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Renewable energy 

 Renewable energy is energy that is 

collected from renewable resources, which are 

naturally replenished on a human timescale, 

such as sunlight, wind, rain, tides, waves, and 

geothermal heat. Renewable energy often 

provides energy in four important areas: 

electricity generation, air and water 

heating/cooling, transportation, and rural  
(off-grid) energy services. 



 In order to strengthen Thailand’s long-term energy security and global economic 

competitiveness the country has committed itself to develop its alternative energy 

capabilities. This policy emerged at the national level as the Alternative Energy and 

Development Plan (AEDP), a 10 year initiative (2012-2021) to better diversify and build 

a more sustainable energy sector. With this plan, Thailand has set the target of increasing 

alternative energy consumption from 9,025 ktoe (kilo tonnes of oil equivalent) in 2014  

to 24,638 ktoe in 2021.The Department of Alternative Energy and Development and 

Efficiency has been assigned to oversee alternative and renewable energy improvement 

 

Alternative energy In Thailand 





Type of Renewable energy 



Thailand’s energy consumption by sector, 2005-2015 

Agriculture 

Transport 

Industrial 
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Biomass 

 

Image with different kinds of biomass types: wood, crops, garbage,  

landfill gas, and alcohol fuels 

Source:  Adapted from The National Energy Education Project (public domain) 

 

Biomass is organic material that comes from plants and animals, and it is  
a renewable source of energy. 



In the past, most of biomass from waste agricultural from 

waste materials was left abandoned in the cultivation areas 

and unutilized.  

 

In some areas, farmers burned off the biomass which led to 

the severe impact on environment, ecology and nearby 

inhabitant.  

 

Fossil fuel price is high as in accordance with the world 

market price adjustment. 

 

The business owners make change of fuels to biomass 

produced from industrial waste materials. This is because 

biomass’s property and its heat value are appropriate for the 

replacement of fossil fuels. 

 

Biomass database is necessary for the policy / strategy and 

action plan to promote renewable energy. In order to promote 
the use of renewable energy in potential areas. 

Biomass 



The 
definition 
of biomass 

Biomass occurred after the harvest of crops each 

year, including stalks, rice straw, sugar cane, cassava 

leaves and shoots. Leaves and stalks of corn. Palm 

leaf and so on. 

01 

Biomass occurred after the processing of agricultural 

crops including bagasse, rice husk, corn cob, 

sawdust, slab palm fiber, palm etc. 
02 

Biomass of vegetation growing naturally such as 

trees along the highway or in deserted areas 03 

Biomass resulting from trees plantation which will 

be used as raw materials in industry, such as 

Eucalyptus used as raw material for paper mills. And 

the remainder of it will be biomass. 

04 

Biomass resulting from trees plantation which will 

be used as fuel such as the giant acacia, giant rudder 

etc. 
05 



Specify types of biomass to study 

Biomass from agricultural waste 

   Rice straw is the material remaining in 

the harvest area. 

   Leave and stem of sugar cane from 

harvest area 

   Leave and stem of corn from harvest area 

   Cassava root from harvest area 

   Palm tree from harvesting area 

   Leave and stem of palm tree from 

harvesting area 

   Root, leave and stem of rubber tree from 

harvesting area 

   Leave and stem of sugar cane from 

harvesting area 

   top of rubber tree from harvesting area 

   Leave and stem of soy bean from harvesting 

area 

   Leave and stem of munk bean from 

harvesting area 

   Leave and stem of peanut from harvesting 

area 
 



Specify types of biomass to study 

Biomass from remaining material in factories 

  Husk Rice is the material remaining in the mill 

  Bagasse is the material remaining in sugar factory 

  Corn cob in corn mill 

   Palm fiber is the remaining material in the palm  

      crude oil mill. 

   Palm shell as remaining material in  

      the palm crude oil mill. 

   Wood slab in the wood processing industry. 

   Woodchips and sawdust as remaining material in the      

      wood processing industry and production of furniture   

      and furnishings 



Types of technology which can be 
used for biomass fuel  

The biomass used as fuel for power 
generation in the country has 3 forms. 

Thermal power 

Electric power 

Produce both heat and 
electricity 

Major technology in energy conversion  
are 3 types 

Direct-Fired 

Gassification 

Pyrolysis 

Direct combustion technology. 

