involved we are ding 

appropriate technology. 

 2. Appropriate Technology is location specific: Ecological, social and 

economic efficiency demands that technologies be carefully designed to meet local 

conditions.  

 3. Appropriate Technology is holistic: appropriate technology is not hardware. 

It is much more approach to development and a philosophy of human well being. 

Practitioners hold that human advancement must include a broad view of culture, 

human relations, social form, spiritual beliefs and harmonic laws of science. Un-

integrated technology has brought on as many problems as it has solved. This 

technology has been destructive because it has not been developed within a holistic 

frame-work of man and nature. 

 4. Appropriate Technology is futuristic: appropriate technology signals where 

we want to be in the future. Or perhaps more accurately, where we can be under the 

reprints of population and world resources. In the past, engineers and futurists have 

been concerned with only what was technologically feasible. They predicted in terms 

of robots, computers, push buttons and pills.  

 
2.7  Technology Assessment 

Technology assessment (Sukanya Pengma, 2001) should use the tool or 

technique that related to multidisciplinary for example. 

1. Intuitive Method 

1.1 Gathering the idea 

1.2 Erection the committee 

1.3 Delphi 

1.4 Related impacts analysis 
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2. Decomposition Method 

2.1 correlation analysis 

2.2 Identical analysis 

2.3 Scenario analysis 

 3. Holistic Method 

  3.1 Scenario option 

  3.2 Matrix 

 4. Analytical Method 

  4.1 Cost-Benefit Analysis 

  4.2 Equation analysis 

 Moreover, these methods that depend on characteristic, measurement, 

decision, forecasting and modification of research methodology. In addition it’s also 

depended on how to use data, questionnaire and clarify problem lay on its reality. 

 Technology assessment is a tool for unbalancing protection and to control 

physically type of technologies.  

 

Technology Assessment priority 

Praderm Kamnoonaek (2003) mentioned about the methodology of technology 

assessment such as  

1. Survey and identify the problem for example location, situation, 

regulation, level of analysis and objective. 

2. Describe to the details of technique, society, politic, regulation, and 

economic. 

3. Forecast technology about positive and negative way and any 

consequence. 

4. Set and describe options and factors of evaluation. 

5. Evaluate to possibility result. 

6. Limit the appropriate option by compare between the conditions has 

installed and uninstalled technology. 

7. Impact measurement and weighting the impact. 
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 2.7.1  Commercial viability Evaluation 

  Sukanya Pengma (2001) mentioned to the cost-benefit analysis of 

project as: 

  Cost-benefit analysis 

  1. Investment cost: includes all purchases, lease or finance costs, 

including all costs for hardware, software, networking and telecommunications 

equipment, installation, training, personal and purchased services, internal agency 

resources, and all applicable taxes. 

  2. Operation cost: the expenses incurred in conductiong normal 

business operations for example petrol fee, electricity price, telephone service, 

transportation expense, public relation expense, training expense, etc. 

  3. Maintenance cost: the expense to repair and maintain the machine. 

  4. Tax: Money paid to a government, and utilized for general public 

needs. 

  5. Environmental cost: the relation between economics and 

environment that the environment is an important  property, because it provides raw 

material and energy to economic system. The system will change raw material to be 

product and give the waste back to environment. Then the waste will be come an 

externality cost. In addition, there are external economy and external diseconomy. To 

evaluate the nature resource value, there are 3 methods as the follow; 

   1. Use value 

   2. Option value 

   3. Existence value 

  The value of each natural resource and environment is differently. 

Mostly, the aspect to evaluate the option and existence value is asking for the 

willingness to pay. 

  6. Subsidy: A subsidy is a grant or monetary gift given by a private 

person or entity (often a government) to another private person or entity, as financial 

assistance or to help launch an enterprise. For financial analysis, subsidy is benefit of 

project. 
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  The principle factors of making decision for an investor are: 

Net Present value (NPV): the future stream of benefits and costs 

converted into equivalent values today. This is done by assigning monetary values to 

benefits and costs, discounting future benefits and costs using an appropriate discount 

rate, and subtracting the sum total of discounted costs from the sum total of 

discounted benefits. The consequence of NPV must be positive value or more than 0. 

Formula 

 NPV = Σn
t=1[(Bt - Ct) / (1 + i)t] 

if  

 NPV = Net Present Value 

 Bt = benefit in year 1, 2, …n 

 Ct = cost in year 1, 2, …n 

 i = interest rate 

 t = year 1, 2, …n 

 n = year of project 

 

Benefit-Cost Ratio: the fundamental of investment use to compare 

between the benefit and expense of project. Normally Benefit-Cost Ration which is 

accepted should be more than 1 

Formula 

 

 B/C = PV of Benefit 

or 

 B/C = Σt=1 [(Bt/(1 + i)t] 

 

if 

 Bt = benefit in year t 

 Ct = cost in year t 

 i = interest rate 

 t  = time, year 1, 2, …n 

 

PV of Cost 

[Ct / (1 +i)t] 
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Internal Rate of Return (IRR): differently in each project and it 
should not less than the interest rate. An investment with a higher IRR is typically 
favored, over an alternative investment. 

Formula 
 NPV = ΣPj – 1 
  
To calculate i  when NPV = 0 
 
 

 2.7.2  Environmental Evaluation 

  Environmental pollution impact to the nature, distribution and 

ecological effects of all types and forms of chemical pollutants in water, air and soil. 

To evaluate technology effect to environment as the follows, 

Water Pollution 

- Effect to quantity of water 

- Effect to surface water resource 

- Effect to ground water resource  

Source of Water Pollutants there are 3 characteristics 

1. Physical: suspended material and floating material 

2. Biological: bacteria, algae and aquatic plants 

3. Chemical: organic and inorganic compound 

  Water Pollution divides to 9 types as: 

   1. Organic matter consumes dissolved oxygen 

   2. Bacteria 

   3. Food and Fertilizer consist of K, N,  P,  C in CO2 form 

   4. Synthetic organics such as Petroleum, Plastics, powdered 

detergent, dyes and insecticide  

   5. Fuel oil and machine oil 

   6. Organics compound  

   7. Sediment and suspended material 

   8. Radioactivity 

   9. Heat 

 

n 

J=0 
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  Air Pollution 

  Types of Air pollution 

  1. Inorganic Compounds:  

   -  Oxide of N, S, C  such as: NO, NO2, SO2, SO3, CO, CO2 

   -  Other such as: H2S, HF, NH3, Cl2 

  2. Organics Compounds: 

-  Hydrocarbon:  Methane, Buthane,  Octane,  Benzene,    

  Acetylene, Ethylene,  Butadiene 

   -  Aldehyde and Ketone:  Formadehyde,  Acetone 

   -  Other:  Chlorinated  He,  Benzo  pyrene, Alcohol, Carboxilic  

acid 

  3. Particulates 

   - Solid: Smoke, Soot, Dust, Ash, Carbon, Lead, Asbestos 

   - Liquid: Mist, Oil spay and Vapor acid 

  Important Air Pollutants as: 

   1. CO   

2. Oxide of sulphur 

3. Particulates  

4. Oxide of Nitrous 

5. Hydrocarbon 

6. Smog  

 

 2.7.3  Public Participation 

  The concepts of public participation (Narumon Paiboonsittikun, 2005:) 

originated by 3 factors are: 

1. The interesting of each person is harmonious and become to be the 

interesting of the group 

2. The trouble and anxiety of each person is identical; thus the people 

encourage a group to plan and collaborate with each other. 

3. The willingness to change the group or community into their own 

desirabl way; need to get more participation from most people to 

run the activity. 
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Chalermphorn Chusri (2000: 16-17) concluded about pattern and 

priority of public participation into 2 patterns are: 

1. The first pattern is participation on the activities such as donation 

money, being member or committee, attendinges such as the meeting, interview, 

invitation, creation, being consumer, and supporting material. 

2. The second pattern is participation for the activities such as 

planning, consideration, operation, using and evaluation 

The public participation priority consist of finding the problem, setting 

the approach to solve problem, planning or making policy, proceeding the policy, and 

mitigation and evaluation project. 

 

Factor and condition of public participation 

Group I:the factors of public participation are age, sex, education, 

member of family, career, salary, residence, social status, location and information. 

Group II: the factors of public participation are social factor, economic 

factor, factor, politic factor, cultural factor and socio-psychological factor. 

Group III: the factor of public participation is the government 

encourages basic need of people organization. Thus they can indicate for public 

participation. 

  According to all above, this study focuses on the factors are sex, age, 

career, salary, education and religion of the people who live in Krabi province. To 

khow about the knowledge and opinion for public participation in 5 levels are 

evaluation oil palm by-product utilization. 

 

 2.7.4  Technology Evaluation 

Narumon Paiboonsittikun (2005), mention to technology evaluation by 

Delphi Method as: 

The Delphi technique uses a highly structured and focused 

questionnaire approach in order to establish a consensus opinion from ‘experts’. It 

requires well-trained professionals, known as “facilitators” or “change agents”, who 

deliberately escalate tension among group members, pitting one faction against 

another to make a preordained viewpoint appear “sensible”, while making opposing 
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views appear ridiculous. Although his does not preclude its use in face to face 

interview. 

The method is iterative, and first aims to obtain a broad range of 

opinions from the target group. The results of the initial survey are collated, 

summarized and then form the basis of a second, follow on questionnaire. Results 

from the second questionnaire inform a third and final questionnaire. 

The aim is to progressively clarify and expand on issues, identify areas 

of agreement or disagreement and begin to establish priorities. 

1. Formation of a tram to undertake and monitor a Delphi on a given 

subject. 

2. Selection of one or more panels to participate for the exercise. 

3. Development of the first round Delphi questionnaire. 

4. Testing the questionnaire for proper wording 

5. Transmission of the first questionnaires to the panelists 

6. Analysis of the first round responses. 

7. Preparation of the second round questionnaires. 

8. Transmission of the second round questionnaires to the panelists. 

9. Analysis of the second round responses (Steps 7 to 9 are reiterated 

as long as desired or necessary to achieve stability in the results.) 

10. Preparation of a report by the analysis team to present the 

conclusions of the exercise. 
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CHAPTER III 

METHODOLOGY 
 

 

3.1  Data Source 

 Data sources of this study were gathered mainly from research document 

about oil palm by-products utilization, which occurred in Thailand and other countries 

such as Malaysia and Indonesia. 

