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Executive Summary

Audience for this Report

The intended reader is not an energy expert, and certainly not a bioenergy expert. The reader is someone
(most probably in government, but perhaps in an international aid agency or NGO) in a position to make
decisions or advise decisionmakers regarding programs in support of rural development. The intent of the
document is to provide such a reader with background information and motivation regarding bioenergy’s
role in promoting sustainable rural development. It discusses ways to support the implementation of
bioenergy through policies, including those that can mobilize private sector activity.

Thus Volume I, the main report provides an overview of implementation issues for bioenergy projects and
programs; Volume II provides technical information regarding biomass resources and technological
options; and Volume III provides discussions of real-world bioenergy implementations through case
studies and profiles.

Purpose of this Report

This report provides a broad review of the issues that a policymaker or project developer may face when
endeavoring to advance biomass energy for sustainable development. The report provides guideance with
respect to multiple dimensions of bioenergy project design and implementation for policymakers,
entrepreneurs, and other actors. Its main focus is on less developed countries, although some lessons and
methods from industrialized countries are included where appropriate. The report divides these issues
among three volumes.

Volume |

Chapter 1 of the first volume provides an introduction to the main features of biomass energy and its
place in meeting the larger goals of sustainable development. It outlines the main benefits of biomass
energy, which include: widespread availability, availability on demand (in contrast to intermittent
renewable energy sources), convertibility to convenient energy carriers (such as fluid fuels and
electricity), potential to support environmental objectives, and ability to contribute to sustainable rural
livelihoods by providing employment and energy services. The chapter also discusses key aspects of
biomass that inevitably make its implementation in a manner that contributes to sustainable development
a complex challenge: resource competition, land intensity, labor intensity, and environmental impacts
(which can be either positive or negative). Bioenergy activities will therefore directly and keenly affect
the communities in which they are located. One can envision best case scenarios in which bioenergy
becomes major source of quality employment and provides a means through which energy services are
made widely available in rural areas while it gives rise to environmental benefits such as carbon
reductions, land restoration, and watershed protection. On the other hand, one can also envision worst
case scenarios in which bioenergy leads to further consolidation of land holdings, competition for
cropland, and displacement of existing livelihoods while it incurs the environmental costs of decreased
biodiversity and greater water stress. Neither one of these is a “right” or “wrong” forecast, as the ultimate
outcome will depend on the objectives of those implementing the bioenergy activities and whether or not
the objectives include sustainable development as a primary goal. Thus, the challenge is to create a policy
and market environment that supports the design and implementation of bioenergy activities that
contribute to sustainable development. Ensuring that those beneficial outcomes occur requires the
policymaker and project developers to be sensitive to the conditions and needs in rural areas. Bioenergy
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activities will be consistent with sustainable development and its objectives of livelihood generation and
environmental restoration only if those goals are built into the project design and implementation.

The chapter details the various biomass supply options: residues, energy crops, and natural biomass
resources.

Chapter 2 focuses on what the decisionmaker must consider in order to support bioenergy projects and
facilitate their widespread replication. After reviewing the five categories of implementation modes that
bioenergy activities generally have employed to date, the chapter details several key issues for any
bioenergy program whose aim is to reduce barriers to the operation of markets for bioenergy and to
establish conditions that make it easier for markets to serve communities and groups that currently lack
access to energy services. It provides an extensive overview of the ways in which bioenergy programs can
support private sector participation by undertaking general market creation activities and providing
support to individual entrepreneurs. The chapter discusses financial incentives and the impacts of
environmental and trade policies on bioenergy activities. It discusses the need for fair access to existing
energy sector infrastructure and the importance of supportive land tenure arrangements. It finishes with a
discussion of supportive financing arrangements and technology development and transfer.

Chapter 3 shifts the perspective from supply to demand, that is, from the standpoint of the bioenergy
program developer to that of the local community and potential end user of biomass and biomass related
services. Biomass energy, because it is inherently land intensive, dependent on local labor, and closely
tied to resources upon which rural livelihoods rely, has a strong potential to affect rural communities,
either positively or negatively. This chapter discusses the prospects for ensuring those impacts are
positive. It discusses the roles of biomass in meeting energy services needs and employment generation
needs, placing biomass options in the context of rural development. It addresses methods for engaging
local communities to help answer the question: “How could advanced biomass energy systems help meet
sustainable development goals?” That engagement can take a range of forms, from consultation on project
design to participation in project implementation. The chapter reviews different modes of implementation
at different scales, ranging from large-scale private sector investments down to community initiatives and
commercial energy services companies.

Volume Il

The Technical Annexes discuss in more technical detail two key issues in bioenergy. The first part of the
Technical Annex provides a detailed methodological description of resource assessments. A biomass
resources assessment is the crucial first stage of bioenergy development at any level, from the formulation
of national energy policy and planning through to village scale operations. The chapter proceeds from the
broad brush, large-scale assessments that are inevitable at the national level to the more detailed estimates
required at local levels. The chapter outlines the major steps involved in making such assessments, using
actual examples wherever possible. Intended to help determine priorities for further studies and the
development of particular bioenergy options, they are thus aimed at providing rough working estimates of
potential residue resources, how much of these are actually used, and residue costs and prices.

The second part of the Technical Annex is an introductory overview and discussion of bioenergy
technologies. Its aim is to provide an overview of the technological options and preliminary information
necessary to decide which technological options may be relevant and feasible in the local context. The
chapter discusses the general technological factors relevant to all bioenergy technologies: cost, load
factor, efficiency, feedstock, scale, and robustness. It then provides a short profile of several technological
options for converting biomass into electricity, gas, liquid fuels, and solid fuels, most of which are



currently commercial or undergoing commercialization, and some of which are emerging. The
technologies reviewed are steam turbines (including cogeneration), gasification (to produce fuel for
process heat and internal combustion engines), anaerobic digestion (to produce fuel for cooking and
internal combustion engines), ethanol and ethanol gel, biodiesel, efficient cookstoves, briquetting,
charcoal production, and various emerging technologies. These technology profiles are meant to give the
general reader an understanding of the applications and some of the technical issues that arise in
employing the technology in bioenergy implementations.

Volume Il

The third volume of this report contains nine concise profiles of bioenergy projects and three extended
case studies of major bioenergy activities. The short project profiles are of bioenergy activities undertaken
in a range of countries; they provide useful examples and lessons regarding problems encountered and
solutions found in recent bioenergy experience. The profiles include: (1) ethanol in Malawi and
Zimbabwe, (2) bagasse cogeneration in Mauritius, (3) biomass power in Bolivia, (4) gasification biomass
power production in Sweden, (5) small-scale gasification power production in India, (6) anaerobic
digestion in Colombia, (7) gasification process heat in Indonesia, (8) biomass power in Philippines, and
(9) biodiesel in Hawaii. These are presented to provide a variety of technologies, biomass supply systems,
and national contexts. Throughout the main text of this report, these profiles are referred to as specific
illustrations of important points.

The three extended case studies are all co-authored with collaborators who are involved in bioenergy
activities in India, which has one of the world’s longest standing and most developed national bioenergy
programs; it also has considerably more dispersed activities outside the formal national program. The first
case study is of an NGO coordinated program that created an entrepreneurial cadre to develop and
commercialize advanced biomass devices for entrepreneurs in the nonformal sector. The second case
study relates a long term experiment based on village managed small-scale energy and water utilities. The
third case study is an overview of the national bioenergy program of the Ministry of Non-Conventional
Energy Sources.
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The Challenge of Biomass Energy

An Old Fuel with New Life

1.1 Biomass energy, or bioenergy, refers to the use of plant and other organic materials to
provide desired forms of energy and energy services such as heat, light and motive power. Since the
discovery of fire, it has been a major source of energy worldwide. Even in today’s fossil fuel era,
bioenergy provides about 11percent of the world’s total primary energy supply of 420 exajoules (EJ) a
year (IEA 2002), with much larger fractions in most developing countries and some industrialized
countries.

1.2 Most of this bioenergy consists of unrefined fuels used in traditional ways; that is, solid
fuels such as firewood, charcoal, crop and animal residues, typically used with cheap and simple devices
such as three stone cookstoves and earthen kilns, for essential survival needs such as cooking, space and
water heating and crop drying. In this role, bioenergy provides about 38 £10 El/year globally, roughly
one third of all energy in less developed countries as a whole, and as much as 90 percent or more in the
poorest countries. Increasingly, biomass fuels are converted to higher value and inherently more efficient,
versatile and convenient energy carriers (electricity, liquid and gaseous fuels) or are used as solids in
efficient equipment to provide process heat or space heat. This usage is collectively termed “modern”
bioenergy, amounts to about 10 EJ/year or 2.3 percent of world primary energy use (IEA 2002), and is the
main focus of this report.

1.3 This global role may seem very small but modern bioenergy is in fact the leading form of
renewable energy, lying just ahead of hydropower (9.5 EJ/year) and well above all other renewables such
as geothermal, wind, solar and marine energy, which combined provide 2.1 EJ/year (IEA 2002). It plays
an even greater part than this in several countries and economic sectors, especially in well forested
countries with large forestry based industries and/or with cold winters and large space heating demands,
and in countries with thriving sugar industries. For example, in Finland, Sweden and Brazil, modern
bioenergy accounts for 33-36 percent of total energy use by industry and, in the first two of these
countries, some 11-12 percent of energy used for electricity generation, combined heat and power (CHP)
and district heating (IEA 2002, 2003a). In Latin America, about 8 percent of primary energy comes from
modern bioenergy, especially from industrial wood energy, the conversion of sugarcane to alcohol as a
transport fuel in Brazil, and the more widespread use of cane processing waste (bagasse) to generate
electricity. This and further information on the role of modern and traditional biomass by major world
region is presented in Table 1.1.
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Table 1.1: Role of Biomass Energy by Major Region in 2000: EJ/year

Latin
Region World | OECD | Non-OECD Africa America Asia
Primary energy * 4233 222.6 200.7 20.7 18.7 93.7
of which biomass (%) 10.8% 3.4% 19.1% 49.5% 17.6% 25.1%
Final energy * 289.1 151.2 137.9 154 14.6 66.7
of which biomass (%) 13.8% 2.5% 26.3% 59.6% 20.3% 34.6%
Estimated modern bioenergy " 9.8 5.2 4.6 1.0 1.9 1.5
as percent of primary energy 2.3% 2.3% 2.3% 4.7% 10.0% 1.6%
Modern bioenergy inputs to:
Electricity, CHP & heat plant 4.12 3.72 0.39 0 0.14 0.07
as percent total sector inputs 2.7% 4.1% 0.6% 0% 3.4% 0.2%
Industry (approx.) 5.31 1.34 3.97 0.98 1.45 1.44
as percent total sector inputs 5.8% 3.0% 8.6% 30.3% 26.0% 6.3%
Transport 0.35 0.10 0.26 0 0.29 0.03
as percent total sector inputs 0.5% 0.2% 1.1% 0% 6.3% 0.4%

Source: IEA 2002, 2003a. See also IEA 2003b.
* Primary energy: IEA ‘Total Primary Energy Supply’. Final Energy: IEA ‘Total Final Consumption’.

® Estimated modern bioenergy is the sum of bioenergy inputs to the three sectors shown in the table:
electricity, combined heat and power, and district heating plant; industry (which might include
some traditional bioenergy); and transport fuels.

1.4 Interest in modern bioenergy has been increasing worldwide. In many countries, less
developed as well as industrialized, it has become a centerpiece of renewable energy plans and policies
because of its many practical, social and economic advantages. More fundamentally, modern bioenergy is
now widely regarded as an important player in the global transition to a low carbon energy future, which
is needed to reduce human induced climate change.

1.5 This enthusiasm is based on five key advantages that modern bioenergy offers compared
to fossil fuels and/or other renewable energy sources:

e Widely available resource: Biomass resources are diverse and widespread, often in
large volumes. Bioenergy can be produced, in principle, wherever trees and food are
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grown and wherever food and fiber are processed. This is in marked contrast to the
global concentration of the oil and gas resources that drive today’s industrial activity.

Available on demand: Biomass is a form of stored energy and can therefore provide
energy at all times, without the need for expensive storage devices such as batteries.
In this respect, bioenergy is like fossil fuels and differs markedly from intermittent
renewable energy sources such as solar, wind, wave and hydropower, with their
nightly, seasonal or sporadic supply shutdowns. Bioenergy is also presently much
cheaper—and further advanced—than likely alternatives for nonintermittent
renewable energy supplies, such as stored hydrogen derived from wind or solar
photovoltaics (PV) via the electrolysis of water.

Convertible to convenient forms: Biomass can provide all the major energy carriers—
electricity, gases, liquid fuels for transport and stationary uses, and heat. It is well
suited to doing this on a decentralized (standalone) basis at scales of 10s or 100s of
kilowatts (kW) and upwards. Biomass can therefore substitute for fossil fuels or other
energy supplies in many contexts and is well suited to supply the fuels and power at
small scales that are needed to underpin poverty reduction, development and growth
for the two billion or so people who now lack access to modern forms of energy.
Modern bioenergy technologies can also serve similar ends by replacing traditional
cooking fuels with clean, smokeless, efficient and easily controlled liquid and gas
alternatives based on renewable biomass rather than fossil fuels.

Potential to contribute to greenhouse gas reductions and other environmental
objectives: Bioenergy is climate friendly. In sharp contrast to fossil fuels, its
production and use emits little or no carbon dioxide, a potent greenhouse gas,
providing the biomass is sustainably generated. In this case, the carbon dioxide that is
released when biomass fuels are burned will be reabsorbed from the atmosphere
during biomass regrowth. It is important, however, to also consider the net lifecycle
emissions of greenhouse gases other than carbon dioxide. Nitrous oxide and methane
in particular can be important contributors to the net greenhouse gas impacts of
agriculture intensive activity. As to these greenhouse gases and other pollutants,
bioenergy can score both better and worse than fossil fuels: the situation is complex
and depends on precisely how the biomass is grown, transported, converted and used.
Bioenergy can advance other environmental goals as well. If it is undertaken with
these goals in mind, biomass production can contribute to habitat preservation, soil
restoration, and watershed protection.

Source of rural livelihoods: Much of bioenergy systems’ added value and income
generation is retained locally and can help to reduce rural poverty—in sharp contrast
to fossil fuel or central electricity production and distribution systems and many other
renewable energy technologies. Indeed, modern bioenergy is widely thought to be a
key means of promoting rural development (UNDP, 1995; Ravindranath and Hall,
1995; Kammen et al., 2001, Utria and Williams 2002). In many developed countries,
biomass fuel production has been promoted as a way of supporting and diversifying
unstable farm incomes. In developing countries, modern bioenergy can provide a
basis for rural employment and income generation, thus helping to vitalize rural
economies and curb urban migration. For many forestry and agroprocessing
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industries, biomass provides an abundant, dependable and cheap fuel which can
reduce energy costs and earn substantial revenue from the sale of surplus power to the
electricity grid or biofuels to urban demand centers or export markets.

1.6 Despite these potential advantages, one must not take for granted that expanding
bioenergy will automatically contribute to sustainable development. Bioenergy activities are almost
inevitably labor, resource and land intensive undertakings. Land requirements are at least an order of
magnitude greater for biomass electricity than for an equal amount of photovoltaic electricity', for
example, and labor requirements for producing biomass energy feedstock would be considerably higher
than for conventional capital intensive forms of extracting fossil fuels like coal and oil. Bioenergy
activities will therefore directly and keenly affect the communities in which they are located. One can
envision best case scenarios in which bioenergy becomes major source of quality employment and
provides a means through which energy services are made available widely in rural areas and give rise to
environmental benefits such as carbon reductions, land restoration, and watershed protection. On the other
hand, one can also envision worst case scenarios in which bioenergy leads to further consolidation of land
holdings, competition for cropland, and displacement of existing livelihoods as it incurs the
environmental costs of decreased biodiversity and greater water stress. Neither one of these is a “right” or
“wrong” forecast, as the ultimate outcome will depend on the objectives of those implementing the
bioenergy activities and on whether the objectives include sustainable development as a primary goal.
Thus, the challenge is to create a policy and market environment that supports the design and
implementation of bioenergy activities that contribute to sustainable development. Ensuring that those
beneficial outcomes occur requires the policymaker and project developers to be sensitive to the
conditions and needs in rural areas. Bioenergy activities will be consistent with sustainable development
and its objectives of livelihood generation and environmental restoration only if those goals are built into
the project design and implementation.

Biomass Resources and Supplies

1.7 Bioenergy systems require sufficient, reliable, sustainable, and affordable biomass
supplies. These supplies must be grown, harvested, gathered, and transported to the energy conversion
plant, sometimes from a large number of dispersed suppliers. They must usually be stored and perhaps
dried to avoid deterioration. In many cases the biomass must be chopped, pelletized or otherwise prepared
for use as a biofuel.

1.8 These supply side activities set bioenergy apart from other renewables, in which the
primary solar, wind, wave or hydro energy resource is freely provided and converted to delivered energy
in a single technical step. While the additional steps in the biofuel supply chain can bring substantial
benefits in the form of local employment and income (benefits which have, of course, to be paid for by
energy users) they may also raise serious problems which do not apply to other energy resources. These
may occur because biofuel supply and use is embedded in the production and use of all forms of biomass,
which are in turn embedded in highly complex, dynamic, multipurpose and competitive land use and
labor systems that form the bedrock of rural economies.

1.9 Critical aspects of these systems vary greatly from place to place and also over time as
economic, social and environmental conditions alter. Yet these site specific and varying conditions

''See Box 1.3.
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govern to a large extent the amounts and kinds of biomass resources that can be produced, the costs of
production and associated benefits such as farm income and rural employment, resulting biomass prices,
vulnerability to supply failure, environmental impacts (positive and/or negative), and risks of harming
existing biomass dependent social groups. There are thus rarely any “one size fits all” solutions:
bioenergy projects must usually be tailored to the biophysical and socioeconomic circumstances of each
location and must be supported by a great variety of stakeholders. These factors must be carefully
assessed before each project or program can be successfully implemented. Frameworks and methods for
doing this are presented later (see in particular Chapters 2 and 4).

1.10 In general, there are seven main areas of particular pertinence to anyone concerned with
developing bioenergy resources and supplies. These are discussed in some detail throughout the report but
are summarized below.

Resource Competition

1.11 Most biofuels have alternative nonenergy uses (see Box 1.1). Bioenergy systems can
therefore face a two sided price competition (Sedjo 1997). Low biofuel prices may be needed for
bioenergy to compete with fossil fuels and other renewables. High prices must often be paid to secure
biofuels in a competitive market. Frequently the required price is “too high” and the bioenergy proposal
must be abandoned. Competition with nonmonetized traditional biomass supplies that provide essential
“survival” energy services is common and must be dealt with at early stages of project planning and, more
generally, by efforts to assess and meet local needs and where necessary to introduce policy controls over
biofuel markets. Similarly, careful planning and good information on resource flows are required to
ensure that new bioenergy schemes do not compete with other schemes for the same resources.
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Box 1.1: Residue Supplies: Competition and Uncertainties

In developing countries most types of biomass have many alternative uses, sometimes known as the Five Fs:
fertilizer, fodder, fiber, feedstock (for chemical processes) and fuel. Some principal nonenergy uses are:

Wood logs, branches Construction materials, paper industry

Wood chips, bark, sawdust Construction materials (for example particle board)

Cereal straws Animal feed, soil conditioner, paper & board industries, roof thatching
Maize stalks Cattle feed, soil conditioner

Rice husk Cement & brick industries

Bagasse, cane tops & leaves Animal feed, paper & board industries

Animal dung Soil conditioner & fertilizer

Biomass prices and availability are mainly determined by these nonenergy demands, in sharp contrast to fossil fuels,
whose prices reflect use as fuel and not other end uses such as plastics. Many of these biomass demands are site
specific, difficult to identify from aggregated statistics, and the cause of sharp changes in price (and hence biomass
availability) as market conditions alter.

In Northeast Thailand, for example, rice husk was once a waste disposal problem but has recently become a valuable
raw material for making bricks (Junginger 2000). Prices have varied as a result from US$1.4/tonne to US$8.1/tonne
in times of extreme husk scarcity. Many rice mills have responded by buying electricity for process requirements
and selling rice husk rather than using it to generate power. In parts of India, rice husk is considerably more
expensive, with large price differences between the harvest season (US$13/tonne) and off harvest season (US$31-
33/tonne) (Mishra 2002).

Similar price volatility is also found with energy crops. In the Indian state of Karnataka, for example, the price of
eucalyptus logs obtained by farmers increased over 1995-98 by 160 percent, from US$40 to US$106 a tonne® (PC-
Gol 2001). In sharp contrast, prices in Madya Pradesh and Maharashtra were much higher, at US$191 and US$199 a
tonne respectively in 1998, but hardly altered in the same 4-year period. In all three states, the log prices are now so
high—respectively US$7.3, 13.1 and 13.6 per GJ of energy content—that use of purchased logs as fuel is more or
less ruled out. These prices are equivalent to oil at US$44-82 a barrel. Yet in the 1980s, thousands of farmers in the
same region ripped up their eucalyptus trees when log and wood pulp prices crashed following a tree planting boom
(Saxena 1990).

Compounding this problem is the high sensitivity of final energy prices to biomass fuel prices and the relatively
large costs of mitigating seasonal shortfalls in fuel supply (see Chapter 2). Ensuring fuel security involves a
combination of adequate storage capacity and suitable fuel preparation and conversion plant design to allow the use
of several types of biomass feedstock (or cofiring with a fossil fuel such as coal).

Land Competition

1.12 Energy crops may compete for land with other uses, such as production of food crops or
raising livestock on rough grazing land. This so called “fuel/food” problem is widely recognized but may

? Prices converted from current Rupees per cubic meter by use of the all India consumer price index, the average
Rupee:US$ exchange rate for 2000, a density of 0.77 tonnes/m’ and an energy content of 17.9 GJ/tonne for air dry
wood with 20percent moisture content.
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casily be exaggerated. In some places it may well be a problem: while fuel/food competition can be
avoided by growing energy crops on marginal or “waste” land, doing so may mean high production inputs
and costs to achieve financially acceptable crop yields. Conversely, the best net returns and profits for
energy crop producers may arise from using good quality, though expensive, crop land.

1.13 However, these problematic situations are by no means universal or inevitable. In many
places new biofuel crops can fit in well with conventional farm production. Rather than generate
food/energy conflicts, by careful system design they can help to reduce overall farm costs, improve rural
infrastructure and access to markets, and generally raise farm incomes.

1.14 Given these divergent situations, it is crucial that biofuel crop projects and programs base
their design and site selection on sound, local information about the relative merits of bioenergy and
alternative crop production—and do so using a broad, rural development based perspective (See Phillips
2002). This process will often require careful consideration, for fuel and alternative crops, of the tradeoffs
between land quality, land cost and crop yield, in the context of local development needs (see Box 1.2).
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Box 1.2: Crop Yields and Land Quality

A key issue with energy crops is the local availability of land and the possibilities of competition between fuel and
food production. Bioenergy proponents usually deal with this issue by assuming that energy crops will be grown on
poor or degraded lands that are marginal or unsuited for conventional crops. They also suggest that globally and in
many countries, large areas of such land are currently unused and available for growing trees or grasses as energy
sources.

