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1. Summary 
 

Under its Global Impacts Programme JNCC is undertaking a review of the potential 
impacts on biodiversity of the use of biomass for energy. This work is concentrating 
initially on the impacts of liquid biofuels (bioethanol and biodiesel) demand and supply 
with a focus on biomass supply originating from non-OECD countries. 
 
Within this geographical area of interest JNCC has reviewed available evidence on 
biofuels demand and supply to identify the key regions that currently or will in the future 
be important global sources of biomass for energy. Existing reviews identify three key 
regions where supply of biomass for energy will exceed regional demand and where 
significant developments are likely to occur in the coming decade. These are Sub-
Saharan Africa, the Caribbean & Latin America and the CIS/Baltic. Some regions of Asia 
may be important sources of biofuel but land availability is much more limited in this 
region. 
 
JNCC has used existing data sources to identify key potential biomass source countries 
within these regions with the intention of using this screening process to monitor country 
specific biofuel policy and programme developments. Key future biomass providers have 
been identified on the basis of current and future potential capacity which principally 
reflects land availability. Political intentions are also an important determining factor in 
respect of domestic bioenergy use and aspirations to supply the global market. 
 
The list of countries identified at this stage as of primary interest as actual or potential 
biofuel supply economies is shown below, but this will evolve as new entrants to the 
supply market appear and develop policies designed to promote the use of biomass for 
energy at home or for export. 
 
 
Sub-Saharan Africa  Republic of South Africa 
     Mozambique 
     Ghana 
     Democratic Republic of the Congo 
 
Caribbean & Latin America Argentina 
     Brazil 
     Colombia 
 
CIS and Baltic   Kazakhstan 

Russian Federation 
Ukraine 

      
Asia     Malaysia 
     Indonesia 
     Papua New Guinea 
 
    
JNCC is currently developing an intelligence gathering procedure to monitor major 
bioenergy policy and programme developments in these countries, and selected biofuels 
demand countries, and this information will be made available for a trial period on the 
project website. In parallel with this work, JNCC is developing a strategic biofuels 
evaluation tool that can be used to screen biomass for energy policies and programmes 
at a national level using a set of sustainability criteria. The procedure in development will 
allow major sustainability impacts of individual policies and programmes to be identified 
and related to potential ecosystem and biodiversity impacts within the countries 
concerned.  
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2. Background and JNCC objectives 
 
As part of its Global Impacts Programme, the Joint Nature Conservation Committee is 
developing techniques to track commodities coming into the UK and investments flowing 
out with the objective of linking these flows of resources (material and monetary) to 
potential ecosystem impacts around the world. The work is focussing on set of key 
natural resource and agricultural commodities supplied to the UK and EU by a set of key 
countries outside the OECD1, and the counter flows of investment from the UK into these 
global economies. 
 
The work on commodity flows and tracking overseas UK investment – termed Foreign 
Direct Investment – is reported on through the Global Impacts Programme website 
(www.ukglobalinfluence.org) which allows access to selected investment and commodity 
datasets in a UK, EU and global context. 
 
 

 
 
The Global Impacts Programme is not ‘report focussed’ but is designed to identify 
diverse information sources (on trade, investment, national biodiversity information 
etc.), collate this information and provide structured access through the project and 
JNCC websites. ‘Structuring’ allows information on specific commodities, including 
biofuels, to be accessed in the context of specific countries and, ultimately, specific 
ecosystems.  
 
The increasing use of biomass for bioenergy is of sufficient importance to merit a 
separate line of work within the JNCC programme which is reported on in this document. 
Under the Global Impacts Programme biofuels work is focussing on the following specific 
work areas: 
 

• Identify key biofuel producing countries and develop and maintain a 
biofuels intelligence gathering programme, monitoring policy and other 
major developments in these supply countries and selected biofuel 
demand countries2. This will be delivered through the project website 
(http://www.ukglobalinfluence.org/) from June 2008 and maintained for a 
trial period to end 2010; 

 
• Develop a biofuels impact screening approach applicable at a strategic 

national level to establish risks/opportunities associated with biofuels 
programmes involving  specific crops. Case studies will be developed for 
some/all of the priority biofuel countries. Work is in progress on this 
approach and will continue through 2008. 

                                                 
1 With the exception of OECD member Mexico. 
2 Initially: Argentina, Brazil, Democratic Republic of Congo, China, Colombia, Ghana, Indonesia, 
India, Kazakhstan, Malaysia, Mexico, Mozambique, Papua New Guinea,  Russian Federation, 
Ukraine, Republic of South Africa. 
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This report concentrates on three areas: 
 

• identifying data sources for monitoring biofuel policy developments around 
the world; 

• identifying key regions and countries where biofuel demand and supply are 
likely to be of particular importance; and, 

• summarising initial JNCC work on screening biodiversity and other impacts 
likely to arise from the use of biomass for fuel.  

 
 
 
3. Data sources for monitoring international biofuels policy 
developments 
 
Biofuels reviews and reports are proliferating against the background of a rapidly 
developing global industry. National policy decisions are emerging almost daily. Some of 
the studies referred to in this report are based on assessments of agricultural and other 
data that are ‘time robust’ and will not change rapidly. The JNCC review to establish 
which regions are likely to be most significant in the future for biofuel production, and 
where impacts are likely to fall, is based on this type of review.  
 
