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Reference 5  
Biomass Utilization Technology 
(1) Classification of Biomass Materials 
 The table on the left below shows the major biomass types referred to in the Guidebook. General biomass 

types are shown on the right table, and relation between biomass types of two tables are indicated by 
arrows 

 
General biomass types (and examples) 

Livestock manure Manure from cattle, pigs, poultry, 
etc.  Livestock 

Slaughterhouse waste 

Sewage sludge, human waste septic tank sludge Sewage 
Sludge 

Woody residues Construction waste, production off-
cuts 

Woody 
Woody biomass Thinning lumber, plantation lumber 

Food processing 
waste Syrup, corn cobs, bagasse 

Food Food sales waste Waste from markets or retailers 

Cooking oil waste 

Refuse (household food waste) 

Old paper and paper waste 
Paper 

Black liquor, paper mill sludge 

Non-edible parts of 
farming crops 

Straw, rice husks, bagasse, corn 
cobs 

Agricultural Sugar/starch Sugar cane, cassava, corn 

Plant oil Palm oil, field mustard seed oil 

Herbaceous crops  grass, etc. 

Water plants, microalgae Marine 

Major biomass types in the 
Guidebook 

Livestock waste 

Sewage sludge 

Woody residues 

Woody biomass 

Food processing waste 

Municipal waste 
Non-edible parts of farming 
crops 
Sugar and starch producing 
crops 
Oil-producing biomass 

Herbaceous biomass  

 

Reference:  New Energy and Industrial Technology Development Organization “Biomass 
Energy Introduction Guidebook” (2005), p5 

Reference:  Japan Institute of Energy “Asian Biomass Handbook” (2008), p31-80 
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Reference 5 
Biomass Utilization Technology 
(2) Biomass Types and Characteristics (1/2) 
 It is very important to classify biomass from the perspective of how it will be utilized and what its intended 

purpose is. In addition, the characteristics of each biomass (composition, amount of energy, source, 
intended purpose, etc.) are important information to design biomass utilization system.  

Biomass Characteristics 

Livestock waste 
Livestock waste is easily-decomposable organic matter and rich in the nitrates and phosphates suitable for 
fertilizer. Quality and quantity vary greatly depending on livestock type, body weight, feed given, amount of 
water consumed, keeping state, season, and health of the livestock.  

Food processing waste 

Food processing waste is usually classified as either solid or liquid waste according to physical properties. 
Solid waste comes in a wide variety of forms such as oil palm fruit husks, bagasse, rice husks, cassava starch 
factory waste and corn cobs.  Liquid waste primarily consists of water or solvents used during food processing 
such as washing, cleaning and extraction.  

Municipal waste The main biomass of municipal waste is food and paper. Depending on the condition of the raw material, 
energy is recovered either through biochemical or thermochemical conversion. 

Oil producing biomass 

Oil and fat (mainly comprised of tri-ester of fatty acid and glycerin) are used in food production and as 
industrial materials, however are also used as raw material in producing biodiesel, a light oil fuel substitute.  
The raw material of oil and fat primarily comes from plant parts such as seeds and fruit pulp which are sources 
of abundant oils and fats. The main sources of oil producing biomass are oil palm, soya bean, and field 
mustard seed. 

Sewage sludge 
Sewage sludge is general name that covers sludge discharged during  the sewage treatment process. It is 
principally comprised of precipitations of suspended matters in sewage and of micro-organisms during 
treatment.  

Reference:  Japan Institute of Energy “Asian Biomass Handbook” (2008),  p46, p62, p66, p68, p75 
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Reference 5 
Biomass Utilization Technology 
(2) Biomass Types and Characteristics (2/2) 

Biomass Characteristics 

Non-edible parts of 
farming crops 

The non-edible parts of farming crops are left behind in fields after crops are harvested. The residue from 
crop tuber of plant, and sugar cane can be used as raw material in energy production. An extremely wide 
variety of vegetable residues are generated. However, it is difficult to obtain a plenty of consistent 
vegetable residues, so this type is not often considered as an energy production resource.  

Woody residues Woody residues are classified into residuals from saw mills and lumber waste from construction.  
Residues generated in the lumber and plywood industry vary greatly by type and moisture content. Large 
items such as backboards can be chipped and sold for pulp or wooden board production. Bark, sawdust, 
planer dust, and other small-sized residues are used as livestock bedding, fuel, and compost.  
Lumber waste from building demolition has moisture content of around 15%, and has comparatively high 
energy efficiency when it is chipped and combusted directly. 

