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Different Forms of Bioenergy...

Liquid Fuels Gaseous Fuels
Ethanol (e.g. from sugar) Hydrogen
Methanol Methane (e.g. from
. : animal manure)
Biodiesel (e.g. from maize, rape
seeds)

Vegetable olls

Solid Fuels Bioelectricity
Charcoal
Briquettes
Agricultural Residues




Bioenergy, Development and Food Security
as a System

Bioenergy | Access to
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Bioenergy potential: different scenarios, years 2025
and 2050 Exajoules/yr
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Bioenergy potential: different scenarios, year 2050 Exajoules/yr

777136
6
e .Euro CIS&
34 | Baltic States
= . o[o]o|o
an
North America 315| | Near East.& il
North Africa 2%
South Asa ‘ 125
1

Caribean &
Latin America sub-Saharan
Africa

Source: E. Smeets, A. Faalij, I. Lewandowski, A (2004)

Potential fo 4-6 times
projected primary energy use

] harvesting residues

W bioenergy crops




Bioenergy Potential: Spatial distribution of production cost of
energy crops for abandoned and rest land category in 2050
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- Euchuded zreas ~
|Biomass production costs above 4 $/G) Source: HOOQWle et al. (2005)
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What's Expected: e.g. IPCC TAR (2050)

&

Scenario / Biomass Energy Requirement Bioenergy % Primary Land for

Biomass
EJ % Mha

Serensen (1999) - bottom up assessment 178 74 -

IPCC (2001) - TAR - AIM - AIM 193 14 418

- TAR - A2 - ASF 71 27

- TAR - Bl - Image 95 13 268

- TAR - B2 - Message 105 12 288

- TAR - ALF1 (Al1G) - Minicam 52 4 68

- TAR - ALT - Message 183 71 418

IPCC (1996) - SAR 280

Average

Max
Min




Main Benefits of Bioenergy

Besides the diversification of the energy base and of rural
economies, bioenergy...

...promotes additional employment and rural infrastructure

...stimulates the role of agriculture and forestry as
energy producers

...contributes to domestic energy security

...helps mitigate climate change



Implications for Agriculture

livelihoods and employment

species selection

farming systems

land use (rehabilitation of marginal/degraded lands)
biodiversity

agroindustries

local, national and international trade

partnerships with other sectors
& energy — environment — industry - trade



Determinants of Bioenergy Production

Population growth and economic
development

Energy prices

Food consumption: per capita calorie
intake and composition of diet

Land use patterns (feasibility of
marginal/degraded lands)

Efficiency of food production: crop
yields, livestock production

Forest productivity and sustainable
harvest levels.

Competing demands for land: nature
reserves, endangered/protected
ecosystems, recreation, amenity

Competing demands for wood and
agriculture based bio-materials.

Determinants of Food Security
Population growth

GDP growth per person
Agricultural GDP growth

Health expenditure as a proportion
of GDP

Proportion of adults infected with
HIV

Number of food emergencies

UNDP’s Human Development
Index
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Possible Bioenergy Effects
Climate change mitigation

Diversification of domestic energy
supply (energy security, trade
balance) & energy access

Development of infrastructures and
jobs in the agricultural sector,
especially in rural areas

Technological development through
investment in new technologies

Environmental benefits

Diversification of agricultural
production through energy crops

Undernourishment and HIV/
AlDS, sub-Saharan Africa

% of population undernourished

41
a5
-— “\-_
20
25
1979-1281 1990-1992 192%-2001

Average prevalence of undernourishment

Countrigs in sub-Saharan Africs
with HV prevalsnce = 5% in 1991

= Al countries in sub-Saharan
Africa

Countries in sub-Saharan Africs
with HV prevalsnce < 5% in 1991

Sowrce: WA FAD




Determinants of Bioenergy Production

Population growth and economic
development

Energy prices

Food consumption: per capita calorie
intake and composition of diet

Land use patterns (feasibility of
marginal/degraded lands)

Efficiency of food production: crop
yields, livestock production

Forest productivity and sustainable
harvest levels.

Competing demands for land: nature
reserves, endangered/protected
ecosystems, recreation, amenity

Competing demands for wood and
agriculture based bio-materials.