The most useful reviews for assessing current, and predicting future likely, 
environmental impacts, particularly for ecosystems and biodiversity, are those that focus 
explicitly on land availability under different constraints and scenarios. The following are 
three key reports that provide quantitative assessments and have been used in the JNCC 
review3: 
 

• The ‘Oak Ridge study’ – is a study of potential biofuel/biomass 
sources available to the US economy under a range of future 
scenarios. The study does not cover all potential suppliers – 
notably omitting Malayasia and Indonesia – but the numerical 
analysis is extremely useful in helping to identify the most 
significant regional and global biofuel sources in terms of crops 
and countries.  

 
• The ‘SADC study’ of Sub-Saharan African biofuel potential; 

 
• The Smeets et al (2006) comprehensive global review of land 

availability for bioenergy and actual production potential. This 
study presents a detailed and quantitative global analysis with a 
range of scenarios explored.  

 
 
By contrast, the political environment affecting bioenergy policy and programmes can 
change quickly as targets for biofuel substitution are set and then revised or varied 
according to changes in public, NGO or other pressures. Tracking changes in bioenergy 
policy within countries already identified as significant in respect of global biofuels 
production, identifying policies in newly emerging biofuels producers and predicting 
where and how impacts may be felt requires use of a range of intelligence sources. The 
four principal sources in use by JNCC at present are itemised below. 
 

                                                 
3 This not an exhaustive list of literature available nor all sources used by JNCC, but a list of key 
reports referred to in this document.  See reference page for full details.  
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• United States Department of Agriculture Foreign Agricultural Service 
 

 

 

The FAS global electronic reporting system 
provides information on a wide range of 
subjects pertaining to international 
agricultural trade, production, and policies. 
FAS posts report on current developments 
affecting agricultural trade on a continual 
basis, but also submit scheduled periodic 
reports. 
www.fas.usda.gov/scriptsw/attacherep/defa
ult.asp

 
 

• F.O. Licht's World Ethanol & Biofuels Report 
 

 

 

 
F.O. Licht's World Ethanol & Biofuels 
Report gives news, comment, 
analysis and statistics on fuel 
ethanol, biodiesel, industrial and 
beverage alcohol markets 
worldwide. It includes world and 
regional prices and trade statistics, 
regular ethanol and biodiesel 
production estimates and ethanol 
trade analysis. 
www.agra-

 net.com/portal/puboptions.jsp?Optio
 n=menu&pubId=ag072

  
• Biofuels International 

 
 

 

Biofuels International magazine a 
global publication covering biodiesel, 
bioethanol, and biomass production. 

www.biofuels-news.com/index.html
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• Bioenergy Business 
 
 

 

Bioenergy Business is a monthly 
newsletter and e-mail information service 
providing news and analysis of 
developments in biofuels and biomass.  

www.bioenergy-business.com/

 

 
 
 

• Oil World Weekly 
 
 

 

Oil World Weekly provides information and 
forecasts of the current and prospective 
world supply, demand and prices for 
oilseeds, oils, fats and oilmeals. 
 
www.oilworld.biz/
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4. Global patterns of biofuels demand 
 
4.1 Policy drivers for demand and supply 
 
Global demand for liquid biofuels – bioethanol and biodiesel – has three drivers: 
 

• a requirement to reduce greenhouse gas emissions from the         
transport sector by substituting biofuels for fossil fuels on the 
assumption that this will reduce C02 emissions; 
• greater fuel security, minimising fossil fuel import requirements; 
• a desire to supplement farm incomes. 

 
Biofuel policies are based upon partial substitution of biofuel for fossil liquid fuels. 
Although high levels of substitution are possible for specialist fuels – up to complete 
replacement by 100% biodiesel or ethanol – biofuels targets typically range up to 10% 
substitution of the national fuel supply. Such targets are being set globally and based on 
incremental increases in substitution levels as biofuel programmes develop, as a global 
trade in biofuels/feedstocks increases and as vehicles capable of using mixed fuels 
become available.  
 
The major fossil fuel consuming economies of the USA, EU and China are, by setting 
biofuel substitution targets, becoming the major biofuel consumers creating a significant 
demand which will be met in part by domestic production and partly by imports. The 
political motives for pursuing biofuel substitution policies are based on one or more of 
the three drivers. For the USA fuel security and farm incomes are the key drivers. For 
the EU reducing transport sector C02 is the prime driver. Chinese economic growth is 
creating a rapid increase in fuel requirements and biofuels provide one means of 
improving security of supply. 
 
In addition to the three major economies mentioned above, other countries are setting 
targets for biofuel use to meet both domestic demand and potential export markets. 
Collectively these economies, in addition to the three major global consumers, are 
creating a new global industry for production and consumption of bioethanol and 
biodiesel to satisfy both domestic demand and export. In spite of recent concerns over 
competition with food supplies, and environmental protest, global biofuel demand is 
expected to reach 100 million tonnes by 2010 , half of this from North America and 20% 
from the EU, assuming its target of 5.75% substitution by 2010 is met . 
 
In general terms it is possible to view the key biofuels economies as either importers 
(demand economies) where domestic demand now, or in the future, will outstrip supply 
or exporters where domestic production will exceed national requirements allowing 
surpluses for export (supply economies). Figure 1 highlights countries reviewed by one 
study (Oak Ridge), characterising them in terms of policy, biofuels crop options and 
targets. This list includes the three main demand economies (USA, EU, China) and some 
of the established and emerging supply economies. 
 