Use man-power to feed 
the fuel  

Stoker 

Suspension  

Cyclone 

Fluidized Bed  



Thermal power 

Electric power 

Produce both heat  

and electricity 

The biomass used as fuel for power generation in the country has 3 forms 



Biomass 
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Biomass 

Rice 

Rice Straw. 

Rice Husk. 

Sugar cane 
Sugar cane leaves and tops. 
Bagasse 

Corn  
Stems, leaves, and corn 
Corn cob 

Cassava 
 Cassava roots 

Palm crude oil tree  

Palm trunk.   

Palm leaves       

Palm shell 

Palm fiber 
Palm shell 

Rubber tree 

 The roots and leaves of  branches 

Small rubber wood 

Slab rubber wood 
rubber wood chips and sawdust 

 Soy bean 

Top, leave and stem 

Peanut  

Top, leave and stem 



Biomass to be used as fuel, and regulatory factors that should be directed.  

which is used as fuel for energy production, and are widely used; 

1. Rice Husk.  

2. Bagasse.  

3. Cob corn.  

4. Palm fiber.  

5. Palm shell  

6. Rubber wood swarf.  

7. Rubber wood slab  

8. Wood chips and Sawdust  



Types of biomass should be encouraged to be used as fuel, 

and the factors that should be promoted.  

1. Rice Straw.  

2. Cane leaves and tops.  

3. Cassava roots.  

4. Leaves and stalks of corn.  

5. Stump and root of rubber wood branches.  

6. Leaves and stems of soybean beans.  

7. Leaves and stems of mung beans.  

8. Leaves and stems of peanut beans.  



Rice  

for 
Biomass  



Rice Straw 

Rice straw is biomass crop in rice harvested area.  

 

The total volume was 10,727,682.14 tons/year, 

 

Equivalent to crude oil of 3,140.37 ktoe/year 

 

Equivalent to energy of 7,348,462,267.52 kW-h/year 

 

equivalent to power 874.82 MW (at 20% efficient 

power plant operation 350 days/year),  

 

A compilation of surveys and analysis of its use as 

fuel and other benefits stated that its use was 10.1 

percent of the total volume or used averagely of 

1,086,774.12, installed power in province.  



Figure 1 : Show the amount of utilization of rice straw and the remaining amount 



Figure 2 : Show the amount of utilization of rice straw and the remaining amount 



Rice Husk 

Rice Husk is the biomass at the rice mill, community rice 

mill and steamed rice mill.  

 

The total amount of rice husk was 4,597,578.06 tons/year  

 

Equivalent to crude oil potential 1,475.77 ktoe/year 

 

Equivalent to electrical energy potential 3,453,291,965.83 

kW-h/year 

 

Equivalent to the electrical power 411.11 M 

    (plant efficiency is 20% up 350 days/year) 



Figure 1 : Shows the amount of utilization and the remaining amount of  rice husk 



Figure 2 : Shows the electrical power-plant potential of the remaining rice husk 
in each province 



Sugar cane  

for  
Biomass  



Sugar cane leaves and tops 

Surveyed data was 7,810,955.43 tons/year 

 

Equivalent to crude oil 2,870.69 ktoe/year 

 

Equivalent to electrical energy 6,717,421,669.80 kW-h/year 

 

Equivalent to the electrical power 799.69 MW  

 

Equivalent to crude oil potential 2,570.80 ktoe/year 

 

Equivalent to electrical energy 6,015,665,267.69 kW-h/year 

 
Equivalent to electrical power 716.15 MW 



Figure 1 : Shows the amount, utilization and the amount of residual sugar cane leaves and tops 



Figure 2 : Shows the electrical power-plant potential of the remaining rice husk in each 
province 



Bagasse 

Bagasse is the biomass of the sugar 

 

7,644,639 tons/year of crude oil equivalent potential  

    1,337.63 ktoe/year 

 

 Equivalent to electrical energy 3,130,055,279.51 kW-h/year 

 

 Equivalent to the electrical power 372.63 MW  

 

A compilation of surveys and analysis of its use as fuel and 

other benefits 

 

The current is used in sugar mills to produce electricity and 

heat used in the plant itself, at nearly 99.9% of the volume 



Figure 1 : Shows the amount, utilization of bagasse and the amount left 



Figure 2 : Shows the electrical power-plant potential of the remaining bagasse in each province 