&

Projected labour losses due to
HIV/AIDS, southern Africa

Botzwana
Ma Larwi
Mozambiques
Mamibia
South Africa

Tanzania,

LInitad Rep. of
Zimbabwe

o5 10 15 20 2% 30

Projected agricultural labour force

losses as a result of HIVAAIDS (%]
B 17E5-2000 2000-2020

Sowrce: FAD



Possible Bioenergy Effects
Climate change mitigation

Diversification of domestic energy
supply (energy security, trade
balance) & energy access

Development of infrastructures and
jobs in the agricultural sector,
especially in rural areas

Technological development through
investment in new technologies

Environmental benefits

Diversification of agricultural
production through energy crops

Access to water and food security
|developing countries and countries in transition|

% of people with access to food
100

_'._._____..-l""-.
80 o
—
60 e

40

20

A 3w 40 &5 B0 KR & A TD T ED
Water index*
* A composite indicator that incorporates measures of water resources
[from rainfall, river flows and aquifer recharge|, access, ervironmental
Iszues [water quality| and pressure on resources,

Source: FAD, CEF Wallingford



Possible Bioenergy Effects
Climate change mitigation

Diversification of domestic energy
supply (energy security, trade
balance) & energy access

Development of infrastructures and
jobs in the agricultural sector,
especially in rural areas

Technological development through
Investment in new technologies

Environmental benefits

Diversification of agricultural
production through energy crops

&

Water management potential in
Africa

Area [millions of hectares]
&0

Actual

90 — o Potential

400

a0

20

Irrigation Water Valley bottorm
harvesting management

Source: FAD



&

Water, yields, undernourishment

Yields and water requirements of
irrigated and rainfed agriculture

Cereal production ['000 kg/ha)

&
—
b P
!f =
4
L
’ {7&—
~ =
1 000 3 000 5000 7 000

Water used (m?/hal

me== |rrigated crops, high yield varieties,
high inputs
Irrigated crops, low inputs

wem Rainfed crops, high inputs

Rainfed crops, low inputs
Source: FAQ

Irrigation and prevalence of
undernourishment, 1998-2000

South Asia

-

Southeast Asia

Mear East and
Morth &frica

Latin America H

and Caribbean

Sub-Saharan i | |

Africa

L}
e
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B "o of cultivated area irrigated

Y of total population undernourished
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Possible Bioenergy Effects
Climate change mitigation (CDM)

Diversification of domestic energy
supply (energy security, trade
balance) & energy access

Development of infrastructures and
jobs in the agricultural sector,
especially in rural areas

Technological development
through investment in new
technologies

Environmental benefits (PES)

Diversification of agricultural
production through energy crops

&

Trends in undernourishment and
GDP, by country grouping

Undernourishment:

Dzcreasad in both
subperiods

Increased than
decreased
Decreased then
increased
Increasad in both
subpariods

0 1 z 3

Average annual growth
Source: FAD in GOP per capita [%]



Possible Bioenergy Effects
Climate change mitigation

Diversification of domestic energy
supply (energy security, trade
balance) & energy access

Development of infrastructures and
jobs in the agricultural sector,
especially in rural areas

Technological development
through investment in new
technologies

Environmental benefits

Diversification of agricultural
production through energy crops

Agricultural GDP and
undernourishment, 1996-2000

% of population undernourished

<25 |
|
2 54
| |

619
L1

20-34
I I —

> 35
| | |

1 1 1 1
o &% 10 1% 20 25 30 35

Agricultural GOP as a share of
total GOP [%]

Source: FAD




Importance of agricultural exports
and undernourishment, 1994=-2000

% of population undernourished
< 25

2.5-4
519
20-34

> 35

0 b 10 15 20 25

Agricultural exports as a share of
total exports [%)

Source: FAD

&

Trends in exports of commodity -
dependent countries

Average annual growth in
total exports [%]

1980-1929
1990-1999
Share of world agricultural

Average annual growth in
exports [%)

agricultural exports [%]
1980-1929
1990-1999 H
1990-1999
I 10 210 a0

0 43 cormmaodity -dependant countries
0 Dther developing countries

Sowrce: FAD



Integration in agricultural trade
and undernourishment, 19%&-2000

% of population undernourished
= 2.5

2.5-4
517
20-34

> 35

0 10 20 30 40 &0 40

Agricultural imports and exports as
a share of agricultural GDP [%:]

Source: PO

Conditions for market integration,
1999

Landlocked population [%)

3

Population within 100 km of
road or river [%]

==l

Dcean freight ratesfor cereals

[US%/ tonne]
Telephones

Elactric power capacity

[kW/100 peaple]

0 G0 100 150
BN Sub-Saharan Africa
P Latin America

per 100 peaple
0 High-incomes countries

Source: World Hank data and Gallup efal
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Ethanol and value added — or simply sugar for European

refineries?
Potential annual welfare gains _
from agricultural trade ;']"'Eraﬂ e tariffs | %]

liberalization

With liberalization of:

High-incomes
countries

Loww-income

countries

All countriss

f &0 120 180
USE billion

e Gains for high-income countries
I Gains for low-income countries

Source: Angersonaral
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Nutrition: the case of Vietham

Determinants of Bioenergy Production

mm Population growth and economic
development

== [Energy prices
== [ood consumption: per capita calorie
intake and composition of diet

Land use patterns (feasibility of
marginal/degraded lands)

Efficiency of food production: crop
yields, livestock production

Forest productivity and sustainable
harvest levels.

mm  Competing demands for land: nature
reserves, endangered/protected
ecosystems, recreation, amenity

mm  Competing demands for wood and
agriculture based bio-materials.

