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Executive summary

Lack of access to energy is one of the causes

of poor people being caught in poverty traps.
Energy is needed to help people to escape

from poverty, and access to modern sources

of energy is needed for people to engage in
productive activities that allow them to improve
their livelihoods, earn incomes and move onto

a path of true sustainable development. About
2.7 billion people worldwide depend upon solid
fuel for their basic energy needs for cooking and
heating, and most of that energy is obtained from
woody biomass. Although there are important
global and national policies to give poor people
greater access to modern sources of energy,
currently demands for firewood are increasing and
urbanization and increased incomes are leading
to an increase in the use of charcoal for cooking.
All of this comes at a great social and economic
cost. Women and children spend hours a day in
the drudgery of collecting firewood for cooking.
Lack of adequate energy for cooking can lead to
uncooked and indigestible food being eaten and
unsafe materials such as plastics being burned.
Charcoal production is devastating large areas
of remaining dry forests. People’s health suffers
from exposure to indoor air pollution. Farms are
unable to mechanize and improve productivity, and
communities are stuck without energy options to
engage in productive enterprises.

This strategy lays out an approach to developing
various kinds of bioenergy derived principally
from trees to, first of all, improve the provision of
basic energy needs, and then to provide modern
sources of bioenergy for reducing poverty and
improving livelihoods and income generation.
These aims will be achieved while protecting
environments and ecosystems services and
improving the management of productive
landscapes. Adopting greater use of sustainable
bioenergy bioenergy will contribute to climate
change mitigation. Achieving the aims of the
strategy will involve: improving access to firewood
using agroforestry systems and improving the
efficiency of cooking; making charcoal production
and use sustainable; developing liquid biofuels;
generating electricity from woody biomass;
implementing sustainable integrated energy-
food systems; ensuring the biodiversity of biofuel
production by employing agroforestry systems;
mitigating greenhouse gas emissions by shifting
to renewable bioenergy and improved landscape
management; and, ensuring a strong policy and
institutional basis for change.

The strategy employs a “Research in
Development” approach that will require ICRAF to
work closely with other CGIAR Centers, a range of
research and academic institutions and also with
development partners.
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Background and justification

Energy and poverty

Global energy production in 2013 stood at 13,634 Mt (million tonnes oil equivalent, or 570 EJ) [1]. Energy
consumption in developing countries is very low, and countries with low Human Development Indices
tend to have the lowest per capita energy consumption rates' (Figure 1).
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Figure 1: Energy consumption (kilo tons oil equivalent) per capita in selected countries with different Human
Development Indices — indicated in brackets (sources World Bank and UNDP)?
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Figure 2: Populations without access to clean cooking fuels and electricity in sub-Saharan Africa and Southeast Asia.
Note colours represent % of population dependent on solid fuels [2]

'http://data.worldbank.org/indicator/EG.USE.PCAP.KG.OE/countries
2http://www.unic.org.in/items/Publications_HumanDevelopmentReport2014.pdf
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Large proportions of the populations of countries in sub-Saharan Africa and Southeast Asia live in energy
poverty, defined as lack of access to electricity or clean cooking facilities (Figure 2)

Lack of access to energy leaves people in severe poverty traps. The concept of Total Energy Access
(TEA) has been used to set lower acceptable limits for access to energy (Table 1).

Energy service Minimum standard

Lighting 1.1 300 lumens for a minimum of 4 hours per night at household level
Cooking and water heating 2.1 1kg woodfuel or 0.3kg charcoal or 0.04kg LPG or 0.2 litres of kerosene
per day

22 Minimum efficiency of improved solid fuel stoves to be 40% greater
than a three stone fire in terms of fuel use

2.3 Annual mean concentrations of particulate matter (PM2.5)<10ug/m?®
Space heating 3.1 Minimum daytime indoor temperature 18°C

Cooling 41 Households can extend the life of perishable products by a minimum
of 50% over that allowed by ambient storage

4.2 Maximum apparent indoor temperature 30°C

Information and 5.1 People can communicate electronic information from their households
communications

5.3 People can access electronic media relevant to their lives and
livelihoods in their household

Table 1: Minimum Total Energy Access standards [3]

The minimum standards set for energy access ensure only basic energy supplies for cooking, keeping
warm, household lighting and access to information while minimizing the effects of indoor air pollution.
Much greater amounts of energy are needed to energize development. Enterprises including agriculture,
rural industries and modern businesses need energy for transport, pumping, processing, manufacturing,
and information and communications technology. Escaping poverty, improving livelihoods and improving
incomes are all dependent upon access to adequate energy in the right place and when it is needed.
Unfortunately, over 2.7 billion people in the world have few prospects of getting access to the energy they
need [4].
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Sources of energy
The main sources of energy available globally are

* Fossil fuels
v" Coal

v QOll

v" Natural gas

v Petroleum gas

* Nuclear energy

* Renewables

v" Wind power
Photovoltaics
Geothermal

v
v
v Hydropower

\

Bioenergy

o Ethanol

o Biodiesel

o  Second and third
generation biofuels

o Biomass

Fossil fuels are the greatest contributors to
climate change, and will run out. They are non-
renewable and finite. A looming shortage of oil
has led to further exploration and exploitation in
places where extraction was previously thought

to be uneconomical. This has delayed “peak oil”
(the time when access to oil stocks will start to
decline), but only for so long. Hydraulic fracturing
(“fracking”) has provided a novel source of natural
gas that is increasingly being exploited, but this
will eventually be limited by problems of access
to gas-bearing rock and transport costs. Safety
concerns may also limit fracking. “Peak Oil” (a
web-based forum that states that it explores the
issue of hydrocarbon depletion) claims that the
peak of production of hydrocarbons occurred in
2011 (Figure 3).
[At the time of writing this strategy the price
of crude oil had crashed from over $100
per barrel to below $50. If maintained this
would make exploration for new sources
of oil and gas unprofitable, but, in the
short term at least, make investment in
bioenergy less attractive as long as petrol,
oil and gas were cheap. Predictions for
prices for 12 months ahead varied greatly.
Some commentators predicted that long
term prices would fall even more; others
predicted that prices would recover to their
former level. Mainstream predictions were
that prices would stay low for some months
and then rise to $70 - $80 per barrel. If and
when the international economy recovered
fully, prices could rise even more)].
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Figure 3: Oil and gas production 1930-2050
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Coal is in good supply, but increasingly believed
to be too dirty and climate damaging to be used

in greater quantities, unless expensive methods
of carbon capture can be developed and used