The key factors determining whether economies will be on the demand or supply side 
are: 
 

 
• transport fuel demand (diesel and gasoline) – determined by size 
of economy; 
• expected biofuel substitution levels – determined by policy; 
• overall domestic agricultural production potential - determined by 
land availability and agricultural yields; 
• the existence of food supply surplus or deficits - influencing land 
available for bioenergy; 
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• the existence of environmental and other policies limiting land 
use/production capacity; 
• suitability of climate and other factors for growing specific 
bioenergy crops. 
 

 

 
 

Figure 1: Overview of biofuel production targets in selected countries. 
Source: Oak Ridge study 
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4.2 The EU as a model for quantifying biofuels demand 
 
Estimating supply versus demand in respect of transport biofuels requires modelling of a 
number of economic, agricultural and technological parameters. Recent modelling 
undertaken by the European Commission provides an insight into how potential demand 
for biofuels can be estimated, and the extent to which this may be met by domestic as 
opposed to overseas production. 
 
The Commission biofuels scenarios for 2020 are based on the following: 
 

i. Establishing potential future sustainable levels of EU biomass 
production for biofuels based on both 1st and 2nd generation 
technologies; 
ii. Forecasting future use of gasoline (petrol) and diesel in the EU; 
iii. Estimating the quantity, nature and potential source of imported 
biofuels and biofuel feedstocks needed to support the EU biofuels 
market. 

 
The EU Commission 2020 scenarios for biofuels use in the EU are based on 7% and 14% 
substitution which straddle the Commission’s proposed 10% mandatory substitution. 
Critical to limiting excessive imports of biofuels/feedstock is the development of 2nd 
generation technology that uses wood and straw rather than plant oils and starch/sugar. 
The Commission models assume between 20% and 37% of biofuels will be produced by 
2nd generation technology in 2020. If this technology develops more slowly than 
assumed in the model the EU demand for biofuels will significantly outstrip EU capacity 
and imports of biofuels or feedstocks will be substantially increased.  
 
 

584230
Total liquids 
(million tonnes)

282014Biodiesel (mt)
302215Bioethanol (mt)

7%                       10%            14%

0.370.280.2
2nd generation 
percentage

2020 EU Biofuels scenarios

2nd generation
1st generation

Imports

Percentage substitution

2020 EU biofuel scenario for 10% substitution

Source: EU Commission
 

 
 

Figure 2: EU biofuels scenarios for 2020 
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Figure 3 shows a general biofuels trajectory for the future supply based on the expected 
change in balance between 1st and 2nd generation fuels, as food crop sources are 
replaced by more advanced energy crops and new technologies for production of ethanol 
and biodiesel from lignocellulose material. 
 
 
 
 
 
 
 
 

 
 

Figure 3: Biofuels trajectory showing 1st and 2nd generation supply 
Source: http://www.refuel.eu/
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5. Global pattern of biofuels supply 
 
5.1 Overview of biomass for bioenergy -organic material flows for 
bioenergy/biofuels 
 
Biofuels are usually classified as 1st or 2nd generation based upon processing techniques 
involved. 
 

• First Generation fuels are produced by fermentation of starch or 
sugar to produce ethanol, or transesterification of plant oils to 
produce biodiesel (methyl esters); 

• Second Generation fuels are produced from 
cellulose/lignocellulose by advanced fermentation techniques to 
produce ethanol or, by gasification and Fischer Tropsch processes, 
to create biodiesel. 

 
There is a common assumption that 2nd generation biofuels will be less environmentally 
harmful than 1st generation fuels, but impact assessment of biofuels policies and 
programmes must be case specific, and this assumption must be questioned. To promote 
a more effective assessment of biofuel policy and programme impacts it is possible to 
take an  alternative approach and look at the biomass streams themselves that lead into 
these processes. Four such streams are recognised here.  
 
This classification scheme focuses on production techniques (their energy, GHG and 
other impacts) rather than end processing. The four biomass streams can be 
summarised as follows: 
 
 
Route 1: Conventional farming practices – conventional food crops  
 

• Can supply food or fuel industry – price dependent switching to most appropriate 
market 

• No change in agricultural practices or type of crops 
• Feeds into first generation processing plants for bioethanol or biodiesel 
 

Route 2: Energy farming practice – modified (for energy) food crops or non-
food crops 

• Supplying only energy industry 
• Change in farming practice (rotations, etc.) to maximise biomass yield 
• Use of modified food crops (rapeseed with oils optimised for biodiesel, cereals 

with enzyme content suitable for fermentation etc.) or non-foods such as 
Jatropha 

• Feeds into first generation processing plants for bioethanol or biodiesel 
 
Route 3: Energy farming practice – energy (lignocellulose) crops 

• Supplying only energy industry 
• Change in farming practice to maximise biomass yield 
• Use of  non-food crops to produce lignocellulose – short rotation coppice, 

Miscanthus etc. 
• Feeds into second generation processing plants for bioethanol or biodiesel 
 

Route 4: Use of agricultural and forestry waste 
• Supplying only energy industry 
• Feeds into second generation processing plants for bioethanol or biodiesel 
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Animal/human
food chain

1st Generation biofuel
processing

(fermentation, 
transesterification)

2nd Generation biofuel 
processing
+ bioenergy

(advanced fermentation,
CHP, BTL)

1. Conventional farming practices ---- Conventional food crops

2. Energy farming practices ----- Modified (for energy) food crops

3. Energy farming practices ----- Energy (lignocellulose) crops

4. Agricultural & forestry wastes ---- Lignocellulose (straw, wood)

Organic material flows for bioenergy/biofuels

 
Figure 4: Biomass streams for biofuel processing 

 
The objective of focussing on the upstream end of the biomass to energy chain is to 
ensure that potential impacts of biofuel production can be assessed on the basis of three 
key factors, namely: 
 

• Programme location – to account for the nature of the landscape from which 
biomass is being sourced; 

• Crops used – to account for the specific (soil, water, GHG etc) demand and 
impact attributes of the energy crops; 

• Land management techniques –to account for practices used in specific 
programmes (practices that can maximise/minimise energy, water, fertiliser use 
etc). 

