
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Unclassified COM/ENV/EPOC/AGR/CA(98)147/FINAL 
   
Organisation de Coopération et de Développement Economiques OLIS    : 28-Nov-2000 
Organisation for Economic Co-operation and Development Dist.      : 29-Nov-2000 
__________________________________________________________________________________________ 
 Or. Eng. 
ENVIRONMENT DIRECTORATE 
DIRECTORATE FOR FOOD, AGRICULTURE AND FISHERIES 
 
 
 

 
 
  
 

 

INFORMATION NOTE ON THE USE AND POTENTIAL OF BIOMASS ENERGY 
IN OECD COUNTRIES 
 
 

 

 
  
 
 
 
 
 

U
nclassified 

C
O

M
/E

N
V

/E
P

O
C

/A
G

R
/C

A
(98)147/F

IN
A

L
 

O
r. E

ng. 

Contact person: Dan Biller, tel.: (33-1) 45 24 14 86, fax: (33-1) 45 24 78 76, 
e-mail: dan.biller@oecd.org 

98261  
    
Document complet disponible sur OLIS dans son format d'origine  
Complete document available on OLIS in its original format  



COM/ENV/EPOC/AGR/CA(98)147/FINAL 

 2 

 
 
 
 
 
 
 

FOREWORD 
 

 

 This paper provides information on the use of biomass energy, its contribution to the abatement 
of greenhouse gas emissions, its future potential and the incremental cost of a switch from conventional 
energy to biomass energy. It is based on a background document prepared by Ms. Meritt Hughes and 
extensive comments provided by the Joint Working Party of Agriculture and Environment. This final 
version was prepared by Mr. Dan Biller and Ms. Rosalind Bark, and benefited from the review of several 
colleagues from the Environment Directorate and the Directorate for Food, Agriculture and Fisheries at the 
OECD. It is published under the responsibility of the Secretary-General. 
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INFORMATION NOTE ON THE USE AND POTENTIAL OF  
BIOMASS ENERGY IN OECD COUNTRIES  

1. Introduction 

 Following the discussion of the paper prepared by the Secretariat on “The Implications of the 
Kyoto Protocol for the Agricultural Sector” [COM/ENV/EPOC/AGR/CA (98)55] at its meeting 7-9 July 
1998, the JWP has requested the preparation of three papers on the subject of greenhouse gas emissions 
and the agricultural sector:  

-- an extended outline of a project on “The Impacts of Agricultural Policy Reform on Greenhouse 
Gas Emissions” [COM/ENV/EPOC/AGR/CA(98)146], 

-- an overview and survey instrument on “Agricultural Practices to Reduce Greenhouse Gas 
Emissions” [COM/ENV/EPOC/AGR/CA(98)149], and 

-- a summary note on the options, issues and potential for biomass conversion to energy in OECD 
countries “Information Note on the Use and Potential of Biomass Energy in OECD Countries” 
[COM/ENV/EPOC/AGR/CA(98)147/REV1]. 

 This paper provides information to policy makers of OECD Member countries on the actual and 
potential use of biomass conversion to electricity, heat, and fuel oils. Furthermore, it discusses the scope to 
which these energy sources could contribute to fulfilment of the Kyoto Protocol greenhouse gas emission 
reductions. The paper addresses the availability of biomass from agricultural and forestry residue1 and 
dedicated production and conversion efficiencies. Particular attention is given to the costs of substituting 
conventional energy with biomass conversion to energy.2 

 Agricultural and forestry biomass inputs are categorised below. 

Biomass derived from agricultural products: 

•  the combustion of crop wastes from short-rotation crops (e.g., straw, sugar fibre (bagasse), husks, etc.) 
whether for heat, steam-based electricity, or both; 

•  the combustion of dedicated, short-rotation crops grown specifically for their energy content (e.g. 
Mediterranean thistle, elephant grass), whether for heat, steam-based electricity, or both; 

•  the transformation of short-rotation crops grown specifically for converting into liquid fuels (e.g. 
maize for alcohol and rapeseed for rapeseed methyl ester (RME)), whether in surplus or not; and 

•  the digestion of crop wastes, animal manure, or both, to produce a combustible gas. 

                                                      
1  The IEA does not supply disaggregated data on biomass conversion to electricity and heat from the forestry 

sector, dedicated plantations of woody crops, and the agricultural sector. Data is disaggregated into ‘solid 
biomass and animal products’ and ‘gases/liquid biomass’ only. 

2  Note that objective of this paper is not to discuss the net environmental impact (i.e. the impact of any 
increased use of fertilisers and soil erosion and any reduction in conventional air pollutants and carbon 
emissions) of each biomass crop. Further work needs to be done by Member countries to determine the net 
environmental impact of increased biomass conversion to energy. 
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Biomass derived from forest products:3 

•  the combustion of relatively short-rotation trees (dedicated woody crops) grown specifically for their 
energy content (e.g. willow); 

•  the combustion of forest wastes from trees grown for pulp or timber; and 

•  the combustion of liquid wastes from Kraft pulp facilities. 

 Biomass conversion to energy plays a small role in energy provision within a number of OECD 
Member countries, encompassing traditional uses (e.g., home heating) as well as modern, capital-intensive 
uses (e.g., electricity generation). Currently most biomass conversion to energy is based on forestry waste 
and agricultural residues from conventional crops, for example cereal straw and bagasse. The conversion 
of these waste streams to energy is a cost-effective method to dispose of solid waste. In addition, some 
Member countries have increased the manufacture of liquid fuels from the fermentation of maize and sugar 
and the transesterfication of rapeseed oil. However, the cultivation of energy crops (e.g. oil seeds and 
short-rotation woody crops) specifically for conversion to energy is still small. Overall, neither the 
percentage of OECD crop production devoted to energy conversion, nor the contribution of crop-derived 
fuels to total energy requirements, is significant. 

 The extent of current and potential biomass conversion to energy varies by country. Since the 
promotion of biomass conversion to energy generally carries with it dual- or multiple objectives, both the 
overall level of biomass conversion to energy and the relevance of particular types of biomass converted to 
energy are different for each country. Waste disposal may be a high priority in one Member country, 
leading to an emphasis on efficient waste combustion; whereas in another Member country cultivation of 
dedicated energy crops may fit more easily with associated policy goals and expected economics. 

 In recent years there have been improvements in information sources on the commercial and 
research and development conversion of biomass to energy in Member countries. However, information on 
auto-production of electricity and heat from biomass is still limited. Therefore, in order to develop as broad 
a picture as possible, this paper has brought together a number of data sources. Due to the resulting 
multiple perspectives that this approach engenders, it could be said that the paper provides a series of 
snapshots, which form a general view of the subject rather than a systematic overview. 

 A static, cross-sectional overview of different types of biomass conversion to energy, including 
sectoral detail, by OECD Member country, for 1998, is presented in Section 2. The data show that a large 
proportion of biomass conversion to energy takes place in the pulp and paper and wood and wood products 
sectors as well as in the commercial transformation sector. Data on biomass conversion to heat and 
electricity is provided, including information on the share provided from auto-generators in total 
generation by country. Section 2 also introduces the potential for biomass conversion to energy displacing 
carbon dioxide emissions from fossil fuel consumption. 

 General statistics such as those of Section 2 may suggest a misleadingly low evaluation of the 
interest in biomass energy. Country-level descriptions of current trends in use and development of biomass 
conversion to electricity are therefore provided in Section 3. Where available, information on what 
Member countries see as a realistic future scenario for the conversion of biomass to energy is provided. 

 Biomass converted to transportation fuels is discussed in Section 4. Data on the conversion of 
biomass to transport fuels is often incomplete because of the developmental nature of activity in this area. 

                                                      
3  Industrial wood and wood waste are the most prevalent forms of biomass energy used by non-utilities 

(Energy Information Administration, US Department of Energy). 
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 The remainder of this document addresses the potential of biomass conversion to energy by 
examining specific technologies that convert biomass to electricity, heat, and transport fuels, and the 
specific types of biomass inputs and their associated environmental advantages and disadvantages. Most 
biomass conversion to energy in OECD Member countries is either waste material from forestry or 
agricultural residue, with the notably exception of maize to ethanol production in the United States. 
However, dedicated energy crops, could, provide an important potential source for biomass for conversion 
to energy. The main crops for energy conversion are discussed in this section. Section 5 also provides brief 
descriptions of the main energy conversion technologies. 

 Section 6 provides an assessment of greenhouse gas emission benefits of biomass conversion to 
energy, from the perspective of individual technologies, and biomass fuel input. This section also provides 
information on costs associated with specific technologies and biomass fuel inputs. Section 7 provides a 
concluding assessment of the potential and benefits of biomass conversion to energy in OECD Member 
countries. 
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2. Overview of Biomass Conversion to Energy and Displaced Greenhouse Gas Emissions in 
OECD Member Countries 

 The following section provides general information on current biomass conversion to heat, 
electricity, and transportation fuels in OECD Member countries. 

 The International Energy Agency (IEA) publishes data on biomass conversion to energy in 
OECD Member countries. Statistics on biomass conversion to energy can be difficult to collect from auto-
producers in the industrial sector. Much of the available data is still based on small sample surveys or other 
incomplete information and it is probable that some biomass conversion to energy continues to be under-
reported. IEA data is provided for 1998. 