A problem with this argument is that while fertile lands may cost more to buy or rent, they typically cost less to
prepare and maintain. They also give higher and more dependable crop yields. As a result, they are generally more
profitable and lead to lower biofuel costs than marginal land. Poor lands may be cheaper and more available, but
they often have many physical limitations such as infertile and stony soils, low rainfall, steep slopes, or brush cover
that must be cleared. These problems can both reduce potential yields and lead to high land preparation or
harvesting and transport costs. Most importantly, they may require greater technical expertise and more careful
management to avoid soil erosion, soil nutrient depletion and other problems which can lead to major setbacks or
failure.

A key challenge for the successful implementation of bioenergy crops is therefore to identify suitable and available
sites, a task that can involve making difficult tradeoffs between yield, output prices, site quality, and quality
dependent production costs, often in the context of highly demanding rural development constraints and objectives.
In the temperate industrialized countries, these factors generally balance out in favor of planting energy crops on
good quality land rather than marginal cropland, forest land and pasture (Perlack et al. 1995). Furthermore, most of
these countries have more cropland than they need for food production and are seeking to diversify agriculture and
farm incomes. Bioenergy production is a leading candidate in this strategy.

In tropical developing countries bioenergy crops are grown on a much greater variety of land types. However, as in
the developed world, many energy crops are sited on good quality farmlands and can equal or exceed the
profitability of conventional food crops.

Yields are critical to biofuel production costs because establishment, land, maintenance and overhead costs, as well
as net returns (“profits”), do
not increase with greater yield. 60
Only harvesting, transport and
other post harvest costs are
yield dependent.
Consequently, total production
costs per tonne fall steeply at
higher yields, and vice versa.
This  cardinal  point is
illustrated in Figure 1.1, based
on data for small-scale tree
plantations in China (Perlack
1996). The figure shows, for 20 ’

; . -50% -25% 0% 25% 50%
example, that if the wood yield
is reduced by 50 percent, the % change of variable
production cost increases by ‘—A—Yield —-4- Establishment+Land —e— Discount rate --=-- Net margin ‘
60 percent. In contrast, a 50
percent reduction in land plus
establishment costs, the discount rate and the grower’s net margin, increases the production cost by only 9 percent,
18 percent and 13 percent, respectively.
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Sensitivity of wood production cost to yield and major cost variables

For the baseline situation (0 percent change of variables), the production cost is US$36.4/dry tonne, yield is 10 dry
tonnes/hectare/year, establishment plus land cost is US$400/hectare, harvest and transport costs US$15/dry tonne,
discount rate is 10 percent a year, and net margin US$100/hectare/year (just over 25 percent of the gross revenue).
Data based on Perlack (1996) for plantations in China established for bioenergy production and harvested on a 7-
year rotation.
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Land Intensity

1.15 Bioenergy crops are very land-intensive (see Box 1.3). For example, they typically
require roughly 100 times more land than solar photovoltaics (PV) to produce the same electricity output.
This limits the feasible scale of bioenergy systems: a 50 MWe biomass-fuelled power plant is said to be
large to very large scale whereas a fossil fueled plant of this size would be called small to medium scale.
One consequence is that national utilities may be institutionally disinclined toward buying the small
amounts of surplus energy produced by bioenergy projects. Another is that major national bioenergy
development must proceed via myriad small- to medium-scale schemes, with no shortcuts based on large-
scale plant. Yet another is that biofuel supplies must often be obtained from large numbers of scattered
producers, with major implications for fuel security and fuel transport costs.
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Box 1.3: Land Needs and Size Constraints

Bioenergy requires a lot of land. This cardinal fact means that individual bioenergy projects are limited to small- to
medium-scale operations.

Consider a region with 1000 mm annual rainfall (the borderline between semiarid and subhumid) where wood energy
crops are grown with good management on marginal lands. The plantations might produce about 12 tonnes of harvested
dry biomass a year, with a lower heating value of 18 GJ a tonne. A fairly sunny region receives an average of around 20
MJ/m*/day, so one hectare receives an annual 73,000 GJ. With these assumptions, only 0.3 percent of the incoming
solar energy is converted to biomass. If the biomass is used to generate electricity, the overall conversion efficiency is
only 0.1 percent or so. This compares with around 15-20 percent for solar photovoltaics, and hence electricity from
biomass is one or two orders of magnitude more land intensive than electricity from solar photovoltaic (accounting for
the lower capacity factor). Each planted hectare provides enough fuel for an average electricity capacity of
approximately 2 kilowatts, an amount that would match the average consumption of two modern homes. Similarly, one
hectare could yield a quantity of ethanol that would roughly match the consumption of four standard passenger cars
(that is, 65 tonnes of cane per hectare per year and 75 liters of ethanol per tonne of cane approximately matches the
needs of four cars getting 12 liters per 100 km and traveling 12,000 km per year.).

This low efficiency limits the practicable size of bioenergy systems for power production. Consider a baseload biomass
fueled power plant with 500 MWe capacity, 30 percent efficiency and annual load factor of 80 percent. This is not very
large by fossil fuel or big hydropower standards. The plant generates 3.5 million MWh of electricity a year by
consuming around 2.9 million tonnes of air dried biomass (with 20 percent moisture content), or 2.3 million tonnes on a
dry wood basis. So the power plant needs less than 200,000 hectares (2,000 square kilometers) of plantations to keep it
going. However, the plantations would have to be spread over a much larger area than this to reduce risks of fire and
pest attack, minimize biodiversity losses, and to fit the plantations into a rural landscape of farms, woodland and
villages. With fairly intensive, compact system, this total area might be around three times greater, or some 6,000
square kilometers. (The factor could be lower in areas that are already overwhelmingly agricultural if very intensive
plantation agricultural is environmentally and socially tolerable, or might have to be much higher if habitat and other
considerations are severe constraints). If this area formed a circle centered on the power plant, the circle’s diameter
would be 86 kilometers. Even larger areas would be needed if forestry or agricultural residues were used for feedstock,
as yields of these sources are rarely as much as 12 t/ha/year (sugarcane bagasse excepted).

Such a large scale also raises difficulties in securing fuel supplies from producers. At one extreme, the 500 MW plant
operators could rely on a few very large plantations of, say, 10,000 hectare each. At the other extreme they must make
firm agreements (or rely on an open market and good supply prices) with many thousands of small- to medium-scale
producers. In the Philippines, a recent proposal for a 40 MW power plant fuelled with rice husks collapsed due to the
complex logistics of securing fuel from the many surrounding rice mills (Shukla 2000).

A third constraint is the huge volume of biomass that must be transported and stored. With widely scattered harvest
sites, haulage would have to be by road rather than the less obtrusive rail or pipeline systems typical of large fossil
fuelled plant. In the example above, annual haulage would be about 86 million tonne-kilometers or over 23,000 tonne-
km per day, or perhaps a few thousand lorry trips.

Smaller scales attenuate these problems by dispersing them. This is illustrated by the table below, which shows some
key parameters for 50 MW, 5 MW and 500 kW systems, using the same assumptions as above. Of course, to achieve
the same electricity output as the large 500 MW plant, proportionately more systems must be installed: as many as one
thousand in the case of 500 kW (large village scale) units.

50 MW 5MW | 500 kW

Total production area (plantation area x 3) hectare 58,460 5,846 585
as circle with radius kilometer 13.6 4.3 1.4
Average plantation area if 100 producers hectare 195 19.5 2.0

Daily truck haulage tonne-km 7,500 237 7.5




Volume I: The Challenge of Biomass Energy 11

Labor Intensity

1.16 Energy crops and some important biomass residues are very labor intensive in most less
developed countries (LDCs) owing to lack of capital for mechanization. Labor intensity per unit of
biofuel energy produced is often one hundred or more times greater than it is for fossil fuel extraction
(Kartha and Leach 2001). Bioenergy projects may therefore be attractive in regions with high
unemployment and can contribute significantly to job creation and rural development.

1.17 However, large pools of cheap labor may not be available in higher income developing
countries, where mechanization and off farm employment tend to push up agricultural wages but push
down agricultural employment. In Brazil, for example, mechanization in the national alcohol program has
cut agricultural jobs while substantially increasing wages. Bioenergy planners should be sensitive both to
the opportunities for job creation in low income, low employment economies (for example in much of
Asia and Sub-Saharan Africa) and to the more capital intensive production methods in higher wage
countries. In particular, it is important to mitigate the potential harm and conflicts of interest that can arise
as the process of rural mechanization begins to take place. At the very least, wherever this process
displaces jobs, attempts must be made to soften or offset the impacts.

1.18 Energy crops can be divided into those that do, and those that do not, displace other
crops. When energy crops that involve tree growing displace other crops in regions where there is little
farm mechanization, the switch typically involves a reduction—sometimes a huge reduction—in local
employment. Generally speaking, tree crops normally require much less labor than agricultural crops
(Saxena & Srivastava 1995; Saxena 1989; Kartha & Leach 2001). This is not usually the case with
nontree energy crops, such as sugarcane, which may employ more people than the nonfuel crop that they
displace. Nor is it the case with energy crops that do not displace other crops, because these involve
expanding crop production on to “new” lands, such as currently unproductive land and the margins of
productive farm fields. Biomass energy crop production can therefore contribute to rural employment
creation, provided it is designed and implemented in a manner that involves carefully assessing and
addressing local employment needs. Positive job impacts cannot be assumed automatically.

Handling Requirements

1.19 Biofuels are relatively bulky, may have high water content and need drying, and may
need seasonal storage to even out month by month variations in availability. Fuel quality may be
unpredictable and biomass may need chopping to even sized pieces that flow. These processes require
substantial management, capital costs and labor and can give biomass an old fashioned image, like coal.
However, technologies for upgrading raw biofuels into pellets, briquettes or chips are advancing. The
development of dedicated energy crops will also improve fuel standardization (Clancy 1996), and
technical advances in handling equipment and conversion devices promises to increase the tolerance to
feedstock variation.

Environmental Concerns

1.20 By virtue of their land intensive nature, biomass activities invariably affect the
environments in which they occur. The effects of well designed activities can be positive. Energy
feedstocks can be produced in a way that helps restore degraded soils, especially if nitrogen fixing species
are used with sufficiently long rotation periods and fertilization (Shukla 2000), and helps maintain
watershed health. As an alternative to annual row crops, perennial energy crops can require fewer
chemical inputs and provide better habitat for indigenous species. However, if not well designed, large-
scale biomass production can have negative impacts. Soil fertility, water resources, biodiversity and
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landscape values can all be compromised by bioenergy activities that do not explicitly take these
environmental issues into account (Kartha and Larson, 2000). Indeed, water shortages may be the limiting
constraint on energy crops in many places (Rogner 2000). Biofuel transport will increase vehicle and road
use with associated airborne emissions. However, some environmental risks may not be as great as often
assumed (Clancy 1996). Not all residues make good fertilizers when they are left on the land rather than
removed as fuel: farmers already select those residues best suited to this purpose. Farmers also remove
field residues or burn them in the field for sound agricultural reasons, including differing effects on the
soil, disease prevention and ease of planting succeeding crops. Use of these materials for energy would
have no harmful agricultural impacts, provided care is taken to avoid nutrient depletion, for example by
returning ashes from biomass based power plants to the soil.

Supply Uncertainty and Risks

1.21 These and other crucial aspects of biomass supply vary greatly from place to place and, in
any one place, over time. For example, residue prices can vary several fold from one region to another or
from one year to the next because of crop failures or booms in a residue using industry. Yet potential
project investors often require assurances that fuel supplies will be adequate and reliable. It is therefore
essential that bioenergy projects and programs are founded on careful and wide ranging fuel resource and
supply assessments, estimates of future trends, and measures to minimize the impact of supply shortfalls.
Supply risk can be reduced by strengthening links between biofuel producers and consumers; increasing
biofuel stockpiles; densifying biofuels to reduce transport costs and thus increase the economic supply
area; designing conversion plants to accept a greater range of biofuels; and designing the entire bioenergy
system to be resilient to rising fuel costs. The eventual development of large-scale feedstock markets
should lessen many of these difficulties.

Types of Biomass Supply

1.22 Biomass fuels come in many forms but can be classified into three broad types:
agricultural, forestry and urban residues; dedicated energy crops; and material harvested from natural
biomass resources such as woodlands, grasslands and water plants. These classifications and their
important subdivisions are outlined in Table 1.2.
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Table 1.2: Types and Examples of Biomass Fuel

Residues

Examples

Primary residues

residues produced in the field or forest from biomass
production and harvesting

(a) dispersed residues:

substantial labor or other costs to collect for on site
energy production or onward transportation to energy
facility

- biomass collected from natural resources: for
example fallen tree branches, woody weeds and
shrubs, grasses, swamp and water plants.

- forestry thinnings, logging wastes and bark.

- crop residues normally left or burned in the field:
for example cereal straw; cotton, tobacco and
maize stems; sugarcane tops and leaves.

- dung from grazing cattle.

(b) concentrated residues:

few costs to collect for o -site energy production or
onward transportation to energy facility

- harvested cereal straws, crop stalks.

- dung from stalled cattle, caged poultry.

Secondary residues

residues arising from the processing of wood, food
and other organic materials, at or close to the energy
production site

- sawmill bark, chips, sawdust; black liquor from
pulp mills; slaughterhouse wastes.

- sugarcane bagasse; sugarcane tops and leaves if
harvested; cereal husks and cobs; fruit wastes, oil
pressing pulp (for example olives, palm oil); nut
shells and husks.

Tertiary residues

wastes arising after the consumption of biomass (and
other organic materials)

- municipal solid organic wastes (incineration for
energy production or gas from landfills); sewage
gas.

- wood recovered from demolition of buildings,
wooden containers,.

Energy crops

Dedicated energy crops

agricultural or forestry crops with biomass fuels as
the sole or principal product

- trees, bamboo, palms, grasses including
sugarcane, cereals such as maize, starchy roots
(for example sweet sorghum, sugar beet, cassava),
oilseed crops.

(a) crops do not displace other crops

- energy crops grown on presently unused land,
field boundaries, or roadsides.

(b) crops do displace other crops

- energy crops replace agricultural or forestry
crops.

Biofuel co-production

agricultural or forestry activities designed to provide
several products including biomass fuel

- integrated sugarcane production providing a mix
of sugar, alcohol, molasses (animal feed) and use
of bagasse to generate electricity.

- timber or fruit, nut and other trees grown
principally for nonenergy purposes but designed to
deliver thinnings, prunings or harvest wastes as
biomass fuel.

Harvesting natural resources

cutting live trees, shrubs, grasses, water plants.
growing naturally: harvesting may be at sustainable
or unsustainable rates
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Primary (field and forest) Residues

1.23 Most countries produce large quantities of biomass residues in relation to the volume of
their conventional energy supplies. For example, an estimate for the 16 main countries of South &
Southeast Asia in 1994 found that the energy content of agricultural residues alone amounted to 90
percent of total primary energy use excluding biomass (see Table 1.3). However, close to 80 percent of
this total comprised relatively high cost primary (or “field and forest”) residues while only 20 percent
were secondary (or “processing”) residues, which are typically more easily accessible and lower cost.
Probably coincidentally, 20 percent of all residues produced in the region were used for energy purposes,
including traditional uses. The remaining 80 percent were either used for nonenergy purposes or were
unused and therefore constituted a potential resource for energy and nonenergy uses. A cardinal task of
bioenergy assessment is to discover in a robust way what fraction of the presently unutilized residues is
available for fuel at affordable prices, without disruption of important nonenergy activities that depend
upon biomass residues, particularly within rural communities whose needs are often poorly documented
and less understood than those of industrial users.
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Table 1.3: Crop Residue Production and Use in S & SE Asia in 1994: PJ/year

Nonbiomass Residue production Residue use Residue
energy production as
percent of
nonbiomass
energy
Total (PJ) Total Field Process | Total | percent of
(PJ) (percent) | (percent) | (PJ) |production (st

Bangladesh 210 981 82 18 181 18 470%
Cambodia 14 81 83 17 7 9 580%
China 23,866 | 14400 84 16 4103 28 60%
India 5,822 9100 75 25 328 4 155%
Malaysia 898 136 53 47 3 2 15%
Nepal 23 190 83 17 53 28 830%
Pakistan 1,066 1160 76 24 307 26 110%
Philippines 507 921 63 37 48 5 180%
Sri Lanka 79 122 69 31 5 4 155%
Thailand 1,352 1320 73 27 313 24 98%
Vietnam 260 940 79 21 507 54 360%
Total above 34,097 | 29349 79 21 5855 20 86%
(11 countries)
Total region 36,159 32,522 79 21 N/A N/A 90%
(16 countries)

Source: Koopmans 2000

Notes: All residues amounted to 2.14 billion tonnes (field based 1.7 billion; processing based 0.44 billion). In
energy terms, the most important residues were (with percentage of total residue based energy in brackets):
Field based: rice straw (40.0 percent), maize stalks (13.3 percent), wheat straw (11.7 percent), sugar cane tops
(6.7 percent).

Process based: rice husk & bran (7.7 percent), sugar cane bagasse (7.4 percent), maize cobs & husks (2.7
percent).
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1.24 Primary residues are produced in the forest or field from tree felling, thinning and
pruning, harvesting agricultural crops and animal raising. They fall into two distinct classes:

(a) dispersed residues, which must be gathered together before they can be used for energy production.
Examples are forestry logging wastes, dung from grazing cattle and cereal straws which are normally
left in the field (and perhaps burned) after the grain is harvested;

(b) concentrated residues, which arise in already concentrated forms. Examples are dung from stalled
cattle and cereal straws that are harvested and hauled to a central point together with the grain.

1.25 Costs of primary residues vary greatly, depending on the labor required to gather and
concentrate the material, the degree of mechanization of these tasks, and the distance and costs of
transport to the energy conversion plant. Residues such as rice and other cereal straws, and sugarcane tops
and leaves, which are often left in the field, can in principle be collected, bale pressed, and transported to
an energy conversion plant, with additional field operations and cost. Farmers may give them a low
priority compared to harvesting the main (higher value) crop, particularly in the absence of a reliable
market for them. Methods and machinery for harvesting residues simultaneously with the main crop are
not yet available for all crops but in many cases are under development.

1.26 Other problems with primary residues include variable quality, deterioration in the field
or during storage and drying, and the lack of supplies during the off harvest months. The latter problem
may require interseasonal storage for the principal residue or the use of mixed fuels, perhaps including
dedicated energy crops or fossil fuels. As noted above, care must be taken to avoid conflicts with other
residue uses, including traditional fuel supplies. Also to be avoided are harmful resource impacts such as
depletion of soil nutrients, soil erosion during periods when land is not covered by crops or residues, or
soil compaction by machinery.

Secondary (processing) Residues

1.27 Secondary residues account for most of today’s bioenergy supplies worldwide and are
normally the first option for new bioenergy schemes. They are produced when wood, food and fiber crops
and other organic materials are processed, usually at or very close to the energy production site. Examples
are sawmill wastes, wastes from wood pulp and paper processing, sugarcane bagasse and many types of
food processing wastes. Although some of these residues may have high value nonenergy uses (“too
valuable to burn”), others may require costly disposal and have effectively a negative price for the
bioenergy facility (“too costly not to burn”). Transport costs are normally low to zero as residues are
concentrated on site. Supplies are fairly dependable and predictable as they form a known proportion of
the total biomass coming into the site for processing, although changes in demand and prices paid for
competing use can upset this comfortable situation. However, as illustrated in Table 1.3, while secondary
residues may be extremely important locally as cheap and dependable fuel supplies, at the national scale
their potential for energy use may be quite limited.

Tertiary Residues

1.28 Industrialized countries generate about 0.3 — 0.7 tonnes of municipal solid wastes (MSW)
per person each year (Rogner 2000). With an energy content ranging from 4-13 GJ/tonne, this is a sizable
potential resource which can be converted by incineration, gasification or biodigestion (for example in
landfill sites) to electricity, heat and even liquid and gaseous fuels. Costs vary greatly. However, in most
urban areas, energy generation forms only one approach to the larger issue of waste management, along
with actions such as waste recycling, composting waste into fertilizer, and reduced packaging.



Volume I: The Challenge of Biomass Energy 17

1.29 In developing countries, the situation is more complex and difficult. Data on residue
generation and disposal costs are sparse or lacking. In many cities MSW is already recycled or disposed
of effectively by ragpickers, cattle and dogs. Even for projects that make good economic sense, municipal
authorities may be too hard pressed by other concerns to show interest, although this may change as
authorities become increasingly concerned with the sanitary disposal of waste. A few successful
demonstration schemes may be needed to kickstart the widespread use of tertiary residues as a source of
energy.

Energy Crops

1.30 In most places, a large expansion of bioenergy means that biomass supplies must come
increasingly from dedicated energy crops. This is simply because available residue supplies are somewhat
limited (see, for example, Table 1.3). But apart from sugarcane alcohol production in Brazil and a few
other countries, present experience of energy crops is limited and costs are generally high. Energy crops
can rarely compete with fossil fuels solely on financial grounds. If fossil fuels are taxed, however, or
biofuels receive incentives in recognition of their environmental and social benefits, bioenergy can be a
sound financial and development option. As noted above and in Box 1.1, tradeoffs between crop yield,
land quality and land development costs are critical to the siting, design and long term future development
of energy crop systems and their integration with rural development objectives. In essence, while good
yields are critical to the profitable production of low-cost biofuels, the use of marginal land, often with
low yields, is critical to the growth of bioenergy into a major world energy source.

1.31 Costs and yields vary greatly, depending on many location specific variables, including
insolation, rainfall patterns, soil quality, irrigation and fertilizer use, management skills, species choice
and matching to local growth conditions, interest rates, and labor, mechanization and transport costs. For
example, in Europe yields of Miscanthus (elephant grass) have been found to range from 2 dry
tonnes/hectare/year on poor soils without irrigation in central Germany to 44 dt/ha/year in Greece with
irrigation and fertilizers (Lewandowski et al. 2000). A study of wood yields from agroforestry in Asia
(Jensen 1995) found a mean of 7.8 t/ha/year for 29 subhumid agrosilvicultural systems, but with a range
of 1.4-27.5 t/ha/year. In humid zones (n=11) the mean was almost double this at 14.1 t/ha/year, also with
a huge range of 3.5-42.3 t/ha/year. Bioenergy developers must obviously have a clear idea of expected
yields (as well as likely production costs) before proceeding far with any crop based system. If yields are
overestimated, serious supply shortfalls could result. (See Bioenergy Profile 8). A third and potentially
very attractive form of energy crop is bioenergy coproduction. The classic example is the integrated
sugarcane facility that produces the most profitable mix of sugar, alcohol, and electricity, animal feed or
industrial fiber from bagasse and other cane residues. The term also applies to forestry or agroforestry
schemes that are designed to produce nonenergy products such as timber or fruit, but that are also
designed from the start to favor the production of bioenergy as a joint product from tree thinnings plus
pruning and harvest residues®. This opens up the opportunity for significant innovation in conventional
cropping and harvesting practices, most of which currently treat potential energy feedstocks as a wasteful
residue to be minimized. Further innovation in coproduction can provide opportunities for bioenergy
implementations that simultaneously meet energy feedstock needs and multiple other needs of local
communities.