Woody biomass Woody Biomass derived from except waste can be obtained in two ways, either as by-product or as 
woody biomass itself. Byproduct is obtained from lumber harvested during thinning operations whose 
purpose is to secure growing space for trees at mountains. Quick-growing species such as willow, poplar, 
and white birch are often cultivated as woody biomass. 

Sugar and starch 
producing crops 

Sugar and starch are fermented to produce biofuels such as ethanol. Starch-producing plants include 
corn, rice, cassava, and sago palm. The main sugar-producing plants are sugar cane and sugar beet. 

Herbaceous biomass Herbaceous biomass is classified into gramineous crop and legumes. Gramineous plants can be further 
classified into annual and perennial plants, with grains included in the annuals and many grasses 
included in the perennials. Legumes include herbaceous and climbing plants.  

Reference:  Japan Institute of Energy “Asian Biomass Handbook” (2008), p31-32, p41, p35, p56, p59-62 
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Reference 5 
Biomass Utilization Technology 
(3) Biomass Properties 
 This table presents the biomass property values used in Japan to calculate the amount of heat generated 

by thermochemical conversion, biochemical conversion performance, and energy balance. These values 
should be used  for reference, because the property values vary in different countries and regions. 

 

Biomass 

Property 

Moisture 
content 

(%) 

Solid content (%) Components (% of dry matter) 

Organic 
matter 

Inorganic 
matter 

Carbon 
(T-C) 

Nitrogen 
 (T-N) 

Phosphorus 
(T-P) 

Potassium 
(T-K) 

Livestock waste Dairy cattle (manure) 85.0 12.0 3.0 35.1 2.5 1.0 1.5 

Dairy cattle (manure 
slurry) 

90.0 8.0 2.0 35.1 2.5 1.0 1.5 

Beef cattle (manure) 78.0 17.6 4.4 35.1 2.5 1.0 1.5 

Pig (manure) 72.0 21.0 7.0 35.1 3.5 2.5 1.5 

Pig (manure slurry) 90.0 7.5 2.5 35.1 3.5 2.5 1.5 

Poultry manure 70.0 21.0 9.0 35.1 5.5 3.0 3.0 

Municipal waste Food waste 80.0 16.7 3.3 44.2 2.5 2.4 3.4 

Combustible waste 50.0 42.0 8.0 55.0 1.0 - - 

Sewage sludge 78.0 14.4 7.6 38.4 4.5 2.3 0.3 

Rice husk 12.0 70.7 17.3 40.9 0.6 0.09 0.4 

Sawdust 35.0 64.0 1.0 52.0 0.4 0.02 0.1 

Reference: MAFF Bio-recycling Research Systemized Sub-team “Installation and Evaluation of Biomass Utilization Systems”  (2006), p. 67 
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Reference 5 
Biomass Utilization Technology 
(4) Applicable Biomass Conversion Technologies 
 This table shows the major types of biomass in ASEAN countries and the conversion technologies 

applicable to specific types of biomass. 

Reference: MAFF Bio-recycling Research Systemized Sub-team “Installation and Evaluation of Biomass Utilization Systems”  (2006), p. 66 

Biomass 

Conversion technology 

Composting Methane 
fermentation 

Carboniza-
tion 

Livestock 
feed 

Biodiesel 
production 

Ethanol 
fermentation 

Direct 
combustion Solid fuel 

Livestock waste 

Dairy cattle 
(manure slurry) ○ ○ 

Beef cattle 
(manure slurry) ○ ○ ○ 

Pig (manure 
slurry) ○ ○ 

Poultry manure ○ ○ ○ 

Food processing 
waste 

Bagasse ○ ○ ○ 

Corn cobs ○ ○ ○ 

Municipal waste 

Food waste ○ ○ ○ 

Paper ○ ○ ○ 

Cooking oil 
waste ○ ○ 

Sewage sludge ○ ○ ○ 

Rice husks  ○ ○ 

Woody biomass ○ ○ ○ 

Starch, sugar crops ○ 
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Reference 5  
Biomass Utilization Technology 
(5) Summary of Conversion Technologies (1/3) 
 Biomass conversion technologies are to produce products and to generate energy using biomass . 
 This table shows conversion technologies in practice use in the ASEAN region. 

