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Bioenergy: Facts and Figures

Bioenergy — The Basics

Bioenergy is a flexible and sustainable form ofewable energy with strong potential in many regions
of the world.

What: Bioenergy is a clean source of energy produced fsmmass — wood, energy crops and
organic wastes and residues. Different regionsagndecological zones provide different forms
of biomass used to make bioenergy.

How Much: Biomass accounts for approx. 11% of total primargrgy consumed globally and
for about 80% of renewable energy, but not athdag is used in a sustainable manner.
Traditional bioenergy:Currently, over 85% of biomass energy is consuneedcadid fuels for
cooking, heating and lighting, often with low eféacy. Traditional bioenergy (fuelwood,
charcoal which can only deliver heat) dominate beygy consumption in developing countries
where up to 95% of national energy consumptioresatin biomass.

Modern bioenergyrelies on efficient conversion technologies foplagations at household,
small business and industrial scales. Utilisationmodern bioenergy is growing in OECD
countries. Over recent years, especially co-fimfidpiomass materials in coal fired boilers has
increased, and some gasification technologieseadnmg commercialisation.

Biogas: The conversion of animal wastes and manure to methegas is employed
successfully in various countries, and particularlZhina and India where is has contributed to
energy provision to rural populations, abatememtegfative environmental impacts of livestock
production and the production of organic fertilizes impact on sanitation, clean cooking and
heating and in the creation of small and mediurerpnises in rural areas is considered very
positive.

Liquid biofuels for Transport: Liquid biofuels account for around 2% of road tgaors fuels
worldwide but growth rates and future potential significant. Current biofuels are bioethanol
(based on sugars and starches) and biodiesel (@lanand animal fats). The production and
consumption of liquid biofuels for transport is @mntly highly concentrated. The US and Brazil
account for 60-70% of world ethanol production. @any and France account for nearly 60%
of biodiesel production and consumption.

Second-generation biofuel@ncluding ethanol and biodiesel based on celloléeedstocks) are
in the development stage and are expected to becaile over the next 5-10 years.

Flexible in use Modern bioenergy can produce electricity, gagjiti biofuels and heat, a great
advantage compared to other renewable energy source

Bioenergy is storable:Bioenergy is stored and can be used when needadlike other
renewables including solar, wind, wave and hydro.

Key drivers of bioenergy growthfhe three predominant factors driving recent argjepted
growth in bioenergy are a) rising energy pricespanticular oil prices; b) a desire in many oil-
importing countries to reduce energy dependency daw oil and gas exporting countries,
increasing energy security; and c) commitmentsethuce greenhouse gas (GHG) emissions to
combat climate change.

Commercial viability: Only few modern bioenergy technologies are curyewitible at market
prices, these include Brazilian sugar-based etrambiwood based heating in Northern Europe,
and importantly industrial applications based osidges from production processes, for
instance in sugar factories and timber mills. Naiatargets and public incentive systems are
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key drivers in the development and growth of mostern bioenergy technologies, in particular
in liquid biofuels for transport.

Bioenergy — Key Benefits and Challenges

Key Benefits Key Challenges
Sustainability:a clean and renewable energy source - Ensuring sustainability-
Availability: bioenergy development can increase access tgirer;  environmental, social and
rural areas economic
Flexibility: bioenergy can deliver power, heat and transport - Safeguarding food security
Energy Securitybioenergy can contribute to diversifying the gyer| ~ ensuring that increased demand
mix; there are a wide variety of feedstocks (rawerial) for for biofuels does not adversely
bioenergy and all countries can rely on some ddmestirces affect the hungry (see below)
Mitigation of climate change bioenergy can significantly reduce |- Protecting biodiversity (see
greenhouse gas (GHG) emissions compared to fosdd {see below)
below) - Managing competition for land
Diversification of rural livelihoods- in the energy sector, and and water {see below)
utilising newly available energy services - faailihg rural - Controlling pollution of air, water
development and soils {see below)
Reduction in land degradatiogspecially through planting of - Removing barriers to biomass and
perennial bioenergy feedstocks bioenergy trade ¢(see below) T

Bioenergy and Sustainability

GBEP is committed to promoting bioenergy for susthle development. Bioenergy is a sustainable
energy source only if its entire production chaifeedstock production, refining and conversion and
end use practices are sustainable. Sustainabiiitjudes environmental, social and economic
considerations.