 

3.2 Tool  

 The interview method using questionnaire; was utilized to identify the public 

perception and technology assessment; which unclouded the experts determination for 

oil palm by-products utilization in Krabi Province. 

 

3.3  Study’s Procedure 

 3.3.1  Oil Palm Plantation Area Identification  

  The oil palm plantation area in Krabi Province, was identified and 

modified base upon the research of Jarunya Kitipaisanon (2005), that studied on 

expert classification for age class identification of oil palm plantation in Krabi 

Province. They were grouped into 2 age classes according to oil palm by-products 

utilization, including; oil palm younger than 20 years old (Productive stage) and oil 

palm more than 20 years old (Mature stage). 

 

 3.3.2 Quantitative Amount of Oil Palm By-Products Identification 

  The quantitative amount of oil palm by-products was manipulated 

using the following formula below. Assuming that the average planting density is 22 

palm tree per rai or 138 palm tree per hectare (Theera el.al., 2003). The average dry 

weight per trunk was about 600 kg. The average dry weight of fronds about 115.4 kg. 

(Corley, 1971). The estimate of the weight of fresh fruit bunch was about 2.75 ton per 

rai. (Theera el.al., 2003).  
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          Amount of trunk   =   number of palm x dry weight 

 

 when number of palm =  22 palm tree x Oil Palm Plantation Area (rai)

  dry weight    = 600 kg./palm tree 

 

        Amount of fronds    =    number of palm x number of frond x dry weight 

   

 when  number of palm    =  22 palm tree x oil palm plantation area (rai) 

  number of frond   = 40 felled fronds  

dry weight      = 115.4 kg./palm tree 

 

      Amount of empty fruit bunch       =   22% of the weight of fresh fruit bunch 

 

     Amount of pressed fruit fibres  =   13% of the weight of fresh fruit bunch 

 

             Amount of shell        =   5.5% of the weight of fresh fruit bunch 

 

when the weight FFB = 2.75 ton x Oil Palm Plantation Area (rai) 

 

 3.3.3 Technologies for Oil Palm By-Products Utilization Study 

  Technology patterns for oil palm by-products utilization was identified 

base upon research work in Thailand and other countries such as Malaysia and 

Indonesia. These researches were related the potentials of oil palm by-products as raw 

material for the manufacture of various value-added products.  

 

 3.3.4 Appropriate Technology Assessment Study 

In the part of appropriate technology assessment, three main experts 

including, economics, environment and social studies were introduced for the 

assessment. The aspects of the study were commercial viability, environmental impact 

and public perception. The procedures of study are as following: 
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3.3.4.1 Commercial Viability Study: (Narumon Paiboonsittikun, 

2005) 

  The data related to principle factors for investment are as 

follows; 

 1) Net Present Value (NPV): the future stream of benefits and 

costs converted into equivalent values today. This is done by assigning monetary 

values to benefits and costs, discounting future benefits and costs using an appropriate 

discount rate, and subtracting the sum total of discounted costs from the sum total of 

discounted benefits. The consequence of NPV must be positive value or more than 0. 

 

Formula 

 NPV = Σn
t=1[(Bt - Ct) / (1 + i)t] 

when  

 NPV = Net Present Value 

 Bt = benefit in year 1, 2, …n 

 Ct = cost in year 1, 2, …n 

 i = interest rate 

 t = year 1, 2, …n 

 n = year of project is 20 years 

 

2) Benefit-Cost Ratio: the fundamental of investment use to 

compare between the benefit and expense of project. Normally Benefit-Cost Ration 

which is accepted should be more than 1 

 

Formula 

 B/C = PV of Benefit 

or 

 B/C = Σt=1 [(Bt/(1 + i)t] 

 

PV of Cost 

[Ct / (1 +i)t] 
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when 

 Bt = benefit in year t 

 Ct = cost in year t 

 i = interest rate 

 t  = time, year 1, 2, …n 

 n = year of project is 20 years 

 

3) Internal Rate of Return (IRR): differently in each project 

and it should not less than the interest rate. An investment with a higher IRR is 

typically favored, over an alternative investment. 

 

Formula 

Σn
t=1[(Bt - Ct) / (1 + i)t] = 0 

 

Analyze the data by excel program and compare the results 

with the criterion of investment evaluation. 

 

  3.3.4.2 Environmental Impact Study: 

 An environmental impact assessment for considering the 

possibility impact of each technology was identified by main pollutions as follow; 

 

1) Air pollution: it has been identified the opportunity of air 

pollutant, which might be dispersed from the process of each technology and effected 

to the local community  

 

2) Water pollution: it has been identified the opportunity of 

pollutant from the process of each technology, which might be contaminated both 

surface and ground water resource. 

   Analyze the data by sort of the significant environmental 

impact from the technology to the local community.  
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  3.3.4.3 Public Perception Study: 

The interview method was introduced for this study by using 

questionnaire. The number of population sample was manipulated using Taro Yamane 

as follow: 

 

    n = N 

 

 

when  n      =   number of population sample 

   N     =  Number of population (19,066 farmer) 

 e      =   adjustment (95% or 0.05) 

 

   This study sample was the people, whose occupations mainly 

concerned with oil palm cultivation in Krabi Province. 

   From the formula above, the number of sample was 392 farmer 

and proportionally classified in each Amphoe of Krabi Province as shown in table 3.1 

 

Table 3-1 Number of farmer and number of sampling 

Amphoe 
Total number of farmer 

(people) 

Number of sampling 

(people) 

Ao Luk 4,733 97 

Plai Praya 3,865 79 

Khlong Thom 2,909 60 

Khao Phanom 2,368 49 

Nua Khlong 1,893 39 

Muang 1,654 34 

Lam Thap 1,169 24 

Ko Lanta 475 10 

Total 19,066 392 

Source: Calculate 

 

The independent factors are gender, age, education, income and 

data receives, meanwhile dependent factor are public knowledge and public 

1 + Ne2 
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perception about oil palm by-products utilization. Using questionnaire that consists of 

the details as: 

Part 1 General data of people as; gender, age, education, 

income and received data. 

   Part 2 The questions about public knowledge about oil palm 

by-products utilization  

   Part 3 The questions about public attitude about oil palm by-

products utilization 

 

Factors measurement (Petchpong Mayukhachot, 2001) 

1. Public knowledge of technology for oil palm by-products 

utilization consisted of 27 questions in right or wrong answer. If the answer was 

correct, on obtained 1 mark while incorrect, obtained 0 mark. 

The criteria to consider the level of knowledge on using the 

pesticide was evaluated by the average (X) and standard of deviation (S.D.) values, 

which were ranged into three levels i.e. high, intermediate and low levels. The 

acquired scores for each level are; 

Less than X – S.D. =  low level of knowledge 

Between X – S.D. and X + S.D.  = intermediate level of knowledge 

Higher than X + S.D. = high level of knowledge 

 

2. Public attitude measuring of technology for oil palm by-

products utilization to farmer includes 14 rating scale questions and five levels of 

mark were used as: 

Most agree  equal  5 marks, 

More agree  equal  4 marks, 

Intermediate  equal  3 marks, 

Less agree  equal  2 marks, 

Least agree  equal  1 mark. 

The level of providing the customer instruction was considered 

by the mean and standard of deviation values with the same method used in the 

knowledge scoring. 
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   Analysis data to study on independent factors and dependent 

factors relation of public knowledge and public perception. 

 

  3.3.4.4 Appropriate Assessment of Technology Study 

 Delphi method will be used and the methodology of this study 

is (Narumon Paiboonsittikun, 2005); 

   1) Gathering data in term of environment impact, commercial 

viability and public participation to create questionnaire for appropriate technology. 

   2) The first round, the experts answer the question about 

important factors of this study which is clarified the score as: 

    5 means  most important 

    4 means  more important 

    3 means  moderate important 

    2 means  less important 

    1 means  least important 

   3) The second round, the expert answer the question about the 

appropriate of technology for oil palm by-products utilization, which is clarified the 

score as:  

    5 means  most appropriate 

    4 means  more appropriate 

    3 means  moderate appropriate 

    2 means  less appropriate 

    1 means  least appropriate 

Appropriate assessment of technology (Sukanya Pengma, 

2001) analyzes the answer of the expert as: 

The answers were classified mean score into 5 levels as: 

   0.50 – 1.49 means the experts least agree 

   1.50 – 2.49 means the experts less disagree 

    2.50 – 3.49 means the experts moderate agree 

    3.50 – 4.49 means the experts more agree 

    4.50 – 5.00 means the experts most agree   
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CHAPTER IV 

RESULTS AND DISCUSSION 
 

 

This study evaluated an appropriate technology of oil palm by-products 

utilization in Krabi Province. It was included oil palm plantation area, estimation on 

the amount of oil palm by-products, and existing technologies identification for oil 

palm by-products utilization. Data were collected by assessing environmental impact, 

commercial viability, and public perception from 392 farmers in Krabi Province. The 

results were found and calculated as follow: 

 

4.1  Oil Palm Plantation Area Identification 

In 2005, it was found that oil palm plantation area in Krabi Province was 

96,184.95 hectares, which separated into 2 age classes according to oil palm  

by-products utilization. They were included productive stage (younger than 20 years 

old) for 38,639.28 hectares and mature stage (more than 20 years old) for 57,545.66 

hectares.  

The area of each stages of oil palm plantation were calculated which could be 

summarized as the table 4-1. 

 

4.2 Quantitative Amount of Oil Palm By-Products 

The estimation of oil palm by-products from oil palm plantation area and 

equation mentioned in chapter III was 5,752,100.88 tons, which included oil palm 

trunks 4,747,517.02 tons, felled fronds 913,105.77 tons, pruned fronds 24,524.35 

tons, empty fruit bunches 36,369.93 tons, fibres 21,491.32 tons and shells 9,092.48 

tons.  