 
5.3 Biofuel and bioenergy crops 
 
Many types of biomass can be used in the material flows feeding the biofuels industry 
but in practice there is a limited array of crops that are of significance. 
 
Crops from conventional farming practices are principally: 
 

• Sugar cane, corn (maize) and wheat for bioethanol; 
• Palm oil, rapeseed and soya for biodiesel. 

   
The Oak Ridge study, examining potential biofuel supplies available to the USA from 
foreign sources, highlights a narrow range of crops for which significant volumes will be 
available through to 2027. Noticeably significant proportions of total production of sugar 
cane (Brazil) and soya (Brazil and Argentina) are expected to be available for bioenergy. 
Corn and wheat represent less significant sources of raw material. 
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Figure 5: supply statistics for 5 key biofuels crops available to 2027 
Source: Oak Ridge study 

 
Additional biomass will become available from non-food crop sources (or from food crop 
waste such as bagasse) including perennials and forest products. Although the Oak 
Ridge study does not cover all potentially significant suppliers of biomass (not including 
the CIS, Indonesia and Malaysia) the total biomass feedstocks scenarios published by 
Oak Ridge (Figures 5 & 6) give an indication of the relative importance of different 
biomass sources, in particular highlighting the role of sugar cane for ethanol and soya for 
biodiesel. 
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Figure 6: 2017 scenarios for biofuel feedstock (excluding Malaysia and Indonesia) 
Source: Oak Ridge study 

 
 
5.4 Global biofuels supply – recent trends 
 
The two liquid biofuels – bioethanol and biodiesel – are the current focus of global 
debate in respect of biomass for energy programmes. 
 
Bioethanol 
 
Global production of fuel ethanol is expected to be around 80 billion litres in 2008 
approximately 8 times that of biodiesel. Around 80% of ethanol is produced in North and 
South America (Brazil and USA) from maize and sugar cane. Although these two 
countries dominate production, a new set off ethanol producers are emerging including 
China, India and Thailand in Asia, Colombia in South America and the EU (Figure 8). 
African production is not yet significant but could become important. 
 
 
Biodiesel 
 
The global leader for biodiesel production is the EU, using mainly rapeseed, but the USA, 
Brazil and Argentina are rapidly developing capacity based on soya. The third major 
plant oil used for this fuel is palm oil, originating mainly in Indonesia and Malaysia 
although this remains overwhelmingly a food crop. Within South America Colombian 
palm oil production is expanding rapidly with the possibility of this country becoming an 
important regional supplier. Alternative plant oil sources, such as Jatropha, are being 
developed in some countries but biodiesel production will remain dependent on the ‘big 
three’ for the foreseeable future. 
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Figure 7: Global growth in fuel bioethanol production through time and regional 
distribution in 2008. Source F O Lichts 
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Figure 8: Global growth in fuel bioethanol production 
Source: F O Lichts 
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Figure 9: Global distribution of sugar cane and principal likely global sources for 
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Figure 10: Global growth in biodiesel production 
Source: F O Lichts 
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Figure 11: Global distribution of biodiesel production 
Source: SAGE www.sage.wisc.edu/energy/index.html

 
 
5.5 Global supply – future potential 
 
The extent to which biomass can be used in the future to produce energy, based on 
current technologies of using energy crops or forest residues, is limited primarily by 
available land. With rising food prices there is land competition between food and fuel 
use, and also between the major grain and plant oil crops.  
 
Global assessments of bioenergy potential are currently being based on various 
assumptions as to land availability and crop and energy yields. 
 
Land availability 
 

4According to the FAO , the potential to increase the global area of cropland is still 
significant but this potential land area is not distributed evenly around the globe and 
over half of the available rainfed land is within South America and Africa. Comparison of 
the total area of actual global cropland (arable land & permanent crops) with the areas 
suitable for crop production indicate that sub-Saharan Africa and Latin America have the 
potential for a four to six fold increase in the area of cropland.  
 
The concept of ‘available land’ is potentially dangerous because much of it can have 
existing natural or social functions but in all scenarios presented by Smeets5, the largest 
surplus land potential comes from three regions: 
 

• Sub-Saharan Africa; 
• the Caribbean & Latin America; 
• the CIS and Baltic. 
 

Land for bioenergy crops may become available in these areas through expanding 
agricultural frontiers or increasing yields for food crops thereby releasing land for energy 
crops The potential in Sub-Saharan Africa and the Caribbean & Latin America regions 

                                                 
4 As reported by Smeets et al (2007). A bottom-up assessment and review of global bio-energy 
potentials to 2050. Progress in Energy and Combustion Science 33, 56–106. 
5 Smeets et al. (2007) 
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results from the current inefficient production systems and inefficient land use patterns 
and low cropping intensity. In the CIS/Baltic the collapse of communism and the 
subsequent economic restructuring resulted in a decrease of yields and production 
offering scope for new potential. 
 