 

Reference:  Japan Institute of Energy “Asian Biomass Handbook” (2008), p138-140, p117-120 

Conversion 
technology Summary Material Intended purpose 

Composting  Compost is made by decomposing accumulated or agitated straw 
rice husks, bark, animal waste, and other organic matter from 
animals and plants (except sludge and fish organs, etc.). Sludge 
and fish organs can also be included in the compost category 
after preparation treatment.  

 Livestock waste 
 Food processing 

waste 
 Food waste 
 Sewage sludge 

 Compost 
 

Methane 
fermentation  

Methane fermentation is also known as anaerobic digestion. It 
works through the decomposition of biomass due to various types 
of microbial activity in an anaerobic condition, and methane and 
carbon dioxide are produced at the end of the process. The 
biogas produced has a lower heating value of 20-25 MJ/m3-N 
(5,000-6,000 kcal/m3-N), therefore it can be used as fuel after 
hydrogen sulfide is removed. Methane fermentation is an energy 
recovery treatment technology that uses biological waste and 
organic effluent, and fermented residue can be used as liquid 
fertilizer and compost. 

 Livestock waste 
 Food processing 

waste 
 Food waste 
 Sewage sludge 

 Power 
generation 

 Heat use 

Carbonization Solid charcoal is produced by heating (400-600℃) lumber, bark, 
bamboo, rice husks, and other solid biomasses in an anaerobic 
condition . Byproducts include acetates, tar, and combustible gas. 
This method is called as charcoal and differs from dry distillation 
technique known as refinement whose main product is fluid 
components. While both are rarely called carbonization, the term 
generally refers to the production of charcoal.  

 Livestock waste
（manure of beef cattle, 
poultry manure） 

 Municipal waste
（paper） 

 Sewage sludge 
 Rice husks 
 Woody biomass 

 Solid fuel 
 Soil 

improvement 
agent 

 Moisture 
conditioning 
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Reference 5 
Biomass Utilization Technology 
(5) Summary of Conversion Technologies (2/3) 

Reference:  Japan Institute of Energy “Asian Biomass Handbook” (2008), p105, p114, p120 

Conversion 
technology Summary Material Intended purpose 

Livestock feed Livestock feed may be produced agricultural residue (straw) and 
food waste from manufacturing, processing and consuming food. 
Processes such as silage, drying, liquefaction and others are 
conducted according to their conditions of the material, but care 
must be taken to prevent foreign materials being mixed into food 
waste. 

 Food processing 
waste 

 Livestock feed 

Biodiesel production Fatty oil has comparatively higher heat value than other biomass 
resources, and many are liquid at room temperature. These 
properties make it suitable for use as vehicle fuel. However fatty oil 
has high kinetic viscosity (>300 mm2/s (40℃)) and high ignition 
point (>300℃), the material cannot be used without treatment. 
Triglycerides which are components of fatty oils, are converted into 
fatty acid methyl ester by esterifyng conversion reaction that drops 
fatty oil’s kinetic viscosity (to 3-5 mm2/s (40℃)) and ignition point 
(to around 160℃).Therefore, the fatty acid methyl ester can be 
used as light oil fuel substitute with cetane value of 50-60. The fatty 
acid methyl ester is called as biodiesel fuel (BDF).  

 Cooking oil 
waste 

 Biodiesel fuel 

Ethanol fermentation Ethanol fermentation is biological reaction, therefore it can be 
induced at common temperature and pressure. Yeast  is ideal tool 
to generate 51g of ethanol from every 100g of carbohydrates. 
While the resulting weight  is only half of the original, around 91% 
of the energy stored in the carbohydrate can be moved in the 
produces ethanol. This conversion method is good to convert 
carbohydrates into liquid fuel.  

 Starch, sugar 
producing crops 

 Bioethanol 
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Reference 5 
Biomass Utilization Technology 
(5) Summary of Conversion Technologies (3/3) 

Reference:  Japan Institute of Energy “Asian Biomass Handbook” (2008), p93-94, p84-85 

Conversion 
technology Summary Material Intended 

purpose 

Direct combustion Combustion is a pyrogenic oxidization reaction between air/oxygen 
and carbon, hydrogen, oxygen, combustible sulfur, and nitrogen of 
biomass. It is the most simple method to convert biomass to energy, 
and it is widely used because technologies used to treat fossil fuel 
are also applicable. 
Thermal energy produced during combustion can be recovered 
through boilers or heat exchangers, stored in steam/hot water, and 
used for power generation and heating. There are a great number 
of large/small scale power generation plats and heat utilization 
plants that use rice husks, bagasse, waste wood, oil palm waste, 
and poultry manure as fuel. 