The quantitative amount of oil palm by-products were calculated which could 

be summarized as the table 4-2. 
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Table 4-1 The areas of each age class of oil palm plantation  
Oil Palm Age (years) 

Amphoe Unit 
<20 > 20 

Grand Total 

Amphoe Khao Phanom hectare       9,969.24           7,490.71     17,459.95 

 Rai      62,307.78         46,816.92   109,124.69 

 km2             99.69                74.91          174.60 

Amphoe Khlong Thom hectare        9,570.95           5,315.89     14,886.83 

 Rai      59,818.43         33,224.29     93,042.71 

 km2              95.71                53.16          148.87 

Amphoe Ko Lanta hectare           759.93 0.00          759.93 

 Rai        4,749.55 0.00       4,749.55 

 km2                7.60 0.00              7.60 

Amphoe Muang hectares        4,004.07           3,802.34       7,806.41 

 Rai      25,025.43         23,764.61     48,790.04 

 km2              40.04                38.02            78.06 

Amphoe Lam Thap hectare        1,957.42 0.00       1,957.42 

 Rai      12,233.88 0.00     12,233.88 

 km2              19.57 0.00            19.57 

Amphoe Nua Khlong hectare        3,170.23           2,547.44       5,717.67 

 Rai      19,813.92         15,921.52     35,735.44 

 km2              31.70                25.47            57.18 

Amphoe Ao Luk hectare        5,853.34         19,207.39     25,060.73 

 Rai      36,583.34       120,046.20  156,629.54 

 km2              58.53              192.07          250.61 

Amphoe Plai Praya hectare        3,354.11         19,181.90  22,536.00 

 Rai      20,963.21       119,886.84  140,850.05 

 km2              33.54              191.82          225.36 

Grand Total hectare      38,639.28         57,545.66     96,184.95 

 Rai 241,495.53       359,660.38  601,155.91 

 km2            386.39              575.46          961.85 

Source: Calculation 
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Source: analysis 

Figure 4-1 Oil palm plantation area for productive and mature stage. 
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Table 4-2 The estimate of oil palm by-products in Krabi Province in 2005 
By-Products Amount (x1000 tons)  

Trunk                4,747.52   

Felled Frond                   913.11   

Pruned Frond   24.52  

Empty fruit bunch                     36.37   

Press fruit fibre                     21.49   

Shell                        9.09   

Total 5,752.10  

Source: Calculation 

 

4.3 Technologies for Oil Palm By-Products Utilization 

 After the identification process, 6 major existing technologies for oil palm by-

products utilization that could be support existing oil palm by-product quantity were 

found as follow: 

 

  1) Pulp and paper technology: fronds, empty fruit bunches and trunks 

utilization 

  2) Particleboard technology: fronds, empty fruit bunches, trunks and 

fibres utilization 

  3) Animal feed technology: palm oil mill effluent utilization 

  4) Mushroom cultivation technology: empty fruit bunch utilization 

  5) Activated carbon technology: shell utilization 

  6) Vitamin E Extraction technology: leaflet utilization 

 

 In Thailand, there are not any of such 6 technologies in manufacturing level. 

Hence, details of the technologies were collected from the research was shown in 

table 4-3 
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Table 4-3 Details of each technology 

Technology 
Capacity  

per year 

labors 

(people) 
Products Wholesale Price level 

Pulp and paper 50,000  tons1 1501 Pulp and paper 16,600  baht/ton1 E 

Particleboard  150,000 cubic m.2 1502 Particleboard 6,000 baht/cubic m.2 E 

Animal feeding 30,000 tons3 403 Poultry 12,600 baht/ton3 M 

Mushroom cultivation 1,800 tons4 54 Mushroom 80 baht/kg.4 S 

Activated carbon 800 tons5 105 Activated carbon 10 baht/kg.5 M 

Vitamin E extraction 2,000  tons6 506 Vitamin E 150 baht/10 ml.4 M 

Note: S =  low technology level 

 M = medium technology level 

 E =  high technology level 

Source: 1 The office of industrial economics 

  2Institute for small and medium enterprises development 
  3Foundation for consumers 

  4Data collected in December, 2004 

  5Thai powder technology center 

  6Research of Ab. Gapo et.al., 1985 

 

4.4 Appropriate Technology Assessment Study 

The result of study in term of commercial viability, environmental impact and 

public perception are following 

 

4.4.1  Commercial Viability Study 

The commercial viability was utilized data by the as investment cost, 

expense cost, and income, consideration with 10 percent of interest rate (the estimated 

value). The results is shown as table 4-4 
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Table 4-4 Commercial viability of 6 technologies 
Technology  investment 

cost (million 

baht) 

expense cost 

(million baht 

/year) 

income 

(million baht / 

year) 

NPV1 

(million 

baht) 

B/C2 

Ratio 

IRR3 

(%) 

Pulp and paper 1,000 600 830 1,960 1.4 11 

Particleboard  1,500 570 900 2,810 1.6 11 

Animal feeding 40 21 30 77 1.4 11 

Mushroom cultivation 0.50 0.55 0.9 3 1.6 55 

Activated carbon 8 2.4 5.6 27 2.3 27 

Vitamin E extraction 500 300 400 850 1.3 9 

Note:  1mean  Net Present Value: NPV 

 2mean  Benefit-Cost Ratio: B/C Ratio 

 3mean  Internal Rate of Return: IRR  

Source: Calculation 

 

4.4.2  Environmental Impact Study 

  The possibility of environmental impact from each technology can be 

defined as follow: 

 

4.4.2.1 Pulp and Paper Technology (Atakelty Hailu, 2003) 

- Water Pollution 

The pulping, bleaching and paper making processes generate a 

large volume of water effluents containing pollutants, mainly as: 

1) Total Suspended Solids (TSS), suspended solids increase 

turbidity, upset aquatic habitat and ruin fish spawning beds 

2) Organic matter contained in mill effluents stimulates algae 

growth and consumes dissolved oxygen, thereby reducing the ability of the water to 

support aquatic life. This oxygen consumption potential of dissolved organic material 

is generally measured as biological oxygen demand (BOD).  

3) Waste chemicals also carry toxic substances such as resins, 

fatty acids, and organochlorine compounds. 
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- Air pollution 

   The estimates indicate that pulp and paper technology’s 

contribution to national air emissions as: 

1) CO (carbon monoxide)  

2) VOC (volatile organic compounds) 

 

4.4.2.2 Particleboard Technology (Hai Guo el.al., 2002) 

   - Water Pollution   

   Wood particle making processes generate of water effluents 

containing pollutants, mainly as: 

1) Total Suspended Solids (TSS), suspended solids increase 

turbidity   

2) Organic matter contained in mill effluents stimulates algae 

growth and consumes dissolved oxygen, thereby reducing the ability of the water to 

support aquatic life.  

3) Waste chemicals or Inorganic matter 

   - Air pollution 

   The major total volatile organic compounds (TVOCs) emitted 

from a particleboard as formaldehyde, acetone, hexanal, propanol, butanone, benzene 

and benzaldehyde. 

   

4.4.2.3 Animal Feeding Technology (S.W. Yeong, 1985) 

   - Water Pollution 

   Animal feeding making processes generated of water effluents 

containing pollutants, mainly organic matter such as protein and fat. There are 

consumes dissolved oxygen, thereby reducing the ability of the water to support 

aquatic life. 

   - Air pollution 

   Animal feeding making processes emitted of dust particle from 

prepare raw material process. 
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4.4.2.4 Mushroom Cultivation Technology (A. H-Kittikun et.al., 

2000) 

   In mushroom cultivation making processes, there were not a 

large volume of generated water effluents and emitted of air pollution to environment, 

because it was in low technology level. 

  

4.4.2.5 Activated Carbon Technology (Aik Chong Lua et.al., 2005) 

   - Water Pollution 

   Activated carbon making processes generated of water 

effluents containing pollutants, mainly water high temperature. 

   - Air pollution 

   Activated carbon making processes emitted of dust particle or 

ash 

 

4.4.2.6 Vitamin E Extraction Technology (Ab. Gapo Md et.al., 

1985) 

   - Water Pollution 

   Vitamin E extraction making processes generated of water 

effluents containing pollutants, mainly inorganic matter. 

   - Air pollution 

   Vitamin E extraction making processes did not have a large 

volume of emitted air pollution to environment. 

 

4.4.3 Public Perception Study 

  Public perception was studied by collecting data from 392 people in 8 

amphoe of Krabi Province. The result, are as follows:  

 

  4.4.3.1 General Data  

   Gender: 274 peoples or 70 percent were male and 118 peoples 

or 30 percent were female. 
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   Age: the range of age 40-60 years old was 209 peoples or 53.3 

percent, the range of age 20-40 years old and 60-80 years old was 78 peoples or 20 

percent. The people who were older than 80 years old were 6.7 percent, respectively. 

The maximum and minimum of age were 83 and 22 years old. 

   Education: the people graduated from primary school were 

170 people or 73.3 percent, high school and Bachelor’ degree were 118 and 65 people 

or 30 and 16.7 percent, and vocational education was 39 people or 10 percent. 

   Income: farmers earned an income less than 5,000 baht/month 

was 26 people or 6.7 percent, 5,000-10,000 baht/month was 78 people or 20.0 

percent, 10,000-15,000 baht/month was 52 people or 13.3 percent, 15,000-20,000 

baht/month was 144 people or 36.7 percent and more than 20,000 baht/month was 91 

people or 23.3 percent.    

    Received data: most of farmers were not received any data 

was 46.7 percent and always received data was 53.3 percent. Most of farmers were 

received data from television 46.7 percent, friend 30.0 percent, university and 

manufacturing 20.0 percent, journal 16.7 percent, headman of a village and 

agriculture authority 10.0 percent, radio 6.7 percent, training 3.3 percent and local 

news and observe 0.0 percent. 

 

  4.4.3.1 Public Knowledge about Oil Palm By-Products Utilization 

   The public knowledge about oil palm by-products utilization 

was shown the maximum as 24 score, minimum as 12 score; with the mean was 20 

and standard of deviation 2.4. The acquired scores for each level are; 

 

  Low level of knowledge  =  Less than 18 score 

Intermediate level of knowledge = Between 18-22 score 

High level of knowledge  = Higher than 22 score 

 

 It was found that most of farmers shown the intermediate level 

of knowledge 80 percent, which graduated from primary school 41.7 percent, high 

school  20.8 percent, Bachelor’ degree was 25.0 percent and vocational education was 

12.5 percent. The group of high level of knowledge 13.3 percent, which graduated 
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from primary school and high school 25.5 percent and bachelor’ degree 50.0 percent 

and low level of knowledge 6.7 percent, which is graduated from primary school and 

high school, were 50.0 percent by order.  