3 Further information on multiproduct agroforestry can be obtained from organizations such as Agroforestry Net
(www.agroforestry.net), the World Agroforestry Centre (www.worldagroforestrycentre.org), and the International
Center for Research in Agroforestry (www.ciesin.org/IC/icraf/ICRAF .html).
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Natural resources

1.32 In some places natural biomass resources, such as forest, woodland, grassland and
aquatic plants, can be harvested on a sustainable basis for modern bioenergy production without
compromising the needs of traditional biomass users who rely heavily on these resources. These
opportunities may be locally important but are unlikely to amount to much on a national scale without
compromising natural habitat. Some opportunities exist for harvesting invasive weeds (such as water
hyacinth and ipomoea) to good environmental and social effect, but under most circumstances the use of
natural resources imposes highly site specific risks. Natural resources are not considered further.

Biomass Conversion Technologies

1.33 Bioenergy can be obtained from a variety of conversion technologies and feedstocks.
Table 1.4 outlines the principal conversion technologies according to the forms of energy that they
deliver.

1.34 The choice of the appropriate conversion technology involves several technoeconomic
considerations, including capital and management costs, load factor, efficiency, type of feedstock and its
cost, scale, and robustness. Despite high willingness to pay for modern energy services in most
developing country settings, initial cost is an especially important consideration for nearly all users. The
load factor (that is, the fraction of total hours for which the system provides an energy output) has a large
impact on overall operating costs. These can be greatly reduced if the load factor can be kept high by
adding additional energy demand to the system; for example, a local manufacturing enterprise, irrigation
pumping, or sales to the grid. Because efficiency determines the “effective” cost of the biomass resource,
efficiency improving capital expenditures can decrease overall cost of energy services. Scale strongly
affects the cost, efficiency, and operating characteristics of a bioenergy system, so it is very important to
size a system at the appropriate scale for its application.

1.35 A final consideration for small-scale standalone systems is whether a bioenergy
technology is sufficiently robust and mechanically simple to operate in a village setting. Building capacity
to meet these needs at the village level can be challenging but is necessary. Mature, proven technologies
are more likely to succeed, and attempts to disseminate widely emerging technologies should not be made
until after a careful program of field testing and capacity building.
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Table 1.4: Some Biomass Energy Conversion Technology Pathways

Electricity

all systems include biomass feedstock plus - combustion boiler + steam turbine

generator set; some may provide low to - thermal gasification: gasifier + gas turbine or gas engine

medium temperature heat (cogeneration) - external combustion engine (for example Stirling engine) + generator
- anaerobic fermentation: biogas digester — gas engine

Transport fuels

sugar and starch crops (for example - fermentation + distillation — ethanol

sugarcane)

lignocellulosic biomass - hydrolysis + fermentation — ethanol
- gasification + gas processing — methanol, hydrogen
- gasification + Fischer-Tropsch synthesis — synthetic gasoline/diesel

oil seed crops - esterification — biodiesel

Cooking energy

wood, woody residues - charcoal

wood wastes, residues - briquettes, pellets

sugar and starch crops - ethanol (+ gel)

prepared biomass - gasifier — producer gas (+ methanol)

biomass & animal wastes - biogas digester — biogas

Process heat

any biomass - direct combustion

prepared biomass - gasifier — producer gas

pyrolysis oils - substitute for fuel oil

Conclusion

1.36 This brief introduction suggests that there is considerable potential in many places across

the world for biomass to help increase access to modern energy and meet rising energy demand in an
environmentally safe manner. But that potential must be soberly assessed in the context of local resource
endowments and constraints, as well as technical opportunities and limitations, as a first step in project
and program implementation. Bioenergy must also be implemented with careful regard to the many



20 Advancing Bioenergy for Sustainable Development

policy, fiscal and institutional factors that may enhance or limit what can be done. And all bioenergy
activities must be aware of their many possible socioeconomic and environmental impacts, and
implemented with the benefit of a development perspective. The technical, economic, policy and other
factors which both constrain and could potentially enhance the development of bioenergy are the main
focus of this report.



2

Implementing Bioenergy Programs

2.1 The current chapter focuses on what the decisionmaker must consider in order to develop
bioenergy programs that support bioenergy projects and facilitate their widespread replication. We define
a bioenergy project as a particular application of bioenergy in a specific locality. A bioenergy program is
more comprehensive. It is a larger scale (perhaps national) initiative to create the conditions conducive to
bioenergy activities that support development, particularly in rural areas. This chapter discusses generally
the broad range of issues a decisionmaker will need to address to compose an effective bioenergy
program. Precisely how the decisionmaker addresses these issues will depend on the nature of the
intended bioenergy activities and the context in which they are taking place. These activities and contexts
are tremendously varied, thus there are no universally applicable solutions that can be handily offered
here. What can be offered are discussions of the key issues that arise, and some transferable lessons
learned over the course of many years of efforts to promote bioenergy across the world. In particular, we
draw on the extensive experience that the government and NGOs in India have gained over the past three
decades implementing and adapting a diverse range of biomass activities.

2.2 Two central objectives of a bioenergy program are to reduce barriers to the operation of
markets for bioenergy and to establish conditions that make it easier for markets to serve communities
and groups that currently lack access to energy services. Although bioenergy activities are expected to be
predominantly undertaken by the private sector and NGOs, there remains an indisputable role for the
government insofar as supportive policies are a fundamental aspect of an enabling environment.

Implementation Modes

2.3 Bioenergy projects can be implemented through any of a wide range of possible modes.
These modes are virtually as varied as the contexts in which they take place. Still, the various
implementation modes can be usefully characterized as falling within the following general categories.

2.4 “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). Such plants may be viable in areas with ample feedstock availability, significant
employment needs at appropriate wage and skill levels and access to large demand centers and
transportation infrastructure. Examples are ethanol distilleries such as those promoted by Proalcool,
Malawi & Zimbabwe (see Bioenergy Profile #1) and biomass power plants such as the megawatt scale
wood fired CHP plants in Europe. A facility might be vertically integrated with feedstock supply or might
purchase from smaller growers. While the facility primarily produces a commodity to satisfy large-scale
energy market demands, it also generates local employment (for feedstock production) and could also

21
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meet local energy service needs, to the extent that it is explicitly designed to identify and respond to such
needs.

2.5 “Capital investments”: Here, an existing agroprocessing 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. Such entities would be most appropriate
in regions with the capacity to support processing of agricultural or forestry products (for example, rice
milling; lumber production in sawmills) and where sufficient biomass residues are available for use as
energy feedstock. The energy output could be process heat (for example, for crop drying; small- to
medium-scale pulp and paper industry) and potentially cogenerated electricity to meet internal needs or
for export to the grid. Generally, a vendor markets to a small or medium industry (gasifiers for thermal
applications in agricultural processing plants, bagasse cogeneration). Examples include sugarcane
cogeneration in Mauritius (Bioenergy Profile #2), India, Cuba, and Brazil; the Pozo Verde biogas plant
(Bioenergy Profile #6); the Sumatra wood gasifier for cocoa (Bioenergy Profile #7). This mode could
meet rural industrial energy needs.

2.6 “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 (for
example, REWSU Case Study). In addition to the availability of adequate biomass resources, these
systems require the presence of sufficient social capital to maintain institutions of self governance and
management. A public sector program or NGO might facilitate the implementation in villages via
minigrids, as in Riberalta (Bioenergy Profile #3) and Orchha (Bioenergy Profile #5). These are energy
systems constructed as public infrastructure, to satisfy basic energy service needs for an entire
community, and possibly additional energy to support livelihoods.

2.7 “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. These differ from the previous modes primarily in their operations and management structure.
Adequate biomass resources, financing and entrepreneurial capacity are needed for this mode. In addition,
RESCOs may need to rely on an extensive service network to collect payments and provide service
among its customer base. A bioenergy RESCO could satisfy local energy service needs and provide jobs
through its own operations as well as through the support of other energy using enterprises.

2.8 “Retail appliances”: In this mode, several small entrepreneurs are engaged in
manufacturing and marketing a bioenergy technology (for example, cookstoves, biogas digesters,
biofuels), which is ultimately widely distributed through standard retail channels. The manufacture is
relatively small-scale and market based to satisfy market demand (which could be augmented through
subsidies). This mode primarily serves basic energy service needs but may provide some jobs as
manufacturers and retailers.

2.9 Distinguishing characteristics of implementation modes—These are the major
distinguishing features of the implementation modes. The different modes require different supportive
infrastructure (policy, capacity building, business development, incentives.):

1. Scale: Could vary widely, from household, to small enterprise, to community, to “small” industry (for
example, agroprocessing facility), to large industry (for example, ethanol producer).

2. Design and implementation: Could be planned at high level (government) or individually (at a facility
or household).
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3. Ownership and governance: Could range from purely private sector (commercial facility), to

community (municipal infrastructure), to household (private “appliance”).

4. Management and Operation: Possibilities include management by owner (private, community,
household), management by a community organization or contracted to professional operator on a

fee-for-service basis.

5. Financing and profitability: Could be unnecessary, vendor financed for consumer, or financed by a
public entity or NGO. Projects could be purely market driven or supported by public resources.

6. Major local needs: Includes basic energy services, services for enterprises and employment.

Table 2.1 depicts these implementation modes and their key distinguishing features.

Table 2.1: Typical Implementation Modes and Their Characteristics

scale design and ownership | management financing Major local
implementation and and and need(s)
governance operation profitability satisfied
i Ver Private sector Private sector Private sector Private  sector | Employment
Bioenergy Yy ploy
Indust large financing /| and local
naustry market driven energy
services (if so
designed)
i Large- Private sector Private sector Private sector Private  sector | Employment
Capital
. Medium financing /
Investments market driven
Community Medium | Community + Private | Community Community  or | Public sector/ Community
. Private sector ; ; ener
Socially driven ay
infrastructure 1ally drv services
RESCOs Large - | Private sector Private sector Private sector Private Community
Small financing / energy
Market driven services
Retail Small Private sector Household Household Private Household
li financing (or | energy
appliances none) / services
market driven
2.10 These are the implementation modes that are most commonly employed. Various

individual bioenergy projects might mix features of different modes. For example, the implementation
mode for household scale biogas digesters might combine features of retail appliances (for example,
reliance on a widely distributed cadre of entrepreneurs for marketing and sales) and capital investments
(for example, reliance on sophisticated financing structures to enable the household purchases). It is
useful for the reader to keep in mind these various implementation modes when considering how the
issues raised in the following discussion apply to particular contexts.
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Institutional Framework

2.11 A national bioenergy program is multifaceted and requires coordination among several
tasks within such areas as rural development initiatives, energy policy and infrastructure development,
fiscal and trade policy, agriculture/forestry policy, capacity building, and technology development.
Acquiring the necessary information, building consensus around an appropriate course of action, and
executing it requires capacities and expertise across a broad spectrum: resource economics, ecology,
agriculture, energy technology, project development, financing, and several aspects of rural development.
Numerous actors are inevitably involved in these various tasks, such as those listed in the Table 2.2
below. An underlying premise of program level efforts is that a coherent bioenergy policy will more
effectively promote and expand bioenergy than will an uncoordinated set of disparate localized activities,
by establishing a common, consistent, and transparent framework within which these various actors
function.

Table 2.2: Actors Potentially Involved in Successful Bioenergy Programs

Central government, for example:
- Ministry responsible for rural development
- Ministry responsible for agriculture
- Ministry responsible for environment and forests
- Ministry responsible for energy or electricity
- Ministry responsible for revenue and financing

- Ministry responsible for international affairs
- (if the project involves international financing or technical cooperation)

State government, including offices analogous to the national ministries cited above
County, community, or village governing or administrative bodies
Agricultural extensive agencies, organizations, and workers
Energy related parastatals, for example:
- Electric utility
- Regulatory bodies (such as a public utilities commission)
Nongovernmental organizations, for example:
- NGOs dealing with environment and development
- NGO labor organizations, farmers organizations, and trade organizations;
- Community development organizations
- Civic organizations
Local, international, or joint local/international private enterprises, for example:
- Enterprises that would generate or use biomass
- Enterprises that would supply, construct, and maintain bioenergy facilities
- Industries innovating in bioenergy technologies and energy-using goods
Financing institutions (such as banks and micro credit unions)
Bilateral and multilateral aid organizations
Households

2.12 A central coordinating institution responsible for bioenergy development (which could be
housed in an appropriate governmental agency, for example) could help formulate the needed policy and
regulatory framework. Such an institution could serve as an authorizing agency, that is, a rule making
body with legal authority to design a coherent legal framework that clarifies rules and roles of
participants. By initiating enabling legislation that supports bioenergy activities, such an institution could
demonstrate to the private sector and other actors a national commitment to bioenergy.
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2.13 Many of the elements of a policy framework can be enacted only at the central
government level, either because it is the natural seat of the relevant decisions or because it controls the
resources needed for enacting the policy. Rationalizing electricity tariffs and fossil fuel prices, for
example, by lifting subsidies and otherwise reflecting more fully all costs (including social and
environmental costs), would help to level the playing field for bioenergy, and in most countries must be
undertaken at the central level. Regulations requiring electric utilities to purchase biomass derived
electricity (at the utility’s avoided cost of generation) help to foster bioenergy development. In the United
States, the 1978 Public Utilities Regulatory Policy Act (PURPA) helped lower barriers to bioenergy by
providing bioenergy producers with secure, legally mandated access to the electricity market and fair long
term prices. This legislation directly enabled a large expansion in biomass power generating capacity,
which totals about 8000 megawatts today in the United States. In contrast, in some countries similar
policies were explored and issued as recommendations by agencies not authorized to enact regulations,
leading to only a partial and geographically uneven adoption of the policies and correspondingly less
enthusiasm and confidence from the private sector.

2.14 A central coordinating institution can integrate development goals into bioenergy
programs. It can create a framework within which the private sector, development NGOs and community
based organizations can work (as discussed in Chapter 4). In particular, it can develop and promulgate
socioeconomic and environmental guidelines for bioenergy projects, including provisions for public
participation and rules regarding access to project information. This would provide investors and project
developers a uniform and consistent set of general principles as well as specific rules for sustainable
bioenergy activities.

2.15 A central coordinating institution could serve as an information clearinghouse for scarce
or difficult to assess but useful information such as: regional biomass assessments; descriptions and
contacts for ongoing activities; reviews, evaluations, and lessons from past activities; technical and
engineering data; meteorological data; information on energy crops, multi purpose crops, and agricultural
management practices; contacts for private sector vendors, developers, and investors; legal regulations;
and information on development and environmental NGOs.

2.16 A central coordinating institution could also give support to local coordinating
institutions. It could help bring about the main enabling conditions for strong local institutions, including
legal authority to make and enforce decisions affecting biomass resources and bioenergy projects; land
tenure issues, public access to information; and active dissemination of information, technical extension,
and financing assistance. A major responsibility would be to establish the legal framework for assigning
jurisdiction downward to appropriate levels and establishing the appropriate degree of devolution of
authority to local government bodies, and bestowing rights and responsibilities on the private sector,
NGOs, and communities for both service provision and biomass resource production.

2.17 Certain aspects of a bioenergy program entail collaboration with international groups,
which generally requires some degree of involvement at the national level. This will be relevant where
resources from multilateral or bilateral aid agencies or other international organizations are needed. For
instance, if the Framework Convention on Climate Change spurs investment in bioenergy through the
Clean Development Mechanism, there may be roles for a national institution on the bioenergy related
aspects of technical issues such as the setting of emissions baselines. To the degree that international
private sector actors are involved, either for purposes of technology development and transfer, or direct
investment, a suitable framework for such international relationships will be needed.
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2.18 In each of the sections to follow, there are elements that are best considered at a national
level, while others are appropriately dealt with by devolving authority to local institutions. In all cases,
the actors who are expected to engage in bioenergy activities will require a policy environment that
comprises policies that are clear and consistent. A further requirement is monitoring and enforcement
mechanisms that are transparent and designed to avoid the unnecessary bureaucracy that creates
opportunities for corruption.

Support for Entrepreneurs

2.19 In order for bioenergy activities to grow to a large scale and reach a large proportion of
the underserved households, it is necessary not only to implement successful projects but to replicate
them broadly. The successful replication of bioenergy activities will rely on a field of actors who can
initiate and sustain activities in diverse contexts. It will depend on those with a capacity to identify
opportunities, act autonomously, innovate, react flexibly, mobilize capital, and engage in entrepreneurial
risk taking. This inevitably implies the involvement of entrepreneurs.

2.20 Entrepreneurs can be drawn from both the private sector and civil society. Both private
sector actors and civil society agents understand site specific conditions and can develop and tailor an
entrepreneurial approach to local realities. States are beginning to learn the value of harnessing the
capacities of private sector entreprencurs toward social goals. Just as important, they are beginning to
recognize that many of the most successful NGOs are driven by a spirit of civic entrepreneurship”, that is,
“entrepreneurship with civil will”. Civic entrepreneurs, to the degree that their missions explicitly value
objectives other than profit maximization, can be especially effective at rallying entrepreneurial spirit
toward social goals.

2.21 Many government rural energy programs, including bioenergy programs, have evolved
over the past half decade toward an entrepreneurial approach. The earliest government programs
concentrated almost entirely on technology development, falsely assuming that once a technology was
developed it would rapidly diffuse. Subsequent programs dispatched government employees to rural
communities to carry out projects—building biogas digesters, disseminating cookstoves, establishing
community fuelwood plantations, and the like. As they were not the beneficiaries of the projects and had
no entrepreneurial incentive to satisfy a customer, they had little motivation to build well functioning
digesters, disseminate a quality cookstove, or maintain a productive woodlot. In light of the routine failure
of such efforts, some program administrators are beginning to understand the benefit of entrepreneurial
approaches that focus efforts on creating the markets and supporting the entrepreneurs that will allow
these technologies to diffuse broadly.

2.22 When entrepreneurs are enabled to operate through effective markets, they can offer
several advantages over programs wholly designed and executed by governments. Entrepreneurs can have
the flexibility necessary for customizing systems to respond to customer’s demands for novel products,
whereas government programs generally are embedded in ponderous bureaucracies and therefore more
rigid. (For example, a government program was limited to delivery of solar home systems of two
conventional sizes, while local entrepreneurs started marketing various sizes as well as battery chargers,
miner’s headlamps, and home systems of various sizes.) Entrepreneurs can respond quickly to demand
from off the shelf stock and by establishing new supply chains and distribution channels in response to

* See Banuri, Najam & Odeh (2002), a comprehensive seven volume set that provides a analysis of civic
entrepreneurship and case studies written with input by practitioners from more than sixty countries.
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price signals, whereas government programs are often constrained by limits to the availability of subsidies
and formal decisionmaking processes regarding procurement protocols. Entrepreneurs have an inherent
incentive to provide after sales service and maintenance that government employees generally do not
have.

2.23 Governments are often reluctant to support entrepreneurs in achieving social objectives.
They see their constituency as the poor, or possibly as NGOs serving the poor, but rarely as private
entrepreneurs who may be serving the poor incidentally as part of a broader customer base. The same
applies to donor organizations, whose philanthropic intentions usually tilt them away from any activities
that engage entrepreneurs. Likewise, there are considerable disincentives for most NGOs to get into
entrepreneurial activities. Legally, NGOs in many countries are prohibited from partaking in quasi
commercial activities. Logistically, NGOs might face prohibitive barriers negotiating the world of
entrepreneurial activity, for example investing in the overhead activities of commercial audits or monthly
sales tax submissions, which in some countries expose them to harassment and corruption. Typically,
NGOs operate in a world where they are responding to funding organizations that reward them for ideal
showcase projects with public relations value rather than entrepreneurial activities that inevitably entail
market uncertainties and risks.

2.24 Governments and donor organizations characteristically avoid risky approaches, and
market development is inherently risky. Identifying effective, novel approaches for creating new markets
requires a “venture capital” approach, whereby a portfolio is constructed containing several projects,
some of which are expected to fail and others to succeed, with all projects contributing to learning.
Whereas private venture capitalists invest for high private return, governments and donor agencies should
construct portfolios aiming to achieve high social return by providing energy services to underserved
communities, supporting livelihoods, and yielding environmental benefits. Over time, as successful
models for creating markets emerge from this venture capital approach, these models can be the focus of
further replication efforts. Subsequent efforts can be directed at additional market innovation, achieving
scale economies, sustaining technological learning, and expanding consumer awareness. In the best of
cases, the resulting markets will be self-sustaining, allowing the government eventually to withdraw
support. In other cases, markets that are self sustaining on a purely financial basis will not emerge, but the
social welfare benefits will warrant continued government involvement in a manner that allows public
resources to be efficiently targeted at producing the desired welfare outcome for the appropriate groups.

2.25 It can be difficult for governments and donor agencies to demonstrate the stamina that
this process demands. It requires taking risks and seeing market development activities through to their
completion, or until it is definitely shown that a market cannot survive. Simple one off demonstrations are
much easier to execute and exit quickly. Without technical capacity building, maintenance followup,
evaluation, awareness building, and the creation of an entreprencurial cadre, such demonstrations are
unlikely to spawn lasting benefits.

2.26 Some government programs have made partial steps toward involving private sector
actors in ways that only partially capture these entrepreneurial characteristics. In these programs, so called
“entrepreneurs” are assigned an area and a delivery target. This usually defeats the purpose of involving
an entrepreneur, as it is likely to stifle entrepreneurial spirit. It tends, on the one hand, to eliminate the
incentive to develop the market and expand beyond the target and, on the other hand, to remove
competition that motivates operators to deliver a quality product and maintenance service and reduce cost,
which dampens any incentives for innovation.
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2.27 Few entrepreneurs in either the private sector or NGOs are equipped with all the skills
and resources that will allow them to forge ahead and develop a new market toward social ends without
substantial and targeted support. If governments are to enlist the involvement of entrepreneurs more
effectively, they will need to provide this support. The remainder of this section discusses the steps
governments can take in providing this support.

What can governments do to support entrepreneurs and spur markets?

2.28 Governments can play diverse roles in facilitating the creation of private sector
participation in bioenergy development (UNDP, 2003; CDASED, 2001, Utria 2002). The key to
providing effective support to entrepreneurs is to identify market creation activities that cannot be
undertaken by entrepreneurs themselves. There are many market creation activities that are needed to
kickstart a market, but in which individual entrepreneurs will not invest because they would be unable to
recover their investment. For example, it is well documented that the private sector worldwide tends to
underinvest in research and development of new technologies, since their investments would lead to
technological innovations that benefit the entire market, including their competitors. This is a main reason
that governments allocate considerable public funding to research and development. Similarly, the market
benefits of building consumer awareness of a new technology will accrue to all the entrepreneurs selling
that technology, which makes it unlikely that any given entrepreneur would recover the costs of building
consumer awareness and thus discourages any given seller from making the required investments. With
new technologies and hard to reach rural markets, such barriers are all the more daunting.

2.29 Governments could either be directly involved in these market creation activities or work
through organizations or firms that provide the entrepreneurship support services. (See Case Study 2, for
example, which discusses an NGO that is involved in supporting entrepreneurs and establishing markets.)
The specific type of support needed will ultimately depend on the sort of entrepreneur involved and the
context in which a market is to be established. For example, in enlisting the support of sugar producers to
expand bagasse cogeneration, it was observed that farmer collectives behave very differently from
privately owned sugar mills. The former are more conservative and less predisposed to innovation and
risk taking, but often can access a broader range of sources of investment capital.