Environmental Sustainability:
Main environmental issues:the greatest attention has been devoted to enventah
sustainability of bioenergfeedstock productiorThis primarily relates to the responsible use of
agro-chemicals and fertilisers, waste managemeateption of soil erosion and depletion of
soil nutrients, protection of biodiversity, redactiof greenhouse gas emissions, improvement of
air quality, and the sustainable management ofjtlentity and quality of surface and ground
water. Environmental issues refining, conversion and end usee predominantly related to
GHG emissions, air quality, and water quantity godlity.
Biodiversity: Two major crops used in biodiesel production posler@at rainforests. Soy bean
plantations are encroaching on forests in Brazd palm oil plantations threaten forests in
Malaysia and Indonesia. The reduction in forestithalirectly threatens species that inhabit
these unique environment and diminishes other itapbenvironmental services from forests.
Concerns have also been raised that rapid biofumhtg and mono-cropping practices of
preferred varieties will lead to a reduction in iagitural biodiversity with negative
repercussions on food security. On the other héredyse of perennial species such as trees for
bioenergy may create more favourable habitats ifalibersity compared to conventional crop
production.



Social Sustainability:

Challenges of traditional bioenergy:
Indoor air pollution linked to traditional biomass use for cooking, misuamong the major
causes of ill-health and death in developing coestr
Time commitmentWomen in least developed countries may spend nhaire dne third of their
productive life collecting and transporting wooddditional help needed from children often
prevents them from attending school.

Modern bioenergy:
Rural jobs and rural development: Bioenergy is the most labour intensive energy saurc
Depending on the scale of production (large scddentations, or medium and small scale
operations) and on the degree of mechanisation, employment opportunities arise for
unskilled workers.
Labour conditions: Labour conditions in sustainable bioenergy produrctshould be an
improvement on existing standards. Labour issnetide child and forced labour, working
conditions, health and safety, and adequate reratioer
Gender:Women are likely to benefit most from improved &t energy where it reduces their
burden in gathering firewood and the danger frodoor air pollution. Bioenergy development
and production methods should take into accourferintial impacts on men, women and
children.
Access to land and watepoor households in many developing countries dohaoe formal
title over their land and formal rights over watkearge scale biofuel plantations can threaten
their access to land and water. This also appigsarginal and degraded lands, which some
countries, including India, have singled out fovdnergy development. What appears to many to
be abandoned land may in fact provide importansisténce functions to the most vulnerable.

Economic Sustainability:
Much of current bioenergy growth is driven by pglenvironments and government incentives.
These incentives should be targeted carefully tcoerage development of bioenergy
technologies that in the medium to long term amemically and commercially viable.

Bioenergy and Climate Change

Bioenergy offers significant potentials for emissigeductions in electricity, heat and transportatio
However, potentials vary significantly between eliint bioenergy technologies and regions.

Emission reductions must be assessed considerirgfthl life-cycle: The life-cycle includes
production (choice of feedstock, agricultural piees, land use change etc.), refining and
conversion processes and end-use practices.

Uncertain estimates:considerable uncertainty hampers “across the boastiimates of the
potential GHG emission reductions from various b&$. The analysis is complex because of
wide variation in the use of by-products, agrictdtupractices in growing the feedstocks and
efficiencies of processes. Reduction potentialstimggefore be seen as indicative.

Electricity and heat from biomass can generate gierasavings than transport fueldiomass
combustion replacing coal and oil has significaatuction potentials.

Biogasfrom organic waste not only reduces CO2 emissiampared to fossil fuels but also
avoids methane emissions related to the decomposifiorganic wastes.

Emission reductions from liquid biofuelsthe potential of reducing GHG emissions from lajui
biofuels vary widely by region and technology. @frently commercial technologies, Brazilian
ethanol produces the largest savings — estimatbd tp to 90% of GHG emissions compared to
fossil fuels. Maize based ethanol production preduéar lower savings, with estimates of



average reductions of around 139%™ generation biofuels, including cellulosic ethanale
expected to produce significant GHG savings — jpbgsif up to 80%.

Many opportunities for future GHG savings:The 4" Assessment Report of the
Intergovernmental Panel on Climate Change preseytsnitigation technologies and practices.
Bioenergy technologies are highlighted for mostasc

o Energy Supply immediate solutions include bioenergy for heatd gpower with
technologies that are currently available; by 208@v developments should make
additional biomass and coal-fired electricity gexteng facilities as well as advanced
bioenergy technologies commercially viable.

0 Transport:Current opportunities are biofuels for transporthvaurrent technologies; by
2030 second generation biofuels should be comnigreimble and make significant
contributions;

0 Agriculture: dedicated energy crops, improved cropping and ggamanagement and
residue management

o Forestry:Use of forestry products to replace fossil fuel use

o Waste:Composting of organic waste and methane recovery.