 

Table 4-5 Percentage of education for knowledge 
Percentage of education for knowledge 

Level of knowledge number primary 

school 

high  

school 

bachelor’ 

degree 

vocational 

education 

High  52 25.5 25.5 0.0 0.0 

Moderate  314 41.7 20.8 25.0 12.5 

Low 26 50.0 50.0 0.0 0.0 

Source: Calculation 

 

It was also found that percentage of farmer graduated from 

primary school and high school were mostly had knowledge about oil palm  

by-products. In addition most of data source that farmer receive about this 

information were by television, friends and university by order.  

 When separated into 6 technologies, results of knowledge about 

technology were shown in table 4-6 
 

Table 4-6 Knowledge about technologies for oil palm by-products utilization 
knowledge 

Technology Number 

(people) 

Positive  

(percent) 

Number 

(people) 

Negative 

(percent) 

Pulp and paper 222 56.7 170 43.3 

Particleboard  248 63.3 144 36.7 

Animal feeding 261 66.7 131 33.3 

Mushroom cultivation 366 93.3 26 6.7 

Activated carbon 231 58.9 161 41.1 

Vitamin E extraction 13 3.3 379 96.7 

Source: Calculation 
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4.4.3.3 Public Attitude about Oil Palm By-Products Utilization 

The public attitude about oil palm by-products utilization was 

found that 16.7 percent of farmer were most agree,  53.3 percent are more agree, 

where 30.0 percent are intermediate agree and were not less agree and least agree, 

respectively.  

 When separated into 6 technologies, results of attitude about 

technology shown in table 4-7 

 

Table 4-7 Attitude about technology for oil palm by-products utilization 

Level of attitude (percent) 
Technology 

Most  More Intermediate Less Least 

Pulp and paper 13.3 56.7 3.3 6.7 20.0 

Particleboard  20.0 43.3 23.3 6.7 6.7 

Animal feeding 40.0 46.7 3.3 6.7 3.3 

Mushroom cultivation 53.3 43.3 3.3 0.0 0.0 

Activated carbon 16.7 46.7 23.3 6.7 6.7 

Vitamin E extraction 20.0 33.3 20.0 6.7 20.0 

Source: Calculation 

   

  From table 4-7, it was found that farmer was more agree in 

pulp and paper technology because of farmer was positive to knowledge 56.7 percent 

and negative to knowledge 43.3 percent. For particleboard technology found that 

farmer was more agree because of farmer was positive to knowledge 63.3 percent and 

negative to knowledge 36.7 percent. Animal feeding technology found that farmer 

was more agree because of farmer was positive to knowledge 66.7 percent and 

negative to knowledge 33.3 percent. Mushroom cultivation technology found that 

farmer was most agree because of farmer was positive to knowledge 93.3 percent and 

negative to knowledge 6.7 percent. Activated carbon technology found that farmer 

was more agree because of farmer was positive to knowledge 58.9 percent and 

negative to knowledge 41.1 percent. Vitamin E extraction technology found that 

farmer was more agree because of farmer was positive to knowledge 3.3 percent and 

negative knowledge 96.7 percent. 
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4.4.4 Appropriate Assessment of Technology Study 

Technology assessment using Delphi Technique was employed by 

enquiring the opinion of 3 experts on environmental impact, commercial viability and 

public perception. It was found that commercial viability and environmental impact 

were more important than public perception as the following details; 

 

Table 4-8 The weighting score of main factors 
Factor Mean Total Score 

Commercial viability 4.67 14 

Environmental impact 4.67 14 

Public perception 4.33 13 

Source: Calculation 

 

The results of appropriate technology assessment of by enquiry the 

opinion of 3 experts on the factor are 1) commercial viability 2) environmental impact 

and 3) Public Perception. It was found that mean of the answer of 3 experts on 3 

factors will be shown in table 4-9 

 

Table 4-9 The mean of rating score of factors in each technology 

Technology 

Main factor Factor 
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NPV  4.00 4.00 4.33 4.67 4.33 3.33 
B-C Ratio  3.33 3.67 3.67 4.33 4.33 3.00 

Commercial viability 

IRR  3.33 3.33 4.33 4.67 4.33 2.67 
Air pollution 2.67 2.33 4.33 5.00 4.33 4.33 Environmental impact 

Water pollution 2.33 3.00 3.67 5.00 4.33 3.00 
Knowledge 3.67 4.33 4.67 4.67 3.67 3.00 Public perception 

Attitude 4.00 4.33 4.67 4.67 3.67 3.67 

Source: Calculation 
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  The results of calculation score will be shown in table 4-10 

 

Table 4-10 Score of appropriate technology 
Rating score 

Main factor 
Weighting 

score 
Factor 
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NPV  4.00 4.00 4.33 4.67 4.33 3.33 

B-C Ratio  3.33 3.67 3.67 4.33 4.33 3.00 
Commercial 

viability 
4.67 

IRR  3.33 3.33 4.33 4.67 4.33 2.67 

Air pollution 2.67 2.33 4.33 5.00 4.33 4.33 Environmental 

impact 
4.67 

Water pollution 2.33 3.00 3.67 5.00 4.33 3.00 

Knowledge 3.67 4.33 4.67 4.67 3.67 3.00 Public 

perception 
4.33 

Attitude 4.00 4.33 4.67 4.67 3.67 3.67 

Total score 106.34 113.76 135.38 150.98 132.89 105.14 

Mean  3.33 3.57 4.24 4.71 4.14 3.29 

Note: total score = Summation of Weighting score x Rating score 

Source: Calculation 

 

Comparison of 6 technologies by mean of the expert answers 

revealed that the sequence of appropriate technology for oil palm by-products 

utilization as mushroom cultivation technology is at highest level, which is the mostly 

suitable, animal feeding technology, activated carbon technology and particleboard 

technology are at more high level, which are the very suitable and pulp and paper 

technology and vitamin E extraction technology are at moderate level, which are 

moderately suitable.  
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 
 

 

The purpose of this study was to evaluate appropriate technologies for oil 

palm by-products utilization. The oil palm plantation area and the amount of oil palm 

by-products were than identified. Moreover, existing technologies used for oil palm 

by-products utilization were identified and evaluated in the study as well.  

The previous study of oil palm plantation area by Jarunya Kitipaisanon (2005) 

was reviewed and used as a guideline for this study. An amount of oil palm  

by-products, which consist of by-products from field activities (oil palm trunks and 

fronds) and from palm mills (shells, empty fruit bunches, fibres and palm oil mill 

effluent) was calculated from plantation area. The previous researches showed that a 

technology patterns for oil palm by-products utilization were related to the potentials 

of oil palm by-products as raw material. The appropriate technology for oil palm  

by-products utilization was evaluated in 3 perspectives; 1) commercial viability, 

which was analyzed and compare by the NPV, B/C ratio and IRR; 2) environmental 

impact, which was the assessment for the potential impacts of each technology in a 

water pollution and air pollution issues; and 3) public perception, which was analyzed 

by statistical principles. An assessment of an appropriate technology was done by  

3 experts in a field of economics, environment and social studies. 

It was found that 6 major existed technologies for oil palm by-products 

utilization which could be supported existing oil palm by-product consisted of pulp 

and paper technology, particleboard technology, animal feeding technology, 

mushroom cultivation technology, activated carbon technology and vitamin e 

extraction technology. The appropriate technology assessment was found that the 

mushroom cultivation technology was the most suitable level, while an animal 

feeding, an activated carbon technology and a particleboard technology were suitable 

level. For the pulp and paper and vitamin E extraction technologies were considering 

moderately suitable level.  
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In conclusion, appropriate technologies for each kind of oil palm by-products 

utilization in Krabi Province are; 1) mushroom technology for empty fruit bunches 

utilization; 2) animal feeding technology for palm oil mill effluent utilization; 3) 

activated carbon technology for shells utilization; 4) particleboard technology for 

fronds, empty fruit bunches, trunks and fibres utilization and 5) pulp and paper 

technology for trunks, fronds and empty fruit bunches utilization; and 6) vitamin e 

extraction technology for leaflet utilization respectively. 

 

5.1 Conclusion  

 5.1.1  Identification of Oil Palm Plantation Area 

In 2005, oil palm plantation area in Krabi Province was about 96,000 

hectare, including 39,000 hectare of less than 20 years of age and 56,000 hectare of 

more than 20 years of age.  

 

 5.1.2  Amount of Oil Palm By-Products  

  From an estimation of oil palm by-products, it was found was about 

5.7 million tons, which included oil palm trunks (4.7 million tons), felled fronds 

(900,000 tons), pruned fronds (24,000 tons), empty fruit bunches (36,000 tons), fibres 

(21,000 tons) and shells (9,000 tons). 

 

 5.1.3 Technology for Oil Palm By-Products Utilization 

  After an identification of 6 major existing technologies for oil palm  

by-products utilization, they could support existing oil palm by-product quantity as 

follows: 

  5.1.3.1 Pulp and paper technology: fronds, empty fruit bunches and 

trunks utilization have a capacity in producing pulp and paper 5,000 ton/year, using 

labors of 150 people and a wholesale price of 16,600 baht/ton. The details for each 

factor are as follow: 
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- Commercial Viability: Net Present Value of pulp and paper 

technology equals to 1,960 million baht; it is more than zero by the criterion. Benefit-

Cost Ratio equals to 1.4, it is more than one by the criterion and Internal Rate of 

Return equals to 11 percent, it is more than interest by the criterion. 

- Environmental impact: The processes of pulp and paper 

technology generated water pollutants such as total suspended solid, organic matter 

and inorganic matter, and also emitted air pollutants such as carbon monoxide (CO) 

and volatile organic compounds (VOC). 

- Public perception:  public knowledge in oil palm by-products 

utilization was found that 56.7 percent of farmers positive to knowledge. For public 

attitude in oil palm by-products utilization, 13.3 percent of farmer was most agree, 

56.7 percent was more agree, where 3.3 percent were intermediate agree and 6.7 and 

20.0 percent  were less agree and least agree, respectively.  