2.30 Much of the following discussion applies not only to bioenergy related enterprises, but
also to other rural enterprises that could emerge once energy services are available. This latter set of
enterprises might well provide more income generating opportunities and contribute to rural development
than the bioenergy activities alone; they should be a central focus of embedding a bioenergy initiative in a
broader rural development context.

2.31 Before discussing concerns particular to entrepreneurs, it’s important to note that a major
role of government is to provide stability and suitable macroeconomic and social conditions for
sustainable development, whose impacts go far beyond their bearing on entrepreneurial bioenergy
activities. The underlying conditions are determined by the nature of fiscal and monetary policy, the
presence of democratic institutions and the rule of law, the condition of basic infrastructure (roads,
communications), the health of the workforce and prevailing labor conditions.

2.32 Beyond establishing these general positive enabling conditions, governments can take
specific steps to catalyze entreprencurial activity, which can be broken down as below. NGOs can also
effectively take part in many of these steps.
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Identifying markets

2.33 Bioenergy program planners can play important and helpful roles in identifying markets.
When a technology is not yet commercial, a publicly supported effort to establish the nature and scale of
the potential market can provide key information that will induce entrepreneurs to take notice. Once a
market analysis is undertaken, entrepreneurs can be attracted with documented and substantiated
information about the market’s scale and potential profitability. Such a study should involve an analysis
of the prospective consumer’s willingness to pay. It should also explore the unique needs of various
market niches, such as differences in intended function, space constraints, availability of operation and
maintenance expertise, willingness to adopt new operating practices, and need for reliability. This
information can be used not only to assess the market, but to orient product design. The market analysis
should ascertain both the size of the aggregate market demand and its spatial distribution in order to
determine whether it is “dense” enough to be served by entrepreneurs working within an area bounded by
practical constraints. These conclusions should be based on realistic estimates of potential market
penetration, taking into account that perhaps 50 percent or less of the apparent market might actually
adopt the product. Biomass projects have shown that low penetrations occur for a variety of reasons:
some users will defer investment until time to replace their existing capital (even if it is cost effective to
do it immediately). Some users might strategically delay investment on the presumption that a subsidized
version will be offered; others with low capacity factors might not find investment to be economical, and
some might be too remote to be served.

2.34 In many countries, there are various commercial household products (such as salt, soap,
and batteries) that have reached even the most remote rural villages, each accompanied by its own
complex distribution channels. These often rely on a mix of formal and informal sector entrepreneurship
to create an extensive retail network. Such markets can serve as a useful model and can provide valuable
information regarding the prospects for establishing new markets and assessing their scale and
characteristics.

2.35 It is important to recognize the practical difficulties inherent in trying to market
household energy services to a poor clientele. Entrepreneurs will be likely to neglect the poorest
households, especially in the early phases of market development. The poorest stratum of the prospective
consumer base is difficult to reach for several reasons. Obviously, poor households have the lowest ability
to pay, yet heavy subsidies are very difficult to administer. They often have the most stringent product
requirements, especially low price, high durability, and reliable performance, since they have less access
to after sales service. Poor households are the most risk averse, making them yet more reluctant to attempt
novel products. And poor households should not have to bear the cost of commercializing new
technologies, which invariable face technical glitches.

2.36 Once markets have developed somewhat, however, it will become easier for
entrepreneurs to target poor households. Product costs will have decreased through innovation, access to
after sales service will increase as distribution infrastructure grows, and marketing and awareness raising
activities will decrease as a product diffuses more widely. For these reasons, there may be an argument
for focusing entrepreneurial activity on less poor households initially. To the extent that social welfare
benefits justify it, public resources could be allocated toward facilitating entrepreneurs’ efforts to reach
the poorest households through various incentives.
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Training a cadre of entrepreneurs and incubating enterprises

2.37 Some areas, especially in rural regions of developing countries, do not have a population
of entrepreneurs who can take up the challenge of marketing a novel product. The government could help
provide some basic training, either to prospective entrepreneurs or to NGOs who could then serve as
trainers, which would equip people with the necessary skills and information to take up entrepreneurial
tasks.

2.38 Entrepreneurs need the basic skills and information necessary for:
e Understanding technological options and their applications
e Analyzing markets and ability/willingness to pay
e Assessing resources
e Conducting feasibility analysis
e Carrying out cash flow analysis, business accounting, and financial planning
e Designing a business plan
e Assessing and managing risks
e Understanding competition
e Securing financing
e [Establishing procurement channels
e Overseeing operations
¢ Ensuring quality control
¢ Controlling inventory
e Marketing and advertising
e Obtaining permits and licenses

¢ Ensuring regulatory compliance

2.39 These will be required to varying degrees, depending on the scale and sophistication of
the bioenergy activity in question. In addition to capacity building, entrepreneurship support programs
could go further by “incubating” incipient private sector enterprises, providing support during the
particularly challenging startup phase. This support can take different forms depending on the particular
market, social context, and on the scale and sophistication of the enterprises that are to be supported.

2.40 Incubator support could be primarily institutional in nature, providing contacts and
information rather than physical facilities and capital assets that require substantially more money. It may
involve facilitating networking by convening workshops and other forums and establishing trade groups
to allow entrepreneurs to learn from one another. Such opportunities to share experiences among peers
and to receive mentoring from experienced entrepreneurs are particularly beneficial for small
entrepreneurs, who lack the economies of scale and financial resources that would readily allow them to
access information and experiment with different marketing approaches. Small entrepreneurs, who
require reliable and cost effective upstream and downstream linkages, can benefit from assistance in
comparing suppliers and establishing procurement channels.
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2.41 In many contexts, incubator support that provides access to physical facilities and fixed
capital assets can greatly benefit entrepreneurs. At the simplest level, incubators can provide
entrepreneurs with secure storage space for their stock. At a more substantial level, incubators can
provide facilities for offices, workshops, or manufacturing facilities, where entrepreneurs can share
jointly purchased assets or have access to facility owned assets for individual rental. Depending on the
type and scale of the enterprises, entrepreneurs can make use of assets ranging from simple recordkeeping
and telecommunications conveniences to manufacturing capital and administrative infrastructure.

Facilitating legal compliance (registration, permitting, and licensing)

2.42 The process for maintaining compliance with legal requirements should be transparent
and streamlined. One of the major reasons cited for the dramatic variation across countries in the level of
entrepreneurial activity is the extent to which the government bureaucracies facilitate or impede the
process through their formal processes of registration, permitting, licensing, and the like. (ILO, Studies of
Policies, 2002; 2003)

2.43 Straightforward processes that limit opportunities for abuse and corruption reduce
barriers and increase the practical opportunities for engaging in entrepreneurial activity. Simple measures,
such as making applications and guidelines available on the Internet where access is available, have been
identified as being effective means to increase transparency.

Working with entrepreneurs to assure quality control in manufacturing and service

2.44 Quality control is critical in the early stages of technology commercialization and market
development. For novel or unproven technologies that do not enjoy extensive infrastructure for providing
after sales service and retail parts, consumers will want special assurance that the product is reliable and
of high quality.

2.45 Governments can provide support in several ways. They can establish a certification
procedure based on clear technical specifications, an openly available testing protocol, and officially
authorized third-party certifiers. The certification procedure should be streamlined and transparent, and
designed so as to preserve incentives to keep the process rigorous. Consumers should have recourse when
products don’t perform as certified, and the third-party certifiers should be held accountable for their
assessments. In cases where trademark protections are in place, product branding can also provide a form
of certification of product quality and accountability.

2.46 Standardization is one means of introducing quality control. For example, developing a
manufacturing template for earthen cookstoves proved very effective at making production less costly and
more reliable in Mysore area in India. Since the effectiveness of cookstoves depends strongly on precise
adherence to design specifications, entrepreneurs in this area were able to produce better performing
stoves considerably faster with the template, which in turn built confidence in the stove and increased
dissemination.

2.47 Governments could establish technical assistance centers (in some contexts called
“Technical Back-up Units”) to provide small entrepreneurs with expertise on demand to which they
would not otherwise have access. Such centers can provide direct technical assistance by, for example,
visiting production facilities, inspecting units after installation, assisting with troubleshooting, and
resolving technical problems that the entrepreneur alone cannot address. In various cases, the role of the
technical assistance center has been filled by government applied technology laboratories, NGOs who
have received special training, private sector groups funded by the state, and academic institutions.
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Entrepreneurs who can claim ready access to competent technical support can build confidence in
prospective customers, and some have made this support an integral part of their marketing efforts. For
example, entrepreneurs marketing efficient biomass dryers to small enterprises in southern India
distributed brochures and posted advertisements that featured the logo of the NGO who supported them in
developing the technology, creating markets, and providing after-sales service. (See Case Study #1.)

2.48 Such measures can be extremely helpful, as poor service is regularly cited as the reason
for failed projects, especially in remote areas where outside expertise can otherwise be difficult to access.
Indeed, although entrepreneurs may well have the inclination and commercial acumen to initiate an
undertaking, they may lack the technical expertise that will be critical to the project’s success. Several
examples exist of entrepreneurs who have failed because they had neither the technical expertise nor the
backup technical support needed to commercialize an emerging technology. This is true even of
industrial-size activities, such as the Riberalta Electricity Cooperative’s operation of a megawatt-scale
facility operating on Brazil nut shells, which was interrupted for several months because of problems that
arose from the lack of regular maintenance. (See Bioenergy Profile 3.) The widespread dissemination of
small-scale systems, such as biomass gasifiers, might be particularly susceptible to the scarcity of skilled
labor at remote sites. Existing gasifier projects, which have provided training for operators, have
reportedly had to deal with loss of trained operators to competing employment opportunities. (See
Bioenergy Profile 5.)

2.49 The fact that bioenergy conversion technologies may often be imported and/or unfamiliar
is a further reason why linkages must be created between those who design and install the system and
those who operate it. A biogas plant in Malawi was shut down after only a brief period of successful
operation; the plant had been funded by a foreign donor and it proved difficult to clarify and follow the
proper operational procedures (see Bioenergy Profile 1). In larger developing countries where systems are
more likely to be designed domestically, the organizational linkages between design, installation, and
operation in the field can be easier to create. The success of biogas systems and gasifier-engine systems in
India has been due in part to the consistency and continuity provided through the research groups at the
Indian Institute of Science, which follow the projects from design through installation, field testing and
implementation (see Bioenergy Profile 5 and Bioenergy Profile 10). Overall, such risks are probably
greater in smaller developing countries that are more dependent on both foreign suppliers and foreign
technical expertise. One channel for building indigenous technological capacity is through joint ventures
between local enterprises and foreign private sector actors, who might have considerable experience,
technical expertise, and investment capital to contribute to the project.

2.50 Another important measure for increasing the confidence of prospective consumers is to
offer service plans or insurance, and to create a policy environment in which they, as well as product
guarantees or warrantees, are legally enforceable. This creates an expectation among consumers that they
are entitled to a reliable product, and makes available to them the necessary market mechanisms and the
legal wherewithal. This is especially necessary if there is an active market in refurbishing and reselling
products, which is almost inevitable in rural areas of developing countries.

Helping products reach a “threshold of visibility”

2.51 Governments should help entrepreneurs to market new products by supporting their
efforts to reach a “threshold of visibility” where consumer awareness has risen to the point when the
market can continue to expand over time. Up to this point, entrepreneurs face high risks and low returns,
and are likely to fail for reasons other than whether their product is inherently viable. Government efforts
in this regard have proven critical to some household energy initiatives, such as the dissemination of high-
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efficiency kerosene stoves in Karnataka, India, where adoption rates remained low until the appearance of
a government-assisted advertising campaign, when adoption dramatically accelerated.

2.52 Reaching this threshold requires sustained marketing efforts through culture- and context-
appropriate media. For some products (such as an improved household wood stove or alternative fuel
targeting very poor communities), a household’s exposure might most effectively come through
development workers or street theatre. Other products might be effectively promoted through carefully
selected advertising. One NGO in northern India supported entrepreneurs by widely distributing posters
and flyers. This approach was selected as it was expected to be far more cost-effective than a formal mass
media advertising campaign conducted through radio and TV, as it was better targeted, more cost-
effective, helped confer the NGO’s credibility on the entrepreneurs, and avoided direct competition from
large established companies who regularly advertise through mass media.

Working with financial institutions to improve access to financing

2.53 Insufficient capitalization is the primary reason why the vast majority of startup
entrepreneurs fail within the first few years. One obvious means for governments to provide support is to
give large direct capital subsidies to entrepreneurs, but these very often fail to achieve either the welfare
or entrepreneurship benefits that are sought. (See section 2.10.) In contrast, credit financing creates access
to capital, while preserving incentives and situating responsibility within the entrepreneurs, financing
institutions, and customers. It allows risk management to remain in the hands of those generally better
positioned than the government to deal with it. That said, governments do certainly play important roles
in helping to create those credit delivery modes that provide entrepreneurs access to capital. Government
support can take a range of forms designed to meet the diverse needs and contexts of entrepreneurs.

2.54 Governments can support activities that build capacity within financial institutions for
supporting entrepreneurs. Basic understanding is a prerequisite before any financial institution will
consider a bioenergy project (or any other project based on an emerging technology). Financial
institutions will be much better equipped to evaluate financing requests from entrepreneurs once they
have been exposed to training with several important objectives:

understand the bioenergy technologies and their level of commercial maturity;
e appreciate the financial benefits of using biomass resources;

e understand risks unique to biomass, such as feedstock procurement risks, and
mechanisms for risk mitigation;

e account for the effects of supply seasonality on cash flow in negotiating repayment
terms;

e familiarize themselves with the entrepreneur’s target customers and recognize their
potential for improved income generation once they acquire reliable access to energy
services;

e consider similar projects as candidates for bundling into larger loans with lower
transaction costs;

e acquaint themselves with policy incentives (such as renewable portfolio standards,
power purchase agreements, and carbon offset arrangements) that contribute to
biomass project viability;
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2.55 Given an adequate understanding of such issues, financing institutions will be better able
to assess projects, and having established a portfolio of projects will have gained experience that will
enable them to help entrepreneurs design viable projects and advice governments on creating effective
incentives. For example, the accumulated experience of financing institutions can help governments
refine and target credit subsidies, rather than broadly directing support to sometimes ill-defined “priority
sectors”. Further experience can also help governments design graduated interest rate subsidies for
bioenergy project types that differ with respect to their degree of social and technology-advancing
benefits, as a refinement to the fixed interest rate subsidies that are usually offered to sets of disparate
project types.

2.56 Projects involving emerging technologies frequently have greater, and sometimes
unexpected, expenses associated with learning from early implementations. Before adoption of a product
has become widespread and routine, there can be unexpected costs associated with redesign, installation,
training, operation, outreach, licensing, and other elements that can evolve significantly between the
laboratory and the field. Financing packages should account for such contingencies. Some government
energy technology financing schemes stipulate that their funds be used for initial capital expenses only,
which invariably results in entrepreneurs who have deep investment commitments being stranded with
unforeseen cash flow problems. Government, in collaboration with their financing intermediaries, should
study these cases, learn from them, and design financing programs that can handle such contingencies.
For some projects carried out during early commercialization stages of a new product, financing schemes
should recognize that a profitable undertaking might begin with an unprofitable phase, and determine
conditions under which to capitalize the early losses and enable the entrepreneur to surmount the initial
profitability barrier.

2.57 Financing schemes, especially those designed at the small scales of households or micro
enterprises, should be tailored to local cultural requirements, capacities and constraints. Those designing
and implementing them should recognize the importance of locally acquired information, such as the
sources, seasonality, and types of income, so as to allow repayment terms that are suitable to the
borrower’s cash flow. They should understand whether the installed capital can serve as collateral,
accounting for such things as the technical and social feasibility of repossessing assets. They should
recognize the significance of social connections in assessing a prospective borrower’s creditworthiness
(for example, the borrower’s access to the assets of the extended family) and ability to make payments
(for example, the role of peer group pressure ensuring payments), particularly given that the effective
identification of creditworthy borrowers and efficient collection of payments are critical to a successful
credit program. They should design outreach efforts so as to account for social factors such as level of
education, ability to complete loan agreements, and attitudes toward indebtedness.

2.58 For small-scale borrowers, financing institutions should identify opportunities to couple
their credit services with other needed services that can contribute strongly to local welfare. Various
models have developed for providing savings services, for example, relying on local saving associations,
“self-help groups”, or women’s organizations, that can both provide social support for savings and reduce
transaction costs for administering savings systems. Insurance services also are being demonstrated to be
valuable to households and micro enterprises, which are vulnerable to volatility from economic, political
and natural causes.

Creating mechanisms to assess, manage, pool, and reduce risk,

2.59 New entrepreneurs are generally savvy about many of the local conditions in which they
operate, but invariably can still benefit from assistance identifying, analyzing, and managing risk.
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Governments can help entrepreneurs address risk in ways that still maintain accountability and incentives
for success with the entrepreneurs. They can support training for entrepreneurs in basic risk management
concepts, such as a quantitative assessment of uncertainties and the simple methods of sensitivity
analyses, in using risk management tools. Governments can also help establish institutional arrangements
for pooling risks among groups of entrepreneurs or diversifying to reduce risk. Some of the same
mechanisms for helping the agricultural sector manage risk can apply to entrepreneurs in bioenergy
markets, particularly those dealing with feedstock supply or procurement.

2.60 One source of risk for entrepreneurs in energy services is that their prospective
consumers may potentially be adopting a product that is shortly rendered obsolete. Villages have been
known to be disinterested in investing in village energy systems in the expectation that the grid power
will eventually be introduced, and households have been reluctant to adopt an improved cookstove in the
expectation that an source of LPG will eventually be available. Governments can help by backing up
guarantees by entrepreneurs that capital investments will be refunded if the system is rendered obsolete
by such developments.

Financial and Fiscal Incentives for Bioenergy Activities

2.61 Purposes of incentives: Many governments, in both developing and industrialized
countries, have put in place fiscal and financial incentives intended to make energy services and energy
using products more affordable. These have many underlying purposes. First, they are rationalized on
social welfare grounds. Many energy services, such as heat for food preparation, are indispensable basic
goods that dramatically increase a household’s well-being. Poor households typically spend a large
percentage of their income and/or time to acquire them. Moreover, each unit of energy service tends to
cost poor households even more than wealthier households in terms of money, time, and health impacts.
Poor households tend to use less efficient end use appliances and lower quality fuels, purchase energy
sources in smaller quantities, have worse access to energy markets, and have poorer terms of trade with
energy providers.

2.62 Second, energy incentives are sometimes targeted to support specific political or
environmental objectives. For instance, subsidies to ethanol in the United States serve as agricultural
support, subsidies to industrial charcoal in Brazil have helped preserve foreign exchange, and subsidies in
the EU for wind power are justified on environmental grounds. Since energy is seen as a key strategic
sector responsible for catalyzing economic growth, broad, permanent incentives are sometimes offered on
macroeconomic grounds, either in the form of inducements to invest in production or subsidies for
consumption.

2.63 Third, incentives are often offered in order to develop and commercialize new
technologies and create new markets. There are distinct steps in this process. Initially, resources are
directed at research and development and proof of concept. This is followed by demonstrations and
awareness building, and then incentives to bootstrap and scale up commercial markets. Some
technologies might warrant further continued long term support for social and/or environmental reasons.

2.64 Incentives for energy activities take several forms. Governments establish incentives on
the energy production side—exploration, infrastructure expansion, research and development—through
direct financial incentives (capital subsidies, concessional loans, accelerated depreciation, tax holidays,
tariff exemptions), preferential regulatory treatment, or mechanisms to reduce risk. Governments also
provide incentives on the energy consumption side, through policies that subsidize energy prices (for
example, keeping them below fuel production costs or world market prices for internationally traded



36 Advancing Bioenergy for Sustainable Development

fuels, or below long run marginal cost prices for electricity), or by providing capital incentives for energy
appliances (such as improved cookstoves). Sometimes energy related incentives achieve their objectives,
providing a cost effective way of transforming markets and changing consumer behavior.

2.65 Sometimes, however, energy related incentives do not achieve their objectives or do so at
an unacceptable cost. Designing effective incentives requires crafting policies and mechanisms for
implementing them that are attuned to local circumstances and needs. Typical problems with incentives
are discussed below.

2.66 Typical problems with incentives: Government offered incentives can strongly influence
the market environment for bioenergy activities—for better or worse. Flawed incentives are often
recognized by governments as unsustainable, but once in place, it can be politically challenging to reduce
or eliminate them. There are always parties with vested interests in incentives who are strongly motivated
to resist their removal. Indeed, in recent years, attempts to phase out incentives have precipitated political
crises.

2.67 The reasons why incentives may fail are manifold, and they should be understood in the
context of a particular bioenergy program that a policymaker aims to support. Typically, subsidies and
other such incentives can fail or contribute to a market environment inhospitable to biomass activities
because they are:

2.68 Distortionary: Subsidies for energy products such as electricity and fuels can render it
difficult or impossible for energy efficiency and alternative energy sources such as bioenergy to compete.
For example, subsidized rural electrification that is exclusively based on grid extension can end up
displacing electrification initiatives based on community minigrids or household systems that might be
more economically sensible. Subsidies for fuelwood, in the form of uncontrolled free access for
commercial woodcutters to state controlled woodlands, invariably lead to degradation of the resource base
in areas pressed by high demand. Underpricing fuelwood eliminates incentives for restoring forestland or
adopting wood conserving cookstoves and charcoal kilns or for fuel substitution.

2.69 Poorly targeted: Often, subsidies that are justified on grounds of welfare are diverted
from their intended beneficiaries. For example, subsidized kerosene that is intended to serve as a low cost
cooking fuel for poor households primarily benefits wealthier families because they consume much more
kerosene. Moreover, it sometimes is diverted as a highly polluting fuel additive in vehicles. Similarly,
electricity subsidies often benefit wealthier households or farms with electrical pumpsets rather than poor
households and farms. The poor therefore receive a small fraction of the total outlays for such subsidies.

2.70 Expensive: Subsidies can impose considerable demands on public sector resources and
become fiscally unsustainable. Globally, conventional energy subsidies were estimated at $250-300
billion per year in the mid-1990s (UNDP, 1997). In some countries, support for broad, permanent,
expensive subsidy programs has left public energy authorities severely decapitalized and unable to make
the investments needed to maintain existing service, let alone extend service, due to distortionary effects
and chronic fiscal strain. Especially where fuels are imported, extensive subsidies can seriously strain
foreign exchange resources.

2.71 Sometimes, incentives can even be a “kiss of death” for an emerging technology. They
can diminish the perceived value of a technology, or associate the technology with poor households in a
way that makes it less attractive for broader communities. In certain regions of India where poor
households were offered improved cookstoves at heavily subsidized prices, recipients were observed to
remove the chimney (thereby eliminating the smoke reduction benefits of the stove) because households
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with chimneys were assumed to be the homes of the poorest families. In other programs, potential buyers
who desired and could in principle afford the improved stove would refuse to buy at cost, because they
assumed (rightly or wrongly) that eventually they would get a subsidized stove. Often, incentives
undercut prices that can be offered by unsubsidized private sector entrepreneurs, which has the effect of
curbing the total market penetration to a level determined by the targets and timetables established by the
subsidy program and the distribution capacity of the government, which could be much less than the
actual market size.