Land conversion from high carbon content land wiélliminate GHG reduction potentials:
Where bioenergy feedstocks replace high carboraggoland, such as virgin forests and
peatlands, GHG balances will be negative.

Key factors to ensure GHG emission reductions frobioenergy: To ensure emission
reductions, the production chain must be managexfidly:

o no conversion of high carbon content land for féaasproduction;

0 use of agricultural practices that increase cademuestration below and above ground,
minimise fertiliser use, and increase energy edficy of mechanised operations;

0 energy efficiency in refining and conversion, giilig biomass residues for process heat
where possible;

o efficiency in end use applications — electricitgahand transport.

Bioenergy and Food Securit§

854 million people in this world suffer from hungand although the proportion of undernourished has
declined over recent years, absolute figures harmeammed constant. Growth in bioenergy has
repercussions on food security through two predantirchannels: a) price effects in international
markets and b) local factors related to specifadpction methods of bioenergy and the local context

Price Effects:
Price effects of increase in biofuel demanenergy markets are significantly larger than
agricultural markets in value terms. Energy pridesrefore drive agricultural prices in
commodities which can function as energy cropsingienergy demand for agricultural crops is
creating a floor price for agricultural commoditissch as sugar, maize and rapeseed. At the
same time, energy markets also create ceiling pfmethese commodities: if their price rises
above a certain threshold, they are no longer cttiygeenergy carriers compared to alternative
energy sources and demand for the crops from eneoggase. FAO short and medium term
projections indicate that these recent trends mikt likely lead to a reversal of the long-term
decline in real agricultural commodity prices.
Impact of rising pricesrising prices are beneficial to producers of thes@modities, including
poor small scale producers. However, they advera#ct buyers of the commodities, and
especially those for whom food and basic commaditeluding maize and sugar make up a

! Farrell et al, 2006: Ethanol Can Contribute tofggeand Environmental Goals, Science, Vol. 311.5%0, pp. 506 -
508

2 based largely on J. Schmidhuber, 2007, Impachadfiereased biomass use on agricultural markeitespand food
security: A longer-term perspective, FAO and opbétg, J and Raney, T, 2007, Bioenergy and Foodrige A
concept Note, FAO, 2007



significant part of their household expendituren—particular the urban poor and the poorest
among the rural poor.

Higher prices create new market opportunitiegoor rural dwellers, including the food
insecure, may benefit from new opportunities infueb development, either through increased
and profitable own production, new employment opyaties in larger biofuel enterprises in
rural areas and ancillary services and businessas,if biofuel production is coupled with
increase availability of local energy services, rnayginess opportunities based upon improved
energy infrastructure. The extent of opportunitiél also depend upon the type of bioenergy
and the production system — more labour intenseartologies will bring greater employment
opportunities for poor unskilled workers.

The impact of new bioenergy demand and new devedopsron food security is highly context specific

and complex. It is clear, though, that those wreret buyers of both food and energy will be made
worse off by a biofuel boom. This includes the urlp@or and the land-less rural poor. At the country
level this poses particular problems to Low-IncoRumd Deficit Countries, who are also net energy
importers.

Local Factors:

The specific production methods, regional and $amatext of biofuel production will have important
implications for possible impacts on food secu(gge also section on bioenergy and sustainability).
The various impacts can be analysed by considéwmgincreased biofuel production affects the four
dimensions of food security: availability, accestapility and utilization

Impact of rising biofuel production on food securiy

Availability (The world’s ability to produce sufficien
food)

Stability (People’s continuous access to sufficient foo
also in situations of crisis)

(-) land, water and other resources are divertezyaw
from food production, depending upon developmen
in improved and new technologies (including secon
generation fuels) which reduce competition betwee
food and fuel

(+) new demand for agricultural products leads to
higher returns to farming and increased production
(+) biofuel growth may lead to increased rural gger
services increasing agricultural productivity

(+) floor prices for staple food products ensure
taminimum return to all producers (including poor
dproducers)

n (+) biofuels may offer new rural employment
opportunities, and reduced insecurity compared to
subsistence farming
(-) increased volatility of prices between floodan
ceiling prices increases risk to poorest consumers

Access(The ability of households to access food — ti
can find it in their area, and they can afford it)

Utilisation (People’s ability to absorb nutrients from fo
— linked to clean water, health and energy access)

hd

(+) new demand for agricultural products leads to
higher farm incomes and greater ability to purchase
food

(-) higher food prices reduce affordability and
negatively affect poor buyers

(-) displacement of local food production by new
biofuel developments may reduce local access to fq