 

  5.1.3.2 Particleboard technology: fronds, empty fruit bunch and 

trunks utilization have a capacity in particleboard 150,000 cubic meter/year, using 

labors of 150 people and a wholesale price of 6,000 baht/cubic meter The details for 

each factor are: 

- Commercial Viability: Net Present Value of pulp and paper 

technology equals to 2,810 million baht; it is more than zero by the criterion. Benefit-

Cost Ratio equals to 1.6, it is more than one by the criterion and Internal Rate of 

Return equals to 11 percent, it was more than interest by the criterion. 

- Environmental impact: The processes of particleboard 

technology generated water pollutant such as total suspended solid, organic matter 

and inorganic matter, which emitted air pollution from a particleboard as 

formaldehyde.  

- Public perception: public knowledge in oil palm by-products 

utilization was found that 63.3 percent of farmers positive to knowledge. For public 

attitude  in oil palm by-products utilization, 20.0 percent of farmer was most agree, 

43.3 percent was more agree, where 23.3 percent was intermediate agree and 6.7 

percent  were less agree and least agree, respectively.  
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  5.1.3.3 Animal feed technology: palm oil mill effluent utilization have 

capacity in producing pulp and paper 30,000 tons/year, using labors of 40 people and a 

wholesale price of 12,600 baht/ton. The details for each factor are: 

- Commercial Viability: Net Present Value of animal feed 

technology equals to 77 million baht; it is more than zero by the criterion. Benefit-

Cost Ratio equals to 1.4, it is more than one by the criterion and Internal Rate of 

Return equals to 11 percent, it was more than interest by the criterion. 

- Environmental impact: The processes of animal feed 

technology generated inorganic matter, which emitted air pollution from prepare raw 

material as dust particle.  

- Public perception: public knowledge in oil palm by-products 

utilization was found that 66.7 percent of farmers positive to knowledge. For public 

attitude  in oil palm by-products utilization, 40.0 percent of farmer were most agree, 

46.7 percent were more agree, where 3.3 percent were intermediate agree and 6.7 and 

3.3 percent  were less agree and least agree, respectively.  

  

  5.1.3.4  Mushroom cultivation technology: empty fruit bunch 

utilization have capacity in producing pulp and paper 1,800 tons/year, using labors of 

5 peoples and a wholesale price of 80 baht/kg. The details for each factor are: 

- Commercial Viability: Net Present Value of mushroom 

cultivation technology equals to 3 million baht; it is more than zero by the criterion. 

Benefit-Cost Ratio equals to 1.6, it is more than one by the criterion and Internal Rate 

of Return equals to 55 percent, it was more than interest by the criterion. 

- Environmental impact: The processes of mushroom 

cultivation technology have not generated water pollution and air pollution 

- Public perception:  public knowledge in oil palm by-products 

utilization was found that 93.3 percent of farmers positive to knowledge. For public 

attitude  in oil palm by-products utilization, 53.3 percent of farmer was most agree, 

43.3 percent were more agree, where 3.3 percent were intermediate agree and 0.0 

percent  were less agree and least agree, respectively. 
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  5.1.3.5 Activated carbon technology: shell utilization have capacity 

in producing pulp and paper 800 tons/year, using labors of 10 people and a wholesale 

price of 10 baht/kg. The details for each factor are: 

- Commercial Viability: Net Present Value of activated carbon 

technology equals to 27 million baht; it is more than zero by the criterion. Benefit-

Cost Ratio equals to 2.3, it is more than one by the criterion and Internal Rate of 

Return equals to 27 percent, it was more than interest by the criterion. 

- Environmental impact: The processes of activated carbon 

technology generated water high temperature, which emitted air pollution from 

prepare raw material as dust particle or ash. 

- Public perception:  public knowledge in oil palm by-products 

utilization was found that 3.3 percent of farmers positive to knowledge. For public 

attitude  in oil palm by-products utilization, 16.7 percent of farmer were most agree, 

46.7 percent were more agree, where 23.3 percent were intermediate agree and 6.7 

percent  were less agree and least agree, respectively. 

 

  5.1.3.6 Vitamin E Extraction technology: leaflet utilization have 

capacity in producing pulp and paper 2,000 tons/year, using labors of 50 people and a 

wholesale price of 150 baht/10 ml. The details for each factor are: 

- Commercial Viability: Net Present Value of vitamin e 

extraction technology equals to 850 million baht; it is more than zero by the criterion. 

Benefit-Cost Ratio equals to 1.3, it is more than one by the criterion and Internal Rate 

of Return equals to 9 percent, it was more than interest by the criterion. 

- Environmental impact: The processes of vitamin e extraction 

technology generated inorganic matter, does not have a large volume of emitted air 

pollution to environmental. 

- Public perception: public knowledge in oil palm by-products 

utilization was found that 3.3 percent of farmers positive to knowledge. For public 

attitude  in oil palm by-products utilization, 20.0 percent of farmer were most agree, 

33.3 percent were more agree, where 20.0 percent were intermediate agree and 6.7 

and 20.0 percent were less agree and least agree, respectively.  
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 5.1.5 Appropriate Technology Evaluation 

  Appropriate technologies assessment was done by enquiry the opinion 

of experts on the perspectives of environment impact, commercial viability and public 

perception. Three experts have agreed as follow: 

- Pulp and paper technology: experts have agreed that perspectives of 

commercial viability and public perception were appropriate at a moderate level as 

well as environmental impact perspective. 

- Particleboard technology: experts have agreed that perspectives of 

commercial viability was appropriate at most high level, environmental impact at 

moderate level and public perception were appropriate at high level. 

- Animal feed technology: experts have agreed that perspectives of 

commercial, environmental impact and public perception were appropriate at high 

level 

- Mushroom cultivation technology: experts have agreed that 

perspectives of commercial viability and environmental impact and public perception 

were appropriate at most high level 

- Activated carbon technology: experts have agreed that perspectives 

of commercial viability and environmental impact and public perception were 

appropriate at high level 

- Vitamin E extraction technology: experts have agreed that 

perspectives of commercial viability and public perception were appropriate at 

moderate level, environmental impact was appropriate at high level. 

  The order of appropriate technologies which were considered in this 

study for oil palm by-products utilization were mushroom cultivation technology was 

at highest level, animal feed technology, activated carbon technology and 

particleboard technology are at high level and pulp and paper technology and  

vitamin e extraction technology are at moderate level. 
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5.2  Recommendation 

 5.2.1 Recommendation for technologies for oil palm by-products 

utilization 

  Obstacle for evaluation of appropriate technologies in oil palm  

by-products utilization is that Thailand does not have technologies in supporting at a 

manufacturing level. The data to be collected should be an accurate data from 

research and in the vicinity technology. 

There should be a development of an oil palm by-products industry for 

Thailand in order to convert oil palm by-products into value added materials and to 

reduce waste from agriculture and manufacturing sectors. 

 

 5.2.2 Recommendation for further research 

  1) The further study on commercial viability study should study in 

detail of the operation cost, maintenance cost, tax and externalities. 

  2) The further study on environmental impact should include 

environmental impacts from noise pollution, soil pollution and solid wastes. 

  3) The further evaluation of appropriate technologies should conduct 

with more than 1 expert in each area. 
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APPENDIX A 

 

หมายเลขแบบสอบถาม  ชุดที่  
 

แบบสอบถามเกษตรกรผูปลูกปาลมน้ํามัน 
 

เร่ือง 
การประเมินเทคโนโลยีท่ีเหมาะสมเพื่อการใชประโยชนวัสดุพลอยไดจากปาลมน้ํามัน ในจังหวัดกระบี่ 

 
 

แบบสอบถามนี้เปนสวนหนึ่งของการทําวิทยานิพนธ 
ของนักศึกษาหลักสูตรวิทยาศาสตรมหาบัณฑิต 

สาขาเทคโนโลยีท่ีเหมาะสมเพื่อการพัฒนาทรัพยากรและสิ่งแวดลอม รุนที่  18 
คณะสิ่งแวดลอมและทรัพยากรศาสตร มหาวิทยาลัยมหิดล   

 
 
 
 
 

“ซึ่งมีวัตถุประสงคในการนําขอมูลไปใชประโยชนทางการศึกษาเทานั้นและไมเปดเผย” 
 

 
 

หมายเหตุ  :  โปรดกาเครื่องหมาย  “a”  ในชอง  �  ที่ผูใหสัมภาษณเลือก 
 
 
 

ผูสัมภาษณ..............................................................................วันที่สัมภาษณ ........................... 2548 

ช่ือผูใหสัมภาษณ...........................................................................................อายุ....................ป 
ที่อยูปจจุบัน   บานเลขที่..........หมูที่.........ตําบล........................ อําเภอ.............................. จังหวัดกระบี่ 
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สวนที่ 1 ขอมูลท่ัวไปสวนบุคคล 
1.1 เพศ 
  � ชาย  � หญิง 
1.2 อายุ  
 � นอยกวา 20 ป   � 20-40 ป 
 � 40-60 ป   � 60-80 ป � มากกวา 80 ป       
1.3 ศาสนา 
 � พุทธ  � คริสต  � อิสลาม � อื่น ๆ ระบุ................. 
1.4 ระดับการศึกษา 
 � ประถมศึกษา  � มัธยมศึกษา  � ปริญญาตรี 
 � ปริญญาโท  � อาชีวศึกษา  � ไมไดเขารับการศึกษา  
 � อื่น ๆ ระบุ................................................  

 

สวนที่ 2 ขอมูลดานความรูเก่ียวกับเทคโนโลยีการใชประโยชนวัสดุพลอยไดจากปาลมน้ํามัน 
2.1 ทานเคยไดรับรูขาวสารเกี่ยวกับการใชประโยชนวัสดุพลอยไดจากปาลมน้ํามันบางหรือไม 

  � ไมเคย  
� เคย จากแหลงใดบาง (ตอบไดมากกวา 1 ขอ) 

   � เพื่อนบาน  � ญาติ   � วิทยุ  
   � โทรทัศน  � หอกระจายขาว  � ผูนําชุมชน 

� การศึกษาดูงาน  � การจัดฝกอบรม  � สิ่งพิมพวารสาร 
� หนวยราชการ   � อื่น ๆ ระบุ............................................................... 