[5]. Given the undesirable effects of fossil fuels
on atmospheric warming, the only valid long-term
policy is to eliminate them. The problem is what to
replace them with.

Nuclear power has the potential to provide
abundant power without emissions during
electricity generation. Full life-cycle costings that
take into account emissions during construction
and decommissioning provide more realistic
estimates of greenhouse gas emissions, which are
nevertheless low over the long term. At present
fears about the safety of nuclear plants linked with
the problems of storing nuclear waste are militating
against much expansion of nuclear power. The
International Energy Authority cut its predicted
2015 global nuclear capacity prediction by 10%
compared with a year earlier [6]. There seems to
be little chance that nuclear-sourced energy will be
available to the energy poor in the near or medium
future.

A number of renewable sources of energy are
being developed, used and improved. Solar power
derived from photovoltaic panels is increasing in
efficiency and becoming cheaper. Solar panels
have the obvious disadvantage that they only
work during the day and when there is plenty of
sun. They do not deliver much energy per unit
area, so their utility is limited, but much more
efficient solar converters are under development
[7]. Improvements in battery technology to store
solar power until required will make photovoltaics
more useful. Wind turbines are improving and
becoming cheaper. They generate useful amounts
of electricity, but only work when it is windy, so
cannot be relied upon as the only source of power.
Hydropower also has the potential to provide large
amounts of energy and apparently without harmful

emissions. However, large scale hydropower
plants are expensive to build and their construction
generates significant emissions.

A reasonable conclusion is that although all of
the energy sources discussed above will continue
to be used, in the long run fossil fuel use will
have to reduce, which will leave a major gap in
energy budgets. Bioenergy has the potential to

fill that gap along with other renewable sources
of energy. In 2008, bioenergy provided about
10% of the world’s primary energy supply [8].
According to the International Energy Agency
(IEA) “[Bioenergy] plays a crucial role in many
developing countries, where it provides basic
energy for cooking and space heating, but often
at the price of severe health and environmental
impacts. The deployment of advanced biomass
cook stoves, clean fuels and additional off-grid
biomass electricity supply in developing countries
are key measures to improve the current situation
and achieve universal access to clean energy
facilities by 2030™. In addition, the IEA predicts
that biofuels could provide up to 27% of the
world’s transport fuel by 2050 [9]. The World
Energy Council [10] predicts that world annual
primary energy demand by 2050 will be in the
range of 600 to 1000 EJ, and based on reviews
of studies carried out in 2008 [11] estimates that
global demand for bioenergy could be 250EJ/year.

The first generation of large scale bioenergy
production was based on ethanol from sugar cane.
Brazil was the pioneer country, and by 2013 global
ethanol production for fuel (from ethanol, cereals
and other sources) stood at over 88 billion liters
per year, with 57% produced in the USA, 27% in
Brazil, 6% in Europe, 3% in China, 2% in India and
only 3% in the rest of the world®. Based on Brazil’s
success there should scope for increasing ethanol
production in many developing countries. Tree
crops might be used to provide feedstock for the
distillation of ethanol as a fuel. One potential tree
is Nypa fructans, the Nipa Palm, which is widely

Shttp://peakoil.com/what-is-peak-oil

*http://www.iea.org/topics/renewables/subtopics/bioenergy/
Shttp://ethanolrfa.org/pages/World-Fuel-Ethanol-Production
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distributed among mangrove forests of Southeast
Asia and produces an abundant sap from which
ethanol can be produced at a rate of 6,480-10,224
L/hectare/year. This is less than sugarcane, but
more than many other ethanol feedstocks [12].

Biodiesel can be produced from a number of
plants by extracting the liquid part of fruits and
seeds, usually by cold pressing. Different biodiesel
fuels lend themselves to either large-scale or
small-sale processing. Processing begins with
mechanical cold pressing to extract the oil followed
by filtration or sedimentation of suspended solids.
Sometimes pre-preparation, such as roasting the
seeds, is necessary. Where small-scale pressing
is practiced, the extracted oil can sometimes be
used directly to drive diesel engines, or used as

a fuel for cooking or lighting [13]. Alternatively,
biodiesel can be processed at larger scale (with
fruits or seeds sourced either from small-scale or
large-scale producers) where oils are put through
an industrial process of transesterification that
produces a refined fuel and removes a number

of undesirable contaminants [14]. A solid cake
typically representing 10% of the original fruit or
seed is left after processing, which depending on
the toxicity and palatability of the original crop, can
be used for animal feed or returned to the soil [15].

Biodiesel can also be produced from animal

fats, typically obtained from abattoir waste. So-
called second generation biofuels are under
development. They depend upon thermal or
biochemical treatment to break down the lingo-
cellulosic components of plants into materials

that can be fermented to produce ethanol. Third
generation biofuels are still at the research stage.
They are based on algae that have the potential to
produce a range of liquid fuels.