2.1. Biomass Conversion to Electricity in the Transformation Sector 

 Table 2.1 reports IEA data on biomass conversion to electricity in the transformation sector. The 
conversion of biomass to electricity by auto-producers is not included in this data.4 Information on the 
proportion of energy generated by auto-producers is provided in Table 2.3.  

 In the period 1992 to 1998 biomass (solid biomass and animal products and gases/liquids from 
biomass)5 conversion to electricity in the transformation sector in OECD Member countries increased by 
almost 17 per cent to 90 854 GWh. The fastest growing sector was the conversion of gases/liquids from 
biomass to electricity, which more than doubled to 8 404 GWh in 1998.  

 In 1998 24 OECD Member countries reported biomass conversion to electricity in the 
transformation sector from either solid or gas/liquid biomass. As can be seen from Table 2.1, biomass 
conversion to electricity accounted for just one per cent overall of total electricity generated in the 
transformation sector in OECD Member countries in 1998. In 11 countries biomass conversion to 
electricity in the transformation sector accounted for more than one per cent of national electricity 
generation. Biomass conversion to electricity as a proportion of total electricity generation in the 
transformation sector was highest in Finland (13.4 per cent), followed by Austria (2.8 per cent), and 
Portugal (2.6 per cent). 

 In 1998 biomass conversion to electricity in the transformation sector was highest in terms of 
kWh of electricity generated (accounting for almost half of the OECD total) in the United States. The 
development of biomass conversion to electricity in the United States was stimulated by a 1978 regulatory 
measure, The Public Utility Regulatory Policies Act of 1978 (PURPA). PURPA required utilities to 
purchase electricity from co-generators and other qualifying independent power producers at a price equal 
to the utilities’ avoided cost. A cost-effective practice for electricity generators is to co-fire biomass in a 
coal-fired power plant. The Department of Energy [see DOE (2000)] reports that co-firing biomass can 

                                                      
4  For example, in Germany the Vereinigung Deutscher Elektrizitätswerke (VDEW) estimated that in 1996 

auto-producers generated 1 000 GWh of electricity from biomass. 

5  The “solid biomass and animal products” category includes a number of different biomass sources. The 
most important of which are “wood” (including hog fuel, i.e. bark, wood chips and sawdust), “vegetal 
waste”, and “black liquor”. Black liquor is a waste product from pulp and paper processing which derives 
its energy content from the lignin extracted from wood pulp. “Gases and liquids from biomass” are derived 
principally from anaerobic fermentation of liquid and solid wastes, which are then combusted to produce 
heat, electricity, or both. Fluids such as landfill gas, sewage gas and gas from animal slurries are included 
in this category, as well as bioadditive ethers such as ethanol and methanol and esters produced from 
rapeseed. 
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reduce the cost of generating coal-fired electricity from US$ 0.023 per kWh to US$ 0.021 per kWh. In 
addition to these economic benefits co-firing counts towards meeting regulatory requirements. 
 

Table  2.1 
1998 Biomass Conversion to Electricity in the Transformation Sectors in Member Countries, 

GWh 
 

 Solid Biomass 
and Animal 

Products 

Gas/Liquid 
from Biomass 

& Wastes 

Sum of Solid 
and 

Gas/Liquid 

Total National 
Electricity 

Domestic Supply 

Biomass 
electricity as per 
cent of National 

Total 
Australia 2 891 429 3 320 194 834 1.7 
Austria 1 492 66 1 558 55 784 2.8 
Belgium 76 40 116 83 241 0.1 
Canada 6 290 0 6 290 534 439 1.2 
Czech Republic 428 159 587 65 112 0.9 
Denmark 432 190 622 36 763 1.7 
Finland 9 303 73 9 376 70 169 13.4 
France 573 141 714 453 330 0.2 
Germany 96 281 377 556 400 0.1 
Greece 0 0 0 47 939 0 
Hungary 0 0 0 37 188 0 
Iceland 0 0 0 6 281 0 
Ireland 0 89 89 21 155 0.4 
Italy 69 494 563 300 518 0.2 
Japan 16 616 0 16 616 1046 294 1.6 
Korea 0 0 0 237 240 0.0 
Luxembourg 0 1 1 1 298 0.1 
Mexico 0 0 0 183 779 0 
Netherlands 50 252 302 91 165 0.3 
New Zealand 234 214 448 37 566 1.2 
Norway 244 0 244 120 617 0.2 
Poland 206 12 218 142 789 0.2 
Portugal 1 022 1 1 023 38 985 2.6 
Spain 996 279 1 275 198 729 0.6 
Sweden 2 551 21 2 572 147 579 1.7 
Switzerland 13 139 152 56 923 0.3 
Turkey 241 8 249 111 022 0.2 
United Kingdom* 5640 0 5640 358 246 1.6 
USA 38 627 5 657 44 284 3 832 582 1.2 

OECD 82 450 8 404 90 854 9 124 708 1.0 
Source:  IEA (2000), Energy Statistics of OECD Countries, 1997-1998.  
Note: * United Kingdom’s unspecified biomass conversion to electricity data has been assigned to the ‘solid biomass 
and animal products’ column, based on the assumption that this electricity is converted from poultry litter. 
 
2.2. Biomass Conversion to Heat in the Transformation Sector 

 Another important output from biomass conversion to energy is heat. Heat can be used by 
industry to generate steam or space heating, and to supply heat to district heating schemes. Table 2.2 
provides IEA data on the conversion of ‘solid biomass and animal waste’ and ‘gas/liquids from biomass 
and wastes’ to heat in the transformation sector. Again it should be noted that biomass to conversion to 
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heat is also undertaken by auto-producers: a breakdown of the share of total energy generation by type of 
producer is provided in Table 2.3. 

 Biomass conversion to heat, like electricity, in the transformation sector, has also experienced 
growth in the period 1992 to 1998, increasing by 68 per cent to almost 160 000 terajoules (TJ). The fastest 
growing sector was the conversion of solid biomass and animal products to heat, which increased by 69 per 
cent in the period. 

 14 OECD countries reported biomass conversion to heat in the transformation sector in 1998. In 
this year biomass conversion to heat in the transformation sector accounted for 7.2 per cent of total heat 
generation in this sector in OECD Member countries. Biomass conversion to heat as a proportion of total 
heat generation in the transformation sector was highest in Sweden (35.7 per cent), followed by Finland 
(16.6 per cent), and the United States (13.5 per cent). 
 

Table 2.2. 
 1998 Biomass Conversion to Heat production in the Transformation Sector in Member countries, TJ. 

 Gas/Liquids from 
Biomass & Wastes 

Solid Biomass and 
Animal Products 

Total heat Biomass heat as a 
share of total, % 

Australia 0 0 0 - 
Austria 26 5 337 47 758 11.2 

Belgium 0 0 14 814 0 
Canada 0 0 28 669 0 
Czech Republic 630 2 431 158 048 1.9 

Denmark 781 10 791 125 885 9.2 
Finland 18 19 520 117 816 16.6 

France 400 0 51 720 0.8 
Germany 0 386 386 518 0.1 
Greece 0 0 1 049 0 

Hungary 0 105 70 022 0.1 
Iceland 0 0 6 855 0 

Ireland 0 0 2 0 
Italy 0 0 8 916 0 

Japan 0 0 23 054 0 
Korea 0 0 59 934 0 
Luxembourg 0 0 1 004 0 

Mexico 0 0 0 - 
Netherlands 200 0 97 691 0.2 

New Zealand 0 0 0 - 
Norway 9 116 7 086 1.8 
Poland 27 1 870 391 568 0.5 

Portugal 0 0 3 366 0 
Spain 0 95 2 995 3.2 

Sweden 766 58 988 167 303 35.7 
Switzerland 976 0 13 448 7.3 

Turkey 0 0 0 - 
United Kingdom 0 0 0 - 
USA 342 55 469 413 555 13.5 

OECD 4 176 155 108 2 201 337 7.2 
Source:  IEA (2000), Energy Statistics of OECD Countries, 1997-1998. 
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2.3. Domestic Biomass Conversion to Energy in OECD Member Countries 

 The term domestic supply includes biomass conversion to energy in the transformation, 
industrial, residential, and agricultural sectors plus net imports. The energy information in Table 2.3 is 
based on the heat content of the input, recorded in TJ. For those inputs in the data set which are biomass 
derivatives, it is the energy content of the derivative, not the original biomass, that is reported. This is 
particularly important for the “gas and liquid” statistics, which include highly processed products. 

 Two types of installations generate electricity: electricity-only power plants, and combined heat 
and power (CHP) plants. Within both of these categories, facilities could be either public supply companies 
(the transformation sector), which generate electricity or heat for sale to third parties as their primary 
activity, or auto-producers, which primarily convert biomass or biomass derivatives for their own 
consumption. With respect to auto-producer CHP plants, all fuel inputs to electricity production are 
included, but only the portion of fuel inputs to heat sold is recorded in the data. 