Daily consumption [g per person per dayl

200

Project communities

Basaline
Follow-up
150
Control communities
B Bac=line
100 Follow-up
B0 — ]
Ll n
Yagetablzes  Fruit Meat Fizh

FAO



Food security and climate change

Determinants of Bioenergy Production

Population growth and economic
development

Energy prices

Food consumption; per capita calorie
intake and composition of diet

Land use patterns éfeasibility of
marginal/degraded lands)

Efficiency of food production: crop
yields, livestock production, water use

Forest productivity and sustainable
harvest levels.

Competing demands for land: nature
reserves, endangered/protected
ecosystems, recreation, amenity

Competing demands for wood and
agriculture based bio-materials.

Minus 2-3% in African cereal
production (2020) to raise numbers at
risk from hunger by 10 million (Parry
et al.1999)

Intensive farming systems:
management flexibility = buffer
negative effects of climate change
and benefit from the positive effects

More extensive farming systems
operating close to the threshold
management options are fewer and
they are more vulnerable to CC

mm CC increase irrigation demand in the

majority of world regions due to a
combination of decreased rainfall and
increased evaporation.



Inceme improvemeant

* income and employment
generation policies

= agrarian reform

Access to afferdable food Increase basic food supply

* people’s restaurants  cupport for family farms

* gxpanded workers' meal FOOD * incentives for production
programmes SECURITY for family consumption

= agreements with supermarkets @Estm ents in rur'e|>
and farmers’ markets infrastructure

Emergency actions
*« cash for food purchasas
* free food in schools
* food banks
* food sacurity stocks

Source: Proje o Fome Zero
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Bioenergy effects vs. Determinants of Food
Security

Possible Bioenergy Effects
Climate change mitigation

Diversification of domestic energy
supply (energy security, trade balance)
& energy access

Development of infrastructures and
jobs in the agricultural sector,
especially in rural areas

Technological development through
Investment in new technologies

Environmental benefits

Diversification of agricultural
production through energy crops

Determinants of Food Security

Population growth
GDP growth per person
Agricultural GDP growth

Health expenditure as a
proportion of GDP

Proportion of adults infected
with HIV

Number of food emergencies

UNDP’s Human Development
Index



Example: Employment

Measures for employment effects:

The direct employees’
consumption of private goods
and services.

The direct employees’
consumption of public goods
and services.

The directly involved
companies’ consumption of
goods and services from
companies connected to other
sectors in the economy

Different producers:

Upgraded fuel producer
Local fuel supplier

Local small-scale heat
producer

Local large-scale CHP
producer

Farmer



Different Implementation Modes

mm  Bioenergy industry: This implementation mode refers to an industrial scale
bioenergy plant whose primary business is to procure feedstock and produce an
energy commodity (such as biofuels or electricity).

mm  Capital investments: existing agro-processing facility or other biomass intensive
industry such as a saw or paper mill invests in energy production from residues,
either for its own consumption or for export, as an ancillary business activity.

mm  Community infrastructure: In this implementation mode, a village or cluster of
villages could own and manage energy facilities with or without contracting to
private operators

mm  RESCOs: Here, independent private Rural Energy Service Companies act as
entrepreneurs providing energy services (rather than equipment) at a profit to
villages, households or enterprises.

mm  Retail appliances: In this mode, several small entrepreneurs are engaged in
manufacturing and marketing a bioenergy technology (for example, cook stoves,
biogas digesters, biofuels), which is ultimately widely distributed through
standard retail channels.

Source: ESMAP 2005
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Regional distribution of biomass sources in Brazil (Amaral 2005)
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Competition

Resour ce
Animal dung

Bagasse, sugar cane tops and leaves,
mol asses

Cereal straw

Maize stalks
Rice husk
Wood chips, bark, sawdust

Wood logs, branches

Alternative Use
Soil conditioner and fertilizer

Animal feed, paper and board industries,
road cover

Animal feed, soil conditioner, paper &
board industries, roof thatching

Cattle feed, soil conditioner
Cement and brick industries
Construction material

Construction material, paper industry,
handcraft
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Food requirements: Population and Diet
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Different Bioenergy Sources with different land requirements

1300
1200
1100
1000

Bl Category VII: Organic wastes

[ Category VI: Dung

B Category V: Forest residues

O Category IV: Residues from agriculture

[ Category lll: Bio-materials (to be deducted from
energy potential)

Bl Category |l: Biomass production on marginal lands.