 
Energy potential 

 
Assessments of bioenergy potential go beyond land availability assumptions and can be 
based on a range of factors: 
 

• Crop yield per area; 
• Conversion efficiency (biomass to energy); 
• Production systems – energy crops only or energy crops plus wide range of 

organic wastes; 
• Application of technology – including GMOs; 
• Water supply regime – rainfed only or supplemented by irrigation. 

 
FAO modelling of potential bioenergy yields for different global regions using these 
variables, in addition to land area, emphasises the importance of South America, 
Saharan Africa and the CIS as potential biomass producers (Figure 12). 
 

 
 

Figure 12: Regional bioenergy potential in Exajoules(10 to the power 18 Joules) 
Source: FAO 

 
 
The energy potential analysis undertaken by Smeets et al emphasises the importance of 
the same three regions, Latin America, Sub-Saharan Africa and the CIS, under a range 
of scenarios based on the above mentioned factors. 
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Figure 13: Regional bioenergy potential for 2050 under four scenarios. 

 Source: Smeets et al 2007. Numbers in Exajoules/year 
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6. Provisional regional analysis. 
 
Global assessments of biomass for bioenergy potential all emphasise the importance of 
South America, Sub-Saharan Africa and the CIS as potential suppliers of biomass. In the 
context of the JNCC review work these are seen as the three key regions for further 
analysis along with East Asia (Fig. 14). The objective of the ongoing analysis, and policy 
monitoring is to identify key producing countries in these regions in terms of existing 
policies and programmes or in anticipation of development of significant programmes. 
 
 

 
Figure 14: Four key regions for JNCC in analysing biomass for bioenergy supply and 

potential impacts 
 
6.1 Sub-Saharan Africa 
 
Land availability – less than 6% of African land area is cultivated and overall productivity 
is low6 7. Tabulations below, sourced from SADC  and Ethanol Africa, both indicate low 
agricultural usage of land in many countries of the region but present significantly 
different estimates of what is available. Land ‘availability’ figures need to be moderated 
by looking at a range of social, economic and environmental issues. 
 
In addition to highlighting those countries that have most potential, taken together these 
figures indicate two key facts in relation to the productive potential for Sub-Saharan 
Africa: 
 

• The region has massive ‘absolute’ land potential in terms of 
unused land and scope for increased yields; 

• Allowing for land needed for domestic food and bioenergy 
energy supply, there is significant potential for surplus 
bioenergy production to meet global demand. 

 
 
 

                                                 
6 Biomass, Livelihoods and International Trade: Challenges and Opportunities for the EU and 
Southern Africa. SEI  2007 
7 Feasibility study for the production and use of BIOFUEL in the SADC region  
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Figure 15: Land availability in selected African countries 
Source:  SADC 

 
 

 
Figure 16: Land availability in selected African countries 

Source: Ethanol Africa 
 

 
Crop types – eight crop types are recognised of potential significance for biomass-
bioenergy conversion in southern Africa. Figure 17 lists seven of these, indicating 
distribution and yield across the region. One additional, still experimental, crop is 
Jatropha which produces an inedible oil suitable for biodiesel. With the exception of palm 
oil, all the crops can be grown across the whole SADC region. Sugar cane (for ethanol) 
and soya beans and palm oil (biodiesel) are the primary energy crops which are widely 
grown or have high yields. Maize is potentially very significant in the Republic of South 
Africa for ethanol use but is likely to be restricted as an energy crop to ensure security of 
food supply. 
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Figure 17: Crop tabulation for seven principle African biofuels crop types. 

Source: SADC based on FAO data. Yields in 1000 metric tonnes. 
 
6.2 Central/South America 
 

8The recent Oak Ridge study  on biofuel feedstock potential, highlights three South 
American countries as potential major sources of biofuels in the future, Argentina, Brazil 
and Colombia, based on land availability and their production of key biofuels crops such 
as sugar cane, palm oil and soya. 
 

 
 
Figure 18: land availability for selection of countries, including principle South American 

potential sources. 
 

Crop Types – bioenergy production in the region is currently dominated by sugar ethanol 
from Brazil. Although other crops are becoming important, including palm oil and soya 
for biodiesel, ethanol is likely to remain the main bioenergy output from South America 

                                                 
8 Keith L. Kline Gbadebo A. Oladosu Amy K. Wolfe Robert D. Perlack Virginia H. Dale Matthew 
Mcmahon. 2008. Biofuel feedstock assessment for selected countries.  Oak Ridge National 
Laboratory. To Support the DOE study of Worldwide Potential to Produce Biofuels with a focus on 
U.S. Imports. 
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9in the future. The World Bank  view of the future biofuel development in the region is 
based on three time scales: 
 

• Short term (to 10 years) –  sugar cane based ethanol production the best 
economic and environmental option; 

• Medium term (to 20 years) – cane based ethanol supplemented by other 
energy crops, in particular soya; 

• Long term (20 years plus) – much broader based ethanol industry using 
cellulosic feedstocks supplemented by other energy crops. 

 
The series of figures on the following pages (all from the Oak Ridge study) illustrates the 
biofuel crops and likely source countries in and beyond the region anticipated to be 
important for future biofuels supplies. Argentina and Brazil are expected to be pre-
eminent within this region but Colombia is developing both an ethanol and biodiesel 
capacity. 

 
Figure 19: principal feedstocks identified for countries studied by Oak Ridge including 

five South/Central American countries. CBI = Caribbean Basin. 

 
 

Figure 20: relative feedstock supply identified by Oak Ridge including five key 
South/Central American supply countries. CBI = Caribbean Basin. 