Source: MITR PHOL GROUP 

Sugar cane for Biomass  



Pre Treatment 

Dilution 

Fermentation 

Distillation 

Dehydration 

Ethanol  99.5 % 

Yeast 

Yeast 
Proliferation   CO2 

Fuel oil 

Water 

Sugar cane for Biomass  



Corn 

for  
Biomass  



Leaves and stems of corn 

Equivalent to crude oil potential 763.00 ktoe/year  

 

Equivalent to amount of electrical energy 1,785,416,062.69 kW-

h/year 

 

Equivalent to electrical power of 212.55 MW  

 

Use as fuel and other benefits founded that biomass has been  

    used an average of 5 percent of total volume used averagely       

    163,466.37 tons/year, thus remained 3,105,861.11 tons/year 

 

Equivalent to crude oil potential of 724.85 ktoe/year 

 

Equivalent to electrical energy 1,696,145,259.68 kW-h/year 

 
Equivalent to electrical power 201.92 MW 



Figure 1 : Shows the amount of utilization and the amount of remaining leaves and  
stems of corn 



Figure 2 : Shows the electrical power-plant potential of the remaining leaves and stems of corn 
in each province 



Corn cobs 

The survey data of corn biomass was 956,876.34 tons/year 

 

 Equivalent to crude oil equivalent 218.55 ktoe/year  

 

 Equivalent to electrical energy of 511,397,243.93 kW-h/year 

 

 Equivalent to electrical power of 60.88 MW  

 

 Use as fuel and other benefits founded that were 82.4 percent  

    of total volume, average use was 788,822.04  

 

Equivalent to crude oil potential 38.38 ktoe/year 

 

Equivalent to electrical energy 89,815,689.10 kW-h/year 

 
An electrical power installed 10.69 MW 



Figure 1 : Shows the amount of utilization and the amount of remaining of the corn cob 



Figure 2 : Shows the electrical power-plant potential of corn cob in each province 



Source: www.iowacorn.org 

Corn for Biomass  



Corn for Biomass  

Source: www.greencarcongress.com 



Cassava 

Root 

for  
Biomass  



Cassava roots 

In surveyed three regions,information showed that 

cassava roots were left as 4,171,526.33 tons/year 

 

Equivalent to crude oil potential 543.72 ktoe/year 

 

Equivalent to amount of electricity. 1,272,315,530.65 

kW-h/y  

 

Electric power installed approximately 151.47 MW 

from the survey and analysis 

 

Cassava roots have not been used as fuel and other 
uses. 



Figure 1 : Shows the amount of utilization and the amount of remaining of cassava roots 



Figure 2 : Shows the electrical power-plant potential of the cassava roots remaining  
in the province 



Cassava Root for Biomass 



Milling and Mixing  

Liquefaction 

Saccharification 

Fermentation 

Distillation 

Ethanol  99.5 % 

CO2 

Fuel oil 

Yeast 

Yeast 
Proliferation 

Water 

Cassava 
Cassava Root for Biomass 



Plam 

for  
Biomass  



Palm trunk 

The volume were 1,441,884.50 tons/year 

 

Equivalent to crude oil potentials 258.12 ktoe/year  

 

Equivalent to electrical energy 603,989,396.11 kW-h/year, 

representing an installed electrical power of about 71.90 MW  

 
Palm trunks have not been used as fuel and other uses. 



Figure 1 : Shows the amount of utilization and the amount of remaining of the trunk palm 



Figure 2 : Shows the electrical power-plant potential of palm trunk remaining in each province 



Palm leaves and branches 

The volume are 10,529,274.34 tons/year  

 

Equivalent to crude oil potentials 439.97 ktoe/year  

 

Equivalent to electrical energy 1,029,529,046.58 kW-h / year 

 

 An electrical power installed 122.56 MW  

 

Not been used as fuel or other uses, the average remaining 

balance was 326,451.31 tons.10,202,823.03 tons/year of crude 

oil 

Equivalent potentials 422.48 ktoe/year  

 

Equivalent to electrical energy 988,609,367.69 kW-h/year 

 
An electrical power installed 117.69 MW 



Figure 1 : Shows the amount of utilization and the amount of remaining of palm leaves  
and branches 



Figure 2 : Shows the electrical power-plant potential of palm leaves and branches in each 
provinces 



Palm empty bunch 

The volume occurs as 2,389,622.55 tons/year 

 

Equivalent to crude oil potentials 410.75 ktoe/year  

 

Equivalent to electrical energy 961,159,292.33 kW-h/year, 

representing an installed electrical power of approximately 

114.42 MW  

 