 Table 2.3 shows that 30 per cent of total OECD solid biomass conversion to energy was 
accounted for by the transformation sector. Of which, 18 per cent of the total was generated in electricity-
only plants, 78 per cent in CHP plants, and 3 per cent in heat-only plants. The share of solid biomass 
conversion to electricity and heat by auto-producers in the industry sector was also 30 per cent in 1998. 
The significance of auto-producers in biomass conversion to energy is primarily accounted for by the 
efficient use of waste forest materials. Indeed, the reliance on these materials is so great it is tempting to 
consider them co-products. Over 80 per cent of auto-production was accounted for by the pulp and paper 
and wood and wood products sectors. Another important industry sector is the sugar cane industry. 
Bagasse (sugar cane fibre) is an important fuel source in a number of non-OECD countries. In the OECD 
sugar cane mills in the United States and Australia produce stream and electricity from bagasse to meet on-
site requirements. More recently, a number of mills have upgraded CHP plants, improving conversion 
efficiencies, in order to export surplus electricity to the grid. The residential sector is also significant in the 
solid biomass (wood) conversion to heat. 

 In the gas/liquids biomass conversion in the transformation sector is most significant accounting 
for over half of the total. Over half of the energy generated is by electricity-only plants, 14 per cent in CHP 
plants and 1 per cent in heat-only plants. 
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Table 2.3: 
Domestic Supply of Biomass Conversion to Energy1 

(1998, Terajoules, net calorific value) 
 

 Total, TJ % of total solid biomass conversion 
by sector, % 

Total, TJ % of total gas/liquids 
biomass conversion by 

sector, % 
 Solid 
biomass 

Transform-
ation 

Industry Residential Gas/liquids 
from biomass 

Transform-
ation 

Industry 

Australia 210 698 15.0 47.8 37.0 4 579 100 0 
Austria 120 969 16.5 16.5 62.7 1 105 60.5 60.5 
Belgium 8 435 13.6 3.1 83.3 888 55.0 26.5 

Canada 423 975 5.7 76.4 17.9    
Czech 
Republic 

19 785 34.3 0 65.7 1 880 100 0 

Denmark 33 616 40.2 14.1 37.2 2 670 77.4 3.1 
Finland 248 244 23.7 57.0 17.6 690 50.7 49.3 

France 397 878 1.8 17.1 80.6 10 553 6.0 22.6 
Germany 56 428 2.5 8.9 88.6 3 330 100 0 

Greece 37 967 0 22.6 77.4 25 20.0 80.0 
Hungary 13 712 1.1 0 73.4    

Iceland        
Ireland 5 275 0 69.1 30.9 1 082 84.6 15.4 
Italy 56 495 12.8 14.0 73.2 5 273 100 0 

Japan 268 806 47.5 32.0 0.8    
Korea        

Luxembourg 644 0 0 100 3 66.7 0 
Mexico 341 601 0 27.4 71.4    
Netherlands 7 342 10.1 7.5 82.4 4 974 48.7 17.4 

New 
Zealand 

24 531 11.0 68.9 20.1 2 124 97.0 0 

Norway 47 443 3.2 43.6 53.3 195 5.1 0 
Poland 156 351 2.3 16.1 64.4 872 70.9 0 

Portugal 47 000 13.8 47.8 38.4 21 100 0 
Spain 134 350 21.1 22.7 56.2 3 440 64.8 0 
Sweden 308 240 26.7 60.1 13.0 986 100 0 

Switzerland 23 424 3.7 20.2 54.0 2 397 100 0 
Turkey 292 320 1.1 0 98.9 82 100 0 

United 
Kingdom 

29 121 0 58.9 23.8 21 827 0 2.4 

USA 2 441 963 53.4 24.7 19.9 162 132 55.2 0 

OECD 5 756 613 30.1 31.1 36.0 231 128 52.2 2.0 
Source:  IEA (2000), Energy Statistics of OECD Countries, 1997-1998. 
Note: 1These figures are based mainly on estimates. N.a. – not available. 
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2.4. Displaced Carbon Dioxide Emissions 

 The conversion of biomass to energy and the consequent displacement of fossil fuels result in 
CO2 emissions savings. Under the accounting conventions adopted by the UNFCCC, biomass conversion 
to energy does not generate any CO2 emissions. This assumption has to be clearly distinguished from 
changes in biomass stocks, which are reported as under the category of “land-use change and forestry”. 
The IPCC Guidelines for National Greenhouse Gas Inventories state:  

 Within the energy module biomass consumption is assumed to equal its regrowth. Any 
departures from this hypothesis are counted with the Land Use Change and Forestry 
module. 

 
 Unfortunately the IEA does not provide data on carbon emissions from biomass conversion to 
energy. The amount of CO2 emissions displaced by biomass conversion to electricity and heat in each 
Member country will depend on the amount of biomass conversion to electricity and heat and the specific 
carbon intensity of the marginal unit of electricity and heat generated in that country. For example, 100% 
of France’s electricity is supplied from zero CO2 emitting nuclear generation, whereas the carbon intensity 
of Australia’s electricity generation is high because of the predominance of coal-fired generation. Limited 
information on carbon emissions displaced by specific biomass liquid fuels is given in Table 6.1 – country 
data on the types and volumes of biomass fuels consumed would be required to estimate displaced carbon 
emissions from this source. Some data on displaced CO2 emissions on a project-by-project basis is 
provided on the Centre for the Analysis and Dissemination of Demonstration Energy Technologies 
(CADDET) website [http://www.caddet-re.org]. See also Section 6.1. 
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3. The Evolution of Biomass Conversion to Electricity  

 This section supplements the single-year analysis of the previous section by providing 
information on the evolution of biomass conversion to energy in OECD Member countries, on any biomass 
conversion for energy development programmes, and future prospects.  

3.1. Country Trends in Biomass Conversion to Electricity and Heat  

 Biomass conversion to energy accounts for a small but increasing portion of total energy 
generation in many OECD Member countries.6 Many OECD Member countries have on-going 
demonstration biomass conversion to energy projects and details of some of these projects can be found at 
the CADDET website. The European Commission ALTENER programme7 for the development of 
renewable energies is another source for information on biomass conversion to energy policy goals and 
projects.  

 In 1997 bagasse conversion to energy accounted for 2% of Australia’s total primary energy 
consumption [Bush et al. (1997)]. Sugar mills in Queensland, New South Wales and Western Australia 
convert bagasse to steam used to drive the mills, and for process heating, and excess energy is exported to 
the electricity grid. The national Green Power scheme and premium prices for green electricity has 
improved incentives for sugar mills to expand and upgrade co-generation capacity for export to the grid. 
Investment in new co-generation systems using more efficient conversion systems could potentially triple 
biomass conversion to energy from this source [Australian Renewable Energy website]. Wood represents 
2.4% of domestic primary energy consumption [Bush et al. (1997)], of which 75% is used for residential 
heating.  

 In Belgium, since 1990 just under half of total renewable energy has been converted from 
biomass. Currently, biomass conversion to electricity is the fastest growing renewable energy, though 
biomass conversion to heat for the residential sector is a larger market than electricity generation. 

 In 1996 Canada launched a new Renewable Energy Strategy. An earlier initiative boosted 
biomass conversion to electricity 286 per cent between 1980 and 1996, to 8.9 Mtoe (million tonnes of oil 
equivalent). The objective of the new strategy is to more than double the current biomass conversion to 
energy capacity to 7 200 GWh by 2010 using both agricultural residue, other waste materials and dedicated 
energy crops. The strategy has also set aside funds to promote the development of small-scale combustion 
equipment for use in remote communities in Canada and for export.8 

 Biomass conversion to electricity increased in Denmark during the 1990s. The government and 
power suppliers agreed to the construction of a number of small and medium sized CHP plants using 
indigenous energy sources with a total capacity of 450 MW. One such project, the Masnedø CHP plant 
became operational in 1995 (see CADDET website). Straw and wood chips fire this 8.3 MW electricity 

                                                      
6  Unless otherwise noted, country summary information in this section comes from IEA (1998a), Renewable 

Energy Policy in IEA Countries. 

7  The European Commission’s Altener programme supports three networks for different biomass types, they 
are: the AFB network for solid biomass; the non-technical barriers (NTB) network for gas/liquid biomass; 
and the Waste for Energy network for waste. 

8  Natural Resources Canada  (1996), Renewable Energy Strategy: Creating a New Momentum , p8. 
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and 20.8 MJ heat plant. Analysis of the plant performance shows that co-generation results in considerably 
lower emissions of CO2, SO2 and NOx. 

 In terms of potential, biomass conversion to energy is considered the second most important 
renewable energy source in Germany after solar power.9  Currently, however, only 15 per cent of the 
energy potential of biomass is actually used, corresponding to approximately 100 petajoules per year, or 
one per cent of Germany's energy consumption. The utilisable biomass energy potential is approximately 
780 petajoules per year and hence represents around one-third of the estimated potential from renewable 
energy sources. Of which, agricultural residues and farm waste are expected to account for the greatest 
share, with approximately 400 petajoules per year, followed by wood (approximately 200 petajoules per 
year). Overall, biomass could theoretically meet 8 to 9 percent of Germany's total energy needs. 

 As part of the ALTENER programme Greece has a research programme to assess the 
performance of biomass conversion to energy from agricultural residues and dedicated energy crops to 
supply district heating. 