 (Note: analysis did not include CIS or SE Asia) 

                                                 
9 Banco Interamericano de Desarrollo Departamento de desarrollo sostenible borrador  
Biocombustibles ¿La formula mágica para las economías rurales de ALC? Peter Pfaumann (SDS / 
RUR) Noviembre 2006 Unidad de desarrollo rural sds/rur 
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Figure 21: Relative global importance of Brazil and Argentina as suppliers of soya 
 
 

 
Figure 22: Relative regional importance of the Caribbean and Colombia as suppliers of 

palm oil 
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6.3 Asia 
 
Biofuel potential within the Far East principally involves palm oil as a feedstock for 
biodiesel in the short term but with other crops developing with time. Between 1990 and 
2003 , oil palm plantations have primarily expanded in the top two palm oil producing 
countries of Malaysia and Indonesia10 but other countries (Papua New Guinea and 
Thailand in particular) are potential growth countries for the future in response to rising 
global demand from the bioenergy and food industries. 
 

 
 

Figure 23: Oil palm distribution by country. Source WWF and FAO. 
 
 
 

Other crops of future use for biofuels include sugar cane and cereals but the major 
economies in the area – India and China – are cautious about the use of food crops for 
energy and are promoting non-food crops such as Jatropha or use of waste materials. 
Future biofuel potential in the region will therefore involve diversification away from use 
of palm oil. 
 
 

 

 
 

Figure 24: Principal biofuel feedstocks in India and China. Source: Oak Ridge 
 
 
 
 

 
                                                 
10 OIL PALM, SOYBEANS & CRITICAL HABITAT LOSS. A Review Prepared for the WWF Forest Conversion Initiative. 2003   
 
 



6.4 The CIS and Baltic states – the EUs near neighbours  
 
The FAO identifies these areas as potentially significant producers of bioenergy from 
both forest biomass and also from energy crops, such as rapeseed and sunflower.  
 
Potential from the C.I.S. & Baltic States is due to a combination of limited increase in 
population growth, limited increase in consumption and large underused areas 
agricultural land. Land area is therefore relatively large compared to the projected 
demand for food. Figures from the UK’s Home Grown Cereals Association indicate that 
the amount of ‘available’ land in Russia and the Ukraine is far less than in potential 
tropical suppliers – and lack the competitive advantage of the tropical zone - but the 
proximity of this potential bioenergy source to the EU market makes these areas 
potentially important as a supplier to the EU 
 

 
 

 
 
 

Figure 25: Land availability statistics for selected countries, including Russia and the 
Ukraine. Source: UK HGCA 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

www.ukglobalinfluence.org 
 

27 



7.  Biomass for energy – overview of links to environmental and 
biodiversity impacts 
 
7.1 General impacts of different organic material flows for bioenergy/biofuels 
 
In Section 5.1 four biomass streams were defined as important for biofuels production 
through either 1st or 2nd generation processes. This approach emphasises case specific 
impact assessment in terms of what is happening in particular locations using specific 
crops and management techniques.  
 
An overview of the possible implications of each of these four streams is presented 
below.  
  
 

Route 1: Conventional farming practices – conventional food crops 
Process Implications 

• Can supply food or fuel industry 
– price dependent switching to 
most appropriate market 

• Minimal/no GHG reduction – no 
attempt to reduce emissions 
through change in farm 
practices; crops used not 
optimal for GHG reduction 

• No change in agricultural 
practices or type of crops 

• Feeds into first generation 
processing plants for bioethanol 
or biodiesel 

• Direct competition with food 
supply through switching from 
one market to another 

• Low energy efficiency – no 
attempt to reduce energy input 
to production 

 

• Uncertain biodiversity effects – 
neutral or negative. No positive 
benefit.  

 
 
 

Route 2: Energy farming practice – modified (for energy) food crops 
Process Implications 

• Supplying only energy industry • Best practice can significantly 
reduce GHG emissions if 
appropriate farming practices 
adopted (minimum fossil fuels 
use, minimal agrichemical use, 
avoid land use changes that 
release CO2, etc.) 

• Change in farming practice 
(rotations, etc.) to maximise 
biomass yield 

• Use of modified food crops 
(rapeseed with oils optimised for 
biodiesel, cereals with enzyme 
content suitable for fermentation 
etc.) 

• Reduced competition with food 
supply – still some competition 
through land use changes • Feeds into first generation 

processing plants for bioethanol 
or biodiesel 

• Best practice can ensure energy 
efficiency 

• Best practice can have positive 
biodiversity effects through 
increasing crop diversity, 
avoidance of monocultures etc 
or at least be neutral. 

 

• If optimised only for GHG 
reduction then some negative 
implications for water use, soil 
function and biodiversity. GHG 
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reduction needs to be balanced 
against other environmental 
needs. 

 
 

Route 3: Energy farming practice – energy (lignocellulose) crops 
Process Implications 

• Best practice can significantly 
reduce GHG emissions if 
appropriate farming practices 
adopted (minimum fossil fuels 
use, minimal agrichemical use, 
avoid land use changes that 
release CO2, etc.) 

 
• Supplying only energy 

industry 
• Change in farming practice 

to maximise biomass yield 
• Use of  non-food crops to 

produce lignocellulose – 
short rotation coppice, 
miscanthus etc. 

• Reduced competition with food 
supply – still some competition 
through land use changes • Feeds into second generation 

processing plants for 
bioethanol or biodiesel 

• Best practice can ensure energy 
efficiency 

• Best practice can have positive 
biodiversity effects through 
increasing crop diversity, 
avoidance of monocultures etc 
or at least be neutral. 