 
 2.2 ความรูความเขาใจเกี่ยวกับการใชประโยชนวัสดุพลอยไดจากปาลมน้ํามันของเกษตรกร 
  

คําตอบ 
ความรูเก่ียวกับการใชประโยชนวัสดุพลอยไดจากจากปาลมน้ํามัน 

ใช ไมใช 

ลําตน 
- ลําตนปาลมน้ํามันที่โคนทิ้ง นํามาสับทิ้งไวเปนปุยในพื้นที่ปลูกตอไป 
- ลําตนปาลมน้ํามันสามารถนํามาทําเปนเฟอรนิเจอรได 
- ลําตนปาลมน้ํามันสามารถนํามาทําเปนโรงเรือนได 
- ลําตนปาลมน้ํามันสามารถนํามาทําเปนแผนใยไมอัดได 
- ลําตนปาลมน้ํามันสามารถนํามาทําเชื้อเพลิงได 
- สวนยอดของลําตนปาลมน้ํามันสามารถนํามาผลิตไวนได 

 
............ 
............ 
............ 
............ 
............ 
............ 

 
............ 
............ 
............ 
............ 
............ 
............ 
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คําตอบ 
ความรูเก่ียวกับการใชประโยชนวัสดุพลอยไดจากจากปาลมน้ํามัน 

ใช ไมใช 

ทางใบ 
- ทางใบที่ตัดทิ้งแลวนํามากองไวใตโคนเพื่อเปนปุยใหแกตนปาลมน้ํามัน 
- ทางใบที่ตัดทิ้งแลวนํามากองไวใตโคนเพื่อรักษาความชื้นใหกับดิน 
- ทางใบที่ตัดทิ้งแลว สามารถนํามาผลิตแผนไมอัด 
- ทางใบสามารถนํามาผลิตเปนกระดาษได 
- ใบของปาลมน้ํามันสามารถนํามาสกัดวิตามิน อี ได 

 
............ 
............ 
............ 
............ 
............ 

 
............ 
............ 
............ 
............ 
............ 

ทะลายเปลา 
- ทะลายเปลาใชเปนวัสดุคลุมดินเปนปุยใหกับตนปาลมน้ํามันได 
- ทะลายเปลาสามารถใชเปนวัสดุเพาะเห็ดฟางได 
- ทะลายเปลาสามารถนํามาเปนแผนใยไมอัดได 
- ทะลายเปลาสามารถนํามาทําเชื้อเพลิงได 
- ทะลายเปลาสามารถนํามาเปนกระดาษได 

 
............ 
............ 
............ 
............ 
............ 

 
............ 
............ 
............ 
............ 
............ 

กะลา 
- กะลาปาลมนํามาทําเปนสวนผสมในพื้นคอนกรีตแทนกรวดได 
- กะลาปาลมสามารถนํามาถมผิวถนนแทนหิน/กรวดได 
- กะลาปาลมสามารถนํามาทําเชื้อเพลิงได 
- กะลาปาลมสามารถนํามาทําเปนวัสดุเพาะตนกลาได 

 
............ 
............ 
............ 
............ 

 
............ 
............ 
............ 
............ 

เสนใยเมล็ด 
- เสนใยปาลมน้ํามันสามารถนํามาทําเปนวัสดุเพาะตนกลาได 
- เสนใยปาลมน้ํามันสามารถนํามาทําเปนเชื้อเพลิงได 
- เสนใยปาลมน้ํามันสามารถนํามาทําปุยหมักได 
- เสนใยปาลมน้ํามันสามารถทําเปนวัสดุยัดฟูกที่นอน เบาะรถได 
- เสนใยปาลมน้ํามันสามารถทําเปนอาหารสัตวได 

 
............ 
............ 
............ 
............ 
............ 

 
............ 
............ 
............ 
............ 
............ 

กากของเสียจากโรงงาน 
- กากของเสียสามารถนํามาทําอาหารสัตวได 
- กากของเสียสามารถนําใชในการเพาะเห็ดฟางได 

 
............ 
............ 

 
............ 
............ 
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สวนที่ 3 ขอมูลดานทัศนคติเก่ียวกับเทคโนโลยีการใชประโยชนวัสดุพลอยไดจากปาลมน้ํามัน 
 
3.1 ทานเห็นดวยกับการใชประโยชนวัสดุพลอยไดจากปาลมน้ํามันในแตละสวนอยางไร 

เห็นดวย 
ทัศนคติเก่ียวกับเทคโนโลยีการใชประโยชนวัสดุพลอยได

จากปาลมน้ํามัน 
มาก
ท่ีสุด 

มาก 
ปาน
กลาง 

นอย 
นอย
ท่ีสุด 

ลําตน 
- ลําตนปาลมน้ํามันนํามาผลิตเยื่อและกระดาษ 
- ลําตนปาลมน้ํามันนํามาผลิตไมพารติเคิลบอรด 
ทางใบ 
- ทางใบนํามาผลิตไมพารติเคิลบอรด 
- ทางใบนํามาผลิตเยื่อและกระดาษ 
- ใบของปาลมน้ํามันนํามาสกัดวิตามิน อี  
ทะลายเปลา 
- ทะลายเปลาใชเปนวัสดุเพาะเห็ดฟางได 
- ทะลายเปลานํามาผลิตไมพารติเคิลบอรด 
- ทะลายเปลานํามาผลิตเยื่อและกระดาษ 
เสนใย 
- เสนใยปาลมน้ํามันนํามาผลิตไมพารติเคิลบอรด 
กะลา 
- กะลาปาลมนํามาผลิตถานกัมมันต 
กากของเสียจากโรงงาน 
- กากของเสียนํามาทําอาหารสัตว 

 
.......... 
.......... 
 
.......... 
.......... 
.......... 
 
.......... 
.......... 
.......... 
 
.......... 
 
.......... 
 
.......... 

 
.......... 
.......... 
 
.......... 
.......... 
.......... 
 
.......... 
.......... 
.......... 
 
.......... 
 
.......... 
 
.......... 

 
.......... 
.......... 
 
.......... 
.......... 
.......... 
 
.......... 
.......... 
.......... 
 
.......... 
 
.......... 
 
.......... 

 
.......... 
.......... 
 
.......... 
.......... 
.......... 
 
.......... 
.......... 
.......... 
 
.......... 
 
.......... 
 
.......... 

 
.......... 
.......... 
 
.......... 
.......... 
.......... 
 
.......... 
.......... 
.......... 
 
.......... 
 
.......... 
 
.......... 

3.2 ทานเห็นดวยกับการนําวัสดุพลอยไดจากปาลมน้ํามันมา
ใชประโยชนมากนอยเพียงใด 

 
.......... 

 
.......... 

 
.......... 

 
.......... 

 
.......... 

 
 3.3 ขอเสนอแนะเกี่ยวกับการใชประโยชนวัสดุพลอยไดจากปาลมน้ํามัน 
      ...............................................................................................................................................................
...................................................................................................................................................................................
................................................................................................................................................................................... 
................................................................................................................................................................................... 
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APPENDIX B 

 

แบบประเมิน 
เร่ือง 

การประเมินความเหมาะสมของเทคโนโลย ี
แบบสอบถามฉบับนี้เปนสวนหนึ่งของการทาํวิทยานิพนธ 

เรื่อง“การประเมินเทคโนโลยท่ีีเหมาะสมเพื่อการใชประโยชนวัสดุพลอยไดจากปาลมน้ํามัน  
ในจังหวัดกระบี่”  

โดย นางสาวอารียรัตน เกตุมณี  
นักศึกษาระดับปริญญาโท หลักสูตรวิทยาศาสตรมหาบัณฑิต  

สาขาเทคโนโลยีท่ีเหมาะสมเพื่อการพัฒนาทรัพยากรและสิ่งแวดลอม  
คณะสิ่งแวดลอมและทรัพยากรศาสตร มหาวิทยาลัยมหิดล 

 
 ขอความกรุณาผูเชี่ยวชาญแตละทานไดใหคะแนนในแตละปจจัย เพื่อการประเมินเทคโนโลยีการ
ใชประโยชนวัสดุพลอยไดจากปาลมน้ํามัน โดยเรียงตามลําดับความสําคัญของแตละปจจัย ดังนี้ 
  5  หมายถึง  มีความสําคัญมากที่สุด 
  4  หมายถึง  มีความสําคัญมาก 
  3  หมายถึง  มีความสําคัญปานกลาง 
  2  หมายถึง  มีความสําคัญนอย 
  1  หมายถึง  มีความสําคัญนอยท่ีสุด 
 

ระดับความสําคัญ ปจจัยในการประเมินเทคโนโลยี 
5 4 3 2 1 

ความเหมาะสมดานเศรษฐศาสตรการลงทุนของเทคโนโลยีการใชประโยชนวัสดุ
พลอยไดจากปาลมน้ํามัน 

     

ความเหมาะสมทางดานผลกระทบสิ่งแวดลอมของเทคโนโลยีการใชประโยชน
วัสดุพลอยไดจากปาลมน้ํามัน 

     

การมีสวนรวมของประชาชนในดานความรูและทัศนคติตอเทคโนโลยีการใช
ประโยชนวัสดุพลอยไดจากปาลมน้ํามัน 
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รายละเอียดของแตละปจจัย 
  

 ความคุมคาการลงทุน พิจารณาในดาน 
  - มูลคาปจจุบนัสุทธิ (NPV) ควรมีคามากกวาหรือเทากับ 0 (ศูนย) 
  - อัตราสวนตอบแทนที่ไดตอเงินลงทุน (B/C Ratio) ควรมีคามากกวา 1  
  - ผลตอบแทนที่ได (IRR) ควรมีคามากกวา อัตราดอกเบี้ย 10% 
 ความเหมาะสมทางดานสิ่งแวดลอม พิจารณาในดาน 

- โอกาสเกิดมลพิษทางน้ํา  
- โอกาสเกิดมลพิษทางอากาศ  

การมีสวนรวมของประชาชนในดานความรูและทัศนคติเก่ียวกับการใชประโยชนวัสดุ
พลอยไดจากปาลมน้ํามัน พจิารณาในดาน 
 1) การมีสวนรวมในดานความรูและความเขาใจเกีย่วกับการใชประโยชนวัสดุพลอยไดจาก
ปาลมน้ํามัน 