A number of valuable liquid biofuels can be
obtained from tree species. Oil palm fruit, coconut
fruit and Jatropha curcas are sources of biodiesel.

Oil palm has proven potential for transformation
into a number of products and fuels, including
biodiesel [16]. The original expected potential of
Jatropha has not been realized, mainly because
although it grows on marginal land, it yields
poorly and gives poor economic returns under
smallholder management [17]. However, industrial
interest in Jatropha as a biofuel crop remains
high, but based on improved cultivars and good
management rather than the essentially wild
varieties promoted as development opportunities
for small-scale farmers. Pongamia pinnata has
been identified as a tree with potential for biodiesel
production [18] but while commercial trials

are under way, the crop is at an early stage of
development.

There are many other trees around the world
with oilseed or other production potential for
either biodiesel of ethanol. In India, an estimated
300 species of oil bearing trees are available.
Some of these species have been shown to be
valuable feedstock for biofuel such as Pongamia
(Pongamia pinnata), neem (Azadirachta indica),
mahua (Madhuca indica / Madhuka logifolia) and
Simarouba (Simarouba glauca). In Africa, Croton
megalocarpus is being harvested for biofuels, and
the pulp left over from processing is finding a role
as a soil amendment material in local agriculture.
Copiaifera langsdorfii (diesel tree, from South
America), and Xanthoceras sorbifolium (from
China) are among many other trees with biofuel
potential.

Poor people around the world are dependent
upon biomass energy, mainly derived from trees.
Woodfuel provides more that 80% of primary
energy in Sub-Saharan Africa, where the per
capita consumption of wood for energy is almost
0.7 m3/person/year. The global average is about
0.28 m3/person/year [19]. Sub-Saharan Africa is
therefore the region of the world that uses most
woodfuel overall (see Table 2).
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Sub-region Woodfuel production (1,000
m?)
Africa Central Africa 110,621
East Africa 200,699
North Africa 47,792
Southern Africa 58,469
West Africa 171,091
Total Africa 588,673
Latin America and Caribbean Caribbean 5,120
Central America 40,195
South America 195,856
Total Latin America and Carib- 241,171
bean
East Asia 216,621
South Asia 382,745
South East Asia 185,903
Oceania 12,838
Total Asia and Pacific 794,104

Table 2: Woodfuel production by region, 2006 [20].

Although there are major global initiatives to ensure that poor people have access to “modern” energy
sources (including some renewables, but also focusing on kerosene, liquefied petroleum gas and other
fossil fuels) there are convincing reasons to believe that woodfuels in the form of firewood and charcoal
will remain important sources of fuel for the poor of the world for many years to come, especially in Sub-
Saharan Africa and South Asia (see Figures 4 and 5).
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Figure 4: Projection of fuelwood consumption in developing regions (million m3) [21]
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Figure 5: Projection of charcoal consumption in developing regions (million tonnes) [21]

Apart from the important role of tree-based
biomass in providing energy in developing regions,
trees also have the potential to provide “modern
energy”. In particular, woody biomass can be
used to produce electricity at scales suitable

for community use. The Energy and Resources
Institute (TERI) in India has developed downdraft
biomass gasifier generation systems in the range
of 3.5 kWe - 100 kWe (kilowatt of electricity)®. A
number of practical community-level applications
of biomass power generation have been installed
around the world, for example in India, Sri Lanka,
Cambodia, Mali and developed countries [22].
There are several agroforestry-based tree-
livestock systems operating in Sri Lanka where
Gliricidia sepium is grown in association with
coconuts and used for livestock fodder and for
generating electricity’.

Summary

Poor people depend upon firewood and charcoal
to provide their energy. Despite great efforts to
introduce modern sources of energy, it is evident
that poor people will continue to use firewood and
charcoal for several decades. Firewood meets

the basic needs of poor people for cooking (and
sometimes for heating), while charcoal is mainly
used in the growing cities of developing countries.
However, if people are to be lifted out of poverty,
they need access to energy for enterprises,
including agriculture, rural and urban businesses,
computers and mobile telephones. Trees have the
potential to provide energy for these enterprises
in the form of biofuels and electricity. Providing
firewood and charcoal sustainably will require
considerable research (as will be discussed later in
this strategy), and much research and technology
development will be needed to understand and
achieve the full potentials of liquid biofuels and
biomass-fueled electricity generation. There is
therefore full justification for ICRAF, working with
partners, to add bioenergy to its research portfolio.

®http://www.eai.in/club/users/Shweta/blogs/7411
"http://archives.dailynews.lk/2012/01/13/fea03.asp
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Bioenergy and the CGIAR

Bioenergy has never featured strongly in the
CGIAR portfolio of projects. Although the project
document for the CGIAR Research Programme
on Forests, Trees and Agriculture (FTA) refers
throughout to energy, in practice little research

on bioenergy has been done under this CRP.

The CGIAR focuses on: the improvement of its
mandate crops; livestock; water resources; fish,
farming systems; biodiversity; ecology; forest
policy; and, agroforestry. The creation of the
CGIAR was driven by a growing global concern
about the threat of famine and the original CGIAR
was focused on breakthroughs in plant breeding
that made it possible to greatly increase crop
production. The subsequent expansion of the
CGIAR and its various changes of focus mirrored
changes in policies of the international community
at large, especially a growing environmental
consciousness and recognition of the importance
to humanity of healthy ecosystems. Currently

the System Level Objectives of the CGIAR are:
Reduced Rural Poverty, Improved Food Security,
Improved Nutrition and Health and Sustainably
Managed Natural Resources. The breadth of these
objectives reflects an understanding that reducing
poverty and achieving food security requires a
multi-disciplinary approach including health and
nutrition and management of the resource base
that people depend upon.