 As part of Ireland's National Development Plan renewable energy research is being undertaken 
into the potential for cultivation of biomass crops for conversion to energy. An ALTENER project 
managed by the Electricity Supply Board, Ireland aims to identify available resources and examine the 
costs and benefits of developing biomass, thereby providing a definitive set of guidelines on the economics 
and implications of biomass projects and proposals for development. 

 Reported biomass conversion to energy in Italy increased substantially in the 1990s. The most 
important market was domestic heating. Biomass conversion to electricity is forecast to increase as 
authorised capacity is constructed, for example a 12 MW biomass gasification plant is being constructed 
near Pisa as part of an “Energy Farm”. 

 Biomass conversion to energy has been relatively stable in Japan in the 1990s. About half of the 
biomass conversion to energy is undertaken by industry; the remainder is converted to electricity in the 
transformation sector. The government has a programme, run by the New Energy and Industrial 
Technology Development Organisation (NEDO) to promote biomass conversion to electricity. 

 Four new biogas installations are under construction in Luxembourg.  

 In the Netherlands a national programme on developing biomass conversion to energy focuses 
on developing clean and efficient technologies for converting biomass to energy, including gasification 
technologies. The Dutch government also levies NLG 0.03 per kWh on fossil fuels to support the 
development of ‘green’ energy. For example, a biomass-fuelled CHP plant at the Houtindustrie Schinjndel 
woodworks factory is supported by this fund and a voluntary NLG 0.04 per kWh premium for ‘green’ 
electricity (see CADDET website). The plant generates 7 GWH of electricity that is distributed to 1 800 
households. The project was designed to extract the most value from wood residues, residues that would 
otherwise have been used only for heat production.  

 The conversion of biomass to energy has been stable since 1990 in New Zealand. There are 
currently three biomass conversion to electricity plants. 

 The Norwegian government has a programme to support new biomass conversion to energy 
projects. In 1996 the Water Resources and Energy Administration (NVE) funded a 3.6 MW wood-fired 
CHP project, based at the Energy Centre at the Agricultural University. The plant provides 11 million 

                                                      
9  Data supplied by Member country. 
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kWH per year of heat and has replaced the old oil-fired district heating system resulting in reduced CO2 
and SO2 emissions.  

 Biomass conversion to electricity in Portugal has risen 39 per cent since 1990. Biomass 
conversion to energy is the largest source of renewable energy in Portugal. 

 Spain has developed an expansion plan for biomass conversion to energy, however the uptake of 
projects has been slower than expected. Biomass conversion to electricity increased from 484 GWh in 
1990 to 1 275 GWh in 1998. 

 In Sweden the capacity of co-firing plants at the end of 1998 stood at 1 240 MW. The 
government estimates that biomass conversion to energy in CHP units can be expanded by approximately 
0.75 TWh per year between 1998 and 2003. 

 Renewable energy accounted for 11.1 per cent of Turkey’s total primary energy supply in 1998, 
with the largest share accounted for by biomass conversion to energy. While biomass conversion to energy 
is expected to increase slightly by 2010, its share of total renewable energy is expected to decrease 
substantially. 

 The United Kingdom has an active biomass conversion to electricity programme. For example, 
two plants converting poultry litter to electricity are operational with a total 26.2 MW capacity. A new 
plant also using poultry litter, is being developed with a net electrical capacity of 38.5 MW. This plant will 
be the largest biomass-fired plant in Europe. These plants have been contracted under, and funded by, the 
Non-Fossil Fuel Obligation (NFFO). In addition the world’s largest straw-fired power plant is under 
construction in Ely and the ARBRE project under construction will be the world’s first gas turbine 
combined cycle plant fuelled by energy crops (coppiced willow).  

 The United States has an active programme to develop biomass conversion to electricity, 
including co-generation (see http://www.eren.doe.gov). Biomass conversion to electricity is the second 
most utilised renewable electricity source with more than 7 000 MW of installed capacity. Around 37 
billion kWh of electricity is produced each year from 60 million tonnes of biomass. Recent studies show 
that an additional 39 million tonnes per year of biomass is economically available to generate electricity. 
The Department of Energy (DOE) supports a Bioenergy Initiative as an integrated effort between 
government, industry, and research institutions to foster competitive biomass conversion to electricity, 
heat, and fuel.  

3.2. Taxation and Other Support for Biomass Conversion to Electricity 

 Some OECD Member country governments offer financial incentives and have other regulatory 
measures to support the development of biomass conversion to electricity. For example, in 1999 the United 
States Federal government extended its Renewable Energy Production Tax Credit to cover poultry waste 
facilities. The credits already cover other closed-loop biomasss projects. These biomass plants qualify for a 
tax credit of US$0.015 per kWh of electricity generated. Furthermore the DOE can make payments under 
the 1992 Energy Policy Act of US$ 0.015 per kWh to qualifying facilities generating electricity. Certain 
equipment in a PURPA qualifying biomass conversion to electricity plant can receive accelerated 
depreciation over 5 years and tax-exempt financing is available for some biomass projects (see DOE 
website). In the UK the non-fossil fuel obligation (NFFO) and renewable contracts have been replaced by a 
renewable energy obligation on electricity suppliers. Germany has exempted biomass conversion to 
electricity from electricity taxes introduced in 1999 and ‘new’ renewable projects, including biomass, will 
be exempt from the UK’s tax on business use of energy to be introduced in 2001. 
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 In addition to direct financial support some countries have other support measures available for 
the development of biomass conversion to electricity. For example, the restructuring of the United States 
electric utilities has created some opportunities for biomass conversion to electricity (see DOE website). 
The Renewable Portfolio Standard (RPS) sets a minimum renewable share of a state’s total annual 
electricity consumption. By June 1999, seven states had instituted a RPS. The Systems Benefit Charge is a 
measure to collect funds from electricity customers to support a variety of activities, including eligible 
renewable electricity schemes. Other Member countries, for example the UK, the Netherlands, and 
Australia have special, voluntary, premium ‘green’ tariffs. Finally, in the United States disclosure rules 
enable customers to have access to information on the fuel mix that provides their electricity. By spring 
1999, 12 states had implemented fuel disclosure rules.  

3.3 The Bioenergy Potential of the European Community 

 The European Commission has suggested that annual biomass conversion to energy could be 
expanded by 90 Mtoe by the year 2010.10 That would be equal to around 8.5 per cent of projected total 
energy consumption for that year. Biomass conversion to energy currently accounts for roughly three per 
cent of total inland energy use in the European Union (15 countries). In three countries the fraction is much 
higher; in Austria biomass conversion to energy accounts for 12 per cent, in Finland for 23 per cent, and in 
Sweden for 18 per cent of its primary energy supply.  

 Of the potential 90 Mtoe increase in biomass conversion to energy per annum by the year 2010, a 
potential 15 Mtoe could be generated through greater and more efficient capture of landfill gases and 
conversion of digestible agricultural wastes. An additional 27 Mtoe could come from cellulosic energy 
crops, and 30 Mtoe from solid biomass waste. The remainder, 18 Mtoe, could come from non-cellulosic 
crops and agricultural residue and other farm waste for conversion to liquid fuels. The amount of cellulosic 
energy crops needed to supply the additional 27 Mtoe in 2010 would likely require 6.3 million hectares of 
land. In comparison, the maximum practical feasible land space available is thought to be about 10 million 
hectares. 

 On the consumption side the paper expects that increased biomass conversion to energy from 
heating and industrial processes will account for 25 Mtoe whilst increased electricity generation will 
consume 32 Mtoe. Of the increased demand for electricity, it is anticipated that combined power and heat 
installations will supply 26 Mtoe and co-firing plants 6 Mtoe. This programme is equivalent to increasing 
biomass conversion to electricity by 10 000 MWh. It is estimated that installation of conversion technology 
would cost about 5 billion ECU, one billion of which would come from the public sector. The biomass 
feedstock is expected to cost 270 million ECU per year, assuming a base cost of 100 ECU/toe biomass.11 

 Some other aspects of the Campaign for Take-Off project are the uptake of biomass conversion 
to heat in one million households, the construction of 1 000 MW of biogas installations, and the conversion 
of 5 million tonnes (2 per cent of the total market) of liquid biofuels, to be achieved by 2003. 

                                                      
10  European Commission (1997), “Energy for the Future: Renewable Sources of Energy: White Paper for a 

Community Strategy and Action”, p26. 

11  However, 100 ECU/tonne of biomass is much lower than the current price of wheat and it is also doubtful 
that wheat straw could be harvested for this price. 
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4. Summary of Specific Biomass Conversion to Liquid Fuels12 

 There is no consistent data set for OECD activity in this area; furthermore much activity is at the 
development stage.  

 Biomass conversion to transportation fuels is a small share of total biomass conversion to energy. 
Biomass conversion to liquid fuels can be used as a substitute for fossil fuels (e.g. ethanol and fatty acid 
methyl ester, FAME) blended with fossil fuels, for example with diesel, for use in engines or boilers, and 
as additives for fossil fuels, i.e. reformulated fuels. These reformulated fuels reduce CO and HC emissions 
and reduce the aromatic and benzene (unregulated compounds) content of the fuel. Ethanol and ethyl 
tertiary-butyl ester (ETBE) are used in reformulated fuels which can be used to reduce pollution in highly 
polluted urban areas. In the United States more than 6.75 billion litres are added to gasoline each year to 
improve vehicle performance and to reduce air pollution. 