 Livestock waste
（poultry manure） 

 Municipal waste
（paper, cooking oil  
waste） 

 Rice husks 
 Woody biomass 

 

 Power 
generation 

 Heat 
utilization 

Solid fuel  Solid fuels are made by compressing raw materials into the shape 
of pellet. They are called as wood pellet, wood briquette, coal 
briquette or composite fuel according to the raw material. A wide 
variety of biomass such as solid fuel, chemical material, feed or 
mine is capable of pelletizing. 
Wood pellets made with sawdust and sanding scrap, are from 6 to 
12 mm in diameter, and from 10 to 25 mm long. Briquette diameter 
ranges from 50 to 80 mm with length of 300 mm.  
 

 Municipal waste 
(food waste, 
paper) 

 Woody biomass 

 Solid fuel 
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Reference 5 
Biomass Utilization Technology 
(6) Technological level to generate energy (Physical Conversion) 
 Technologies that convert biomass into energy are classified into three categories. They are physical 

conversion, thermochemical conversion, and biochemical conversion. 
 

 The table below shows energy-generating technologies that are already in practical use. In addition 
technologies still in the research and testing phases and expected to come into practical use in the future 
are also shown.  

References: Biomass Utilization Promotion Committee “Biomass Industrialization Strategy” (2012), p12 
                    Japan Institute of Energy “Asian Biomass Handbook” (2008), p84-89 

Conversion technology Energy/product Material Technological level 

Pelletizing  Wood pellets 
 Wood briquettes,  
       rice husk briquettes 
 
 

 woody residues 
 Non-edible parts of 

farming crops 

 Practical use 
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Biomass Utilization Technology 
(6) Technological level to generate energy (Physical Conversion) 

Conversion 
technology  Energy/product Material Technological level 

Combustion  Electrical power generation 
 Heat utilization 

 Woody residues 
 Municipal waste 
 Non-edible parts 

of farming crops 

 Practical use 

Gasification  Fuel gas 
 Chemical synthesized fuel gas (synthesis gas) 

 Woody residues  Testing phase 

Heat decomposition  Thermal-decomposed liquid (organic solutions and 
hydrophilic tar compounds with highly-water content) 

 Gas (carbon dioxide, carbon monoxide, hydrogen, 
C1-C5 saturated and unsaturated hydrocarbons) 

 Carbides 

 Woody residues 
 Non-edible parts 

of farming crops 

 Research phase 

Carbonization 
(Torrefaction, 
hydrothermal 
carbonization) 

 Charcoal  Woody residues 
 Sewage sludge 
 Non-edible parts 

of farming crops 

 Practical use 
 Testing phase (Torrefaction 

carbonization, hydrothermal 
carbonization) 

Hydrothermal 
gasification 

 Gas (hydrogen, carbon dioxide, methane)  Woody residues 
 Non-edible parts 

of farming crops 

 Research phase 

Gas/liquid 
fuel production 

 Bio-oil (extremely high viscosity, with a higher 
heating value comparatively lower than heavy oil) 

 Woody residues 
 Non-edible parts 

of farming crops 

 Research phase 

Biodiesel production   Fatty acid methyl ester  Palm oil 
 Jatropha oil  

 Practical use 

References: Biomass Utilization Promotion Committee “Biomass Industrialization Strategy”(2012), p12 
                 Japan Institute of Energy “Asian Biomass Handbook” (2008), p93-116 
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Biomass Utilization Technology 
(6) Technological level to generate energy (Biochemical Conversion) 

Conversion 
technology  Energy/product Material Technological level 

Methane fermentation  Electricity generation 
 Heat 

 Livestock waste 
 Food processing waste 
 Sewage sludge 
 Food waste 

 Practical use 

Ethanol fermentation 
 

 Ethanol (transportation fuel) 
 