 

• If optimised only for GHG 
reduction then some negative 
implications for water use, soil 
function and biodiversity. GHG 
reduction needs to be balanced 
against other environmental 
needs 

 
 
 

Route 4: Use of agricultural and forestry waste 
Process Implications 

• Supplying only energy 
industry 

• Significant reduction of  GHG 
emissions possible 

• Feeds into second generation 
processing plants for 
bioethanol or biodiesel 

• No competition with food supply 
• Energy efficient 
• Uncertain biodiversity effects – 

neutral or negative. If based 
only on GHG reduction then 
some negative implications for 
soil function and biodiversity 
through excessive removal of 
biomass from woodland and 
soils. GHG reduction needs to be 
balanced against other 
environmental needs. 
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7.2 Biodiversity impacts in a sustainability assessment context 
 
The use of biomass for bioenergy programmes can have a range of positive or negative 
social, economic or environmental impacts. The principal interest for JNCC work in 
respect of global biofuels work is to identify the potential for biodiversity impacts of 
biomass-bioenergy programmes in a set of priority biodiverse countries which are 
currently, or are emerging as, biomass/biofuel suppliers. Analysis of these impacts may 
de undertaken ‘directly’, looking immediately at the casual links between biofuels 
development and potential biodiversity impacts. The approach taken in this programme, 
and the analytical tools being developed, is less direct and based on a more general 
‘sustainability’ assessment of the potential impact of bioenergy programmes and linking 
this to biodiversity as appropriate. 
 
This sustainability approach is based upon the following principles: 
 

• Biomass for energy programmes have significant potential social, 
economic and environmental impacts;  

• Whilst it is possible to look for direct causal links between bioenergy 
programmes and biodiversity this approach can fail to recognise the 
indirect biodiversity loss/gain drivers arising from wider social, economic 
or environmental impacts; 

• The JNCC biofuels/bioenergy work in the context of this work programme 
is to examine potential biofuels impacts in terms of six environmental 
‘sustainability’ indicators namely: 

 
i. Land use; 
ii. Soil function; 
iii. Water use; 
iv. Pollution; 
v. GMOs/invasive species; 
vi. Greenhouse gas emissions. 

 
Each of these environmental indicators have implications for biodiversity (see following 
section) but also have wider environmental (and social and economic) implications. 
Undertaking impact analysis against this range of environmental indicators is designed to 
make such analysis relevant to a wider audience of policy makers, allow screening of 
biofuels programmes against a broad set of indicators and permit subsequent work to be 
focussed on those areas where significant impacts are likely to arise. 
 
 
7.3 Relationship between biofuels sustainability indicators and biodiversity 
impacts  
 
Different biomass production techniques will result in different biodiversity impacts 
varying from negative through neutral to positive (Section 7.1). Biodiversity drivers – 
unfortunately usually drivers for loss – have been categorised by the Millennium 
Ecosystem Assessment with five key drivers: 
 

i. Habitat change 
ii. Overexploitation 
iii. Pollution 
iv. Invasive species. 
v. Climate change 

 
In the case of biomass for energy use an additional potential driver, the use of GM 
technology, has been added for the JNCC assessment work. The JNCC defined 
sustainability indicators can be linked to the MA drivers in a simple analytical process. 
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The first step in the use of these six environmental ‘sustainability’ indicators (Section 
7.2) is to undertake an initial sustainability screening of biomass for biofuel (or, more 
generally bioenergy) programmes. Such screening will allow key potential environmental 
impacts of individual programmes to be identified and the nature of the on the ground 
impacts to be specified (in terms of land use, water use etc.). This screening can define 
impacts in broad terms, rather than being biodiversity specific, giving a wider social and 
economic relevance to the analysis. 
 
Impacts of greatest likely magnitude can be highlighted by this process and then related 
to specific biodiversity impacts using, if necessary, the MA terminology (Fig. 26). In 
some cases there may be significant sustainability impacts identified but in the context 
of the region where they are occurring, there may be little or no scope for biodiversity 
impacts. Alternatively, a high sustainability impact, for example in water use or soil 
function impact, may pose a high risk for local/regional biodiversity. Work is in progress 
to develop this approach and apply it at a strategic level to key global suppliers of 
biomass for bioenergy.  
 
 
 

 
 

 
 
Figure 26: Relationship between biofuel  environmental indicators used by JNCC and the 

MA biodiversity drivers 
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8. Biodiversity impact of biofuels developments – tools and 
approaches 
 
8.1 Overview 
 
The JNCC biofuels work under the Global Impacts Programme falls under two areas. 
 

• Identify key biofuel producing countries and develop and maintain a 
biofuels intelligence gathering programme, monitoring policy and other 
major developments in these countries11. This will be delivered through 
the project website (http://www.ukglobalinfluence.org/) from June 2008 
and maintained for a trial period to end 2010.  

 
• develop a biofuels impact screening approach applicable at a strategic 

national level to establish risks/opportunities associated with biofuels 
programmes involving  specific crops. Case studies will be developed for 
some/all of the priority biofuel countries. Work is in progress on this 
approach and will continue through 2008. 

 
 
8.2 Policy tracking – background and work in progress 
 
Biofuels policies around the world are developing rapidly. Countries are setting targets 
for biofuels substitution based on environmental and economic considerations, and 
developing strategies to meet these targets based on domestic agricultural production, 
waste recovery programmes and import or export strategies. 
 