E Category I: Energy farming on current agricultural
land

High end of range

Source: Faaij/FAO 2005




Global cost-supply curve for energy crops for four SRES

Source: Hoogwijk, Faaij, 2004

scenarios for the year 2050

Production cost of energy crops ($ GJ *)

Al at abandoned agricultural land
A2 at abandoned agricultural land
------- B1 at abandoned agricultural land
B2 at abandoned agricultural land
—e— Al at rest land
A2 at rest land
— @— B1 atrestland

- [J B2atrestland
7 ~ - B1_2000
O L J L J L J L J
0 50 100 150 200 250 300 350 400

Geographical potential of energy crops (EJ y?)




Data for small-scale tree plantations in China (Perlack 1996)
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Reference to economic criteria in the 9 studies considered in percent

Investment in priority sector of the country

Economic development

Local economic benefit

Energy security and diversity of supply

Cost effectiveness / micro-econ. efficiency

Balance of payments / national deb//foreign
investment

<Emp|oyment generation

00 01 02 03 04 05 06 0.7




Reference to environmental criteria in the 10 studies considered in percent

Natural hazards: e.g. floods

C Pest management

CC adaptation capacity
Protected areas / natural habitats
Deforestation/Forestry

Local environment

Waste

Water depletion

0il erosion and depletion

Resource depletion (e.g fossil)

< Soil pollution
Local Air quality

Biodiversity

( Water pollution

GHG
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Reference to social criteria in the 10 studies considered in percent

Governance
Service availability
Legal framework

Information sharing

Food supply/security

_

Cultural property
Resettlement

Stakeholder participation

Poverty alleviation

< Health

Energy access improved
Wages, Working conditions, child labour

Gender/indigenous population

Education, training, capacity dev.

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8




CER

Energy Market

Global Land Models (IEA)

Use Modedls

(IMAGE;
[IASA;
Alcamo et al.;

Investment in
infrastructure,
jobs, etc.

A

Economic
Development

Agriculture Market Models,
PEM (FAO, OECD)
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Bottom-up Assessment of
the Bioenergy and Food
Security Nexus

Enhanced Energy
Market Models (IEA)

Combined Global Land
Agricultural Market Mode
(IMAGE, I1ASA; and FAO,
OECD)




_earning from the Carbon market?

mm  Bioenergy projects do meet some of the sustainability criteria identified
as relevant, by having to comply with the specific requirements of the
funding arrangements under which they operate, i.e.:

& General requirements for World Bank projects, for example the
environmental safeguard policies

&5 Fund specific requirements, for example small-scale and community
benefits under the CDCF

& Simple limitation in size: small scale projects, as separate category of
project types
mm  Participation in voluntary certification schemes is a possibility
& The Gold Standard
& The Community and Biodiversity (CCB) standards



Conclusions

The role of food production and thus competition for land might
be overstated

Food security and bioenergy systems are characterised by very
complex interactions between the macro and micro level

PEM (AG), Energy Models, and Global Land Use Models can
be useful in determining the overall boundary conditions and
some input variables for the evaluation of food security and
bioenergy

A careful, local/national analysis is required to qualify the
different determinants of the food security and bioenergy nexus



Conclusions 11

The results of this bottom-up can feed back into the design of effective
policies and the macro-models for LU, Energy and AG

For synchronising and/or coordinating the global modeling efforts a
coordinating mechanism, forum or meeting point and respective
incentives for collaboration for the different modeling communities
should be created

For the country level analysis, FAO would like to stimulate the
formation of national task forces, subject to the interest of bioenergy
producing member countries

FAQO'’s International Bioenergy Programme, to be launched next year,
will offer a reference and framework for a concerted analysis of
sustainable bioenergy in general and the bioenergy and food security
nexus in particular



Further and general conclusions

mm |_arge potential for bioenergy in developing countries; as energy source,
bioenergy is becoming increasingly competitive

mmm = xternalities can be significant: large potential benefits but opportunity
costs regarding land use of large scale projects are of concern

mm |_arge climate change mitigation potential of bioenergy

mm T he delivery of SD co-benefits is not automatic. It would be strengthened
by an institutionalization of externalities valuation in the Energy market.

mm Other drivers might be more important in the future (ex.: oil prices)
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Quantity
At least US$ 10 Billion in ERs are expected until 2010

The Worldbank Pipeline includes ER worth US$ 544 Million ((as of
November 2004), including 10% Bioenergy, and the commitment of
funding by the CF of the Worldbank equals US$ 845 Million.

Foreign direct investment: US$ 172 billion in 2004

Official development aid: US$ 47.4 billion in 2004 the estimated
US$1 billion per year of carbon payments (11SD 2005) is very low.

Estimated expenditure in the energy sector:

& annual fossil subsidies in the OECD and 20 largest countries outside the
OECD amounted to US$ 58 billion (in 2001)

& global subsidies to fossil fuels and nuclear energy in mid-1990s reached around
US$ 250-300 billion