 Sugar and starch producing 
crops 

 Practical use 

 Lignocellulose  Testing phase 
 Research phase 

Butanol fermentation  Acetone (ingredient of smokeless 
gunpowder) 

 Butanol (Fighter jet fuel) 

 Sugar and starch producing 
crops 

 Research phase 

Hydrogen 
fermentation 

 Electricity generation 
 Heat  

 Sugar and starch producing 
crops 

 Research phase 

References: Biomass Utilization Promotion Committee “Biomass industrilization Strategy”,(2012),p13 
                Japan Institute of Energy “Asian Biomass Handbook” (2008), p117-131 
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Reference 5 – Biomass Utilization Technology 
Conversion Technology Chart 1 
Direct Combustion 
 Direct combustion is already in practical use through combusting wood and other types of biomass to 

produce heat or to generate electricity using a boiler.  

 Coal Mixed-Combustion  Electricity Generation 

C
hip 

S
ilo  (m

ixing) 

M
ill 

(pulverizing) 

B
oiler (com

bustion) 

S
team

 

 S
ales 

Turbine 
( electricity 
generation) C

oal 

Reference: Chugoku Electric Power Co., Inc.,  “Woody Biomass/Coal Co-firing Demonstration Project” (2011) 

Poultry Manure 

P
oultry 

m
anure 

B
oiler (com

bustion) 

S
team

 

H
eat 

C
hip/pellet 

S
tove 

(com
bustion) 

Heating 

Reference:  New Energy and Industrial Technology Development Organization “Biomass Energy Introduction Guidebook” (2005), p157 

→→Ash 

→→Ash 
→→Ash 

H
eat 



Distillation gas 

Distillation 
 gas 

Carbonizing 
kiln 

Carbonized 
 matter 

Carbonized 
 matter 

Fuel 

Fuel 

Auxiliary burner 

Auxiliary burner 

Exhaust 
 heat 

Exhaust  
heat 

Material 

Material 
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Reference 5 – Biomass Utilization Technology 
Conversion Technology Chart  2 
Solid Fuel (Solidification, Carbonization) 
 Solidification: Chips of woody biomass, pulverized/compressed pellets, refuse derived fuel (RDF) from 

kitchen waste, and bio-solids from desiccated sewage sludge.  

 Carbonization：Wood and other biomass are heated at the temperature of 400℃～900℃ in zero or low 
oxygen concentration environment, and solid product produced is rich in carbon through thermal 
decomposition. 

 

Example of a Carbonizing 
Kiln (Indirect Heating) 

Example of a Carbonizing 
Kiln  (Direct Heating) 

2. Carbonization 

1. Solidification 

M
aterial 
stock 

B
arker 

(spudding 
bark) 

 C
hips 

C
hipper 

M
aterial 
stock 

B
arker 

(spudding 
bark) 

 P
ellets 

S
aw

dust  
(pulverizing) 

P
elletizer 

(com
pressing/ 

form
ing) M

oisture 
conditioning 

Reference: Japan Organics Recycling Association. “Biomass Town Adviser Text” (2011), p135 
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Reference 5 – Biomass Utilization Technology 
Conversion Technology Chart  3 
Methane Fermentation 
 This technique generates methane gas through microbial anaerobic fermentation of sewage sludge, 

livestock waste, food waste and others. There are two methods. One is wet-type method to use liquid 
material. Another is dry-type method to use solid material with moisture content of around 80%. Methane 
gas can be used to produce city gas and fuel for vehicles as well as heat and power generation. 

 

Reference: Japan Organics Recycling Association. “Biomass Town Adviser Text” (2011), p143 

メタン発酵（嫌気性発酵）

CH4

製 品

ガス
タンク

コージェネ熱
売電

脱水

CH4

脱窒水処理

（大気へ）

固形分

水分

放 流

37℃ or 55℃

動植物廃棄物

一次発酵

熟成発酵

農地へ

発電

−+ → 34 NONH

234 NNONH →→ −+液肥利用
または

Methane fermentation  
(anaerobic fermentation) 

Electricity 
sales 

Electricity  

Gas 
tank 

Primary 
fermentation 

 Liquid 

Plant and Animal Waste  

Co-generated heat 

Dehydration 

Solid 
Mature fermentation 

Liquid fertilizer or 
  

Products 

(in air) 
To farmland 

De-nitrification  
treatment 

Discharge 
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Reference 5 – Biomass Utilization Technology 
Conversion Technology Chart 4 
Gasification 
 Woody biomass and others can produce gas helped by gasification agents such as steam and oxygen, and 

the produced gas is used to generate electricity or heat. In addition, this technique can convert the gas with 
catalyst to liquid fuels (methanol, dimethyl ether, gasoline fuel substitutes, jet fuel and others). As long as 
biomass is an organic compound, a wide variety of biomass can be used such as woody, herbaceous 
biomass or kitchen waste. 