- ความรูความเขาใจเกีย่วกับการใชประโยชนวัสดุพลอยไดจากปาลมน้าํมัน  
 2) การมีสวนรวมในดานทัศนคติเกี่ยวกบัการใชประโยชนวัสดุพลอยไดจากปาลมน้ํามัน 

 - ทัศนคติเหน็ดวยกับการใชประโยชนวัสดุพลอยไดจากปาลมน้ํามัน 
 
 การประเมินความเหมาะสมของแตละปจจยัแบงออกเปน 5 ระดับ ดังนี ้
  5 หมายถึง  เหมาะสมมากที่สุด 
  4 หมายถึง  เหมาะสมมาก 
  3 หมายถึง  เหมาะสมปานกลาง 
  2 หมายถึง  เหมาะสมนอย 
  1 หมายถึง  เหมาะสมนอยท่ีสุด 
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ปจจัยในการประเมินเทคโนโลยี 

ปจจัยหลัก ปจจัยรอง 
รายละเอียด คะแนน 

1. เทคโนโลยีการผลิตเยื่อและกระดาษ 
มลพิษทางน้ํา มลพิษทางน้ําที่เกิดขึ้น  ไดแก 

1. สารแขวนลอยในน้ํา (Suspended 
Solid: SS) ทําใหเกิดน้ําขุน จากเศษผงไม  
2. สารอินทรีย ทําใหปริมาณออกซิเจน 
ะลายน้ําลดลง (Dissolved Oxygen: DO)  
3. สารอนินทรีย (สารเคมี) ไดแก resins, 
fatty acids, และ สารประกอบออรแกโน
คลอรีน ซึ่งเปนอันตรายตอการดํารงชีวิต
ของสัตวน้ํา 

 ดานสิ่งแวดลอม 

มลพิษทางอากาศ มีการปลอยมลพิษทางอากาศ ไดแก  
1. CO (carbon monoxide)  
2. VOC (volatile organic 

compounds) 

 

มูลคาปจจุบันสุทธิ (NPV) 1,960 ลานบาท  
อัตราสวนตอบแทนที่ได
ตอเงินลงทุน  (B/C Ratio) 

1.4  
ดานความคุมคาทางการ
ลงทุน 

ผลตอบแทนที่ได (IRR) 11%  
ดานความรูและความ
เขาใจ 

เขาใจ รอยละ 56.7 

ไมเขาใจ รอยละ 43.3 

 ดานการมีสวนรวมของ
ประชาชน 

ดานทัศนคติ เห็นดวยมากที่สุด รอยละ 13.3 

เห็นดวยมาก รอยละ 56.7 

เห็นดวยปานกลาง รอยละ 3.3 

เห็นดวยนอย รอยละ 6.7 

เห็นดวยนอยที่สุด รอยละ 20.0 
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ปจจัยในการประเมินเทคโนโลยี 

ปจจัยหลัก ปจจัยรอง 
รายละเอียด คะแนน 

2. เทคโนโลยีการผลิตไมพารติเคิลบอรด 
มลพิษทางน้ํา มลพิษทางน้ําที่เกิดขึ้น  ไดแก 

1. สารแขวนลอยในน้ํา (Suspended 
Solid: SS)    
2. สารอินทรีย   
3. สารอนินทรีย (สารเคมี) ไดแก resins, 
fatty acids, และ สารประกอบออรแกโน
คลอรีน   

 ดานสิ่งแวดลอม 

มลพิษทางอากาศ มลพิษทางอากาศ เกิดการสารระเหยของ
สารประกอบอินทรีย สวนใหญเกิดสาร
ระเหยจาก formaldehyde 

 

มูลคาปจจุบันสุทธิ (NPV) 2,810 ลานบาท  
อัตราสวนตอบแทนที่ได
ตอเงินลงทุน (B/C Ratio) 

1.6  
ดานความคุมคาทางการ
ลงทุน 

ผลตอบแทนที่ได (IRR) 
 

11%  

ดานการมีสวนรวมของ
ประชาชน 

ดานความรูและความ
เขาใจ 

เขาใจ รอยละ 63.3 

ไมเขาใจ รอยละ 36.7 

 

 ดานทัศนคติ เห็นดวยมากที่สุด รอยละ 20.0 

เห็นดวยมาก รอยละ 43.3  

เห็นดวยปานกลาง รอยละ 23.3 

เห็นดวยนอย รอยละ 6.7 

เห็นดวยนอยที่สุด รอยละ 6.7 
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ปจจัยในการประเมินเทคโนโลยี 

ปจจัยหลัก ปจจัยรอง 
รายละเอียด คะแนน 

3. เทคโนโลยีการผลิตอาหารสัตว 
มลพิษทางน้ํา มลพิษทางน้ําที่เกิดขึ้น  ไดแกสารอินทรีย

ที่เปนกากของเสียที่ตองการ  O2 เพื่อ
สลายตัว เปนสวนใหญ ทําใหปริมาณ
ออกซิ เ จนละล า ย ในน้ํ า  (Dissolved 
Oxygen: DO) ลดลง สงผลใหแหลงน้ํา
เกิดการเนาเสียสงกลิ่นเหม็น และทําให
ระบบนิเวศสัตวน้ําเสียสมดุล 

 ดานสิ่งแวดลอม 

มลพิษทางอากาศ มลพิษทางอากาศ  เกิดการฝุนละออง
ขนาด เล็ ก  จากกระบวนการ เตรี ยม
วัตถุดิบ  

 

มูลคาปจจุบันสุทธิ (NPV) 77 ลานบาท  
อัตราสวนตอบแทนที่ได
ตอเงินลงทุน (B/C Ratio) 

1.4  
ดานความคุมคาทางการ
ลงทุน 

ผลตอบแทนที่ได (IRR) 1%  
ดานความรูและความ
เขาใจ 

เขาใจ รอยละ 66.7 

ไมเขาใจ รอยละ 33.3 

 ดานการมีสวนรวมของ
ประชาชน 

ดานทัศนคติ เห็นดวยมากที่สุด รอยละ 40.0 

เห็นดวยมาก รอยละ 46.7 

เห็นดวยปานกลาง รอยละ 3.3 

เห็นดวยนอย รอยละ 6.7 

เห็นดวยนอยที่สุด รอยละ  3.3 
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ปจจัยในการประเมินเทคโนโลยี 

ปจจัยหลัก ปจจัยรอง 
รายละเอียด คะแนน 

4. เทคโนโลยีการเพาะเห็ดฟาง 
มลพิษทางน้ํา ในกระบวนการ เพาะ เห็ดฟาง  เปน

เทคโนโลยีอยางงาย  หรือเทคโนโลยี
ระดับตํ่า  ซึ่งไมกอใหเกิดมลพิษทั้งทาง
น้ํา 

 ดานสิ่งแวดลอม 

มลพิษทางอากาศ ในกระบวนการ เพาะ เห็ดฟาง  เปน
เทคโนโลยีอยางงาย  หรือเทคโนโลยี
ระดับตํ่า  ซึ่งไมกอใหเกิดมลพิษทั้งทาง
อากาศ เชนกัน 

 

มูลคาปจจุบันสุทธิ (NPV) 3 ลานบาท  
อัตราสวนตอบแทนที่ได
ตอเงินลงทุน (B/C Ratio) 

1.6  
ดานความคุมคาทางการ
ลงทุน 

ผลตอบแทนที่ได (IRR) 55%  
ดานความรูและความ
เขาใจ 

เขาใจ รอยละ 93.3 

ไมเขาใจ รอยละ 6.7 

 ดานการมีสวนรวมของ
ประชาชน 

ดานทัศนคติ เห็นดวยมากที่สุด รอยละ 53.3 

เห็นดวยมาก รอยละ 43.3 

เห็นดวยปานกลาง รอยละ 3.3 

เห็นดวยนอย รอยละ 0.0 

เห็นดวยนอยที่สุด รอยละ 0.0  
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ปจจัยในการประเมินเทคโนโลยี 

ปจจัยหลัก ปจจัยรอง 
รายละเอียด คะแนน 

5. เทคโนโลยีการผลิตถานกัมมันต 
มลพิษทางน้ํา มลพิษทางน้ํ าที่ เกิดขึ้น   ไดแก  น้ํ าทิ้ ง

อุณหภูมิสูง 
 ดานสิ่งแวดลอม 

มลพิษทางอากาศ มลพิษทางอากาศ  เกิดการฝุนละออง
ขนาดเล็ก หรือเศษขี้เถา  

 

มูลคาปจจุบันสุทธิ (NPV) 27 ลานบาท  
อัตราสวนตอบแทนที่ได
ตอเงินลงทุน (B/C Ratio) 

2.3  
ดานความคุมคาทางการ
ลงทุน 

ผลตอบแทนที่ได (IRR) 27%  
ดานความรูและความ
เขาใจ 

เขาใจ รอยละ 3.3 

ไมเขาใจ รอยละ 96.7 

 ดานการมีสวนรวมของ
ประชาชน 

ดานทัศนคติ เห็นดวยมากที่สุด รอยละ 16.7 

เห็นดวยมาก รอยละ 46.7 

เห็นดวยปานกลาง รอยละ 23.3 

เห็นดวยนอย รอยละ 6.7 

เห็นดวยนอยที่สุด รอยละ 6.7  
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ปจจัยในการประเมินเทคโนโลยี 

ปจจัยหลัก ปจจัยรอง 
รายละเอียด คะแนน 

6. เทคโนโลยีการสกัดวิตามิน อี 
มลพิษทางน้ํา มลพิษทางน้ําที่เกิดขึ้น  ไดแก  

สารอนินทรีย (สารเคมี)  
 ดานสิ่งแวดลอม 

มลพิษทางอากาศ มลพิษทางอากาศที่เกิดจากกระบวนการ
สกัดวิตามิน อี นั้น มีนอยมากหรือไม
สงผลกระทบตอสิ่งแวดลอม 

 

มูลคาปจจุบันสุทธิ (NPV) 850 ลานบาท  
อัตราสวนตอบแทนที่ได
ตอเงินลงทุน (B/C Ratio) 

1.3  
ดานความคุมคาทางการ
ลงทุน 

ผลตอบแทนที่ได (IRR) 9%  
ดานความรูและความ
เขาใจ 

เขาใจ รอยละ 3.3 

ไมเขาใจ รอยละ 96.7 

 ดานการมีสวนรวมของ
ประชาชน 

ดานทัศนคติ เห็นดวยมากที่สุด รอยละ 20.0 

เห็นดวยมาก รอยละ 33.3 

เห็นดวยปานกลาง รอยละ 20.0 

เห็นดวยนอย รอยละ 6.7 

เห็นดวยนอยที่สุด รอยละ 20.0 

 

 
...................................................................................... 