 The United States has an active programme to develop biomass conversion to liquid transport 
fuels. The National Biofuels Program, the Department of Energy’s Office of Fuels Development promotes 
the commercialisation of bioethanol and biodiesel (see http://www.ott.doe.gov/biofuels). The United States 
is the largest market of all OECD Member countries for biomass conversion to transportation fuels. Air 
quality regulations require the use of oxygenated fuels in 41 urban areas in the United States. These 
regulations have created a market for fuels and additives converted from biomass. All automobile 
manufacturers that sell vehicles in the United States must approve the use of certain ethanol/diesel blends. 

 Biodiesel is typically used as a fuel additive in 20% blends in the United States. Production of 
biodiesel is around 135 million litres per year and growing. The conversion of biomass to ethanol in the 
United States varies considerably year-to-year. Although oxygenated fuel is mandated in 41 urban areas in 
the US, there is considerable substitution possible between oxygenates. Maize farmers can either sell their 
crop as maize for food markets or to be transformed into ethanol. Therefore the volume of maize 
transformed into ethanol is in part determined by the price of maize and maize feed. In 1996, the 
transformation of maize to ethanol fell by 29 per cent in response to reduced maize supplies and resulting 
high prices for maize.  

Table 5.1. 
US Ethanol consumption 

 1990 1991 1992 1993 1994 1995 1996 
Trillion BTU 82 65 79 88 97 104 74  

Source:  US 1998. The Draft 1998 Inventory of US Greenhouse Gas Emissions, p. 36. 
 
 In 1997, Canada produced 29 million litres of ethanol through grain fermentation. Around 15 per 
cent of the ethanol produced is used as transportation fuel. The Canadian government has designated 
ethanol blend gasoline as an “environment choice” product. In 1992 the Canadian federal excise tax was 
eliminated on gasoline blended with biomass ethanol, resulting in an implicit subsidy of approximately C$ 
0.85 (US$ 0.50) per litre of ethanol.  

                                                      
12  Ethanol is an alcohol derived from starch crops. Bioethanol is ethanol made from cellulosic (no starch) 

materials. Ethanol and bioethanol are used as a substitute for, and an additive to, gasoline. Biodiesel is an 
ester, not an alcohol, which can be made from several types of oils, such as, soybean and rapeseed. Biodiesel 
is used as a substitute for, and an additive to, diesel (http://ott.doe.gov/biofuels). 



COM/ENV/EPOC/AGR/CA(98)147/FINAL 

 18 

 Canada is also developing an alternative biodiesel product, supercetane, producible from a wide 
variety of vegetal oils and fatty acid materials. It is expected that supercetane, without subsidies, will be 
highly price-competitive relative to taxed commercial diesel.13    

 The European Union’s ALTENER programme and the NTB Network have a research 
programme to develop non-food markets for agriculture products, in particular for biomass conversion to 
liquid fuels. Nine OECD European countries reported the conversion of biomass to transportation fuels to 
the European Commission in 1996.14  

•  In 1996 Austria converted 12 900 tonnes of pure rapeseed methyl ester (RME) for use in 
transportation.  

•  Finland, whose total technical potential biofuels use has been estimated at 10-12 Mtoe, reported 
unmarked use (for agriculture, shipping, etc.) of reformulated gasoline and diesel.  

•  France uses a variety of biofuels. Rape and sunflower FAME is being used in engines. Sunflower 
methyl ester is used as a domestic fuel blender. ETBE is used in captive fleets for unmarked use.  

•  Germany uses pure RME in all kinds of vehicles. 

•  Greece is investigating the use of sunflower, maize, olive and other frying oils for methyl-ester 
(ME) as well as engaging in research and development for ethanol. 

•  Ireland is pilot testing the use of RME and conducting research and development on used frying oil 
in engines. 

•  Italy uses sunflower ME in boilers.  

•  Spain uses of sunflower ME and ETBE. 

•  Sweden uses RME in captive fleets and pure or blended ethanol in engines.  

 Examples of ALTENER projects illustrate RD&D activities in this area. In 1990 Stockholm 
Transport introduced 32 ethanol-powered buses to serve the city centre (around 130 ethanol-powered buses 
were running in 1997). This project is part of a wider Swedish national RD&D programme for biomass 
conversion to liquid fuels. Following the success of this demonstration project in terms of increased fuel 
efficiency and reduced nitrogen oxides emissions the company plans to phase out diesel powered buses. 
Spain is currently monitoring the performance of biofuel-powered buses and Germany has a project to 
study the benefits of using biodiesel in ecologically endangered regions. 

 An objective of the ALTENER programme is to agree standards for biomass conversion to liquid 
fuels. European wide standards are a prerequisite for the commercialisation of new fuels. In 1997, the 
European Commission requested the development and adoption of standards for FAME. This includes 
standards for FAME used by itself as a diesel fuel, used as an extender to EN590 diesel engine fuel, and 
used either by itself, or in combination with mineral oil, for the production of heat. Specification should be 
completed by the year 2000. 

                                                      
13  Stumborg, M., A. Wong, and E. Hogan (1994), "Hydroprocessed Vegetable Oils for Diesel Fuel 

Improvements", Second Alternative Energy Conference: Liquid Fuels, Additives, and Lubricants from  
Biomass, 1. 

14  Altener (1998),  “The Non-Technical Barriers Network”, Directorate General for Energy, European 
Commission, 2. 
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4.1 Taxation Support for Biomass Conversion to Liquid Fuels 

 According to the previously mentioned European Commission White Paper on renewable energy, 
the production cost of liquid biofuels in Europe is roughly three times that of conventional fuels. In 2000, 
seven European countries, Austria, Belgium, Finland, France, Germany, Italy, and Spain, offered tax 
incentives, or relief, to biomass conversion to liquid fuels. Greece, Ireland and the Netherlands do not 
currently offer financial incentives for biomass conversion to liquid fuels.  

 The United States Office of Fuels Development has identified that the biggest obstacle to 
increased consumption and development of biomass conversion to liquid fuels is that the cost of these fuels 
is higher than petroleum. Since 1992 the Energy Policy Act (EPA) allows regulated fleets to use 2 025 
litres of biodiesel per vehicle per year for EPA credit. This policy and the Clean Air Act Amendments of 
1990 have helped promote the commercialisation of biofuels in the United States. A federal Alcohol Fuels 
Credit is also available to taxpayers up to US$ 0.13 per litre for ethanol and methanol. 
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5. The Potential for Biomass Conversion from Energy Crops with Different Conversion 
Technologies 

 This section provides a brief introduction to the main potentially commercial conversion 
technologies and descriptions of the most promising dedicated energy crops. 

 Currently most conversion of biomass into electricity and heat serves a dual function of 
generating energy and disposing of forestry, agricultural, and farm waste. To calculate the cost of energy 
conversion from such facilities without recognising their dual objective is misleading. In an analysis of 
social cost and benefits of extended commercialisation of the conversion of biomass to electricity, heat, or 
both, it is more appropriate to consider new biomass conversion to energy technologies. Many OECD 
countries have research programmes to reduce the cost of biomass conversion to energy. There are two 
main lines of research: improving conversion technologies and reducing the cost of the biomass input. The 
expansion of the cultivation of energy crops is one measure that could reduce the cost of the biomass input. 

 The conversion of biomass to transportation fuels is often closely linked to agricultural crops and 
its effective cost is tightly tied to food markets. Dedicated oil crops grown for conversion to transport fuels 
produce higher yields and are higher in energy density than conventional crops and crop residues. In 
addition such crops can require reduced inputs, including fertiliser, and thereby produce lower emissions of 
NOx than conventional crops. 

5.1. Biomass Conversion Technologies for Electricity and Steam 

 Most biomass conversion to electricity plants operate on a steam Rankine cycle, a steam turbine 
technology that was first commercialised a century ago. The economics of electricity plants with steam 
turbine systems are highly scale-dependent. Capital cost in terms of dollars per kWh falls as the size of a 
typical conversion facility increases. 

 However, the operating costs of a plant converting biomass material increases with the size of the 
facility because of the costs of transporting biomass inputs. Biomass is a low-density fuel and to be 
economical for conversion into electricity transport distances from the biomass source to the electricity 
plant must be minimised, with the maximum feasible distance of less than 150 kilometres (see 
http://www.eren.doe.gov/biopower). Consequently, the optimal size of a biomass conversion to electricity 
plant, with conventional technology, is relatively small. 

 Biomass-fuelled turbines operate under lower steam conditions than large, modern coal-fired 
stream electric systems. To help minimise the dependence of unit cost on scale, vendors use lower grade 
steels in the boiler tubes of small-scale steam electric plants and make other modifications that reduce 
capital costs. However, these modifications also necessitate lower steam temperatures and pressures, and 
result in reduced efficiency. For example, biomass conversion to electricity plants operating in California 
have efficiencies of 14 to 18 per cent, compared with over 40 per cent for a modern coal-fired plant. 