2.72 Characteristics of effective incentives for commercializing bioenergy technologies:
Government incentives can be justified for technologies that are not competitive under existing market
conditions yet have good long term prospects and/or provide other environmental and social benefits.
They should be carefully tailored to the situation. While this requires a careful, context specific analysis
of the setting and objectives of a bioenergy program, the following general rules of thumb are helpful
when designing incentives.

2.73 If incentives are intended to increase energy access for poor households, they should be
carefully targeted so that they are efficient and effective. An example is the so called lifeline rate,
whereby a subsidized rate is offered to households for a “subsistence” level of consumption, for example
up to 50 kWh per month or a few kilograms of fuel. Consumption beyond the lifeline level is charged at
an unsubsidized rate. This scheme ensures that poor households have access to low cost energy services,
while wealthier consumers pay unsubsidized rates for most of their consumption. This arrangement is less
fiscally burdensome for the government authority, yet still delivers the intended welfare benefits. A
second strategy that increases the effectiveness of welfare based subsidies is to focus on initial access as
opposed to continued operating expenses. Often, the barrier to acquiring services is not the price of
energy per se, but the cost of establishing the connection (in the case of electricity), or paying initial fees
and services (in the case of establishing a “subscription” for higher quality fuels), or for appliances
(stoves for clean fuels).

2.74 Incentives should be suitably long term and predictable to provide the intended incentive,
but with a sunset clause that phases out the incentives and encourages developers to continue to advance
the technology until it is cost competitive with conventional alternatives with no subsidies. Ideally,
incentives that are required initially to commercialize a technology and create a market are no longer
needed once economies of scale, continued technological progress, and market innovations have made the
technology cost competitive and accessible. There are some situations where it might be reasonable to
implement incentives that are intended to remain in place for the long term. In particular, long term
support would be warranted if there are welfare benefits that are large enough to justify public sector
investment. In the case of bioenergy activities, such welfare benefits could arise in a program that cost
effectively provides access to basic energy services to the rural poor, or in a program that is a cost
effective channel for investing in the creation of rural jobs producing biomass feedstock.

2.75 Incentives should not impose a fiscal obligation that is likely to compromise the financial
stability of the responsible agency. Incentives must not be so large as to be a serious drain on public
resources, especially if they are intended to remain in place for an extended period of time. Care should
be taken that incentives do not become embedded entitlements that cannot be removed on political
grounds. The following are two types of revenue neutral subsidies that energy authorities might be able
implement with less fiscal discomfort than could result from a straight subsidy. The first is a cross
subsidy from one consumer sector to another (for example, urban to remote consumers) provided there is
sufficient purchasing power in the sector that is absorbing the cost. The second is a cross subsidy from the
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future to the present, by setting prices so as to subsidize the early phases (while consumer demand is
growing), but recover these costs in the subsequent phases once economies of scale have been realized.
This provides an implicit credit element that makes initial outlays less burdensome for investors and/or
consumers.

2.76 Incentives should be designed so as to minimize the potential for corruption. Systems that
involve complex, multitiered monitoring and verification structure invite abuse. Such systems are only as
robust as those monitoring schemes, and their outcomes can only be as successful as those schemes are
effective. Some programs—ranging from household scale cookstove programs to industrial scale gasifier
programs—have been shut down after millions of dollars of investment when independent investigations
uncovered that the monitoring and verification systems were rife with abuse and the actual biomass
activities undertaken where substantially less than officially reported. Systems were not being installed, or
were being installed and then relocated and then claimed as new installations. Programs that preserve
some of the checks and balances of the market, for example by requiring recipients to contribute to the
equipment cost and allowing them recourse if unsatisfied with the performance or the after sales service,
motivate vendors to supply quality services and are more resistant to abuse.

2.77 Incentives should encourage, not undermine, entrepreneurship. Sometimes, for example,
subsidies enable NGOs to carry out activities (cookstove dissemination, household lighting) at prices that
undercut private sector efforts and result in a lower total volume of supplier activity. If the aim is to reach
poor households that the private sector cannot reach, this should be done in a manner that allows or
enables the market to continue to respond to effective demand.

2.78 Incentives that are intended to develop and commercialize a given technology should be
directed to the appropriate point in the chain of commercialization. If a technology is in the research and
development phase, incentives should be directed at building technical expertise, coordinating links
among research organization, and supporting research. Both governments and donor organizations face a
strong temptation to invest in highly visible field installations, but when these investments are made
prematurely the result too often is eventual technical breakdown, and a decrease in the level of public
interest and the enthusiasm of funding agencies. If a technology is in the demonstration and outreach
phase, incentives should be carefully directed at projects that provide for continued learning (both
technical and commercial) and maximize awareness building. If the technology is in the market scale up
phase, incentives should be carefully designed to address the particular barriers faced by the technology,
such as high first cost for the intended market, real or perceived technological risk, low consumer
awareness, and inadequate access to technical support and after sales servicing. It is important that
government incentive programs are designed with this natural evolution in mind, that authorities
demonstrate the required stamina to provide the needed support throughout this lifecycle, that they
approach the entire chain as a learning process, and that they be willing to invest with the knowledge that
some ideas will succeed, while others may fail.

2.79 Incentives should be based on performance, rather than capital investment alone. In the
past, poorly designed subsidies and incentives have resulted in facilities’ being deployed in the absence of
an ongoing incentive to continue operation. For example, an early program aimed to provide
electrification in Indian villages by heavily subsidizing the initial capital cost of biomass gasifier/diesel
engine generators, but most of the gasifiers were abandoned and the heavily subsidized generators were
run on diesel alone. Heavy capital subsidies eliminate or greatly limit the user’s exposure to performance
risk. Whether at the level of a household cookstove user or that of an industrial facility installing a new
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piece of energy equipment, heavy capital subsidies can result in users who undervalue the product and
have a lower level of commitment to its successful implementation.

2.80 Incentives should extend flexibility for the investor and/or consumer to choose from
among a range of technological and institutional options, so as not to predetermine a specific winning
option. This makes it most likely that technological advancements will continue. unanticipated
innovations can emerge, and consumers can express their preferences.

2.81 Ultimately, policies must comprise consistent packages that are realistic to implement.
Policies that impose new burdens on some sectors—such as fiscal policies that remove subsidies or
impose new taxes—may be particularly difficult to implement. For example, in the Niger Household
Energy Project (ESMAP, 1997; Kerkoff, 2001), project designers initially proposed that the initiative to
establish village managed rural fuelwood markets should be coincident with a substantial increase in the
tax levied on wood from unmanaged woodlands. Unfortunately, the government was able to impose a tax
at only one quarter of the proposed level and proved unable to collect it at much more than 30 percent
efficiency. This weakened the incentive for fuelwood transporters to acquire wood from village fuelwood
markets instead of natural woodlands.

Environmental Policies

2.82 The market environment for bioenergy activities is conditioned not only by explicit
financial incentives, discussed in the previous section, but also by environmental policies such as
regulations to prevent environmental damage or incentives to encourage environmental preservation.
Bioenergy activities are intrinsically linked to the environment because they are a land and resource
intensive undertaking. They have a range of potential environmental benefits that biomass related policies
should seek to encourage through incentives as well as adverse impacts that policies should aim to
prevent though regulations. This section discusses some of the linkages between bioenergy activities and
environmental policies.

Policies relating to environmental externalities

2.83 The term “externalities” refers to economic impacts that are not felt as financial costs by
the producer or user. Externalized costs include environmental costs from fuel extraction (for example,
strip mining of coal or unsustainable harvesting of wood from forests), treatment (effluents from
refining), and consumption (pollutant emissions from combustion). In most cases, the externalized costs
of fossil fuel cycles are higher than those of renewable energy cycles, so markets are generally distorted
in favor of conventional fossil fuels. But the case for bioenergy is more complex than for other
renewables. These environmental impacts are likely to be wider reaching for bioenergy than for most
energy sources, given the intricate chain of activities from feedstock production to final consumption that
bind bioenergy systems so tightly with the environment. Many proponents of bioenergy have asserted that
biomass feedstock production can be done in ways that advance other environmental goals, such as land
restoration, watershed protection, greenhouse gas mitigation, or the disposal of wastes that would
otherwise pose a pollution hazard, such as air pollution from burning agricultural residues or freshwater
pollution from dumping sewage. (See Bioenergy Profiles 3,6 and 9.) But in reality, much commercial
scale feedstock production worldwide currently involves unsustainable practices such as harvesting at
rates that degraded the underlying resource base or creating plantations of questionable environmental
soundness.

2.84 Various policy measures can help to internalize externalized costs, to account for the full
economic cost of energy consumption. The state can tax the responsible product, fine the offending
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activity, or impose regulations that reduce the externalized damages. Although it is complex to quantify
the externalized damage and to assess a precise monetary value, corrective policies are widely
implemented, cover a range of externalities, and can be economically efficient and fairly straightforward
to implement. Approaches have ranged from mechanisms that are market based (such as pollution taxes,
“cap and trade” regimes, and renewable portfolio standards) to those that are largely “command and
control” (such as efficiency standards, technology requirements for end of pipe cleanup, and fuel content
standards).

2.85 Water: Biomass activities can very positively affect hydrology by revegetating degraded
areas and thereby improving ground water replenishment and surface water health. A highly successful
example of revegetation measures that revive watersheds is the activity of the Watershed Organisation
Trust in India (www.wotr.org). If biomass activities increase the use of agricultural inputs, however, they
can increase chemical loadings to freshwater. They can also contribute a large water demand if fast
growing energy crops are grown or bioenergy facilities are operated with large water demands.

2.86 Greenhouse gases: Increasing attention is being paid to mechanisms for quantifying and
internalizing the greenhouse gas benefits of biomass, due to both the carbon emissions reductions from
displacing fossil fuels, and the increased carbon sequestration on restored land (IEA, 2003 — Task 23).
The former is invariably a large positive gain, while the latter would be positive, for example, if degraded
land is restored, or negative if the consumption of agricultural residues leads to a decrease in soil carbon
or if natural biomass stocks are harvested without replanting’. In cases where the financial benefits of
carbon reductions are sufficient to make a project viable that otherwise would not have been, the project
might be eligible for carbon credits through a modality such as the Clean Development Mechanism®.

2.87 Forests, habitat, biodiversity: Tremendous benefit could result from the integration of
biomass energy with the restoration of degraded land. Biodiversity—ranging from the soil organisms that
keep soil healthy, to the plants on the soil, to the animals living among the plants—could benefit from
judicious planting of plant species that provide environmental services while simultaneously serving as an
energy feedstock. It is vitally important that measures are put in place to ensure that the environmental
benefits are not sacrificed for the sake of maximizing yields of biomass feedstock, which will be the case
if optimizing bioenergy profits is not tempered by environmental and social guidelines that protect
biodiversity and human habitat. Participatory methods of resource management will help to safeguard this
balance (see Chapter 3).’

2.88 Some policy measures are intended to address not the environmental externalities per se,
but to recognize positive externalities associated with disseminating new technologies, such as market
transformation benefits that arise from ushering novel technologies into the marketplace. These include
public benefits that are not exclusively appropriated by the investor, such as technological innovation,

> For technical analyses regarding the GHG impacts of bioenergy, see Schlamadinger et al.(2001), IEA(1998),
Borjesson (1996). A quantitative model that helps project developers assess GHG impacts is COMAP (LBL, 1999).

% For additional information on the CDM and carbon credits, see cdm.unfccc.int and prototypecarbonfund.org. For
reference, a project developer can expect that carbon credits for a sustainable, zero carbon biomass electricity plant
would yield on the order of US$ 0.01/kWh, assuming a carbon price of $10/tCO, and a baseline of natural gas
power. Revenue would be higher assuming a higher carbon price or a more carbon intensive baseline generating
source.

’ For general treatments environmental impacts of bioenergy, see for example, IEA (1998), OTA (1994), OLADE
(1994).
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consumer awareness, and economies of scale in ancillary services such as maintenance. These
mechanisms are an accepted rationale for supporting precommercial technologies. The Global
Environment Facility, for example, has adopted as one of its Operational Programmes a portfolio of
projects aimed at demonstrating emerging technologies and bringing down their long term costs. Biomass
based electricity and biomass based fuels are specifically targeted under this GEF effort.

2.89 Waste disposal regulations and practices: Waste disposal regulations and practices
affect the incentives for creating and expanding bioenergy systems. In considering formal regulatory
options, it is important to consider informal resource management practices, which sometimes evolve into
more environmentally sound practices without the need to resort to bureaucratic regulations. Indeed, such
regulations might in fact be a hindrance where they are inconsistent with locally respected common
property regimes. Even best intentioned environmental regulations might not improve resource
management, if the cost of their enforcement proves prohibitive.

2.90 Land use and land based disposal regulations and practices often affect the availability of
biomass feedstocks. In industrialized countries, tightening landfill regulations have contributed to the
emergence of new feedstocks. Waste products that can be incinerated are often restricted from being used
as landfill in EU countries or must pay a significant fee, which in many cases is greater than the cost of
shipping it to a nearby biomass power plant. Other unconventional waste product streams can be
channeled toward bioenergy as a result of the hazards they create in landfills; a biodiesel plant in Maui
relies on used restaurant oil and grease that was causing fire and contamination problems in the landfill
(see Bioenergy Profile 9). In activities that substitute waste inputs for virgin inputs, resource efficiency
can be an effective motivation even where there are no regulations. A gasifier installed in Sumatra in
Indonesia was valued not only for its improved efficiency but also because it reduced deforestation
through the substitution of waste (palm shells) for wood (see Bioenergy Profile 7).

291 Improvement of water quality or water resources can provide a useful incentive for
bioenergy systems, particularly in developing countries where clean water may be a scarce resource.
Provision of feedstock for a bioenergy plant in Bolivia found special motivation from the fact that the
feedstock (brazil nut shells) had previously been a waste product dumped into the river. The local
community recognized that this practice was wasteful in two respects—it polluted the river and it wasted
a useful energy resource (see Bioenergy Profile 3). An integrated biogas plant in Colombia produced
decontaminated water at the same time that a new energy source was being tapped (see Bioenergy Profile
6). In both cases, environmental practices were thereby changed without recourse to regulations. Where
such improvements are sustainable, the underlying institutions, albeit informal ones based on community
standards, have effectively been transformed.

Effects of Trade Policy on Bioenergy Activities

2.92 Policies and regulations on regional and international trade affect bioenergy systems
through impacts on the technologies and resources employed, as well as the demand for final goods and
services. The extent to which import or export issues are most significant to the development of bioenergy
systems depends of course on the case in question—it is not possible to generalize as to whether policies
that encourage exports or discourage imports will benefit bioenergy activities. The tremendous
differences in size and technical capacity among countries will naturally give rise to significant
differences in such benefits. Trade issues can be addressed generally and a few examples offered across
four major product/service categories with respect to bioenergy systems: inputs, conversion technologies,
distribution infrastructure, and final products.
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2.93 Feedstocks: The impact of trade on bioenergy feedstocks is muted by the relatively high
costs incurred in the logistics and transportation of feedstocks, given the nonhomogeneity, bulkiness and
lower density of biomass compared to most conventional fuels including coal. Nevertheless, where
international trade is relatively unrestricted, opportunities will arise for biofuels to find valuable markets
abroad where they do not find domestic markets. The case of forest industry waste and other waste
products traded freely within the EU (the world’s largest free trade zone) presents a good example. At the
same time, it is important to recognize that transportation of bioenergy feedstocks in fossil fuel driven
vehicles diminishes the environmental benefits of bioenergy. Similar detriments are equally applicable to
lengthy intranational transport, such as long distance shipment of molasses for ethanol production (see the
case of Malawi in Bioenergy Profile 1).

2.94 Conversion technologies: With the exception of household level technologies such as
cookstoves and mature technologies, the manufacture of bioenergy conversion technologies is largely
restricted to industrialized countries and larger developing countries. Consequently, smaller developing
countries generally rely on imported equipment and turnkey plants, which may face import tariffs that
result in barriers to investment in bioenergy. Some countries have acted to encourage the use of domestic
and/or renewable energy sources by eliminating or reducing such tariffs. Alternatively, innovative
approaches based on local manufacture and installation (through international joint ventures) can
minimize imported parts, maximize domestic benefits, reduce costs drastically, and create a competitive
domestic industry in bioenergy manufacturing. An ethanol plant in Zimbabwe cut capital costs by more
than half through reliance on local labor rather than buying a turnkey plant (see Bioenergy Profile 1).
Larger developing countries will generally benefit from domestic design and manufacture through the
operational feedback and innovation thereby facilitated, as evidenced by the success of Indian gasifiers
(see Bioenergy Profile 5). Again, globalization, particularly relocation of manufacturing facilities, is also
contributing to such synergies and the need to adapt to local conditions.

2.95 Distribution infrastructure: Larger scale bioenergy systems could benefit from the
existence of compatible distribution systems and policies that allow unified markets across national
borders to be created. In the case of electricity, this requires bilateral agreements or regional arrangements
to invest in grid interconnections and form power pools. For biofuels, this would involve cooperation on
transportation policies (such as the harmonization of emissions standards or alternative fuel legislations)
or household cooking policies (such as coordinated incentives for biofuel use and creation of common
markets for corresponding stove types), as well as coordination of the fuel distribution systems
themselves. The highly political nature of transport fuels has tended to prevent easy migration across
borders, as evidenced by the national focus of most current ethanol programs. There are other factors such
as harmonization of equipment standards that have a direct effect on crossborder trade for various energy
carriers and at various scales (EC/UNDP, 1999).

2.96 Final energy products: This is the area in which trade policy can have a major impact on
expansion of bioenergy systems, particularly for biofuels. It is here that the value added in production
reaps benefits through lower labor costs, favorable growing conditions, preferential markets (for example,
because of environmental standards), or other comparative advantages. Once biomass is processed into
biofuels, it is highly transportable and could conceivably become a widely traded global commodity
(Williams, 1995), given the enormous current global trade in fuels, the pressures to shift toward low
carbon fuels, and the growing interest in diversifying fuel supplies as remaining oil supplies grow more
regionally concentrated. International trade in biofuels will require a degree of harmonization of technical
and fuel quality standards.
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Access to Existing Infrastructure

2.97 In order for bioenergy systems (both biofuels and bioelectricity) to achieve wide
application, they require access to existing infrastructure and the institutions that support that
infrastructure. In the case of electricity, biomass projects will generally be more economically attractive if
they are able not only to serve local demand, but to “export” electricity to the electrical grid. In rural
areas, local demand for electricity is often too low and sporadic to fully utilize a power system, especially
in the initial years of a project. The economic viability of any electrification system depends to a large
extent on how extensively the installed capacity is utilized—that is, on the system capacity factor. Low
capacity factors mean that the fixed costs of a project must be amortized over a smaller number of kWh
generated, leading to a higher cost per kWh. To achieve sufficiently high capacity factors, additional
purchasers of electricity are required. Sales to the utility grid can provide this option. The grid can carry
electricity to urban demand centers until the size and diversity of local power demands grow to the extent
that larger amounts of power can be consumed locally.

2.98 Regulatory measures are generally required to overcome the historical barriers to the
purchase of power by electric utilities from independent generators. In the United States, for example, the
1978 Public Utilities Regulatory Policy Act obliged utilities to purchase electricity at fair prices. This
policy was largely responsible for the 8,000 MW of biomass based electricity installed by independent
power producers in the 1980s in the US. Similar legislation is appearing in a few developing countries.
Regulators in Brazil are considering mandating that utilities buy biomass generated electricity at an
attractive price to sellers. Bagasse based electricity generation is expected to grow significantly as a
result. For several years, India has had a fixed purchase price for biomass-generated electricity that has
encouraged expansion of biomass generating capacity, with 3,000 MW of cane based generation now
planned. Mauritius recently commissioned a bagasse cogeneration facility (funded in part by the GEF)
that helped to establish a model power purchase agreement based on avoided cost pricing, which should
streamline the commissioning of subsequent facilities. (See Bioenergy Profile 2.) Thailand has a Small
Power Producers (SPP) program designed for generators under 90 MW.

2.99 Access cannot simply be available in name only—that is, in legislation—but must be
backed by regulatory instruments and contractual models that are enforceable and can promote a level
playing field. Effective institutions are needed that can overcome the historical monopoly culture of
electric utilities that can result in efforts to obfuscate existing requirements or delay planned changes so as
to maintain existing competitive advantages. A secure regulatory and legal context helps to encourage the
private sector to invest in independent power production. Long term power purchase contracts allow
investors to secure a predictable revenue stream and eliminate a potentially prohibitive source of risk.
Investors can thus more easily obtain financing. Standard contracts that are preapproved by the
appropriate regulatory agencies (electrical authority, environmental authority, safety authority) allow
prospective investors to understand their market and to reduce transaction costs.

2.100 In the case of biofuels, access to both distribution and transportation infrastructure is
required. Where biofuels are satisfying a local demand, such access is not necessarily a prerequisite. The
use of locally produced biodiesel, for example, can spur direct substitution without specialized
institutional arrangements regarding the diesel supply and distribution (see Bioenergy Profile 9). If such
markets are to be expanded, however, broader integration is necessary. In the case of fuels to be used for
blending, like ethanol, access to distribution infrastructure is, by definition, a prerequisite, and in fact
should be established at an early stage. One of the ingredients that made the Zimbabwe ethanol program
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an early success was the fact that all the necessary agreements for logistics and distribution were set up
before the ethanol plant was built (Bioenergy Profile 1).

2.101 As with electricity, for bioenergy activities to gain access to infrastructure requires the
acceptance of stakeholders (even if grudgingly so) who may directly operate or control the infrastructure
(for example, electricity utilities operating T&D infrastructure). . A consensus based approach (rather
than an adversarial approach) to dealing with such vested private sector interests proved successful in the
Swedish biofuels program, where a public foundation coordinated oil companies, automakers, and other
stakeholders in an extensive negotiation process for standards, blending targets, distribution mechanisms,
and other elements. Without an authoritative party coordinating such efforts, private interests will drive
the process towards specific profit goals. By contrast, the Swedish process was explicitly based on
environmental goals, so that private sector participants were forced to adapt their profit goals to the basic
structure of the program. At the same time, the technical and operational expertise that the private sector
brings to the process contributed to its success. The number of filling stations with blended fuels has been
increasing steadily in recent years. The biofuels program also included infrastructure measures to
establish stable sources of “articulated demand,” the best example of which is in the unique Swedish
ethanol bus program, which has stirred interest in many developing countries looking to improve urban
air quality. Overall, the Swedish biofuels program demonstrates the importance of improving access to
existing infrastructure so as to facilitate “mutual adaptation” that allows the bioenergy system to move
forward (BAFF 2000).

Feedstock Procurement

2.102 A major focus of implementing any bioenergy undertaking — from the household-scale
cookstove to the large-scale industrial biofuel production facility — must be feedstock procurement. The
biomass consumer is dependent on a feedstock that often requires more sophisticated procurement
arrangements and greater certainty of price and availability than do conventional fuels. Indeed many past
bioenergy activities have faced difficulties and in some cases failed due to an insecure feedstock supply.
A policy environment supportive of bioenergy activities must take into account the need for a secure
biomass supply.

2.103 Conversely, as is emphasized throughout this report, biomass has numerous locally
important uses beyond energy, and therefore should not be treated cavalierly by policymakers as if its use
as an energy feedstock for bioenergy activities should automatically be prioritized. Sometimes, biomass
could be simply less valuable as a source of energy than as a resource for fulfilling other needs, or there
could be more economical options than bioenergy for meeting energy needs. In cases where bioenergy
cannot be justified on strict financial terms, it is possible that public support might still be warranted if
environmental or social benefits more than offset the cost disadvantage.