The CGIAR Results Framework was currently
under revision at the time of writing this strategy,
and at the same time the United Nations

was coordinating an exercise to reach global
agreement on a set of Sustainable Development
Goals (SDGs) to replace the Millennium
Development Goals (MDGs). There was good
alignment between the objectives of the CGIAR
and the SDGs (as they stood at the time of writing
this policy) with their references to ending hunger,
achieving food security, improving nutrition and
promoting sustainable agriculture. The SDGs
referred to “food production systems”, and this
language was echoed in the current revision of the
CGIAR Results Framework.

The SDGs include an important addition to the
MDGs. Energy has often been referred to as the
“lost MDG”. This has been corrected in the SDGs,
which at the time of writing this strategy included
Goal number 7 “Ensure access to affordable,
reliable and modern energy for all”. Although the
goal does not refer explicitly to sustainability, one
of its targets is “increase substantially the share
of renewable energy in the global energy mix by
2030”. The need for energy to be sustainable

is also recognized by the United Nations at

the highest level in the Secretary General’s
Sustainable Energy for All initiative (SE4ALL).
There is scope for CGIAR centers to branch

out into bioenergy research, including but not
restricted to FTA.

Global policies on energy have certain internal
inconsistencies. While the need for sustainability
is generally recognized, policies (as epitomized

by the SDGs and SE4ALL) pay even greater
attention to the rights of all to access to “modern”
sources of energy. This is the result of decades-
long discussions about whether it is fair to require
developing countries and emerging economies

to forgo the benefits of coal, gas and oil even
though developed countries grew their economies
by using fossil fuels and still burn prodigious
amounts. As a result, the energy policies of all
developing countries are based on the use of fossil
fuels, with much less attention to renewables. The
conundrum for ICRAF and the CGIAR is whether
enabling greater use of firewood and charcoal is
consistent with efforts to achieve sustainability and
whether liquid biofuels and woody biomass can
provide "modern” sources of energy. This strategy
will set out to establish that the use of firewood
and charcoal by poor people will persist for many
years, and that it can be made sustainable, and
that woody biomass can, indeed, provide “modern”
energy.

1
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A theory of change

The theory of change for ICRAF’s involvement
in bioenergy research is based on the following
testable assumptions.

1. Energy poverty is one cause of poverty traps
that prevent people from escaping poverty,
improving their livelihoods and increasing
their incomes. Providing energy can raise
people out of poverty and contribute to the
improvement of their livelihoods and their
adoption of strategies that lead to greater
incomes. The poorest people in the world
are dependent upon biomass for cooking
and heating. Collecting firewood is drudgery
that takes up the time when women could be
caring for children and doing more productive
work [23]. Children occupied in collecting
firewood should be at school [23]. Lack of
access to firewood can prevent food being
properly cooked or people may burn potentially
dangerous materials [24] [25]. There are
severe health hazards caused by burning
firewood indoors [26] [27].

2. The demand for charcoal in urban centers
is high and growing. Charcoal production
is unsustainable and causes loss of woody
vegetative cover, especially in semi-arid
parts of the world [28]. Making charcoal
sustainable will require science and technology
(maintaining stocks of the right trees and
improving the efficiency of production and use
[29]) and improvement of the effectiveness of
the value chain.

3. Trees can provide “modern” energy. Biofuels
have the potential to provide energy for
enterprises, including agriculture, rural
economic activities and modern businesses.

Farm productivity in developing countries

is highly constrained by low farm sizes [30]
and lack of mechanization. Increased use

of tractors has been the greatest contributor
to improved farm productivity in Asia and
Southeast Asia [31]. Off-grid electricity can be
provided at community levels through using
biomass to generate electricity

. There are perceived and real issues relating

to the sustainability of tree production for
bioenergy. There could be competition
between energy production and food
production [32] and large-scale bioenergy
production has often been associated with
plantation production systems that have
damaged biodiversity, competed with other
land uses and destroyed ecosystems services.
On the other hand, bioenergy has the potential
to be renewable and contribute to climate
change mitigation.

. A cross-cutting assumption, affecting all of the

above, is that global and national policies are
often unfriendly to bioenergy and will need
reform.

The theory of change is therefore based on an
overall aspirational goal:

To ensure improved access to energy
among poor people in order to reduce
poverty, improve food and nutritional
security, improve livelihoods and increase
incomes while maintaining the integrity of
ecosystems and contributing to climate
change mitigation.
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The goal will be achieved through the achievement of the objectives and outcomes in Table 3.

Objective ___________________ JOuome |

Improve access to adequate firewood to ensure Increased firewood stocks from woodlots and agroforestry
that basic needs for cooking and heating are met, | systems using short rotation production systems.

while protecting people from the effects of indoor
air pollution. Livelihoods improved be reducing the diversion of time and
effort to firewood collection and the creation of more time for
productive and educational activities

Income from firewood sales.

Improved efficiency of cooking, and reduced mortality and
morbidity, through improved cookstoves, ventilated cooking
areas and provision of the most suitable and less toxic
species of firewood.

Improved food and nutritional security as a result of better
cooking capabilities.

Develop sustainable charcoal systems. Increased firewood stocks from woodlots and agroforestry
systems using short rotation production systems.

Improved efficiency of charcoal production through improved
technology.

Increased incomes of charcoal producers, and greater
incentives to grow trees for charcoal in agroforestry systems.

Improved effectiveness of charcoal value chains with better
benefits for participants and consumers after eliminating rent

seeking.

Increased efficiency of charcoal stoves.

Identify trees with potential for biofuel production The potential of tree species for biofuel production tested and
and develop systems to produce market and utilize | quantified.

liquid biofuels (along with other sources of biofuel).
Incomes increased through collection systems for collecting,
bulking and transporting fruits, seeds and sap for biofuel
processing.