 A consequence of biomass economics is that such facilities depend on low prices, or subsidies, 
for biomass inputs, inputs which are often waste or by-products of another industry, for example, 
agricultural residue, farm and forestry waste. This has consequences for the dedicated production of energy 
crops – the economic viability of such conversion will be determined by the price and yields for these 
crops, the efficiency of conversion to energy, and the price of substitute fuels.  
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 Two alternative technologies that have been widely discussed are whole-tree technology (where 
the entire tree is burned in one piece) and gas-turbine cycle technology. Studies on whole-tree burner 
technology suggest electricity production costs could be reduced 10 to 30 per cent compared to 
conventional biomass conversion to electricity due to higher efficiency, lower capital cost, and lower fuel 
cost. In contrast to steam-cycle technology, the unit capital costs of gas-turbine systems are relatively low 
and largely independent of scale. This technology is also more efficient thermodynamically because of a 
exhaust heat recovery system. However, this technology requires that solid fuel is first gasified before it 
can be used in gas and steam systems. The upstream gasification systems require costly engineering, 
considerably raising the price of the whole system. While steam turbines are a near-mature technology, gas 
turbines are expected to continue to show improved engine efficiency because of continuing research and 
development for jet engines, from which they are derived. The UK is constructing the world’s first gas 
turbine combined cycle plant fuelled by energy crops, the ARBRE project. Italy is also constructing a 
biomass gasification plant, and Sweden has a test facility of this kind in operation.  

 It has been estimated that if the current plant technology at Kraft pulp facilities were up-graded to 
gas turbines, three to four times as much electricity per tonne of pulp produced could be achieved at a cost 
competitive with most other forms of electricity generation. Significant research on this topic has been 
carried out in both Sweden and the United States.15 In the future such gasification systems could become 
economically feasible. 

5.2. Biomass Conversion Technologies for Transportation Fuels 

 The basic yeast fermentation process to convert starchy crops into ethanol is not a new 
technology, though some research is being conducted to reduce the conversion cost. The crop is cooked, 
and hydrolysed to sugar with the addition of an enzyme. The sugar is then fermented to alcohol and 
distilled. The residues are extracted and used as animal feed and crop residues can be used to supply the 
external heat required for the process. A tonne of wheat yields about 0.29 tonnes of ethanol.16 The 
economics of the process depend heavily on both the cost of the feedstock, which typically accounts for 55 
to 80 per cent of the final alcohol selling price, and the value of the residue by-product. Some engine 
modification is required for higher ethanol/gasoline blends.  

 Methanol production from wood is almost as energy efficient as ethanol fermentation of starchy 
crops.17  Methanol is produced from a mixture of carbon monoxide and hydrogen that can be generated 
from gasifying wood. Liquid fuel derivatives such as ethyl tertiary-butyl ester (ETBE) and methyl tertiary-
butyl ester (MTBE) are derived from ethanol and methanol, respectively. 

 Rapeseed methyl ester (RME) is produced through a transesterfication process that involves a 
reaction of rapeseed oil with methanol in the presence of sodium hydroxide.18  The process results in two 
important by-products, glycerol and animal fodder protein. These by-products also determine the economic 
viability of RME. RME is a direct substitute for diesel fuel.  

                                                      
15  Williams, Robert H. and Eric D. Larson (1993), “Advance Gasification-Based Biomass Power 

Generation”, Renewable Energy: Sources for Fuels and Electricity, p731. 

16  OECD/IEA (1993), Cars and Climate Change, p86. 

17  Energy used in the production of ethanol ranges form 30 per cent to 60 per cent of the ethanol produced. 
The overall process efficiency of methanol from wood is probably about 55 per cent.  

18 OECD/IEA (1993), Cars and Climate Change, p153. 
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5.3. Dedicated Plantations of Energy Crops 

 The usefulness of energy crops as an environmentally superior fuel for conversion to electricity, 
heat, or transportation fuel depends on both environmental and cost criteria. The following section 
provides a brief introduction to these topics and short descriptions of the most promising energy crops. 
Data on the most promising (in terms of biomass conversion, energy density and environmental impact) 
energy crops in Europe comes from the Biomass for greenhouse gas emission REDuction programme 
(BRED). As part of the United State’s Biofuels Feedstock Development Program the Oak Ridge National 
Laboratory develops and demonstrates environmentally acceptable crops and cropping systems for 
producing large quantities of low-cost, high-quality biomass feedstocks. 

5.3.1. Agricultural Crops 

 Many agricultural crops, for example, wheat, maize, energy (sugar) cane, and vegetable oil-
bearing crops including rape (canola) and sunflowers can be grown as dedicated energy crops. Such crops 
are usually converted into liquid fuels such as ethanol or vegetable oils used to replace diesel or heating 
oils. The BRED project provides data on the yields and inputs for these crops.  

5.3.2 Dedicated Herbaceous Crops (Grasses) 

 There are two main types of herbaceous crops discussed as potential dedicated energy fuels: thin 
stemmed grasses, such as switchgrass, and thick-stemmed grasses, including various types of cane. Thick 
stemmed grasses can produce higher yields but are more damaging to the environment. 

 Switchgrass is a warm-season perennial grass native to the United States, currently grown on 
marginal land for erosion control. It is drought tolerant and uses nitrogen efficiently. A harvested stand is 
expected to have a useful life of ten years. Yield in the Southeast United States could be expected to be 13 
dry tonnes per hectare after the first year of establishment. 

 In Europe the BRED programme identifies miscanthus as a potential energy crop. Miscanthus is 
a tropical and subtropical grass grown in central and southern Europe on an experimental basis. Yields in 
southern Europe of 23.6 dry tonnes per hectare and 20.3 dry tonnes per hectare in central Europe have been 
recorded [McCarthy and Mooney (1994)]. 

 Sorghum is an annual thick-stemmed grass with a relatively long growing period. However, it has 
poor drought resistance and requires heavy application of fertiliser to achieve high yields. It is also prone 
to erosion because little residue remains in the field after harvest. In one four-year trial an average yield of 
18 dry tonnes per hectare per year of sorghum was achieved when grown continuously as a summer crop 
and double-cropped with rye as a winter crop to reduce erosion. In poorer quality soil yield was 
substantially lower. At four marginal sites in Alabama, US, between 1985 and 1989, an average yield of 
only 11 dry tonnes per hectare per year was achieved.19  

 In Europe sweet sorghum is cultivated only for experimental purposes. Average yields of 35.5 
dry tonnes per hectare have been achieved with optimal irrigation, fertilisation and plant density [Koukios 

                                                      
19 Cherney, J.H., K.D. Johnson, J. Lowenberg-Boer, D.C. Petritz, J.J. Volenec and E.J. Kladivko (1988), 

Evaluation of Potential Herbaceous Crops on Marginal Crop Lands, unpublished annual progress report. 
Oak Ridge National Laboratory, Oak Ridge, TN.  
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and Diamantidis (1998)]. In the same document projected yields per hectare of miscanthus and sweet 
sorghum are both forecast to increase by 20% between 2000 and 2020. 

 Energy cane and napier grass are thick-stemmed perennial tropical grasses, similar to sorghum. 
They have a very high yield potential, estimated at between 30 and 40 dry tonnes per hectare per year, 
though current realistic yields are 20-25 dry tonnes per hectare per year.20  Tropical grasses are vulnerable 
to winter kill. They require vegetative propagation (like sugar cane) and are presently hand-planted. A high 
level of fertiliser but little pesticide is required. Stand life is currently approximately five years, but could 
be increased through breeding to 10 years.  

5.3.3 Dedicated Woody Crops 

 In many European countries residues and waste from wood processing is the single most 
important source of biomass for conversion to energy. Dedicated fast growing woody crops for conversion 
to energy produce higher biomass yields than conventional forestry. For example, in the United States test 
sites with woody energy crops have produced biomass yields two to five times as high as is common in 
natural forest stands and conifer pulp plantations in the United States.21  Dedicated crops or short rotation 
woody crops (SRWC) cover a range of species, for instance silver maple, sweetgum, sycamore and black 
locust. Eucalyptus, willows and hybrid poplars have shown the highest growth rates in experimental trials 
with selected clones. Many of these species can be coppiced. 

 Establishment of SRWC plantations is similar for agricultural row crops. In general, the chosen 
site is prepared in autumn, old field vegetation is removed, soils are ploughed and, possibly, lime added. 
Planting occurs in the spring after applications of herbicide and fertiliser. Annual or semi-annual 
applications of herbicide, insecticide and fungicide are necessary to achieve potential high yields.  

 In small plot studies, SRWC biomass yields in the United States generally range from 15 to 20 
tonnes per hectare per year. Theoretical yield limits have been estimated at twice that amount. The optimal 
rotation period based on discounted cash flow analysis of production costs is between five and eight years, 
with two to three rotations expected from the initial planting. Yields for the first three years of the initial 
rotation are typically 20 to 40 per cent lower than comparable points in the second coppice rotation, 
because much of the initial tree growth takes place under the soil. 

 European research reported in the BRED project provides yield data on three woody crops, 
poplar, eucalyptus and willow. Poplar is a short rotation coppice (SRC) crop currently grown in France, 
Germany, Belgium, the Netherlands, Italy and Spain. Average yields range from 9 to 15 tonnes per hectare 
for eight rotations. Eucalyptus is currently grown in Portugal and Spain as a raw material for the pulp 
industry. Average yields at experimental plantations range between 10 and 25 tonnes per hectare after the 
first rotation to a maximum 35.2 tonnes per hectare per year. Average yields of 16 tonnes per hectare per 
year are expected. Willow grows in continental climate zones. Estimated annual yields in Ireland are 5 
tonnes per hectare per year, 8 to 20 tonnes per hectare per year in UK, and 15 to 20 tonnes per hectare per 
year in Italy. In the UK, 230 hectares of willow, coppiced and harvested on a three-year cycle has been 
established to support the ARBRE project (see Section 3.1). A total 2 000 hectares are required. Per 
hectare yields of these three agro-forestry crops are projected to increase by 10 per cent in the period 2000 
to 2020 (BRED). 