2.104 Competing demands do not necessary mean that biomass should not be used for energy
purposes, since opportunities exist for implementing certain bioenergy activities while also satisfying
nonenergy needs that might at first seem to conflict. The basic reason is that bioenergy activities need not
be a zero-sum game with respect to the underlying biomass resource. There are many opportunities to
design bioenergy activities so as to increase the total biomass productivity, and increase the efficiency
with which biomass is utilized.

2.105 For example, dung does not sacrifice its value as a fertilizer when it is diverted for use as
a feedstock for biogas digesters. Dried digester effluent provides a fertilizer that is superior to dung — it is
less contaminated with weed seeds, less likely to harbor pathogens, and is more convenient to store and
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handle. Another example is the use of agricultural residues that farmers currently turn into the soil after
the harvest. With some crops and soil types, farmers should ideally recycle some optimum proportion of
residues, but they often recycle more residue because they have no alternate use for the excess. In such
cases, removal of the excess residues for use as a bioenergy feedstock could improve soil quality and crop
productivity. Where dung, residues, and wood are heavily used, bioenergy activities can be integrated
with the introduction of more efficient end uses—cookstoves, charcoal kilns, agricultural dryers.
Bioenergy activities can also be directed toward improving agricultural productivity, for example by
providing power needed for irrigation.

2.106 Bioenergy resources are in effect highly specialized assets due to the spatial constraints in
supply, nonhomogeneity (particularly in comparison to fossil fuels), and the localized nature of key
factors in production. Therefore, unless feedstock supply chains are carefully determined, taking into
consideration local conditions and contexts, bioenergy activities could face serious difficulties or fail
entirely because of an insecure feedstock supply.

Factors contributing to the challenges of biomass procurement
Biomass feedstocks are diverse and bioenergy technologies are finicky:

2.107 Biomass technologies are generally suited to a specific type of biomass, and cannot
tolerate much deviation from their design specifications. Cookstove designs that were super efficient and
smokeless in the lab have failed utterly in the field, because households users were unable or unwilling to
cut the fuelwood to the precise dimensions required and allow it to dry to the required moisture content.
Similarly, in industrial applications different fuels require different facility designs, operating procedures,
and feedstock handling processes. Feedstock that has too much sulphur could lead to sulphuric acid
corrosion in certain metals, while excessive alkalis could lead to fouling of boiler tubes. Light feedstocks
could be unsuitable for a high-pressure boiler, and slight variations in feedstock physical properties could
confound feedstock handling apparatuses. A biomass system that was carefully designed to operate well
on coconut shell—a relatively ideal, easily handled feedstock—was found to require a reworked
feedstock handling system when installed in the field and operated on slightly different coconut shells.
(Lilley, 2001)

Biomass is bulky, constraining the market to those consumers and suppliers within a limited
area.

2.108 The bulkiness and lower energy density of biomass compared with conventional fossil
fuels results in greater costs for preparation, handling, and transport. Transport costs, in particular, impose
a spatial constraint in feedstock supply, which forces the biomass consumer to rely on a limited pool of
potential feedstock suppliers, and likewise forces the producer to rely on a limited number of potential
consumers. This could increase risks by reducing competition, potentially making prices more volatile
and making both producers and consumers more vulnerable.

2.109 The moment the biomass consumer who relies on a specific feedstock supplier begins
operations, the supplier would be in an advantageous situation that could be exploited by increasing the
price or otherwise changing supply terms. Suppliers who depend on sales to a single local consumer
would be similarly vulnerable. The small number of suppliers and consumers in a single market is further
constrained by the specificity of feedstock requirements (or, alternatively, the costs of feedstock
processing to assure consistency). Both supplier and purchaser are aware of this situation, and the
vulnerability thereby implied may be deemed too great or too risky in terms of the likelihood of striking
an acceptable and secure agreement.
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Producers are often small and dispersed

2.110 Often, biomass feedstocks are provided from many small sources, which might be farms
generating a particular crop residue or growing energy crops on a fraction of their land (for example,
through a farm-forestry or agroforestry arrangement). While this might increase competition among
producers and yield lower prices, biomass consumers could face significant transaction costs in
establishing and coordinating a reliable supply chain from many different small sources.

Supply shortfalls due to variability or uncertainty about yields

2.111 As with any agricultural product, biomass feedstock yields are vulnerable to the whims of
weather, outbreaks of disease or pests, and other unpredictable conditions. Zimbabwe’s ethanol program
was severely hobbled by an extended drought in the early nineties, in contrast to Malawi’s ethanol
industry, which was protected by the availability of irrigation water. (See Bioenergy Profile 1). Crop
yields that fell well below expectations plagued the Philippines dendrothermal program from an early
stage and, coupled with the relative inaccessibility of the plantations, this drove up transportation costs
considerably (Bioenergy Profile 8).

Biomass has lower value as an energy feedstock than for many competing demands.

2.112 The price of biomass feedstocks could be driven to unaffordable levels by competing
uses. Bioenergy projects consume biomass feedstocks to extract their most basic quality: their energy
content. In order to deliver an affordable and competitive energy service, biomass consumers generally
cannot afford to offer prices as high as those that could be paid by users of higher value qualities of
biomass, such as its nutritive value (biomass as food), chemical properties (biomass as industrial
feedstock), or structural usefulness (biomass as building material). This presents a two-sided price
competition, whereby biomass consumers cannot afford very high prices, yet they need to pay a high
enough price to provide a worthwhile profit to producers and/or fend off competition from other users. It
might become economically preferable in a certain situation to exploit markets for products (for example,
spirit quality ethanol, sugar) that are more attractive than domestic transport markets for fuel ethanol,
resulting in supply uncertainty that is prohibitively risky to domestic consumers and auto manufacturers.
In Brazil, rising international sugar prices were among the factors that contributed to the rapid decline in
the 1990s of Brazil’s large market for ethanol only vehicles. Similarly, IMF inspired legislation extending
tax breaks to exports of spirit quality ethanol to the EU contributed to the demise of ethanol blending for
transport fuels in Zimbabwe (see Bioenergy Profile 1).

2.113 In some cases, the biomass consumer could exploit a waste product or weed for which
there is no competing use and low production costs. The use of a weed with essentially no alternative uses
(ipomea) at the Orchha biomass power plant in India greatly improved the economic outlook for the
plant’s operation (Bioenergy Profile 5). However, competing uses for bioenergy feedstocks could
sometimes arise after the project begins, even if the feedstock is a waste product. The case of brazil nut
shells at the Riberalta plant poses an example—whereas previously the shells had been dumped in the
river, they gained market value after being successfully used in the plant, as neighboring industries
became competing buyers for them (Bioenergy Profile 3). Even in cases where there is no competing use
for a particular feedstock, biomass consumers could lose their supply if competing market pressures
induce farmers to shift their crop choices. Shifts in markets for the primary products linked to waste
feedstocks could affect the bioenergy portion of the industry based on the associated relative profit
margins. Preferential markets for sugar have tended to squeeze out investments in bioenergy from
sugarcane that would otherwise be cost effective.
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Relieving supply uncertainties

2.114 In the longer term, when biomass markets are more mature, it is likely that certain of the
above supply risk problems would have lessened, as institutional schemes would have been established
and proven, and technological advances (in harvesting, handling, storage) would have occurred. In the
meantime, early projects need to establish mechanisms for reducing the level of supply risk. Governments
could offer incentives and institutional support to encourage secure, long term supplier/consumer
contracts. Official agencies responsible for licensing biomass projects could initially protect the supplies
of biomass consumers by granting concessions for certain areas from which they could exclusively (or
semiexclusively, if monopoly power is a concern) procure feedstock. Governments could also allow for
force majeure clauses, similar to ones used in power purchase agreements between independent power
producers and utilities.

2.115 In an early phase of the development of a market in biomass feedstock, potential
suppliers may be reluctant to invest in biomass production before witnessing a real and robust demand.
The biofuels sector in Sweden successfully addressed this chicken and egg problem by building the sector
from the final user and moving backward to feedstock production as the last step, thereby creating the
final link in the chain (Carstedt 2000). Imported fuel filled the gap until local feedstock production came
on line. This basic institutional approach of first building an “articulated demand” and a distribution chain
has been adopted in the renewable energy plans of other countries.

2.116 Some projects might choose to secure feedstock through a direct vertical integration
between supply and demand, although this might be less efficient in the long term because it reduces the
competitive discipline of the market and erodes the technical efficiency gains that come with
specialization. Feedstock procurement for the Orccha biomass power facility, for example, was initially
based on a vertically integrated approach, which then evolved into an apparently successful market
approach. (See Bioenergy Profile 5.) Some creative schemes for partially insulating biomass consumers
from supply risks while preserving some role for markets have been implemented. For example,
smallholders growing trees for a Philippine project were permitted to sell the wood on the open market at
higher prices than specified in their contract with the buyer, but the buyer contractually retained the right
to match any such outside offers (Ramsay, 1985).

2.117 The provision of feedstocks in many developing countries often requires a tighter
coupling with energy conversion than might be the case in industrialized countries. One common example
is in the use of molasses to produce ethanol, which has tended to lead to integrated ownership of ethanol
distilleries and sugar factories, due to the high transaction costs associated with negotiating prices and
terms of delivery (see the case of Malawi in Bioenergy Profile 1). Another type of institutional
arrangement that smoothes over transaction problems occurs when affiliated companies that produce
different products find a synergy that allows for feedstock supply (for an example, see the Indonesian
gasifier project in Bioenergy Profile 7). In general, the significance of transaction costs has helped to
block the formation of more general markets for feedstock supply, although in industrialized countries
with advanced bioenergy sectors, specialized feedstock markets have begun to appear. For example,
several companies in Sweden specialize in the provision and operation of mobile pelletizing units for
feedstock preparation, mainly for supply to district heating plants (Karlsson 2000).

2.118 A technological approach that is likely to advance over time is to design multifuel
capability into a project—through boiler design, flexible fuel handling, and feedstock densification. Such
measures could add costs that need to be balanced against the benefits of feedstock diversification. In
some cases, operators have developed simple innovations such as increasing the capacity of lorries by
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raising sides with inexpensive fencing; that has expanded the accessible market of feedstock suppliers.
Some biomass consumers would find it cost effective to stockpile feedstock as a supply buffer. This is
practical in some cases, but would generally be more difficult than with conventional fuels as biomass
feedstocks are bulky and perishable. A significant investment of working capital would be required if
stockpiles are meant to provide a buffer against seasonal supply variability.

Box 2.1: An innovative solution to feedstock supply chain problems

Vijay Engineering, located near Bangalore, was set up as a manufacturing unit for building small-scale wood
gasifiers for use in the silk reeling industry (see UNDP, 2003). While demand for the gasifiers was relatively low,
the company quickly discovered that one of the barriers to further penetration of the systems was the difficulty end
users had in chopping wood into suitable sizes for the gasifiers. The silk dyers and reelers had no space to store
wood, no machinery to cut it and no extra staff to do this job either.

Vijay Engineering came up with an innovative solution. Since it had sufficient space at the factory premises to cut
wood into chip, it took charge of the entire supply chain (procurement of waste wood in bulk from lumber
producers, cutting into pellets, and scheduling van or truck deliveries of chips to gasifier owners). In other words,
the manufactures sold not only gasifiers, but also “subscriptions” to preprocessed feedstock, thus easing concerns
from the silk reelers and dyers about securing a reliable biomass fuel source.

Land Tenure and Resource Custody

2.119 As discussed in Chapter 1, biomass energy is land intensive and thus interacts strongly
with the local patterns of land tenure and resource use. Development of bioenergy programs requires an
understanding of the land tenure systems determining how land resource rights and duties are distributed
among individuals and groups within a given community. The incentives for managing biomass resources
are embedded in such rights, and these will ultimately determine the success of bioenergy systems. They
will determine whether biomass feedstock can be sustainably provided to a given bioenergy project over
the long term and how this can be done in a manner that ensures that other local resource related needs
continue to be satisfied.

2.120 The complex issues raised here in relation to land tenure are by no means uniquely of
concern to developers of bioenergy programs. They are central to many issues of rural development. This
section raises issues that are particularly of import to bioenergy program design.

Long term sustainability of biomass feedstock production

2.121 Presently, a principal impediment to the environmentally sound and economically
productive management of land is the perversity of many land tenure and usufruct arrangements.
Modifying these arrangements could go far toward improving land management and making biomass
resources more available and more sustainable. Many rural families do not have secure land tenure over
the land they work. Frequently, large (often absentee) landholders cultivate land through wage labor,
sharecroppers, or tenant farmers, or they allow land to remain idle. Much land is in the hands of the state,
which maintains sole authority to bestow rights to cultivation, grazing, and wood cutting, often according
to political considerations rather than principles of sound resource management. Historically,
governments have treated local communities as the primary threat against which forests were to be
protected.
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2.122 Such arrangements have long been recognized as not only inequitable, but usually
inefficient. Insecure or unrecognized land tenure is antithetical to a long term approach to land
management. It removes incentives for sustainable practices and discourages long term investments.
Laborers and farmers without secure land tenure have little incentive to be vigilant about the long term
productivity of the land they work, or even the short term productivity if they do not reap the marginal
product of their labors (Binswanger and Elgin, 1998). Commercial wood cutters who are granted cutting
rights to forests (or who cut illegally) similarly have little incentive to restrict themselves to sustainable
harvesting levels or to take measures to protect the harvested land. Neither do local communities or
entrepreneurs strive to protect or regenerate the land if they may have no legal claim to the benefits of
their efforts or are explicitly prohibited by the state from doing so. Indeed, as local communities witness
the unsustainable exploitation of neighboring lands, they often come to regard these lands as an inevitably
dwindling reserve from which they should quickly extract their share or sacrifice it altogether. Forest
lands, especially those in the urban periphery, can therefore lay severely over harvested and vulnerable to
erosion, with no efforts to facilitate their regeneration. Even when reforestation efforts are funded by
forest departments and use hired local labor, local communities still lack a long term commitment to
protecting the resource unless they have secure usufruct.

2.123 By increasing the demand for biomass resources, bioenergy activities can exacerbate the
pressures on natural resources and accelerate their decline. Where such adverse impacts might occur,
measures should be explicitly designed into bioenergy programs to protect and enhance the health of
natural resources.

Formalizing and devolving land resource rights

2.124 A measure for enhancing the long term sustainability of natural resources that has gained
currency over the past few years is to involve local communities by radically expanding their
management and ownership rights to the land and its resources (Bruce and Mearns, 2002). Devolving
control over land from a centralized forest authority to the village, user group, or individual households
can create committed guardians out of local communities. When local communities are authorized to
manage the land, in a context of sound environmental and governance principles, and are granted secure
usufruct with respect to the product of the land, they are motivated to preserve the land through
productive, sustainable practices. This strategy reverses the trend toward state control that had been
widespread since colonial times. It also creates opportunities for creating sustainable and secure sources
of bioenergy resources in ways that benefit local communities.

2.125 This devolution of authority over natural resources requires a genuine transfer of
decisionmaking power, not merely a conferring of certain limited access or usage rights. Over the last two
decades, states have shifted from perceiving local communities as trespassers on neighboring forests
toward accepting them as legitimate beneficiaries of forest products and services. Correspondingly, they
have implemented programs, such as the sharing of revenue from timber concessions, tourism, and other
economic activities, and licensing of minor activities such as small branch cutting, grazing, beekeeping,
and food gathering, or the right to plant and harvest crops planted between rows of state owned trees.
However, such arrangements have not proven to engage local communities wholly and reliably. A
sentiment commonly expressed by community members has been, “Through comanagement we gained
the right to collect fuelwood and some other products, but we lost the forest”. Experience is accumulating
that only when true decisionmaking power devolves to local communities can a robust management
regime emerge. Communities that have been empowered to make decisions and exercise control have
demonstrated the ability to manage resources to their benefit and that of the environment.
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2.126 A sufficient level of devolution may require several concurrent actions. It may involve
fully restoring traditional land tenure and usufruct arrangements. It may involve granting formal
ownership titles over land parcels, which codifies the holder’s tenure and enables one to acquire, retain,
and transfer land rights. (Titles can also serve as collateral and improve the holder’s access to credit.) It
may also involve conferring titles not to formalize private holdings as individual property, but also to
formalize local commons as group property. An example is the recognition of customary rights held by
communities, as instituted through Communal Land Associations in South Africa and Uganda (Wily,
2000). Such arrangements allow communities to acquire formal rights with no need to subdivide into
individual plots.

2.127 It is necessary to ensure that there is a management structure that is accountable to
community members. Sometimes, common land is the only resource base to which the poorest members
of a community have access. If they are marginalized during the process of devolving land rights, they
will lose access to those resources on which they relied. This could be especially harmful if it happens
along with a sudden increase in demand for biomass resources such as might arise from the
implementation of a bioenergy activity. It is important to ensure that rights are distributed in a manner
that does not amplify the inequalities existing within a given community, providing yet more privileges to
the local elites at the expense of the already marginalized. In many countries some degree of devolution
of political power is underway, establishing formal local, village level government structures equipped to
take on the management responsibilities attending the conferral of new land rights. In others, it is
necessary to constitute new local institutions, such as forest associations, that are granted the right to
decide how resources are used and by whom, to enact and enforce laws binding on village members as
well as outsiders, and to raise and manage revenue.

2.128 Devolution of land rights must obviously be carried out with a high degree of sensitivity
to local circumstances—recognizing the various actors who are dependent on the land resources and the
complex relationships among them—or risk failure. For example, past efforts have failed because they
neglected the dependence of pastoralists on land resources and their legitimate, if unofficial, claims to
periodic grazing rights. Historically, traditional land tenure and resource custody arrangements have been
complex, extralegal, social agreements among several interdependent actors. Bioenergy programs should
be designed in light of such preexisting arrangements.

2.129 An apparently successful example of this type of initiative is the support for village
managed fuelwood markets in the periphery of urban Niger (around Niamey, Zinder, and Maradi), where
unsustainable fuelwood harvesting had decimated natural woodlands. It has demonstrated that woodlands
can be restored and made productive, relying primarily on local efforts and minimally on forest services
outlays. As of around 1997, village managed woodlands were providing 16 percent or the urban fuelwood
demand on an apparently sustainable basis (ESMAP, 1997). Another example is Tanzania, where more
than five hundred communities have been empowered to control and manage woodlands and have proven
they have the will and ability to return them to healthy condition and to prohibit unsustainable forms of
exploitation that had previously been defended as essential to their livelihoods (Wily, 2000).

Financing

2.130 In the context of rural areas in developing countries, financing is a daunting problem at
all scales: government, industry, small-scale enterprise, and households. Energy authorities, investors,
rural enterprises, and households are often prevented from making the “best” decisions regarding energy
investments. In many cases, a bioenergy or other renewable energy option offers a range of benefits—
least cost energy service, the most efficient use of a resource, the best environmental performance,
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socioeconomic benefits—that would ideally make it the energy solution of choice. But, initial cost is all
too frequently an insurmountable barrier for decisionmakers at all levels, from government authorities to
households. Where financial markets are undeveloped and capital is chronically scarce, financial choices
are regularly made using extremely high effective discount rates. For the poor in particular, deeper
structural problems contribute further to this problem: they are exposed to many sources of risk, suffer
chronic insecurity of assets, and face immediate subsistence needs, all of which discourage long term
investments. Bioenergy technologies, which often have relatively high capital costs, commonly suffer
from this initial cost barrier.

2.131 It’s important to note that although end users are often incapable of making large initial
outlays, they have a very high willingness to pay for energy services. Village energy surveys have found
that households already pay rates that are exorbitant from the perspective of, say, the typical electricity
consumer from an industrialized country who is accustomed to paying approximately one US cent for
several hours of high quality illumination.

2.132 There are different ways to address the initial cost barrier at different levels within the
energy sector. At the higher levels are energy authorities and large firms (say, in biomass power plants or
biofuels facilities) that make decisions about major investments. Their ability to make economically
sound long term decisions would benefit from more developed capital markets and greater
macroeconomic stability. For the global energy sector, investments in the 1990s were being made at a rate
of roughly $400 billion annually, and this is expected to almost double in the next two decades (UNDP,
1997). Even now, investment requirements are difficult for developing country energy authorities to meet.
The major source of investment capital—retained earnings from revenue—is inadequate, in large part
because consumer subsidies keep tariffs well below long run marginal costs. Governments also are unable
to invest sufficient resources because they face chronic fiscal pressures. Development assistance to energy
sectors has been declining over the past decade, at the same time that the set of recipients has expanded
and now includes Central and Eastern Europe. The remaining source of capital is foreign investment,
which may be able to inject significant resources if the macroeconomic and political conditions in
developing countries are hospitable. Foreign direct investment in developing countries is approximately
$250 billion annually and growing. An environment hospitable to further growth would require
transparent laws regarding property, a consistent regulatory regime, accepted protocols for accounting and
auditing, and reasonably stable currency situation. It would also require some deep structural elements
that are fundamental to development itself, such as a capable and healthy workforce and political stability
based on democratic institutions (World Bank, 1996; 2000).

2.133 At the lower levels are the end users of energy services. Rural enterprises and
households, for example, would benefit from credit financing through commercial banks, development
banks, micro credit institutions and other financing arrangements. Most developing countries have two
distinct capital markets: the formal and the informal. The formal capital market consists of banks and
other government regulated sources of credit, offering loans at official interest rates that range from 10 to
20 percent per year. This source of capital is primarily available to a limited commercial clientele, and
even subsidized credit programs targeted at rural development do not regularly reach poor households. On
the other hand, the informal capital market is more widely accessible to the poor, but at interest rates that
are set at exorbitant levels by moneylenders, often exceeding 100 percent. In addition to this lack of a
reasonable source of credit, poor families lack a secure option for accumulating savings that provide both
liquidity and returns.
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2.134 Thus, for the poor it is extremely difficult to finance the acquisition of assets such as
bioenergy appliances. In recent years, however, innovative microfinance initiatives have stepped in to fill
the gap in financial services. The well known Grameen Bank in Bangladesh, for example, has
conclusively shown that poor families are creditworthy and that they make investments that are highly
remunerative— indeed, life transforming. The Bank Rakyat Indonesia, also involved in local banking, has
demonstrated furthermore that local microfinance can be a self sustaining, unsubsidized, commercial
undertaking, without levying the exorbitant rates that characterize the informal credit market. With
supportive policies, this model appears poised to expand into other poor communities, particularly those
with unexploited opportunities for productive investment (Robinson, 1998; Zeller and Sharma, 1996;
Lipton, 1996).

2.135 Financing schemes are most likely to succeed if conducted in parallel with programs that
enable income generating activities. In many cases, income generating activities are severely limited by
the lack of access to energy services such as lighting, shaft power, process heat, and pumped water.
Bioenergy activities, coupled with financing schemes, could therefore serve as an effective platform for
the provision of enterprise enabling energy services with access to enterprise investment capital (Barua,
1998; GEF/FAQ, 2002).