Local processing facilities in place and incomes improved
through using locally-produced biodiesel for transport,
pumping, processing, lighting and maintaining ICT services.

Trees planted for biofuel production as elements in
agroforestry systems and a domestication programme under
way to improve the most promising species.

Value chains in place to provide incentives for rural people
to collect or grow biofuel materials for the local market or to
supply large scale producers.

Develop biomass electricity systems for off-grid Communities meeting their economic and social needs for
community use. electrical power by utilizing biomass from sustainable short
rotation woodlots or trees from agroforestry systems, as well
as using other locally available kinds of biomass.




14

Strategy on Tree-based Energy

Develop integrated fuel-food systems.

Plans in place and being implemented for sustainable food-
fuel systems that include on-farm agroforestry systems and
landscape-level integrated systems following “land sharing”
or “land sparing” principles as appropriate.

Optimized farming systems for reducing food and nutritional
security and providing income earning opportunities.

Ensure adequate diversity of plants and
biodiversity in bioenergy production systems and
the conservation of ecosystems services.

Agroforestry introduced into bioenergy production systems,
especially biofuel plantations.

Provisioning and regulating ecosystems services recognized
and protected.

Contribute to climate change mitigation through an
increase in sustainable bioenergy use.

A greater understanding of and quantification of the benefits
of bioenergy use for climate change mitigation.

Policies and plans modified to optimize mitigation benefits
from increased bioenergy use.

Review bioenergy-related policies, institutions,
laws, regulations and licensing procedures and
make necessary reforms.

Institutions recognize the potential values and advantages of
bioenergy.

National and local policies include bioenergy in energy
planning and capacity development.

Legal frameworks provide incentives to increase bioenergy in
available energy mixes.

Table 3: Objectives and outcomes

The theory of change leads to a programme structured to produce outputs as described in Table 4.
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enterprises, studying,
security and charging
telephones and
computers

available for
productive purposes

Lighting lengthens
business day

wood production
provides fuel without
endangering forests

Goal To ensure improved access to energy among poor people in order to reduce poverty, improve
food & nutritional security, improve livelihoods and increase income while maintaining the
integrity of ecosystems and contributing to climate change mitigation

PO ome 0 0
Firewood Short rotation wood Wood sales Sustainable wood Agroforestry
production production, replacing | systems put in
collection place to provide
Improved stoves optimal conditions
Energy saving for renewable use
Best/suitablespecies | interms of bills of the resource
selected

Charcoal Informal nature of Increased income Increased Improved efficiency
charcoal production exploitation of
regularized agroforestry

systems, greater
efficiency through
use of briquettes
from various
feedstocks and
less environmental
destruction

Biofuels Involvement of poor Sale of biofuel Trees for biofuels Biofuels substitute
rural population feedstocks grown in agroforestry | for fossil fuels
in collecting and systems
growing biofuel Biofuel feedstock
feedstocks trading and Biofuel expeller

processing returned to soil
Power available for
productive purposes
Electricity Lighting available for | Electrical power Short rotation Biofuels substitute

for fossil fuels

Integrated fuel-
food systems

Food and energy
requirements satisfied

Biofuel feedstocks
available for

sale in addition

to conventional

Optimization

of energy and
food production
in productive

Fuel-food systems
contribute to
climate-smart
agriculture

recognized in national
energy policies

enterprises benefit
from better energy
policies. Reduced
expenditure (in terms
of work and cash) on
energy

integrated into
ecosystems
conservation policies

agricultural products | ecosystems
Diversity Ecosystems Risk of deterioration | Provisioning Diverse productive
services in place of productive and servicing landscapes reduce
to support small- landscapes reduced | ecosystems services | emissions
scale agricultural Risks of monoculture | conserved
production
Policy Basic energy needs Productive Bioenergy policy Bioenergy policies

contribute to
development of
climate-smart
agriculture

Table 4: Outputs of the Programme
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A theory of place

It is recognized that the one solution to the
sustainable bioenergy will not work in all
landscapes and solutions will be different based
on agricultural systems such as small holder vs
large scale agriculture. Therefore, ICRAF intends
to develop and use a model as below:

Intensive large scale plantations: Characterized
by large scale monoculture operations of a

domesticated tree and annual species

Value

Biofuels

OFf grid electricity

Chips, Pellets,
Bio-oil, Bio-gas

Charcoal

Fire wood

Volume

Figure 6: Bioenergy Value Ladder

Binenerev Value Ladder |

Integrated Food-energy systems: Characterized
by integration of trees in agricultural land escapes

(agroforestry) for improving local energy

Agricultural ‘waste’ & 2nd generation systems:
Based on the use of agricultural and other waste

to generate a stream of energy options
Extensive systems: This is the system where

existing trees in forests or other landscapes are
extracted to generate local energy options

Intensive System

sustainability Potential

W Ernaranments

agrodorestry

= Social

m Economacal

Extensive System
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Gender aspects

The provision of energy is one of the most gender
relevant issues in development. As discussed in
this document, poor women and children bear the
greatest burden in providing and using energy for
the family. Apart from the work and time involved
in collecting firewood, women and children suffer
most from indoor air pollution and are tasked with
cooking for the family. Any lack of firewood leads
to a reduction in the quantity and nutritional quality
of the family’s food. Women often also bear the
greatest burden in growing the family’s staple
foods, and suffer when ecosystems services
suffer, for example when land degradation or land
use change affects water availability to crops.
Women are likely to be the greatest beneficiaries
of this strategy when it leads to better access

to energy and the conservation of productive
landscapes. In addition, women are usually
responsible for processing crops for consumption,
especially pounding grains to de-hull them and
make flour. The availability of energy to run
grinders and mills will make this task much easier.
Women usually put the most time into looking after
children, and availability of light will make study
easier after dark and energy for tasks carried out
by children will free them to go to school.