 
 
 
 
 
 

รายละเอียดผูเชี่ยวชาญ 
ช่ือ-นามสกุล..............................................................ตําแหนง................................................ 
สังกัด....................................................................................................................................... 
สาขาที่เช่ียวชาญ...................................................................................................................... 
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APPENDIX C 
 

Table C-1 Commercial viability analysis for pulp and paper technology 
Year  Investment Income Expense rate Net cash flow 

2548 0  -1,000,000,000     

2549 1  830,000,000      600,000,000 0.1           209,090,909 

2550 2        830,000,000       600,000,000 0.1           190,082,645 

2551 3        830,000,000       600,000,000 0.1           172,802,404 

2552 4        830,000,000       600,000,000 0.1           157,093,095 

2553 5       830,000,000      600,000,000 0.1           142,811,904 

2554 6        830,000,000       600,000,000 0.1           129,829,004 

2555 7       830,000,000       600,000,000 0.1           118,026,367 

2556 8        830,000,000       600,000,000 0.1          107,296,697 

2557 9        830,000,000       600,000,000 0.1             97,542,452 

2558 10        830,000,000 600,000,000 0.1             88,674,957 

2559 11        830,000,000      600,000,000 0.1             80,613,597 

2560 12        830,000,000     600,000,000 0.1             73,285,088 

2561 13        830,000,000      600,000,000 0.1             66,622,807 

2562 14        830,000,000       600,000,000 0.1             60,566,188 

2563 15        830,000,000     600,000,000 0.1            55,060,171 

2564 16        830,000,000      600,000,000 0.1             50,054,701 

2565 17        830,000,000      600,000,000 0.1             45,504,274 

2566 18        830,000,000      600,000,000 0.1             41,367,522 

2567 19        830,000,000     600,000,000 0.1             37,606,838 

2568 20        830,000,000      600,000,000 0.1            34,188,034 

        1,958,119,655.54 
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Table C-2 Commercial viability analysis for particleboard technology 
Year  Investment Income Expense rate Net cash flow 

2548 0   -1,500,000,000     

2549 1    900,000,000      570,000,000 0.1           300,000,000 

2550 2    900,000,000      570,000,000 0.1           272,727,273 

2551 3    900,000,000      570,000,000 0.1           247,933,884 

2552 4    900,000,000      570,000,000 0.1           225,394,440 

2553 5    900,000,000      570,000,000 0.1           204,904,037 

2554 6    900,000,000      570,000,000 0.1           186,276,397 

2555 7    900,000,000      570,000,000 0.1           169,342,179 

2556 8    900,000,000      570,000,000 0.1           153,947,435 

2557 9    900,000,000      570,000,000 0.1           139,952,214 

2558 10    900,000,000      570,000,000 0.1           127,229,286 

2559 11    900,000,000      570,000,000 0.1           115,662,987 

2560 12    900,000,000      570,000,000 0.1           105,148,170 

2561 13    900,000,000      570,000,000 0.1             95,589,245 

2562 14    900,000,000      570,000,000 0.1             86,899,314 

2563 15    900,000,000      570,000,000 0.1             78,999,376 

2564 16    900,000,000      570,000,000 0.1             71,817,615 

2565 17    900,000,000      570,000,000 0.1             65,288,741 

2566 18    900,000,000      570,000,000 0.1             59,353,401 

2567 19    900,000,000      570,000,000 0.1             53,957,637 

2568 20    900,000,000      570,000,000 0.1             49,052,397 

        2,809,476,027.52 
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Table C-3 Commercial viability analysis for animal feed technology 
Year  Investment Income Expense rate Net cash flow 

2548 0   -6,000,000,000.00     

2549 1       30,000,000     21,000,000 0.1               8,181,818 

2550 2          30,000,000        21,000,000 0.1               7,438,017 

2551 3          30,000,000        21,000,000 0.1               6,761,833 

2552 4          30,000,000 21,000,000 0.1               6,147,121 

2553 5          30,000,000        21,000,000 0.1              5,588,292 

2554 6         30,000,000        21,000,000 0.1             5,080,265 

2555 7         30,000,000        21,000,000 0.1               4,618,423 

2556 8         30,000,000        21,000,000 0.1               4,198,566 

2557 9          30,000,000        21,000,000 0.1               3,816,879 

2558 10  30,000,000        21,000,000 0.1               3,469,890 

2559 11      30,000,000        21,000,000 0.1               3,154,445 

2560 12  30,000,000        21,000,000 0.1               2,867,677 

2561 13       30,000,000        21,000,000 0.1               2,606,979 

2562 14         30,000,000        21,000,000 0.1               2,369,981 

2563 15      30,000,000        21,000,000 0.1               2,154,528 

2564 16          30,000,000 21,000,000 0.1   1,958,662 

2565 17         30,000,000     21,000,000 0.1              1,780,602 

2566 18         30,000,000        21,000,000 0.1              1,618,729 

2567 19          30,000,000        21,000,000 0.1               1,471,572 

2568 20          30,000,000        21,000,000 0.1               1,337,793 

             76,622,073.48 
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Table C-4 Commercial viability analysis for mushroom cultivation technology 
Year  Investment Income Expense rate Net cash flow 

2548 0         -500,000     

2549 1           900,000          547,500 0.1                  320,455 

2550 2           900,000          547,500 0.1                  291,322 

2551 3           900,000          547,500 0.1                  264,838 

2552 4           900,000          547,500 0.1                  240,762 

2553 5           900,000          547,500 0.1                  218,875 

2554 6           900,000          547,500 0.1                  198,977 

2555 7           900,000          547,500 0.1                  180,888 

2556 8           900,000          547,500 0.1                  164,444 

2557 9           900,000          547,500 0.1                  149,494 

2558 10           900,000          547,500 0.1                  135,904 

2559 11           900,000          547,500 0.1                  123,549 

2560 12           900,000          547,500 0.1                  112,317 

2561 13           900,000          547,500 0.1                  102,107 

2562 14           900,000          547,500 0.1                    92,824 

2563 15           900,000          547,500 0.1                    84,386 

2564 16           900,000          547,500 0.1                    76,714 

2565 17           900,000          547,500 0.1                    69,740 

2566 18           900,000          547,500 0.1                    63,400 

2567 19           900,000          547,500 0.1                    57,637 

2568 20           900,000          547,500 0.1                    52,397 

              3,001,031.21 
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Table C-5 Commercial viability analysis for activated carbon technology 
Year  Investment Income Expense rate Net cash flow 

2548 0       -8,000,000     

2549 1        5,600,000       2,400,000 0.1               2,909,091 

2550 2        5,600,000       2,400,000 0.1               2,644,628 

2551 3        5,600,000       2,400,000 0.1               2,404,207 

2552 4        5,600,000       2,400,000 0.1               2,185,643 

2553 5        5,600,000       2,400,000 0.1               1,986,948 

2554 6        5,600,000       2,400,000 0.1               1,806,317 

2555 7        5,600,000       2,400,000 0.1               1,642,106 

2556 8        5,600,000       2,400,000 0.1               1,492,824 

2557 9        5,600,000       2,400,000 0.1               1,357,112 

2558 10        5,600,000       2,400,000 0.1               1,233,739 

2559 11        5,600,000       2,400,000 0.1               1,121,580 

2560 12        5,600,000       2,400,000 0.1               1,019,619 

2561 13        5,600,000       2,400,000 0.1                  926,926 

2562 14        5,600,000       2,400,000 0.1                  842,660 

2563 15        5,600,000       2,400,000 0.1                  766,055 

2564 16        5,600,000       2,400,000 0.1                  696,413 

2565 17        5,600,000       2,400,000 0.1                  633,103 

2566 18        5,600,000       2,400,000 0.1                  575,548 

2567 19        5,600,000       2,400,000 0.1                 523,226 

2568 20        5,600,000       2,400,000 0.1                  475,660 

            27,243,403.90 
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Table C-6 Commercial viability analysis for vitamin E extraction technology 
Year  Investment Income Expense rate Net cash flow 

2548 0      -500,000,000     

2549 1       400,000,000   300,000,000 0.1             90,909,091 

2550 2       400,000,000   300,000,000 0.1             82,644,628 

2551 3       400,000,000   300,000,000 0.1             75,131,480 

2552 4       400,000,000   300,000,000 0.1             68,301,346 

2553 5       400,000,000   300,000,000 0.1             62,092,132 

2554 6       400,000,000   300,000,000 0.1            56,447,393 

2555 7       400,000,000   300,000,000 0.1             51,315,812 

2556 8       400,000,000   300,000,000 0.1             46,650,738 

2557 9       400,000,000   300,000,000 0.1             42,409,762 

2558 10       400,000,000   300,000,000 0.1             38,554,329 

2559 11       400,000,000   300,000,000 0.1             35,049,390 

2560 12       400,000,000   300,000,000 0.1             31,863,082 

2561 13       400,000,000   300,000,000 0.1             28,966,438 

2562 14       400,000,000   300,000,000 0.1             26,333,125 

2563 15       400,000,000   300,000,000 0.1             23,939,205 

2564 16       400,000,000   300,000,000 0.1             21,762,914 

2565 17       400,000,000   300,000,000 0.1             19,784,467 

2566 18       400,000,000   300,000,000 0.1             17,985,879 

2567 19       400,000,000   300,000,000 0.1             16,350,799 

2568 20       400,000,000   300,000,000 0.1             14,864,363 

          851,356,371.98 
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APPENDIX D 
 

Name List of Experts 
 

No. Name Expert skill 

1. Asst. Prof.Prathompong Sa-nguanwong Economics 

2. Dr.Pattra Pengthamkirati Environment science 

3. Asst. Prof.Pusti Monson Social science 
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