Given the pace of change within the industry an intelligence gathering exercise, aimed at 
monitoring developments in key biofuels producing countries is being developed by JNCC 
on a trial basis. This intelligence gathering uses sources reviewed in section 3 of this 
report and aims to track (in ‘real time’) three aspects of national developments in the 15 
key countries currently identified as biofuels priorities for the JNCC programme: 
 

• National biofuels substitution targets; 
• National policy and current national trends in respect of biofuels 

crop development; 
• Significant developments within the biofuels industry with 

emphasis on links to the UK and EU i.e. through significant 
investment programmes. 

 
Within the context of the JNCC programme this work is designed to provide contextual 
information on key countries to identify geographical areas, and specific ecosystems, 
where biofuels production may affect biodiversity. A key aspect of the intelligence 
gathering exercise is to identify emerging trends. 

 

                                                 
11 Initially: Argentina, Brazil, Democratic Republic of Congo, China, Colombia, Ghana, Indonesia, 
India, Kazakhstan, Mexico, Mozambique, Papua New Guinea,  Russian Federation, Ukraine, 
Republic of South Africa 
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Content in development. Available in June 
2008 

http://www.ukglobalinfluence.org/bioenergy
/index.cfm

 

 
 
8.3 Biofuels impact screening approach – sustainability indicators 
 
The biofuels ‘sustainability assessment approach’ being developed by JNCC was 
summarised in section 7.2. and is based on six specific indicators: 
 

i. Land use; 
ii. Soil function; 
iii. Water use; 
iv. Pollution; 
v. GMOs/invasive species; 
vi. Greenhouse gas emissions. 
 

JNCC commissioned work from consultancy Scott Wilson in 2007 to begin development 
of a screening procedure based on these indicators. A first step has been to refine the 
criteria to determine critical areas for evaluation within each topic, in particular by 
identifying sub-criteria. Figure 27 tabulates the initial results of this refining process 
listing the main criteria and sub-criteria. 
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Figure 27a: Provisional sustainability criteria for biofuels strategic assessment. 
Source JNCC and Scott Wilson 
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Figure 27b: Provisional sustainability criteria for biofuels strategic assessment. 

Source JNCC and Scott Wilson 
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8.4 Biofuels impact screening approach – biofuels crop impact screening in a 
national context. 
 

12Defra has commissioned research  into the nature of biodiversity impacts that may 
result from use of specific biofuel crops. Results have not been published to date but one 
output from this work is a matrix based analysis of impacts of individual crops in terms 
of a set of key indicators such as water use, land use and soil impacts. Impacts are 
coded to identify those that are most significant (Figure 28).  
 
This approach provides a starting point for work within the JNCC programme looking at 
country specific biofuels impacts assessments. Work in progress is seeking to link the 
crop specific assessments developed by Defra to country specific baseline data. This  
involves cross referencing crop impacts (for crops relevant to specific countries) to 
country baseline data that defines environmental sensitivity within subject countries. 
Such cross referencing through a matrix approach (illustrated in Figure 29) seeks to 
highlight conflict areas for further investigation. Two case studies – for Colombia and 
Mozambique are in progress to test the use of this approach.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 28: Example of AEA analysis of biofuel crop (maize) impacts assessment. 

                                                 
12 Review of work on the environmental sustainability of international biofuels production and use.  
Report to CEOSA, DEFRA. In preparation. AEA report. 
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Figure 29: Top; Initial results from trial cross referencing of biofuel crop information (impact 
assessment) to environmental baseline information for Colombia. Bottom: Colour coding for  

highlighting potential high impact areas. 
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8.5 Biofuels impact screening approach – matching policy, land use and biofuel 
outputs through quantification.  
 
An important element in assessing the social, economic or environmental impact of 
biomass for bioenergy programmes, and determining best options, is quantification of 
land use requirements and potential yields. Biomass production is limited, ultimately, by 
land availability but crop and energy yields are important factors. JNCC is developing, in 
collaboration with Land Use Consultants, a spreadsheet based biofuels calculator that 
allows either the land use requirements of specific biofuels targets to be calculated or 
permits biofuel yields to be calculated. These calculations are based on crop and 
country13 specific parameters. The following screen shots illustrate the test version which 
will be available on the project website in June 2008. The calculator will be further 
developed during 2008 to cover the full suite of biofuel priority countries. 

 

 

 
 
 
Figure 30a: Screenshot from JNCC biofuels calculation spreadsheet 

                                                 
13 Currently applicable to six countries: Argentina, Colombia, Ghana, Mozambique, Papua New 
Guinea, Ukraine  
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Figure 30b: Screenshot from JNCC biofuels calculation spreadsheet 
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8.6 Timeline for JNCC Global Impacts programme biofuels work to end 2008 
 
 
 
June 2008 

 
• Launch intelligence gathering exercise through project website - 

http://www.ukglobalinfluence.org/bioenergy/index.cfm - aimed at 
monitoring developments in key biofuels producing countries in terms of 
national biofuels substitution targets, national policy and current national 
trends in respect of biofuels crop development and significant 
developments within the biofuels industry;  

 
• Provide web access to test version of national biofuels calculator based 

on six test countries. 
 
 
November 2008 
 
 

• Further develop biofuels impact screening approach using two countries 
as case studies (Colombia and Mozambique) refining both the biofuel 
crop impact assessments technique and national baseline assessment. 
Provide access to screening tool and cases study reports via project 
website; 

•  Refine national biofuels calculator, verify and develop underlying crop 
and bioenergy database to allow extension to all priority biofuel supply 
countries. 
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