2.136 Financing for energy services could take several forms (UNESCO, 2000), as follows.

2.137 Supplier financing: Financing could be provided directly to the end user by the
entrepreneur, under agreed payment terms and recourse measures stipulated in a loan contract. This
scheme has been used for biomass gasifiers, for example. It provides the entrepreneur a strong incentive
to provide a quality product and regular maintenance, in order to secure regular payments. But, as the
entrepreneur assumes the risk of default, and is often passing along his own credit costs, it could also lead
the entrepreneur to require a high down payment, charge relatively high interest rates, offer only short
loan terms, and avoid low income customers who might appear less creditworthy.

2.138 Third party financing: Financing could be provided by a third party micro finance
institution or other organization that operates a loan fund. This approach allows the entrepreneur and the
creditor each to focus on his area of specialization, and the entrepreneur does not have to arrange credit or
tie up his financial resources. Interest rates tend to be lower and loan terms longer, especially if the
creditor has access to concessional financing targeted at development. The incentive to provide a quality
product and regular maintenance is muted, but a service agreement with the entrepreneur can help reduce
the risk to the creditor of default due to technical failure or inadequate maintenance. This approach has
been used in some bioenergy programs, such as government programs for disseminating biogas digesters.

2.139 Leasing: Financing could be provided in the form of a lease agreement, whereby the
entrepreneur retains ownership of the energy system until the full cost of the system is repaid. The
entrepreneur has a strong incentive to maintain the system, at least until it is fully repaid. This type of
financing is already in place in many rural areas for agricultural machinery and rural micro enterprise
assets.

2.140 Fee for service: A further form of financing is the fee for service agreement. The three
above financing models are most appropriate for bioenergy systems that are small enough for single
household ownership (for example, cookstoves, household biogas digesters). Fee for service is more
appropriate for systems (for example, community minigrids) that would service a larger community of
end users who are financially unconnected to each other. The entrepreneur who owns and maintains the
system is responsible for providing the energy service, such as electricity for lighting or biogas for
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cooking, or perhaps a further step removed: pumped water, refrigeration, or milling services. Fees for
these services allow the owner to recover investment costs and earn a return in his investment.

2.141 There are several examples of financing programs for energy products. One example is
the FINESSE program, Financing Energy Services for Small-Scale EndUsers, established by the World
Bank, the UN Development Programme, and the US and Dutch governments and operational in several
African and Asian countries. A major FINESSE objective is to use financial resources of multilateral
lending institutions to make "wholesale" loans to intermediary organizations such as commercial banks,
utilities or NGOs, who onlend them to small-scale energy users at market rates. A second example is the
Grameen Shakti loan program (a nonprofit affiliate of the Grameen Bank), which by 2000 had financed
800 small PV electric systems ranging in cost from $300 to $800, provided with a two year, 8 percent
loan (UNDP, 2000; Grameen, 2004). An example of a fee for service arrangement is the village biogas
model demonstrated at Pura village and its eight successor implementations (see Bioenergy Profile 10),
where households make a monthly payments for an electrical connection and water tap. In this case,
villagers have a further level of involvement in that they are participants in the cooperative style
management of the system.

2.142 Especially with novel technologies or inexperienced entrepreneurs, government programs
that make credit available should do so only if provisions are also made to ensure that technical support
and maintenance are available. Several programs have provided subsidized credit to support the
commercialization of new technologies and found that the survival rate of the technologies is very low.
The user, who tends to be less acquainted with the novel technology and stranded with little service and
maintenance infrastructure, also has a dampened incentive to invest in repairing the equipment since it
was purchased with concessional credit. Typically, the government’s only recourse is to blacklist from
future government loans any users who become unable to maintain their debt payments, which can reduce
the pool of first adopters willing to invest in the new technology while accumulating a portfolio of failed
technology demonstrations.

Technology Development and Transfer

2.143 Because bioenergy systems are so context specific, ongoing technology development and
adaptation will be an important part of a successful bioenergy program. Some of this technological
development will be of a fairly incremental nature, consisting of minor adaptations to local circumstances
and needs. Other technologies will require development of a more fundamental nature, aimed at spawning
advanced technologies and pushing emerging technologies toward commercialization. The costs of the
former will in many cases be borne by a country itself, whereas the latter might qualify for assistance
from international aid agencies and organizations such as such as the GEF.

2.144 Ongoing development is likely to be needed with respect to both the production of
biomass feedstocks and their conversion to energy services. Building this technical capacity can be an
extensive process that involves educational and research institutes, private entrepreneurs, international
actors, the feedstock producers and energy service end users.

2.145 Research needs are diverse and must usually rely on both imported innovations and local
knowledge. On the biomass production side, there is a tremendous need to gain more location specific
knowledge of the use of agricultural residues as a feedstock. Of particular importance is the need to
understand well what fraction of biomass residues should remain on the cropland to preserve soil texture
and nutrient content while preventing pests. There is also a tremendous amount of further development of
energy crops, including both cellulosic crops (for example, quick growing trees) and starch or sugar based



54 Advancing Bioenergy for Sustainable Development

food crops (for example, sugar cane) to tailor them to make them high yielding, low chemical input, and
low impact on natural habitat, given specific climatic, soil, and biodiversity conditions. Developing cost-
effective feedstocks will involve developing transport, processing, and storage strategies that are
appropriate to the availability, skill level, and wage rates of local labor. There is also the need to identify
crops that can be multi purpose or can be intercropped with other agricultural crops in response to the
many needs of local communities. Crops that can contribute to the restoration of land will be highly
beneficial in many regions. Traditional agricultural practices, such as water harvesting and agroforestry,
can be learned from and adapted to bioenergy feedstock production.

2.146 On the biomass conversion side, a main requirement for technology development will be
the adaptation of technologies to locally available residues (for example, bagasse, coconut husk, wheat
straw, rice husk), indigenous weeds (for example, water hyacinth, ipomoea), and ecologically suited
energy crops. Biomass handling and conversion technologies are sensitive to the characteristics of the
specific feedstock, such as its content of moisture, ash and contaminants such as sulphur and alkalis; thus,
designs will have to be optimized to the context. Household products (such as cookstoves and biofuels)
and village scale systems (such as community biogas systems) are also highly unique to their particular
cultural context. Biomass technologies for industry and small enterprises will depend greatly on the
specific nature of the target sectors. Technology development should always be undertaken with a high
degree of interaction with the intended end user.

2.147 Governments should facilitate the involvement of the private sector in technology
innovation. Government could provide funding for research, subject to rigorous process of review and
accountability. Effectively encouraging innovation in the private sector may require governments to put
protections of intellectual property rights in place and ensure that legal systems can enforce licensing and
royalty agreements and allow patent holders to benefit from their innovations. There may also be roles for
international private sector actors, particularly in countries that are too small to support an indigenous
technology development capacity. Joint ventures can be effective ways to indigenize technological
capacity. An effective example of this was the government facilitated pairing of Swedish company
Saxlund with small companies in Estonia, Latvia, and Lithuania, which created joint ventures that
manufactured biomass feedstock handling equipment and biomass furnaces for district heating systems.
The joint ventures then went on to expand the use of biomass in district heating and agroprocessing
sectors and reached markets that neither the Swedish company nor the small local companies could have
reached independently (Kartha et al., 1997).

2.148 Governments should design technology development endeavors as long term
undertakings, with the understanding that trial and error, repeated iteration with the end user, and slow
diffusion of research results all imply that research and development efforts can be a time-consuming
process that require a significant resources.

2.149 Governments can support research efforts while building long term research capacity by
supporting research fellowships that enable university students and researchers to devote time to priority
technology development objectives in government facilities, academic laboratories, and the private sector.
They can also encourage interaction between people in related fields in different regions by sponsoring
seminars, conferences, and other forums for technical exchange. An example of the sustained support for
this type of interaction is the All-India Coordinated Research Project of the government Department of
Science and Technology, which brought together people from twenty regions who had knowledge of local
small-scale enterprises (such as pottery, leather curing, and horticultural product processing) and
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agricultural methods, and focused on developing modifications and adaptations according to regional
needs.

2.150 When governments establish research laboratories, it is important to put in place
administrative structures that ensure they remain connected to the actual needs of the intended
beneficiaries. Many do not have natural channels through which they can learn about end users’ needs,
develop and field test products, and iterate with end users. Sometimes, the same government laboratories
nominally working toward rural development needs are also expected to respond to requests for research
from the private sector on a consultancy basis, resulting in their allocating time to private sector clients at
the expense of rural communities or small-scale enterprises who cannot pay for research consultancy
services. One model that has proven successful is for the government to fund NGOs to act as a sort of
liaison, working with local communities, identifying research problems of concern to them (for example,
reconfiguring a food dryer that dries unevenly, slowing rust formation at the overflow vent in a biogas
digesters, developing an efficient cookstove designed for specific cooking practices), and working with
end users to conduct field tests. NGOs can further receive funds to develop and submit formal requests for
research services on a consultancy basis, just as private sector firms do.

2.151 Governments that have been supporting technology development are well positioned to
bridge their technology development with product development. This involves the critical process of
moving from research laboratories to the user’s site: the industrial facility, enterprise, or household.
Historically, most “appropriate technology” laboratories have focused predominantly on laboratory
development, leaving a tremendous amount of work before a market ready product is developed. There
are innumerable cases of NGOs picking up an appropriate technology and disseminating it, and only then
uncovering serious technical problems and understanding the extent of product development that still
remained. It is critical that in the precommercial phases the technology developer continues to play a role
in ushering the product into the field. One researcher involved in biomass gasifier development insisted
that the developer must play an “ombudsman” role and remain technically involved, and moreover
offered that “If we were to simply hand over the engineering drawings for our technology we could

12

provide a guarantee... a guarantee that the project will fail

2.152 Despite the prolonged process of introducing the product into the field, it is important to
take a quasi entrepreneurial approach early on. After the initial proof of concept trials, further
demonstrations should be treated as “market research” or “test marketing” rather than technology
demonstration. All too often, the selection and citing of initial demonstrations is based on political
considerations and “porkbarrel” decisionmaking. Entrepreneurs, rather than political patrons or even the
technology proponents, should be involved in identifying the prospective users and proposing installation
sites. While helping to build product awareness, this also leads to demonstrations that yield valuable
information beyond mere technical performance data. It helps to determine the realistic characteristics and
scale of the product’s market and can help identify applications of which the technology developers might
not have been aware. It makes important contributions to learning about the needs of consumers. In many
cases, the interests of consumers are discovered to be completely unrelated to the objectives of the
technology developers. There are several examples of efficient, biomass conserving technologies that had
unanticipated features that were perceived by consumers to be significantly more valuable than their fuel
saving properties. (See Box 2.1 on secondary benefits.) This is important for technology developers to
know if they are aiming to develop a product that will be widely adopted.
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2.153 Whenever possible, the user should be required to contribute to the cost of the
implementation (and, if the product fails, the user’s cost should be refunded only if the product is also
reclaimed). This serves several purposes. A fully subsidized product is very frequently perceived as
substandard. Requiring some payment from users ensures their motivation and investment in the
operation and functioning of the installed unit. It motivates the user to seek proper training in operation
and to follow it. Whether the product is a cookstove, biofuel, or industrial scale gasifier, the user’s
commitment and cooperation is necessary for a meaningful trial of the product. With a sense of
investment, the user will feel entitled to a product that will perform well; this ensures honest feedback
(both positive and negative) which is critical to a process of testing and revising the product design. In
turn, it also trains the entrepreneurs to attend to and respond to the user’s demands, provide followup
services, and call in technical backup as necessary. Public opinion can be sensitive to demonstrations; and
bad news travels faster and lingers longer than good news.
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Box 2.2: The “Secondary” Benefits are Sometimes Primary

Many technology developers have been motivated by the desire to design an energy saving
bioenergy technology: an improved stove, furnace or gasifier. Often, these developers have then
found their technologies difficult to commercialize and disseminate.

One fundamental reason for this difficulty that the technology developer must recognize is that
outside of the laboratory, energy efficiency is rarely a very salient feature to the end users. Fuel
costs are often a small contributor to total costs. In some cases, although efficiency is not a salient
end user concern, products manage to succeed because of other benefits that the developer had not
initially anticipated. Several examples follow.

e Silk-reelers found that the steadier temperatures offered by biomass gasifiers improved silk
thread yields by ~3 percent, increasing the value of their net output by more than the value of
the fuel savings.

e Arecanut processors adopted an efficient stove because they found that the more even heat lead
to less frequent boiling over of pots and less discoloration of their product.

e Producers of medicinal herbs invested in efficient dryers because they lead to a purer and more
marketable product.

e Coconut processors found that efficient dryers lead to a better tasting product.

e Agroprocessors chose to shift from diesel boilers to biomass gasifiers that generated activated
charcoal as a coproduct that more than offset the cost of the biomass fuel.

The technology development process should always be closely attuned to the needs of the intended
end users, starting from their needs and iterating with them to ensure that the technology meets those
needs, is adequately reliable, matches their operation and maintenance capacities, and is cost
effective.

Conclusions

2.154 This chapter, whose focus was on facilitating the creation of bioenergy markets and
supporting entrepreneurs, discussed the creation of institutional frameworks and the types and
characteristics of well designed policy incentives. It highlighted the relevance of environmental and trade
policy for creating hospitable policy conditions for promoting bioenergy ventures. In addition, it raised
the issue of land tenure and resource management and use, which are intrinsically connected to biomass
dependent activities such as biomass energy.

2.155 Many actors’ involvement is required to implement effective bioenergy programs and
achieve widespread replication. Chief among these actors will be private sector entrepreneurs and civic
entrepreneurs, with the public sector playing key roles to create markets and facilitate the involvement of
these entrepreneurial actors. There are several avenues for facilitating this involvement.
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Designing Biomass Projects to Meet Community
Needs

Introduction

3.1 In this chapter, we shift the perspective from top down to bottom up, from the standpoint
of the planner and bioenergy program developer to that of the local community and end user of biomass
and biomass related services. Until now, our focus was on what decisionmakers must consider in order to
support bioenergy activities and facilitate their widespread replication. In the final analysis, however, both
bioenergy activities are relevant only to the extent that they are framed by a larger question: how can they
help achieve sustainable development goals?

3.2 The potential for such achievement is vast. First, bioenergy activities can provide access
to energy services that enable rural communities to meet basic needs (for example, cooking, lighting,
water) that are fundamental to human development®. Access to convenient and affordable energy services
enables improved general health and living conditions and provides people with more time and
opportunities for productive activities (World Bank, 1996; 2000). Decentralized energy technologies,
including modern biomass, can help increase access by offering options when grid extension not viable.
They can make use of local resources, are suitable for local rather than central management, and provide
energy services that are locally in demand.

33 Second, bioenergy activities can create income generating opportunities. With
appropriate institutional arrangements and corollary services, the final energy generated from bioenergy
technologies (for example, electricity, steam, biogas) can be a critical input to enterprises such as food
processing, milling, crop drying, mechanized production in cottage industries, and so on. Moreover, as
biomass is locally and renewably available as an energy resource, its production, harvesting and
processing can be a source of rural livelihoods. Biomass is, of course, already traditionally harvested and
used for a variety of energy needs (for example, cooking, water heating) and nonenergy needs (for
example, food, fodder, fiber). In principle, therefore, biomass feedstock production can be integrated with
or built upon existing farming practices. New rural jobs, without radical disruption of existing livelihoods,
can result from the growth of a market for biomass feedstocks for energy applications (See Utria 2004).
Ultimately, biomass production can even become a major source of rural livelihoods, particularly if
bioenergy expanded to the point of serving major urban demand centers.

¥ UNDP (1995; 2000). While there is no Millennium Development Goal (MDG) explicitly associated with energy,
meeting all the MDGs would require a significant improvement in the quality and quantity of energy services
provided to people living in poverty.

59
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34 Notwithstanding the apparent convergence of sustainable development objectives with
bioenergy activities, it is a serious mistake to assume that large-scale deployment of advanced bioenergy
technologies and the concurrent development of biomass resources for energy will automatically give rise
to overwhelmingly positive outcomes. As discussed in Chapter 1, biomass is land intensive and labor
intensive. Almost any intervention involving biomass will inevitably affect local communities through its
impacts on the demand for land and resources and its influences on labor markets and practices. Biomass,
unlike conventional fuels, has a staggering range of roles and functions, extending far beyond energy
related uses. It serves a host of purposes locally: food, fodder, fiber, fuel, and fertilizer. Even the
traditional uses of biomass for energy, particularly cooking, are deeply tied to local context and cultural
norms and are often outside the money economy, implying that conventional techniques of cost:benefit
analyses to determine the viability of advanced bioenergy applications may be misleading. Land too has
multiple uses: human habitation, watershed protection, wildlife habitat. These can compete with
production of biomass for bioenergy purposes, especially in regions of increasing scarcity of land or
biomass resources.

3.5 Since biomass production is so closely linked to the local environment, economy and
practices, and so dependent on local labor, bioenergy interventions can generate profound consequences
for local communities through the complex interplay of labor markets, resources flows (both market and
nonmarket), and land tenure practices. Bioenergy interventions can strongly affect local stakeholders—
particularly the poor, who live largely outside the money economy and for whom the commons may be a
major source of resources for subsistence.

3.6 The challenge, then, is to fulfill the promise of biomass energy without compromising
other biomass resource needs or adversely affecting existing livelihoods and cultural practices. Any
sincere attempt to use bioenergy as a means to promote sustainable development would therefore need to
take careful account of the broader social consequences of biomass projects and programs.

3.7 In keeping with this perspective, in this chapter the report shifts attention from the
bioenergy program to the local community in which it is imbedded. Section 3.2 discusses briefly some of
the central concerns to consider if bioenergy activities are to be implemented so as to enhance local
income generating opportunities. Section 3.3 translates some of the lessons learned over the recent past in
participatory approaches to the context of bioenergy. It presents a step by step approach to selecting
appropriate sites and conducting needs assessment using participatory approaches.

Income Generating Opportunities

3.8 Eliminating the root causes of poverty necessarily involves expanding access to jobs and
increasing the purchasing power of poor households. Bioenergy projects can achieve this in two main
ways: by creating jobs in biomass feedstock provision and bioenergy production; and by providing access
to energy services that help to expand income generating opportunities.

Feedstock provision and jobs

3.9 Since biomass production is often labor intensive, feedstock provision could be an
important source of both primary employment and supplemental income in rural areas. Many farmers
would welcome the opportunity to sell residues or purpose grown wood to long term, steady consumers or
a well developed spot market. Producing biomass could provide a new source of revenue and help
farmers to diversify. Rural enterprises are also indirectly connected to the biomass feedstock production
activity itself: providing and preparing agricultural inputs such as fertilizer, selling and servicing farm
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equipment, handling and processing agricultural products, and transporting and marketing finished goods.
Employment is also generated in processing biomass and working at the bioenergy conversion facility.

3.10 Certain bioenergy feedstock production and supply chains, if appropriately designed,
could offer multiple avenues for income generation. One strategy is the coproduction of value added
product along with the biomass feedstock. A bioenergy project in Hosahalli, India, provides an especially
good model. In this village, a small-scale biomass gasifier and diesel generator provides electric power
for household lighting, a village flourmill, and pumping of potable water and irrigation water. The
irrigated cropland includes a plot on which the villagers grow mulberry, which produces enough woody
stalks as a residue to fuel the gasifier. The primary crop is mulberry leaves, which are fed to silkworms,
yielding silk cocoons that are then sold. This covers the cost of the bioenergy system and generates a
profit for the villagers.

3.11 In Brazil, sugarcane for ethanol production has been an important contributor to
employment, especially in the Sao Paulo region. About 2,200 direct jobs (1,600 in agriculture and 600 in
industry) were created for every 1 million tonnes of sugarcane processed each year (Macedo, 1995).
These jobs had the following characteristics: 30 percent were for skilled positions (industrial workers and
agricultural supervisors); 10 percent for semi skilled positions (for example, drivers); and 60 percent for
unskilled agricultural and industrial work. An additional 660 indirect jobs were also created (per million
tonnes) for equipment manufacture, engineering, repair and maintenance, and chemical supplies
manufacture.

3.12 Countrywide, more than 700,000 jobs have been created, although it is unclear how many
of these jobs are new ones. The investment to generate one job in the ethanol industry varies between
$12,000 and $22,000, about 20 times less than in the chemical industry, for example (Goldemberg et al,
1992). While a large proportion of these jobs earned incomes that were greater than average incomes in
the region, the seasonality of sugarcane production is a serious limitation on its ability to create high
quality jobs. That is to say, employment for harvesting, in particular, tends to be temporary and therefore
low wage.

3.13 Job creation from bioenergy feedstock production alone could indeed be highly seasonal
unless mitigated by such practices as crop rotation, the use of perennials or forest residues, and storage.
Each of these possibilities needs to be carefully considered against local needs, ecological concerns and
social impacts.

Expanding income-generation opportunities through enhanced energy services

3.14 Access to energy services could help the poor to remedy two pervasive problems that
keep them in poverty: their low productivity, and their limited range of productive options. Many rural
enterprises become viable only once there is access to a reliable modern energy source, such as
mechanical power, electricity, process heat, or transport fuel. Modern forms of energy could provide
critical energy services for rural agriculture and nonfarm enterprises in many ways. When household
electric lighting replaces inferior light sources such as kerosene lamps, candles, or cooking fires, it adds
productive hours to the day, since traditional light sources are barely adequate for fine work or reading,
and could be cheaper (Wamukonya & Davis 2001). Efficient sources of process heat enable farmers to
process agricultural output, increasing their revenue by turning an agricultural product into a value added,
marketable good. Electric motors can dramatically reduce the amount of effort demanded by simple
chores, enabling people to carry out activities at a commercial scale that would otherwise be simply
infeasible—for example, milling a large amount of grain or irrigating an entire field. Increased
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availability of transport services provides better access to raw materials and markets. And increased
access to information potentially enables rural producers to understand better the market conditions under
which they are endeavoring to sell their output (see Table 3.1).

Table 3.1: Value of Different Energy Services to End Users

Energy services Income generating value to rural households and
enterprises

Irrigation Better yields, higher value crops, greater reliability,
lower vulnerability, growing during periods when
market prices are higher

Light Reading, many types of manual production, and
other activities during evening hours

Pulping, grinding, milling, husking | Create value added product from raw agricultural
commodity

Drying, smoking, curing (preserving | Create value added product; preserve produce to
with process heat) enable selling to higher-value markets

Expelling Produce refined oils from oil seeds, and other sources

Refrigeration, ice production and | Preserve produce to enable selling to higher value

preservation via electricity markets
Transport Reach markets, acquire inputs
TV, radio, computer, Internet Education, access to market news, coordination with

suppliers and distributors, weather information.

Battery charging Wide range of services for end user

3.15 Policymakers and international agencies often neglect small rural enterprises. With
perhaps only one or two workers, rural enterprises are typically part of the informal sector and are easily
overlooked in official economic and labor statistics—especially in the case of female entrepreneurs, who
frequently operate out of the home and are usually marginal, smaller producers. But it is now increasingly
recognized that, especially in many parts of Africa, small enterprises play a vital role in rural economies.
They provide a primary or secondary income for 30 to 50 percent of rural households and contribute 30 to
40 percent of total rural family incomes—considerably more than farm wage labor. In several lines of
activity, small rural enterprises are actually more economically efficient than their large-scale urban
counterparts (Liedholm, 1998; FAO, 1998).