However, this strategy aims at going beyond
simply reducing women’s burdens to actively
maximizing opportunities for women to participate
in income-earning activities, whether it is growing
cash crops or engaging in profitable enterprises.
All activities planned under the strategy will be
guided by that principle and will ensure that any
benefits generated are shared by men and women
from different ages, ethnic and socio-economic
backgrounds.

Access to energy alone will not open up
opportunities for women to become involved in
businesses or other enterprises. It will be vital that
research involves understanding the differential
needs, capacities, knowledge and priorities of
men and women, from different backgrounds and

that these different social groups are involved

in defining the scope and focus of projects.
Equally, the design and implementation of projects
should observe potential gender concerns and
collect information from both men and women

and analyze this data to make visible potential
variations and inequalities.

The experience of UNDP’s “Multi-functional
Platform” programme can point the way to energy
interventions that particularly benefit women.

A multi-functional platform is basically a diesel
engine, often mounted in a shipping container,
designed so that a number of implements can

be mounted on the engine at different times of
the day. The implements can be run directly from
the engine, or by electricity generated by the
engine. They include pumps, mills, oil presses,
battery chargers and soldering and welding
equipment. Batteries can provide lighting, or
lights can be run directly from a generator.
Multi-functional platforms were designed with
women particularly in mind, and women have
participated fully in defining the jobs they need
done and the implements they need. Women
have been responsible for the management of
the platforms, including when certain services will
be made available during the day. As an example
of the success of providing energy, shea butter
production in a village in Mali increased from 3kg
to 10kg per day®.

The reduction on drudgery resulting from the
“Multi-functional Platform” allowed women to
pursue other more profitable activities and freed
time to dedicate to their well-being and personal
development. Studies showed that in villages in
Mali that have adopted MFP girl school attendance
rates have increased, as well as participation of
women in the local economy. The programme
has also generated dynamics for structural
transformation in giving a new value to tasks
traditionally performed by women as unpaid
obligations to men®.

8http://www.undp.org/content/dam/aplaws/publication/en/publications/environment-energy/www-ee-library/sustainable-energy/
reducing-rural-poverty-through-increased-access-to-energy-services-mpp-in-mali/Reducing%20Rural%20Poverty_2004.pdf

°Benjamin K. Sovacool*, Shannon Clarke, Katie Johnson, Meredith Crafton, Jay Eidsness, David Zoppo (2012). The energy-
enterprise-gender nexus: Lessons from the Multifunctional Platform (MFP) in Mali. Renewable Energy, 50 pp. 115—-125
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Rationale for ICRAF to undertake the Programme

The strategy is well aligned with the CGIAR Strategic Results Framework Table 5.

Intermediate Development
objective

IDO 1 - Increased resilience of

Sub-Intermediate Development
Objective

Sub IDO 1.1 - Improved enabling
environment

Contribution of Bioenergy Strategy

SLO 1. Reduced poverty

Recognition of energy security as an
important issue

the poor

Sub IDO 1.3 — Reduced production
risk

Diversified crop/energy systems

IDO 2 — Enhanced smallholder
market access

Sub IDO 2.1 — Improved enabling
environment

Improved fuelwood/charcoal policies

Sub IDO 3.1 — Diversified enterprise
opportunities

Options for growing energy crops and
integrated energy-food systems

IDO 3 - Increased agricultural

Sum IDO 3.1 — Diversified
enterprise opportunities

Access to energy opens new enterprise
possibilities

profitability

SUB IDO 3.2 - Increased livelihood
opportunities

Options to participate in value chains for
energy feedstocks

Sub IDO 3.3 — Increased value
capture by smallholders

Access to bioenergy markets

Sub IDO 4.3 — Enhanced genetical
potential

Domestication and improvement of trees
for increased biofuel production and rate
of biomass growth

IDO 4 - Increased agricultural
productivity

SLO 2.

IDO 5 - Increased dietary
quality

IDO 8 — Improved sustainability

Sub IDO 4.4 — Genetic diversity of
agricultural and natural landscapes
increased and conservation of
biodiversity ensured

Improved food and nutritional secu

Sub IDO 5.4 — Increased efficacy of
nutrition practices in food systems

Sub IDO 8.1 — Improved policies
for sustainable intensification of
production

Productive landscapes managed for
balanced production of food and energy
with protection of ecosystems services
and biodiversity

rity for health

Assured supply energy for cooking

SLO 3. Improved natural resources systems and ecosystems services

Planning for bioenergy production
maximizes tree diversity

of agricultural and aquatic
production systems

Sub IDO 8.3 — Agriculture intensified
through sustainable management of
water, pests and soils

Residual cake from biofuel processing
available as soil amendment

IDO 9 — Enhanced

Sub IDO 9.2 — Enhanced
conservation of critical resources
and habitats

Managed food-fuel trade-offs. Forest-
sourced bioenergy

conservation of water, soils,
forests and biodiversity in
agricultural landscapes

Sub IDO 9.3 — More sustainable
management by, and improved
livelihoods of people dependent on
forest resources

IDO 10 — Enhanced resilience
of vulnerable areas and

restoration of degraded land

Sub IDO 10.2 — Above- and below-
ground biomass increased

Increased incentives to produce
biomass

Table 5: CGIAR Strategic Results Framework: contribution of bioenergy strategy to Intermediate Development

Objectives
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Of all of the CGIAR centers, ICRAF is best placed
to manage this strategy. The strategy specifically
focuses on tree-based energy, and especially

on how energy can be supplied by trees under
agroforestry systems and without imposing greater
pressure on forested ecosystems. This matches
ICRAF’s mandate, experience and skills.