Bunch has been used 1,417,539.37 tons/year, so the average 

balance of 972,083.18 tons/year 

 

Equivalent to crude oil potentials 164.04 ktoe/year  

 

Equivalent to electrical energy 383,851,487.43 kW-h/year 

 
An electric power installation 45.70 MW 



Figure 1 : Shows the amount of utilization and the amount of remaining of palm empty 
bunch 



Figure 2 : Shows the electrical power-plant potential of palm empty bunch used in each 
province 



Palm fiber 

The volume occurs as of 1,418,838.39 tons/year of crude oil 

 

 Equivalent potentials 384.02 ktoe/year  

 

Equivalent electrical energy 898,597,647.00 kW-h/year 

 

Electrical power installed 106.98 MW  

 

The fiber is used in crude palm crude oil mill to produce 

electricity and heat for the plant to about 100% of the 
volume. Some of palm fiber are sold to power plants. 



Figure 1 : shows the amount of utilization and the amount of remaining of palm fiber 



Figure 2 : shows the electrical power-plant potential equivalent of the fiber palm with no 
balance in each province 



Palm shell 

The amount was 298,702.82 tons/year of crude oil  

 

Equivalent potentials 119.85 ktoe/year  

 

Equivalent electrical energy 280,448,758.78 kW-h / year 

 

An electrical power installation 33.39 MW 

 

Used in crude palm crude oil mill to produce electricity  

    and heat for industrial, average use is 5% of the volume 

 
The rest sold to industry for use as fuel in crude oilers.. 



Figure 1 : Shows the amount of utilization and the amount of remaining of the palm shell 



Figure 2 : Shows the electrical power-plant potential equivalent of palm shell at each 
province 



Source: CPIAGROTECH.COM 

Plam for Biomass  



Rubber 

Tree 

for  
Biomass  



Root, stump and leaves rubber tree branches 

There were left as 808,025.00 tons/year 

 

Equivalent to crude oil potentials 126.04 ktoe/year of 

electrical energy 

 

Equivalent to approximately 294,929,125.00 kW-h/year 

 

Used as fuel 8.7 percent of total volume 70,383.50 tons/year 

 

 Equivalent to crude oil potential 10.98 ktoe / year 

 

 Equivalent amount of electricity. 25,689,977.50 kW-h/year 

 

 Equivalent to crude oil potential averaged 115.06 ktoe/year  



Figure 1 : Shows the amount of utilization and the amount of the remaining roots,  
and leaves rubber tree branches 



Figure 2 : Shows the electrical power-plant potential equivalent of roots, wood stumps and 
branches at each province 



Swarf rubber wood 

There were 1,939,260.00 tons/year of this biomass 

 

Equivalent to crude oil potentials 302.49 ktoe/year 

 

Equivalent to the amount of electricity 707,829,900.00 kW-h/year 

 

Thermal power plant in a timber for 25 percent of the volume. 

Volume was 484,815.00 tons/year. 

 

Is used as raw material in the production of a piece of plywood 

 

Fiberboard production (Fiber Boards), about 50 percent of the 

volume.  

 

Produce thermal energy for use in other industries, about 25 

percent of that amount. The volume was 484,815.00 tons/year. 



Slab rubber wood 

The existing volume was 1,939,260.00 tons/year 

 

Equivalent to crude oil potentials 302.49 ktoe/year 

 

Equivalent to amount of electricity. 707,829,900.00 kW-h/year 

representing an installed power of about 84.27 MW 

 

Produce thermal energy for use in wood processing plant to 39 

percent of the volume. The volume was 756,311.40 tons / year 

 

Used as a raw material in the production of a piece of plywood 

(Particle Boards) and fiberboard production.(Fiber Boards)  

    50 percent of the volume. Volume was 969,630.00 tons / year. 

 

Thermal power plant to the other 11 percent of the volume. The 

volume was 213,318.60 tons / year 



Rubber Wood Chips and Sawdust 

The existing volume occurs 484,815.00 tons/year 

 

Equivalent to crude oil potential 75.62 ktoe/year 

 

Equivalent to amount of electricity. 176,957,475.00 kW-h/year, 

representing an installed electrical power of about 21.07 MW 

 

Thermal energy for use in processing plants for about 40 percent 

of the wood itself. Amount equal to the amount of 193,926.00 

tons/year. 