(+) increased access to energy offers improved
opportunities for food preparation and preservation
(-) competition for water may reduce water accass |
the poorest for drinking and hygiene

(+) rural regeneration related to biofuel growthyma
improve service provision in rural areas, including
chealthcare

(-) negative impacts
(+) positive impacts



Bioenergy and Tradé

Trade in bioenergy and bioenergy feedstocks iseatlyr low, but is poised to rise with increasing
mandates for bioenergy use in regions with limjgeaduction potentials (for instance the EU). Biomas
productivity in tropical and sub-tropical climatisssignificantly higher (according to some estinsate

to five times higher) than in temperate regionsr@ge, North America) where demand for biofuels is
growing most.

Biofuel trade developmentBiofuels promise new and dynamic export flows othboaw
materials and finished products. Today global traedbiofuels, however, remains fairly small
relative to both biofuel demand and traditionakfbiiels trade. A truly international market for
biofuels will require more producing countries ®ih a position to export large surpluses.
Bio-Ethanol features today as a very dynamic commodity withdpodion and international
trade recording a strong growth. World productioaréased from less than 20 billion litres in
2000 to over 40 billion litres in 2005, and is esigel to double again by 2010. Brazil is the
largest producer followed by the United States.n@hand India come in a distant third and
fourth position. International trade in ethanol haslergone strong expansion. Today, Brazil
exports some 2.5 billion litres of ethanol and hasapproximately 50 per cent market share of
global ethanol exports. Other developing counthase benefited from the dynamism of the
sector, including by taking advantage of existimgf@rential trade arrangements. Conversely,
there appears to be little international trade thaeol feedstocks. Subsidies are likely to
contribute to the expansion of domestically produeedstocks in developed countries.
Biodiesel: The production of biodiesel — a synthetic fuelduced from vegetable oils, animal
fats or recycled cooking grease — outside the Edtilidimited, which is why there has been no
significant international trade. Recent investmeints several developed and developing
countries indicate that production and internatidreede are poised to grow. Trade in biodiesel
feedstocks is on the rise, indicating that raw @dture materials, rather than industrialized
finished products, are being traded internationally

Distortions in international markets:nternational trade in biofuels faces tariff andh#ariff
measures. Moreover, the biofuels market is distottg different kinds of subsidies and
incentives. International trade, however, couldvimte win—win opportunities to all countries:
for several importing countries, it is a necessargcondition for meeting self-imposed fuel
blending targets; for exporting countries, espéciamall and medium-sized developing
countries, export markets are necessary to initla¢gr industries. Reducing and eliminating
trade barriers and phasing out trade-distortingsisligss would contribute to establishing a level
playing field. Investors in prospective biofuelgext facilities need to be assured that markets
are going to be open and that there will be scapeekports, allowing them to exploit
economies of scale.

Labelling and certificationof biofuels and related feedstocks may be instnial¢o ensure that
widespread biofuel production and use will indeed bonducive to environmental
improvements. Certification and labelling remaimwever, a rather complex issue. Efforts
should be deployed to ensure that the developmiesusiainability criteria and certification
systems contribute to reaching environmental olyestwithout creating unnecessary barriers to
international trade, especially to exports fromeleging countries.

Biofuels in current trade negotiationsParagraph 31 (iii) of the Doha Development Agenas h
launched negotiations on “the reduction or, as @mate, elimination of tariff and non-tariff
barriers to environmental goods and services.” Natjons on environmental goods have been
carried out by the Committee on Trade and Enviramn®pecial Session (CTE-SS) and by the
Negotiating Group on Non-Agriculture Market AccéSAMA). Negotiations on environmental
services have been conducted within the Speciai@esof the Council for Trade in Services.
According to some WTO members, renewable energglymts - which could include ethanol
and biodiesel and related products, such as padscamponents of biodiesel and bioethanol

% based on contributions by Simonetta Zarilli, UNQT Biofuels Initiative.



plants and "flexi fuel" engines and vehicles - dobé classified as environmental goods. Many
disagreements among countries on the identificasfomnvironmental goods, on the scope and
approach to take to liberalize trade in such prtgjuand on mechanisms for regularly updating
the product list to account for constantly moviaggets, have hampered any conclusive result.

Bioenergy and Africa’

Africa, in particular Sub-Saharan Africa, dependsdpminantly on traditional bioenergy for basic
energy services. The challenge in Africa is to maway from traditional bioenergy with its limitatie
and negative impacts. Modern bioenergy providesifstgnt opportunities for sustainable development
in Africa.