Partnerships

The strategy covers disciplines and topics that
ICRAF is not well set-up to cover on its own. This
strategy will need to become a model within the
CGIAR of a research in development initiative that
is carried out through partnerships with research
and development partners. The themes where
strong partners will be needed include:

Muiltilateral Institutions
* GBEP: sustainability indicators
*  SE4AIl: energy efficiency
* FAO: methodologies
* GIZ: case studies

CGIAR Centers
* Forests policy (CIFOR)
* Crop-based biofuels (several centers)
* Integrating energy production into food
policies (IFPRI)

Research institutions
* Energy options analysis
» Life cycle energy production efficiency
* Life cycle greenhouse gas emissions
analysis
* Biofuels processing
* Electricity generation from biomass
e Improved cooking technologies

Development institutions
* Energy policy
* Value chains
* Institutional strengthening
* Capacity development
* Finance

Private Partners
* Value chains
* Business models
* Markets
* Technology

Programme implementation

It is initially proposed that the strategy be
established as a cross-Science Domain activity,
under the direction of a coordinator who will be
accountable to the Deputy Director of Research.

Perceived Risks and Cost of
Inaction

“There are risks and costs to inaction. But they are
far less than the long range risks of comfortable
inaction — JFK”

Bioenergy is a gateway to many areas of
development such as livelihoods, quality of life

of women and children, women health, energy
security, food production, nutrition security,
abetment of greenhouse Gas emissions to name
a few. It is also linked to the development of
alternative land use systems for the long term
sustainable development. We realize that there
are far more positives with the strategy than the
perceived risks. The perceived risks may come
from engaging in liquid biofuel areas especially
with monoculture approaches (in an intenstive
system) with food crops that may lead to land

use change. Several negative impacts of first
generation biofuels have been identified, and
efforts are underway to address these challenges.
Biofuels derived from food crops are blamed for
the food crisis in 2008 because of diversion of food
crops for biofuel production. However, if managed
sustainably and produced via non-food or multiple
use feed stocks biofuels can potentially be a part
of efforts to mitigate climate change risks [34] [35]
[36]. To address the issue of LUC and the ‘fuel vs.
food’ debate, it is important to avoid displacing
commercially attractive food crops from their most
suited agro-ecologies and to use marginal land
unfit for agriculture or surplus land suitable for

19
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production of second generation biofuels. It is now
very clear that current biofuel crops (food crops)
are not sustainable. Moreover, in current form and
implementation such as monoculture in agricultural
landscapes, they have limitations in their ability to
achieve targets for oil product substitution, climate
change mitigation, and more importantly economic
growth of smallholder farmers. However, if non-
food or multiple use crops especially well proven
and locally adapted tree species are considered
and smart farming systems are developed that
can address food security and livelihoods of
smallholder farmers and can provide local energy
for agriculture production, it has the potential to
address both mitigation and adaptation aspects

of climate change risks. Trees on farms or outside

forests will be the basis of future biofuels; smart
agroforestry systems will be crucial to addressing
the challenges faced by first generation biofuels.
Clearly cost of inaction for ICRAF overweighs the
perceived risks.

As per FAQO Director General Graziano da Silva “It
is important not to forget that biofuel emerged with
strength as an alternative energy source because
of the need to mitigate fossil fuel production

and greenhouse gases — and that need has not
changed™. He also emphasized the need to rethink
the whole area as ‘food and fuel’ and not as food
vs fuel.

°hitp://www.fao.org/news/story/it/item/275009/icode/



Clean and Sustainable Energy for Improving the Livelihoods of Poor People

References

(1]

(2]

(3]

(4]

(5]

(6]
(7]

(8]

(9]
(10]
(1]

(12]

(13]

(14]
(15]
[16]

(17]

(18]

(19]

"Global Energy Statisitcal Yearbook 2014," Enerdata, 2014. [Online]. Available: https://yearbook.enerdata.
net/#energy-primary-production.html.

K. Riahi, F. Dentener, D. Gielen, A. Grubler, J. Jewell, Z. Klimont, V. Krey, D. McCollum, S. Pachauri, S. Rao,
B. van Ruijven, D. P. van Vuuren and C. Wilson, "Chapter 17 - Energy Pathways for Sustainable Development.
In Global Energy Assessment - Toward a Sustainable Future," Cambridge University Press, Cambridge, UK
and New York, NY, USA and the International Institute for Applied Systems Analysis, Laxenburg, Austria, 2012.

Practical Action, "Poor people’s energy outlook 2012: Energy for earning a living," Practical Action Publishing
Ltd, Rugby, UK, 2012.
World Energy Outlook, "Energy For all: Financing access for the poor," International Energy Agency, France,

2011.

Massachusetts Institute of Technology, "The future of coal: Options for a carbon constrained world,"
Massachusetts Institute of Technology, 2007.

"World energy outlook 2012," International Energy Agency, 2012.

X. Sheng, C. A. Bower, S. Bonafede, J. W. Wilson, B. Fisher, M. Meitl, H. Yuen, S. Wang, L. Shen, A. R. Banks,
C. J. Corcoran, R. G. Nuzzo, S. Burroughs and J. A. Rogers, "Printing-based assembly of quadruple-junction
four-terminal microscale solar cells and their use in high-efficiency modules," Nature Materials, vol. 13, pp.
593-598, 2014.

Intergovernmental Panel on Climate Change, "Renewable Energy Sources and Climate Change Mitigation:
Special report of the intergovernmental panel on climate change," Cambridge University Press, USA, 2012.

"Technology roadmap: Biofuels for transport," International Energy Agency, Paris, 2011.
World Energy Council, "World Energy Resources 2013," World Energy Council, London, 2013.