 

Produce thermal energy for use in other industries, about  

    60 percent of the volume. The volume was 290,889.00 tons/year 



Soy Bean 

for  
Biomass  



Soybean leaves and stems 

The amount of 205,600.03 tons/year 

 

Equivalents to crude oil potential 79.22 ktoe/year 

 

Equivalent to amount of electricity. 185,382,693.72 kW-h / year, 

representing an installed power of about 22.07  

 

Used as average balance 195,320.03 10,280.00 tons/year 

 

Equivalent to crude oil potential 75.26 ktoe/year 

 

Equivalent to electrical power 176,113,558.16 kW-h /year, or a 

power setup 20.97 MW 



Figure 1 : shows the amount of utilization and the amount of remaining leaves and  
stems of Soy beans 



Figure 2 : shows the electrical power-plant potential equivalent of leaves and stems of 
soybean stocks in each province 



Peanut 

for  
Biomass  



Leaves and stems of peanuts 

The amount of 48,074.41 tons/year  

 

Equivalents to crude oil potential 18.52 ktoe/year, of electrical 

energy equivalent to approximately 43,347,093.02 kW-h/year 

representing an installed power of about 5.16 MW  

 

Average of 2,403.72 tons per year to the average balance of 

45,670.69 tons of crude oil equivalent per year, the potential 

17.60 ktoe/year  

 

Equivalent electrical energy 41,179,737.05 kW-h / year 

 

An electrical power installed 4.90 MW  



Figure 1 : Shows the amount of utilization and the amount of remaining leaves and  
stems of peanuts 



Figure 2 : shows the electrical power-plant potential equivalent of leaves and stems of 
peanuts remaining in the province 



biomass 
amount of 
biomass 

(ton/year) 

biomass to be 
utilized (ton/year) 

residual 
Potential 

(ton/year) 
Moisture (%) 

Low Heating 
Value (MJ/kg) 

Crude oil Potential 
(ktoe) 

Electrical 
energy potential 

(kW-h) 

Electrical 
Power-plant 

potential (MW) 
Rice Straw 10,727,682 1,086,774 9,640,908 10.00 12.33 2,822.23 6,604,021,992 786.19 
Rice Husk 4,597,578 3,680,679 916,898 12.00 13.52 294.31 688,692,925 81.99 
Cane leaves and 
tops 

7,810,955 815,995 6,994,959 9.20 15.48 2,570.80 6,015,665,267 716.15 

Bagasse 7,644,639 7,644,639.76 7,701.29 50.73 7.37 1.35 3,153,251 0.38 
Leaves and stalks 
of corn 

3,269,327 163,466 3,105,861 40.00 9.83 724.85 1,696,145,259 201.92 

Corn cobs 956,876.34 788,822 168,054.30 42.00 9.62 38.38 89,815,689 10.69 
Cassava roots 4,171,526 - 4,171,526 59.40 5.49 543.72 1,272,315,530 151.47 
Palm trunk 1,441,884 - 1,441,884 48.40 7.54 255.76 598,471,791 71.25 
Palm leaves and 
branches 

10,529,274 326,451 10,202,823 78 1.76 422.48 988,609,367 117.69 

Palm empty fruit 
bunch 

2,389,622 1,417,539 972,083.18 58.6 7.24 164.04 383,851,487 45.70 

Palm fiber 1,418,838 1,418,838 0 38.5 11.4 - - - 
Palm shell 298,702.82 298,702 0 12 16.9 - - - 
root, stump and 
rubber tree 
branches 

808,025.00 70,383 737,641.50 55.00 6.57 115.06 269,239,147 32.05 

branches rubber 
wood 

1,939,260 1,939,260 0 55.00 6.57 0 0 0 

Slab rubber wood 1,939,260 1,939,260 0 55.00 6.57 0 0 0 

Rubber wood ship 
and sawdust 

484,815 484,815 0 55.00 6.57 0 0 0 

Leaves and stems 
of soybean 

205,600 10,280 195,320 10.93 16.23 75.26 176,113,558 20.97 

Leaves and stems 
of mung bean 

110,838 5,541 105,296 10.93 16.23 40.57 94,942,486 11.30 

Leaves and stems 
of peanut bean 

48,074 2,403 45,670 10.93 16.23 17.60 41,179,737 4.90 

Total Potential 8,083 18,922,217,491 2,252.65 

Table 1 : Summarizes the outstanding amount of each type of biomass used as fuel and as potential energy 
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Prapit Wongtiem 
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