→
→

 Tar, charcoal, ash 
←

←
 A

ir  

W
oody 

m
aterial 

G
asification kiln 

C
yclone 

C
ondenser 

Filter 

G
as holder 

Liquid fuel (B
TL) 

FT synthesis 
facility 

→
→

P
ulverized coal, ash 

→
→

 W
ater condensation 

G
as 

G
as engine 

E
lectricity/H

eat 

Reference: Japan Organics Recycling Association. “Biomass Town Adviser Text” (2011), p136-142 

FT: Fisher – Tropsch process 

BTL: Biomass to liquid 
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Reference 5 – Biomass Utilization Technology 
Conversion Technology Chart 5 
Ethanol Fermentation (First/Second Generation) 
 First Generation technology: The first step is to glycosylate sugar cane, corn, and other sugar/starch products. The second 

step is to produce ethanol from produced hydrocarborates by means of ethanol fermentation through yeast and microbes.  

 Second Generation technology: This method is ethanol fermentation of produced hydrocarborates, after cellulosic biomass 
such as wood and herbaceous biomass are pretreated by hot pressurized water, acid/alkalis or glycation enzyme. 

Reference: Japan Organics Recycling Association. “Biomass Town Adviser Text” (2011), p178-180 

First-G
eneration 

 B
ioethanol  

Cellulosic 
material 

Starches 

Sugars 

Glycation 
 

Glycation 
 

Fermen- 
tation 

Fermen- 
tation 

Fermen- 
tation 

D
istillation 

D
ehydration 

Pre-
treatment 

D
ehydrated ethanol 

B
y-products 

Rice/wheat 
Corn 

Timber from forest 
thinning 

Construction 
waste wood 
Rice straw 
bagasse 

Sugar cane 
Sugar beets 

S
econd-G

eneration 
 B

ioethanol  
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Reference 5 – Biomass Utilization Technology 
Conversion Technology Chart 6 
Esterification  
 Fatty acid methyl ester (FAME) used as biodiesel fuel is produced by adding methanol and an alkali 

catalyst to cooking oil waste or plant oil. It is trans-esterification technique to produce FAME from cooking 
oil waste or plant oil and methanol with alkali catalyst. The FAME is used as biodisel fuel. 

 

Potassium hydroxide 

Sodium hydroxide 

Oil Seed of Crops 
Field mustard seed 
oil, sunflower oil, soy 
bean oil, palm oil, etc. 

Cooking Oil Waste 

Household cooking 
oil waste 

Industrial cooking oil 
waste 

Collection 

Oil 
Alkali catalyst 

Methanol 

Trans-
esterification 

Distillation 
collection 

Washing  

Dehydration 
Biodiesel fuel 

  
 
  
     
 

 
 

Glycerine 

Residue 
methanol  

Water waste 
containig oil   

 Alkali Catalyst Method (Wet-cleaning technique) 

Water 

Additives 

Fatty Acid Methyl 
Ester (FAME) 

 

Reference: Japan Organics Recycling Association. “Biomass Town Adviser Text” (2011), p183-184 
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Reference 5 – Biomass Utilization Technology 
Conversion Technology Chart 7 
Thermal Decomposition 
 Thermal decomposition produces an oily product by rapid thermal decomposition of wood and other 

biomass heated at temperature from 500℃ to 600℃. 

Reference: Agriculture, Forestry and Fisheries Research Council: “Field study regarding the current status and trend in woody biomass liquefaction technologies in Canada” (2010), p6 

■ Bio-oil produced in a bubbling fluidized bed process (Dynamotive company in Canada) 

Bubbling Fluidized Bed 

 2 seconds thermal decomposition in low 
concentrations of  oxygen condition 

 Easy  to increase scale 

 Yield 
 Bio-oil 55%-73% 
 Char 15%-25% 
 Gas generated collected and used to heat 
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