                                                      
20 Sladden S.E., D.I Bransbury, G.E. Aiken and G.M. Prine (1991), “Biomass Yields and Composition and 

Winter Survival of Tall Grasses in Alabama”, Biomass and Bioenergy 1. 

21 Wright, Lynn (1994), “Production Technology Status of Woody and Herbaceous Crops”, Bioenergy and 
Biomass 6, 191. 
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6. Assessing the Incremental Benefits and Costs of Increased Biomass Conversion to Energy  

 This section provides a brief overview of the greenhouse gas emission reductions possible 
through extended of biomass conversion to energy. In addition to direct emission reduction from displacing 
fossil fuel consumption, two other benefits can result: an increase in the carbon sink of land when 
converting from traditional crops to woody crops, and a reduction in nitrous oxide emissions through 
reduced fertiliser use and consequent fertiliser leaching. This section also provides information on the 
potential cost of increased biomass conversion for electricity and transportation fuels. Although not 
discussed here, the secondary environmental benefits, including reduced SO2 and NOx emissions, of 
increased biomass conversion to electricity and transportation fuels, are likely to be significant.  

6.1. Emission Reduction by Substitution of Biomass Conversion to Energy for Fossil Fuels  

Displacing Fossil Fuel Electricity by Biomass Conversion to Electricity  

 Biomass conversion to electricity is carbon neutral, therefore CO2 emissions will fall if electricity 
from this source displaces conventional fossil fuel electricity generation. The amount of CO2 emissions 
displaced will vary according to the carbon-intensity of the marginal unit of electricity displaced. In the 
United States it has been calculated if biomass yields of 14.1 tonnes per hectare per year could be achieved 
on 14 million hectares of land22, and the biomass converted to electricity is assumed to replace coal 
generated electricity, then CO2 emissions would decline by approximately 6 per cent, or 73 million tonnes 
per year.23 

 European analysis indicates that production of 27 Mtoe of energy crops (an amount advocated by 
the European Commission as obtainable by the year 2010) could provide an implicit CO2 emission 
reduction of 16 million tonnes.24  

Displacement of Fossil Liquid Fuels by Biomass Conversion to Transportation Fuels 

 The displacement of diesel and petrol by biomass conversion to liquid transportation fuels can 
also result in reduced greenhouse gas emissions. Table 6.1 presents carbon equivalent emissions for three 
types of liquid fuels; reformulated gasoline, ethanol from maize, and methanol from wood. It should be 
noted that the technology for the conversion of wood to methanol is still under development. The table 
shows a large proportion of total emissions result from the consumption of fossil fuels in the conversion of 
biomass to transportation fuels. For example, roughly 43 per cent of the emissions for ethanol conversion 
can be attributed to fossil fuel consumed in converting the grain to ethanol. The fossil fuel mix assumed 
was 40 per cent solid fuel, 40 per cent natural gas, 10 per cent electricity, and 10 per cent biomass 
conversion to energy. Therefore, increasing the share of biomass conversion to energy in the fuel mix 
would reduce overall emissions. 

 For wood conversion to methanol, unlike maize conversion to ethanol, the proportion of 
emissions derived from conversion process itself is relatively small; however, emissions released in the 
                                                      
22  To put this land area in context, 14 million hectares is almost three times the net loss in agricultural land 

reported in the decade to 1992. 

23 Ranney, J.W., and L.K. Mann (1994), “Environmental Considerations in Energy Crop Production”, 
Biomass and Bioenergy 6, 221. 

24 European Commission (1997). “Energy for the Future: Renewable Sources of Energy: White Paper for a 
Community Strategy and Action”, 23. 
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cultivation of the wood are larger. This example shows that reducing greenhouse gas emissions in the 
cultivation of specific biomass crops is important in order to reduce overall emissions. Unfortunately, this 
table does not include life-cycle greenhouse gas emissions from oilseeds, for example rape.25 

 

Table 6.1. 
Life-cycle Greenhouse Gas Emission Comparisons between Gasoline, Ethanol and 

Methanol 
(CO2 equivalents, g CO2/vehicle km) 

 Premium unleaded or 
reformulated gasoline 

Ethanol from maize Methanol from 
wood 

CO2 233 177 58 
CH4 4 12 4 
N20 11 63 14 
CO 7 6 8 
HC 4 2 2 
Total 259 260 86 

Source:  OECD/IEA (1993), Cars and Climate Change, 90, 89, 81. 

Carbon Sink Benefit  

 A potential carbon sink benefit could occur if woody energy crops replaced traditional food 
crops. Short rotation woody crops (SRWC) plantations may increase carbon sink capacity by roughly 30 to 
40 tonnes per hectare per year over a 20 to 50 year period when replacing cropland.26 A short rotation 
woody crop plantation can be expected to absorb roughly 70 tonne of carbon per hectare, while 
traditionally farmed cropland holds approximately 32 tonne of carbon per hectare.27 However, the biomass 
cycles would vary between biomass farms and therefore the sink benefit of the increase in the standing tree 
biomass could be small. There may also be a benefit in the build up of soil carbon but without data it is 
difficult to estimate the net carbon sink benefits of SRWC compared to grassland and conventional crops. 
New IPCC guidelines on carbon sinks will assist in the clarification of this issue.  

N20 Emission Reduction Potential 

 N2O emissions from agricultural soil management are one of the largest greenhouse gas emission 
sources from agricultural activity. Of the 13 OECD Member countries that provided greenhouse gas 
emission data in the United Nations Framework Convention on Climate Change, Summary of National 
Communications (1997), eight reported more than half of their national N2O emission arose from 
agricultural activity. The majority of agricultural N2O emissions come from the working of agricultural 
soil. 

                                                      
25  Data on a different measure, the energy balance (life cycle analysis) calculates a higher (better) value for 

rape oil and rape methyl ester than for ETBE from sugar beet ethanol and ethanol from sugar beet [see 
http://www.ademe.fr/anglais.webaltener/htdocs/balance.htm]. 

26 Ranney, J.W., and L.K. Mann (1994), “Environmental Considerations in Energy Crop Production” 
Biomass and Bioenergy 6, 221.  

27 A managed forest provides approximately 144.5 tonne of carbon per hectare. Ranney, J.W., L.L. Wright, 
and CP Mitchell (1991). “Carbon Storage and Recycling in Short-rotation Energy Crops”, Bioenergy and 
the Greenhouse Effect. 
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 Whilst CO2 is the most important greenhouse gas in the discussion of biomass conversion to 
energy displacing fossil fuels, N2O is the most important greenhouse gas when choosing between biomass 
crops. Although, all biomass cultivation provides some CO2 emission reduction benefit, N2O emissions 
vary between different types of biomass crops. 

 N2O is emitted by agricultural cultivation in a number of different ways. It is emitted during the 
application of the fertiliser, leached out of the soil after application and, emitted through atmospheric 
deposition of the fertiliser by-products NH3 and NOx. The IPCC estimates that between 10 and 80 per cent 
of the nitrogen content of each kilogram of fertiliser is lost through leaching.28 Adding the N2O emissions 
that are generated from atmospheric deposition of NH3 and NOx, indirect N2O-emission can range from 
0.008 to 0.038 kg per kg of nitrogen in the fertiliser applied. Fertiliser requirements and erosion rates differ 
by type of crop. Effective rates of nitrogen addition for thin-stemmed grasses are similar to those for hay 
crops and forage grasses and are about half that for maize. Wood crops, such as short rotation woody crops 
(SRWC) can require even less fertiliser.  

 A number of energy crops offer the potential to reduce N2O emissions from fertiliser use and 
nitrogen leaching, if their cultivation replaces traditional row crops. Table 6.1 records greenhouse gas 
emissions for different liquid transportation fuels. For example, 24 per cent of total greenhouse gas 
emissions from ethanol are N2O emissions, primarily emitted in the cultivation of the maize crop. While 
there is little direct information on nitrogen leaching rates by crop, a useful proxy is the erosion rate. In 
general, more leaching occurs in high erosion areas. Table 6.2 shows the average annual erosion rate of 
United States cropland is around 18 tonnes per hectare, whereas the annual average erosion rate of a short 
rotation woody crop erosion is much lower at two tonnes per hectare per year. More research is needed to 
test if nitrogen-leaching rates are lower with SRWC than conventional crops. 

 
Table 6.2. 

Erosion Rates of Crops  
(Tonnes per hectare per year) 

Crop Average erosion rate 

Average United States crop 18.1 
Maize 21.8 
Soybeans 40.9 
Wheat 14.1 
Perennials 0.2 
Hayland 0.2 
Disturbed forest at first 2-17 
Average forest rotation 2-4 
Short rotation woody crop (SRWC) 2 

Source: Pinmental D. and J. Krummel (1987), “Biomass Energy and Soil Erosion: Assessment of 
Resource Costs”, Biomass (14), 17. 