Africa is most reliant on traditional bioenergyhistposes many problems:
Dependence on traditional bioenergub-Saharan Africa (SSA) depends on biomass to a fa
greater extent than other regions. Biomass accofortsa full 61% of primary energy
consumption, and excluding South Africa this prajor is even higher at 71%. In some
countries (for instance the Democratic RepublicCohgo) over 95% of household fuel use is
biomass from woodfuel or charcoal
Indoor air pollution linked to traditional biomass use for cooking, misuamong the major
causes of death in the region (together with AID8 malaria).
Time commitmentWomen in least developed countries may spend nharre @ane third of their
productive life collecting and transporting wooddditional help needed from children often
prevents them from attending school.

Africa has significant potential for modern bioemeproduction
Biomass productivityin tropical and sub-tropical climates is signifitlg higher (according to
some estimates up to five times higher) than inptnate regions (Europe, North America).
Sub-Saharan Africa is be the region with the largésenergy potential, once food production
and resource constraints are accounted for.
Main biofuel crops currently developed in Africa are sugarcane, maarel cassava for
bioethanol and oil palm, sunflower and soybearbfodiesel. Production is highly concentrated
with South Africa the region’s dominant producersoigarcane and maize and DR Congo the
dominant producer of cassava. Jatropha is widejgriied as a promising biodiesel feedstock
that can grow on poor quality, even degraded, land reduce erosion as well as produce
energy. Trials are under way in several Africanrtaas, including Mali and Tanzania, to grow
jatropha at commercial scales.
Transition from traditional to modern bio-energyincluding ethanol and ethanol based gel-fuel
is necessary and promising. Few countries in Suias®a Africa have made substantial
progress in developing modern bioenergy: SouthcAfpassed a national biofuels strategy in
early 2007, and is expected to expand productionafe and sugarcane crops to create ethanol
and soybeans and sunflower for biodiesel. Malaws Mastered a sugar-based ethanol
programme since the 1970s, and Mauritius has dpedland employed efficient co-generation
technologies linked to its large sugar industrytiéfhia has some ethanol production facilities.
Benin, Burkina Faso, Cote d'lvoire, Guinea Bissdiali, Mozambique, Niger, Senegal,
Tanzania, Togo, and Zambia are among the counbré&surrently explore new opportunities in
bioenergy. Use of modern and efficient bioenergyently limited to industries where residues
are available on-site as byproducts of processimgstly sugar factories and timber mills.

Africa faces many challenges to realise its biogyn@otential
Same old problemsThe same factors that have held back agricultu@ity will also plague
bioenergy development: lack and poor quality dfastructure (roads/transport, energy supply,

* Much of this section is based on Johnson, F argillBeCalle, F, 2007, Biomass, Livelihoods and tnttional Trade
— Challenges and Opportunities for the EU and Souatifrica.
® Smeets et al., 2004, A quickscan of global biorgn@otentials to 2050, Copernicus Institute, TretHerlands.



telecommunications), limited human capital (knowjedand skills), weak institutions (public
and private)

Road transport costare several times higher than the world average

Competition for wateris acute in many countries and regions, and pdatiy in Sub-Saharan
Africa, hence the choice of feedstock is import&ibfuel crops with high water requirements,
such as sugar, pose a significant threat to otlaéenuse(r)s. Alternative crops, including sweet
sorghum, can reduce water needs by about half. t@eghum is also drought resistant and has
low nitrogen requirements. Jatropha is promisirgpdor biodiesel, it is drought resistant, can
reduce soil erosion, and fix nitrogen in the s@&ssava grows on poor soils and is drought
resistant.

Land use conflictsespecially related to large scale feedstock prtolo, could arise as the rural
poor in Africa often do not have formal title orhet secure tenure of their land and may be
threatened by displacement. Further, so calledriddaed” lands that countries wish to reclaim
through bioenergy development often provides sausdiiood benefits to the most vulnerable
living in the area, who may be prevented from cured utilisation if commercial bioenergy
plantations are developed.

Price impacts and food securityA recent review of South Africa’s new biofuels stgy
suggests that the envisaged blending targets li@anet may lead to significant price rises in the
main feedstocks, sugar and maize. This may haigndisant impact on the food security of the
poorest in rural and urban areas, who spend mare lalf their income on food. It also noted
concerns that the strategy to utilise unused oeruttized land for feedstock production may
displace those — very poor — who are currentlyimglpn this land for parts of their liveliho8d.

® Wahenga Brief, 2007, Nr 11. Biofuel Production &imel Threat to South Africa’s Food Security.