Dornburg; V et al, "Biomass Assessment: Assessment of global biomass potentials and their links to food,
water, biodiversity, energy demand and economy: Inventory and analysis of existing studies," Netherlands
Environmental Assessment Agency MNP, Netherland, 2008.

K. Tsuji, M. N. F. Ghazalli, Z. Ariffin, M. S. Nordin, M. . Khaidizar, M. E. Dulloo and L. S. Sebastian, "Biological
and Ethnobotanical Characteristics of Nipa Palm (Nypa fructicans Wurmb.): A Review," Sains Malaysiana, vol.
40, no. 12, pp. 1407-1412, 2011.

R. Brittaine and N. Lutaladio, "Jatropha: A Smallholder Bioenergy Crop The Potential for Pro-Poor Development,"
Integrated Crop Management, vol. 8, 2010.

D. Rutz and R. Janssen, Biofuel Technology Handbook, Germany: WIP Renewable Energies, 2007.
N. Paul and D. Kemnitz, "Biofuels — Plants,Raw Materials, Products," WPR Communication, Berlin, 2006.

T. L. Chew and S. Bhatia, "Catalytic processes towards the production of biofuels in a palm oil and oil palm
biomass-based biorefinery," Bioresource Technology, vol. 99, no. 17, pp. 7911-7922, 2008.

M. llyama, D. Newman, C. Munster, M. Nyabenge, G. W. Sileshi, V. Moraa, J. Onchieku, J. G. Mowo and
R. Jamnadass, "Productivity of Jatropha curcas under smallholder farm conditions in Kenya," Agroforestry
Systems, vol. 87, pp. 729-746, 2013.

S. N. Bobade and V. B. Khyade, "Detail study on the properties of Pongamia pinnata (Karanja) for the production
of biofuel," Research Journal of Chemical Sciences, vol. 2, no. 7, 2012.

M. llyama, H. Neufeldt, P. Dobie, M. Njenga, G. Ndegwa and R. Jamnadass, "The potential of agroforestry in
the provision of sustainable woodfuel in sub-Saharan Africa," Current Opinion in Environmental Sustainability,
vol. 6, pp. 138-147, 2014.

21



22

Strategy on Tree-based Energy

(20]
(21]

(22]

(23]

(24]

(25]

(26]
(27]

(28]
(29]

(30]

[31]

[32]

(33]

(34]

[35]

(36]

FAOQ, "State of the world's forest 2009," Food and Agriculture Organization of the United Nations, Rome, 2009.

O. Hofstad, G. Kohlin and J. Namaalwa, "Chapter 19: How can emissions from woodfuel be reduced?," in
Realising REDD+ : National strategy and policy options, Denmark, CIFOR, 2009, pp. 237-248.

E. Dimpl, "Small-scale Electricity Generation from Biomass: Experience with Small-scale Technologies for
Basic Energy Supply- Part I: Biomass Gasification," GTZ-HERA — Poverty-oriented Basic Energy Service,
2010.

E. Rehfuess, "Fuel for Life: Household energy and health," World Health Organization, France, 2006.

G. Kohlin, E. O. Sills, S. K. Pattanayak and C. Wilfong, "Energy, Gender and Development:What are the
Linkages? Where is the Evidence?," World Bank, 2011.

T. W. Gathui and W. Ngugi, "Bioenergy and Poverty in Kenya: Attitudes, Actors and Activities," Practical Action
Consulting, Eastern Afriica, 2010.

WHO, "WHO guidelines for indoor air quality:selected pollutants," World Health Organization, Europe, 2010.

"Household air pollution and health," World Health Organization, 2014. [Online]. Available: http://www.who.int/
mediacentre/factsheets/fs292/en/.

"State of the World's forests 2007," Food and Agricultural Organization of United Nations, Rome, 2007.

J. C. Adam, "Improved and more environmentally friendly charcoal production systems using low-cost retort-
kiln," Renewable Energy, vol. 34, pp. 1923-1925, 2009.

D. Harris and A. Orr, "Is rainfed agriculture really a pathway from poverty?," Agricultural Systems, pp. 84-96,
2014.

S. Piya, A. Kiminani and H. Yagi, "Sources of agricultural productivity growth in South and Southeast Asia,"
Trends in Agricultural Economics, vol. 4, no. 1, pp. 18-29, 2011.

A. Bogdanski, O. Dubois, C. Jamieson and R. Krell, "Making integrated food-energy systems work for people
and climate: an overview," Food and Agriculture organization of the United Nations, Rome, 2010.

UNDP, "Reducing rural poverty through increased access to energy services: A review of the multifunctional
platform project in Mali," United Nations Development Programme, Mali, 2004.

IEA, "From 1st to 2nd generation biofuel technologies: An overview of current industry and R&D activities,"
International Energy Agency, France, 2008.

G. Berndes, N. Bird and A. Cowie, "Bioenergy, land use change and climate change mitigation," IEA Bioenergy
& Swedish Energy Agency, 2011.

WEC, "World energy resources: Bioenergy," World Energy Council, 2013.



Clean and Sustainable Energy for Improving the Livelihoods of Poor People







Clean and Sustainable Energy for Improving the Livelihoods of Poor People




World Agroforestry Centre, United Nations Avenue, Gigiri,

% ? P. 0. Box 30677-00100, Nairobi, Kenya.

Phone + (254) 20 722 4000, Fax + (254) 20 722 4001,

CG IAR Via USA phone (1 '650) 833-6645,
Via USA fax (1-650) 833-6646,
World Agroforestry Centre is a Email: worldagroforestry @cgiar.org

member of the CGIAR Consortium Website: www.worldagroforestry.org