6.2. Biomass Production Costs 

 The further development of biomass conversion to energy requires that the cost of the biomass 
input and of conversion is competitive with fossil fuel alternatives. Currently, most biomass conversion to 
energy is a waste product of some other activity. The conversion of forestry, agricultural, and farm animal 
                                                      
28 IPCC (1997), Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories: Reference Manual, 

4.106. 
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waste to energy provides a cost-effective solution for waste disposal. Commercial cultivation of biomass 
energy crops is mostly at an experimental or developmental stage in many OECD countries. The 
economics of such commercial cultivation are still difficult. For example, it has been estimated that the 
delivered cost of biomass from short-rotation woody crops needs to be at least as low as US$ 40 per tonne 
and oven dried, to be competitive with agricultural and forestry residue and farm animal waste biomass 
sources. 

 Energy crops also face strong competition from traditional crops for high quality land. Table 6.3 
shows the return required from cultivating energy crops in order to cover land rents currently charged.29  
Sorghum and energy cane are price competitive with traditional crops, but as discussed earlier, they are 
also the most environmentally damaging potential energy crops. Switchgrass, one of the most 
environmentally benign, is also the most expensive. Switchgrass yields, however, are not as dependent on 
land quality, thus the potential for cultivation on lands that have a lower alternative value is better. 

Table 6.3. 
Selling price required to break even with maize in the Midwest and soybeans in the Southeast 

  Year 1989 Year 2010  Year 1989 Year 2010 
 ($/tonne) ($/GJ) 
Midwest     
Hybrid poplar chips 58 40 2.94 2.04 
Sorghum 43 30 2.47 1.71 
Switchgrass (maize) 59 42 3.37 2.39 
Switchgrass (oats) 49 36 2.84 2.06 
     
Southeast     
Energy Cane 49 30 2.79 1.75 
Switchgrass 55 34 3.16 1.98 

Source: Turnhollow (1994), “The Economics of Energy Crop Production”, Biomass and Bioenergy,  
Vol. 6, No. 3., p233. 

 
 Rijk (1994) estimated biomass production cost data for three crops in Europe. Production costs 
for miscanthus and poplar ranged from 3.6 to 3.9 ECU/GJ for yields between 12 and 15 dry tonnes per 
hectare and costs for willow are estimated at between 4.7 and 12.3 ECU/GJ for yields between 9 and 15 
dry tonnes per hectare.  

 Delivery costs of biomass and biomass converted fuels are presented in Table 6.4. Delivery costs 
of biomass conversion to energy range from US$0.02 per kWh to US$0.14 per kWh. The DOE in the 
United States estimates that a generation costs in a biomass electricity plant are about US$ 0.09 per kWh. 
In comparison, typical generation costs for new combined-cycle gas power plants are around US$ 0.04 to 
US$0.05 per kWh and around US$ 0.023 per kWh for an existing coal fuelled power plant. The DOE 
estimates that in the future gasification-based systems could generate biomass fuelled electricity for US$ 
0.05 per kWh. Table 6.4 shows that in some cases biomass conversion to energy is already economically 
competitive with fossil fuel generation. In the medium-term the costs of biomass conversion to electricity 
may decline with improved technologies or reduced costs of biomass inputs. 

 The transformation of biomass to transportation fuels is expected to improve in terms of price 
competitiveness, with prices of ethanol and biodiesel (FAME) possibly decreasing as much as 25 to 50 per 

                                                      
29  It should be noted that rents for agricultural land are currently inflated by agricultural subsidies. 
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cent. Other studies have suggested methanol and ethanol from wood have a lower potential price (as well 
as being more environmentally benign) than maize conversion to ethanol.30  

 

Table 6.4. 
Current and potential cost of bioenergy and biofuel  

Technology Current cost of 
delivery 

US $/kWh 

Change in capital 
cost over the last 

10 years  

Expected change in 
capital cost over next 10 

years  
Bioenergy    
Waste combustion 0.02-0.14 Constant, but now 

rising  
Continuing to rise 

Anaerobic waste 
digestion  

0.02-0.14 5-10 % decrease 5 - 10 % decrease 

Energy crops and 
forestry 

0.05-0.08 (heat) 
0.08-0.15 (elctr.) 

5-10 % decrease 
10-15 % decrease 

10-15 % decrease 
30-50 % decrease 

    
Biofuels US $/litre   
Ethanol 0.24-0.37 5 – 10% decrease 25 – 50 % decrease 
Biodiesel 0.40-0.52 5 – 10% decrease 20 – 25 % decrease 

Source: OECD/IEA (1997), Key Issues in Developing Renewables, 14. 
 

                                                      
30 OECD/IEA (1993), Cars and Climate Change, p96. 
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7. Summary and Conclusions 

 There are potential global and local environmental benefits of biomass conversion to energy. 
Biomass conversion to electricity and heat is carbon-neutral and therefore can displace CO2 emissions from 
fossil fuels. However, more research in needed on methods to reduce emissions released in the conversion 
of biomass to liquid fuels and in the cultivation of biomass crops. Emissions of other air pollutants, for 
example, SO2 and NOx, are also lower with fuels converted from biomass. Furthermore, the conversion of 
forestry, agricultural, farmyard and residues and farmyard waste to energy is a cost-effective solution to the 
disposal of liquid and solid waste streams from these sources. Currently, forestry industry waste and 
agricultural residues form the bulk of biomass for conversion to energy in Member countries. However, a 
number of OECD Member countries also harvest energy crops for the conversion to liquid fuels and 
convert woody crops to electricity.  

 In 1998 biomass conversion to electricity in the transformation sector still only accounted for one 
per cent of total OECD electricity production. However, in the period 1992 to 1998, growth in biomass 
conversion to electricity in the transformation sector was 17 per cent. In 1998 biomass conversion to heat 
in the transformation sector accounted for a larger 7.2 per cent of total heat production in the OECD 
Member countries. In the period 1992 to 1998 biomass conversion to heat in the transformation sector 
increased by 63%, largely as a consequence of the expansion in CHP plants. Furthermore, biomass 
conversion to electricity and heat is not confined to the transformation sector. In 1998, 30 per cent of solid 
biomass conversion to energy in the OECD countries was accounted for by auto-producers in the industry 
sector and 36 per cent by the residential sector.  

 Data from the United State’s DOE show that biomass conversion to electricity is still not price 
competitive with fossil fuel technologies. However, some biomass conversion to electricity technologies 
are improving and two new biomass gasification projects in the UK and Italy will provide additional data 
on the costs of this new and more efficient technology. 

 The United States and Canada have significant markets for biomass conversion to liquid transport 
fuels. Urban air quality regulations have supported the development of these markets. In Europe, nine 
OECD countries report biomass conversion to liquid transport fuels, however much of the activity is still at 
the development stage. 

 There is scope for the more efficient use of agricultural residues31 and the harvesting of dedicated 
energy crops for the conversion to heat, electricity and liquid fuels. However, there are also constraints. 
Agricultural land is a limited resource and energy crops compete with traditional crops. Farmers will only 
respond to price, or other incentives, to harvest agriculture residues and to convert land from traditional 
crops to energy crops, and to be attractive to utilities, the conversion of biomass to liquid fuels, electricity, 
and heat has to be economically competitive with current systems.32 The price of the feedstock (dependent 
on yields and input costs), transport costs, the cost of conversion, and conversion efficiencies all determine 
the economics of biomass conversion to energy. Furthermore Member countries should examine the net 
environmental impact of increased biomass production, including any offsetting reductions in conventional 

                                                      
31 The European BRED project estimated that potential residues available for conversion to energy from 

wheat, maize, rape, sunflower, and sugar beet at almost 77 million tonnes per year. The DOE in the United 
States estimates that a further 39 million tonnes per year of agricultural residues are economically viable 
sources of biomass for conversion to energy. 

32 For example, in October 2000, world crude oil prices hit a ten-year high at US$ 35 per barrel. This increase 
in fossil fuel prices should improve the economics of biomass conversion to energy.  
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pollutants and greenhouse gas emissions before proceeding with the commercialisation of biomass 
conversion to energy. 

 Most Member countries have research and development projects underway to improve energy 
crop yields and management, and improve the conversion efficiencies of biomass to energy. The potential 
for further development of biomass conversion to energy will also depend on the wider economic and 
regulatory framework. Air quality and waste regulations, agricultural land availability, tax rate differentials 
between transport fuels, standardisation for biomass conversion to liquid fuels, tax rate credits for 
renewable energy, and accelerated depreciation measures, all will influence the future of biomass 
conversion to energy.  

 Furthermore, the possible introduction of national taxation of carbon emissions in OECD 
Member countries and international greenhouse gas emission trading would improve the economics of 
biomass conversion to energy. The greenhouse gas emission reduction potential and the costs of biomass 
conversion to energy vary between crops used as a biomass feedstock. OECD Member countries planning 
to increase biomass conversion to energy would have to determine the best combination of biomass crops 
for their particular circumstances. The option to increase biomass conversion to energy to displace fossil 
fuels will also be determined by the costs of other greenhouse gas emission reduction options, for example 
the costs of electricity generated by wind, wave, and solar power.  
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