3.16 Farming could also benefit greatly from improved energy services. A reliable supply of
irrigation water is a main factor enabling farmers to plant more than one crop during the year. This
increases both the amount of food produced and agricultural employment per hectare. Motorized pump
sets, powered by biomass derived gas or electricity, could irrigate land that would otherwise not benefit
from gravity flow. Better access to energy services can also improve the efficiency with which food
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reaches consumers. Food losses are high in developing countries in part because the means of processing,
storing, and transporting agricultural produce are inadequate.

3.17 Activities that raise incomes, expand enterprises, and improve agriculture in rural areas
generate a self-reinforcing momentum. As incomes increase, capital for investment becomes more
available and demand for locally produced goods and services grows—fueling further opportunities for
income generating activities. Increasing the purchasing power of lower income households is the most
effective means of stimulating this self reinforcing phenomenon. Households with higher incomes tend to
spend more of their earnings on goods from the urban manufacturing sector or on imports, whereas poorer
households tend to purchase services and goods generated within the local rural enterprise sector (FAO,
1998; Liedholm, 1998). The development goals of bioenergy projects would benefit from targeting efforts
at poorer households, helping them to meet their basic needs, accumulate productive assets, and become a
source of demand in the incipient local economies.

Enabling conditions

3.18 It is unlikely that the mere arrival of modern energy would spur rural enterprise.
Bioenergy projects should explicitly seek to establish links with income opportunities. Rural enterprises
are often linked to the biomass feedstock production activity itself: providing and preparing agricultural
inputs such as fertilizer, selling and servicing farm equipment such as bullock carts, handling and
processing agricultural products, and transporting and marketing finished goods.

3.19 Bioenergy planners need to create the enabling conditions that make rural enterprises
viable. Rural entrepreneurs typically identify the lack of credit and capital as their greatest impediment. In
many cases, a further key obstacle facing rural enterprise is inadequate upstream and downstream
linkages. Remote enterprises could find it difficult to procure raw materials at reasonable prices on a
reliable basis, or to reach prospective sources of demand for their products. Often, this results from
inadequate physical infrastructure such as roads. Integrating these rural areas more fully into the wider
economy opens up opportunities for small enterprises. This integration should be undertaken carefully,
however, as it could hurt rural enterprises as well as help them—poor transportation infrastructure and
other high transaction costs sometimes protect rural enterprises from urban competition and imports
(FAO, 1998). No less important than physical infrastructure is social infrastructure—healthy workers with
productive skills, management expertise, access to market information, and the resources to negotiate fair
terms of trade.

Points of caution

3.20 Bioenergy planners must bear in mind that a diffusion of energy services and an increase
in mechanization do not always benefit rural development. In some situations, labor scarcity is indeed a
problem and labor saving innovations are welcome—for example, at key points in the seasonal
agricultural cycle when lack of labor constrains agricultural productivity. But in most rural areas at most
times of the year, severe unemployment or underemployment prevails. Energy services could support
development only to the extent that they expand employment opportunities.

3.21 Historically, mechanization has often conflicted with employment. From the
displacement of English farm laborers by threshing machines up to today, this process of displacement is
frequently rationalized on the grounds of improved economic efficiency. Its impacts on poor laborers are
deemed a regrettable but unavoidable consequence of modernization. Too often, however, the
displacement of labor cannot even be rationalized on the grounds of economic efficiency. In many
economies, overvalued exchange rates, direct capital incentives, and subsidized credit have introduced
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market distortions that induce excessive substitution of capital for labor. Bioenergy planners should be
aware that such external economic factors might increase the possibility that a bioenergy project will
displace laborers.

3.22 One well studied example of the effects of mechanization is the introduction of small rice
milling machines, which spare rural households the laborious task of hand pounding rice. Frequently,
however, this hand pounding was done by hired women, usually from a village’s poorest families with
little or no land on which to produce their own rice. In rice growing regions throughout the world, the
introduction of mechanized rice milling led to the rapid loss of employment for millions of poor women,
while jobs as rice mill operators generally went to men (Batliwala and Reddy, 1996). This has been
documented, for example, in Bangladesh (OTA, 1991) and Indonesia (Timmer, 1998; UNDP, 1997).
Whether the net economic impact of this innovation was positive or negative has been debated (Collier et
al., 1998; Timmer, 1998), but the point is that severe social dislocation can, and often does, result.

3.23 If they are to avoid such impacts, bioenergy projects must target energy services in ways
that increase rather than displace opportunities for productive activity. Bioenergy planners should try to
anticipate where workers might be displaced, design projects to minimize this possibility, monitor to see
whether this is happening, and if so, implement steps to soften or offset the impacts. Such steps include,
for example, temporary material assistance, alternative employment opportunities, and the training and
resources that will enable displaced workers to take advantage of those opportunities. Particular attention
should be directed toward women and girls; they are especially likely to be displaced, their displacement
is more likely to go unredressed, and their access to alternative employment opportunities is more likely
to be constrained.

Participatory Methods for Needs Assessment in Biomass Energy Projects

3.24 The rather disappointing outcomes of several large-scale bioenergy programs—for
example, early mistakes in dissemination of cookstoves and biogas systems in India (Kishore and
Ramana, 2002); Brazil plantation biomass, (Couto and Betters, 1995); early social forestry programs)—
illustrate how top down, technocratically developed formulas for widespread promulgation of specific
technologies are less likely to truly support sustainable rural development than are participatory
approaches that pay close attention to local needs and circumstances. The central purpose of this section
is thus to highlight the issues surrounding three cardinal characteristics of bioenergy that we raise
repeatedly in the report and that all point to the importance of participatory approaches: (i) biomass
resources are locally varied and site specific; (ii) socioeconomic and other key nontechnical factors
affecting demand and supply are also varied and site specific (particularly in the developing country
context); and (iii) biomass and land play such fundamental roles in rural economies that for
implementations to succeed they must build on the site specific and varied biophysical and socioeconomic
circumstances. ‘“Participation” is a crucial means to this end and must therefore be taken seriously by the
biomass energy policymaker, who should adopt robust methods and approaches of participatory
assessment.

3.25 This section develops some of the principles of needs assessment, techniques for carrying
them out, and the consequences one could expect of different categories of bioenergy projects and
programs. The emphasis here is on local needs assessment for designing village scale, locally appropriate
biomass energy projects (involving, for instance, the development of a community scale biogas system or
the dissemination of gasifiers for commercial applications), but similar considerations would be
appropriate in larger projects involving entrepreneurs (for example, ethanol production) that will likely
affect local livelihoods through biomass feedstock production and job creation.
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3.26 This is not to say that “successful” bioenergy programs are impossible without local
participation. Certain bioenergy activities are closely bounded in terms of their impacts on resources and
labor. For example, an agroprocessing facility with its own biomass residue resources might be able to
implement a biomass cogeneration technology in a straightforward manner with negligible impacts on
broader resources and minimal additional labor requirements. However, such projects may be the
exception rather than the rule. Any project that proposes to provide a significant contribution to local
development through the creation of jobs or the provision of energy services is destined to be more
effective if it is designed and implemented with the participation of the intended beneficiaries.

Participatory methods and bioenergy activities

3.27 The World Bank defines participation as “a process through which stakeholders influence
and share control over development initiatives, decisions and resources which affect them™. This
perspective has evolved gradually over the several decade history of development intervention. Formerly,
rural development was focused on capital intensive infrastructure investments that minimized
interdependence with local communities (for example, Sachs, 1991; Scott, 1998). The conception phase
of such development projects would involve interaction with local communities only to the extent that a
project design team comprised of scientists, bureaucrats and development workers might appear on site to
take field measurements of physical and economic characteristics like soil type, water resources, terrain
and income. This limited site specific information would be taken back to metropolitan centers and used
as input to the design of large-scale engineering projects, the objective of which was, for example, large-
scale water or energy supply systems or irrigation schemes, roads,. Often, the planned capital investment
was ultimately implemented, but the local socioeconomic impacts were rarely closely observed. Such
impacts were manifold and often negative; they included the suppression of local innovation and coping
mechanisms; the creation or sustenance of minority local elites with nearly exclusive access to limited
resources; the formation of a culture of dependence on entitlements; and sometimes worsening poverty
among the already disenfranchised.

3.28 Over time, there has been a gradual shift in the mainstream of rural development toward
including participatory approaches in assessment, planning and implementation. In almost every field,
from watershed management to rural health care, there is a growing realization that local people, on
whose behalf substantial amounts of resources are expended, should be involved in every stage of the
development effort. Participatory methods are similarly being recognized as central to biomass energy
assessment and implementation efforts, largely as the outcome of failures in previous top down
approaches (for example, Karekezi,1994; Shivakumar et al., 2000; see also the REWSU Case Study).
Cookstove dissemination programs in Africa and parts of India have especially revealed the importance of
participation. Successful programs have been accompanied by extensive community involvement in the
design, testing and manufacture, and dissemination of stoves, whereas major disappointments have been
associated with top down, technocratic approaches (Banwell and Harris, 1992; Rouse, 2002).

3.29 Participatory planning processes could help all involved parties to understand and address
constraints affecting development programs, which in turn raises a sense of ownership in specific projects
among local participants. From the standpoint of planners, this is a worthwhile cause since it has become
quite apparent that programs delivered as if they were blocks of entitlements end up being inefficient, or

*World Bank, 1994. A detailed discussion of the Bank’s recommendations for participatory analysis is described in
World Bank, 1998. Note that we use a somewhat different taxonomy in this report to describe different approaches.
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even counterproductive, and help create a culture of dependence. For the policymaker, the advantages of
participation include improved quality and sustainability of development efforts; increased stakeholder
ownership of policies and projects, and greater willingness to share costs and help with maintenance;
increased transparency, accountability and institutional performance; and, ultimately, greater program
success. From the standpoint of local people, participation has several further benefits. Sustained
participation by all segments of a village society could help break traditional hierarchies by giving a
“voice” especially to women and those living in dire poverty. Empowering such groups sufficiently to
form networks of trust is a worthy development objective in itself, because doing so creates opportunities
and builds institutions to give them a voice and thereby provide them with supplementary tools to address
their development needs in historically inequitable environments. For example, women's self help groups
and cooperatives have often been successful in improving living standards across social groups in a given
community, largely because they tend to create and rely on networks of exchange and cooperation rather
than on traditional business models of individual entrepreneurship, which tend to benefit only whose who
are already relatively affluent and upwardly mobile (Mayoux, 1995).

3.30 Various participatory methods have been developed over the years for assessment,
implementation and ongoing program monitoring and evaluation. A number of these constitute an
approach that is generically termed Participatory Learning and Action (PLA), which combines a set of
interactive, visual techniques with underlying principles of grassroots participation that involve rethinking
power relations and partnerships between development agencies, experts and poor people (Kumar, 2002).
Its methods have been refined over the years to facilitate negotiations between different stakeholders in
projects and policy dialogue. PLA is now seen as a “growing family of approaches, methods, attitudes
and behaviors to enable and empower people to share, analyze and enhance their knowledge of life and
conditions, and to plan, act, monitor, evaluate and reflect.” (Chambers, 2003).

3.31 Table 3.2 below lists the different purposes, levels of participation and methods as three
different axes for consideration.
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Table 3.2: Participation: Purpose, Level and Methods.

Purpose
e Data Collection .
Increasing
e Needs Assessment Local Stake
e Project Formulation and Impact
e Project Implementation
e Program Creation
Level of Participation ]
Increasing
e Consultation Local
e Collaboration Participation
e Collegial
e Self determined
Methods and Techniques
e Social Assessment
e Stakeholder Analysis
e Beneficiary Assessment
3.32 As is evident from the discussion up to now, local participation is important in nearly

every aspect of biomass energy assessment, project design and development and implementation. In the
remainder of this chapter, we focus on participatory approaches relevant to needs assessment for actual
bioenergy project or program design.

3.33 There is a rich literature on Participatory Learning and Action that contains tools and
methods for conducting needs assessments generally. We provide a list of such resources at the end of this
chapter. In what follows, we discuss some salient features that would be appropriate in the context of
needs assessment relevant to designing biomass projects specifically.

Step 1. When should participatory assessments be conducted, and by whom?

3.34 Ideally, participatory assessments should begin while conceiving any bioenergy program,
irrespective of scale, that is likely to have nontrivial impacts on resource use and labor. The participatory
activities should continue beyond the conception stage as much as the particular context of the
intervention may warrant participation. The exercise should be moderated by development workers,
preferably with experience in the area or, even more appropriately, by local residents trained in
participatory methods.

3.35 Participatory assessments in rural areas tend to be complicated by user groups’ justifiable
suspicion of outside intervention. Far too often, the poor have been subject to insensitively designed
surveys by visitors with strong interests, either benign or selfish, after which they have invariably seen a
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loss of services, land, or income generating opportunities (Chambers, 1983). In the case of biomass, the
stakes are perhaps as high as they could ever be, since biomass resources are so closely connected with
livelihoods, food production and land. Therefore, it is important that the individuals carrying out site
level assessments be unbiased with respect to any potential outcomes that may favor the siting of biomass
projects in the area. In other words, project developers, financing entities, or entrepreneurs who are vested
in the prospective project should not carry out assessments. Local government officials, to the extent that
they are powerful actors with ties to business interests, should also play a relatively minor role, if any, in
the assessments. Donors and other government professionals may be involved, but only as minor players.

3.36 The ideal facilitators of the needs assessment would be capable members of
nongovernmental organizations, academic institutions and other development workers with some prior
experience with participatory approaches as well as an understanding of biomass energy technologies and
resource issues. Unfortunately, few individuals have this combination of skills and knowledge. In these
circumstances, it would be preferable to provide some initial training on biomass energy to development
workers who are skilled in participatory methods, but have them go on missions to rural areas
accompanied by technical resource persons who would deliberately remain observers rather than trainers
or facilitators. Step 3 below describes some further considerations for setting up the assessment team.

Step 2. Selecting Sites for Needs Assessment

3.37 In the Technical Annex, we detail a process for the broad assessment of biomass
resources, including agricultural and forestry residues and dedicated energy crops. The procedure
underscores the need for local level analysis, not only to verify these estimates but also to ensure that
energy projects developed on the basis of the resource assessments would in fact be consistent with
broader development objectives.

3.38 The national level analysis can be expected to provide a broad map of the biomass
availability. While the resolution of the map would depend, of course, on the resources available to
conduct the assessment, the assessment will nevertheless enable planners to discern at least three types of
regions: resource rich, resource poor, and regions with intermediate biomass resource availability. At
minimum, needs assessment should be conducted in each of these types of regions, with additional sites
selected based on type of resource availability (for example, dominant in crop residues versus forest cover
or cattle).

3.39 It is important to note that the main reason for carrying out the needs assessment exercise
is not to identify suitable sites for preselected biomass energy projects. Rather, it is to generate a better
understanding of actual (rather than imputed) local needs in the context of different levels of resource
availability. Once the assessment team has come to a shared understanding with the local communities of
the community’s needs, then the team can present and discuss biomass energy options that could help to
meet those needs. As this exercise is carried out in several representative areas, the assessment team can
develop a map of project types that could be most appropriate to each type of region.

3.40 Depending on the financial and human resources available and the size of the region to be
covered, sites chosen should be representative of the patterns of biomass resource availability (for
example, rich, poor and intermediate), dominant resource type (for example, rice husk, woody biomass)
and economic characteristics (for example, high, middle and low income). The actual villages where the
assessments would be carried out could be determined through a further screening process that includes at
least the following criteria:

e The presence of an NGO or other civil society group that has experience working in the area
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e Moderate village size, say, 500 households or fewer, but bigger than a hamlet with a few isolated
households

e Absence of political or ethnic strife that is so serious as to make intracommunity discourse of any
form impossible

Step 3. Team Preparation

341 The facilitation team would comprise a small group of no more than 4 or 5 people,
including a team leader; a local NGO representative, teacher, health worker, or person in a similar
position who could evoke community trust and respect; and one or more biomass energy experts (or
someone well versed in the national level assessment and bioenergy options). In the course of several
initial meetings, they would assemble a broad array of visual tools, including resource maps, local
ecological data, and descriptions of biomass energy technologies. They should also identify local spatial
units of concentrated biomass availability (for example, existing forest, plantations, farms, biomass
depots).

3.42 While electronic tools like GIS, videos and Powerpoint presentations could be visually
stimulating, their use may require careful consideration on several fronts. In particularly impoverished
contexts a visit by outsiders with glamorous technical equipment may confuse local residents and also
firmly establish an asymmetric power relationship between the two groups. It would also be impractical,
not to say ironic, to attempt to use such equipment in areas that have limited or no access to electricity.
However, there may still be occasions (for example, where local ICT centers are proximate) where the use
of computer technologies may be appropriate.

343 Explaining the purpose and approach of the assessment exercise to local community
leaders is essential. An appropriate way to do this would be through a reconnaissance visit by team
leaders along with local NGO contacts. It is important to describe fully the scope of the exercise, its
participatory structure and the fact that no political or other promises ensue from it except insofar as it
improves mutual understanding of community needs and the possibilities for resource development.

Step 4. Stakeholder Selection

3.44 In general, virtually every member of the community is a stakeholder in a needs
assessment exercise. While it is impractical to include everyone in the exercise, special care must be taken
not to exclude the disenfranchised. Representative groups would include, though not be limited to the
following:

a. Farmers: It is important that both large and small landholders be represented, including
landowners as well as sharecroppers and farm laborers. Farmers’ needs typically cover a wide
spectrum including the availability of agricultural inputs (water, fertilizer, seeds, labor, land,
credit) and the market for their products. While they are often the most significant producers of
biomass feedstock, this is no reason to afford them privileged positions in the participatory
process.

b. Household end users (especially women): Not only are women traditionally the most unlikely
groups to be consulted during development efforts, they often also hold themselves back from
participation in public affairs because of social mores. Nevertheless, by virtue of their roles as
homemakers they are generally the most intense local users of biomass, from firewood collection
for cooking to fiber generation for various “cottage” products. The facilitation team may have to
make special efforts to recruit women and other end users of biomass.
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c. Local NGOs and academics involved in agriculture and development activities. It is usually not
difficult to locate a local voluntary agency, school or college teacher engaged in social work in a
village or within its vicinity. Such players have a great deal of local knowledge but could often be
relied upon to provide alternative perspectives on local needs because they may discern patterns
within the larger local area or social context.

d. Local forestry staff

e. Other local government officials. There are obvious reasons to include representatives from these
two categories, which include the reasons cited above for local NGOs. From the standpoint of
potentially developing a project subsequently in the area, their early involvement would also
create the necessary continuity for later, detailed site assessments and project preparation.

f.  Owners /operators of agroprocessing facilities. These groups carry important information about
the biomass availability chain, which could be illuminating to facilitators, end users and other
biomass producers.

g. Informal biomass procurement sector/municipal waste handlers. The inclusion of this group
could be as important as the last for participants to get a clear picture of feedstock availability.

3.45 One way to select participants would be to establish contact with community leaders and
explain the need to select individuals from each of these groups and to formulate a team on that basis. In
many situations, this may be the only realistic choice. Alternatively, if local NGO representatives have
direct rapport with community members, they could help seek out participants. Sometimes, the existence
of village level institutions (for example, agroprocessing cooperatives, self help groups, micro credit
institutions) could greatly facilitate the involvement of otherwise poorly represented groups like women.
Typically, no more than 20-25 participants should be chosen, in order to keep meetings manageable.

Box 3.1: Gender and Participation

Involving women in participatory schemes is especially critical. A bioenergy related activity is unlikely to
benefit women—or succeed at all—unless it involves women directly. Indeed, women are likely to be the
main local collaborators in successful bioenergy activities that rely on local resources and provide for
household needs. Women are, in fact, indispensable to many local development organizations and
movements. Owing to the considerable gender differences in access to, control over, and reliance on,
bioresources (both for energy and nonenergy purposes), women will have different needs, opinions,
knowledge, skills, and degrees of access to and control over resources. These differences affect how a
household functions, how it responds to environmental and social stresses, and its prospects for escaping
poverty (Kelkar, 1995; Obaidullah Khan, 1995; Osterveen, 1995; Skutsch, 1995).

Despite the value of doing so, it can be especially challenging to elicit women’s participation. Women are
frequently excluded from public decisionmaking forums or, if not excluded, their active participation and
initiative are discouraged by attitudes about appropriate female conduct. Women face a “glass ceiling” in
village committees and farmers organizations, just as in the corporate world (Obaidullah Khan, 1995). In
many situations, local women can freely interact only with female project implementers or extension
workers, and can only effectively voice their opinions and their concerns in women only forums
(Varalakshmi, 1993; FAO, 1999).




Volume I: Designing Biomass Projects to Meet Community Needs 71

Step 5. Learning on both sides

3.46 A schedule for 3-4 meetings should be developed by the team members and the local
participants to ensure that sufficient time is made available for interaction and learning. A facilitator
should be selected to set rules for discussion, set the agenda and promote communication among all the
actors. S/he should be respected by the entire group and be skilled to manage unexpected situations and
disruptions.

3.47 As discussed earlier, mutual engagement could take place through a variety of methods,
including interviews, focus group discussions, and multimedia workshops. The actual process of
deliberation could be determined either by the facilitator in the course of the needs assessment process or
by reference to one of several participatory toolkits mentioned at the end of this chapter. The key point is
to ensure that actors have opportunities to share knowledge with each other and build a clear picture of
needs and resources while ensuring that traditionally weak constituents (for example, women, poor
farmers) feel empowered to speak publicly. In some cases, it may be necessary for female team members
to speak privately to some of these players and voice their concerns in public forums without
misrepresenting them or putting their situations in jeopardy.

3.48 An important element of the exercise would be to use visual tools as imaginatively as
possible. For instance, diagramming could give local people a share in the creation and analysis of
knowledge, providing a focus for dialogue that could then be modified and extended. Local categories,
criteria and symbols are used during diagramming; tools to achieve this may include mapping and
modeling, comparative analyses of seasonal, daily and historical trends, ranking and scoring methods to
understand decisionmaking, and diagrammatic representations of household and livelihood systems.
Visualizations help to balance dialogue, establish rapport and increase the depth and intensity of
discussion.

3.49 A number of areas need to be covered in the discussion, including:

a. Ranking of primary needs felt by stakeholder group (for example, jobs, sanitation, water, credit,
cooking, lighting)

b. Local livelihood concerns (for example, seasonality of farm labor, pressures on local industries
and craft)

c. National level assessments and findings for local region

d. Local field assessment exercises carried out by stakeholders with assistance from facilitator and
assessment team to confirm (or establish) distribution and volume of resource (including
parameters such as residue ratios, yields, seasonal availability, and others)

e. Potential competitive demands for apparent biomass resources (for example, fertilizer, household
fuel, artisanal materials, etc)

Ownership and access of biomass resources and land, land tenure, resource custody.

The practical availability of biomass to end users.

5o

Physical constraints (is it too far? Does transport infrastructure exist?)

—

Biomass energy generation technologies and costs, potential for investment, issues, concerns
relating to investors

j. Labor availability/cultural willingness (especially in the case of dung, human waste) and labor
cost for harvesting, procuring, transporting
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k. Availability of capital (access to necessary harvesting tools/equipment)

3.50 As emphasized earlier, the discussion on primary needs ought to remain the central focus
rather than the biomass resource availability and related technology. Team members ought to make a
conscious effort to treat the latter as offering potential, though not inevitable, solutions to the former and
work with the stakeholders to identify all the potential conflicts as well as opportunities involved. The
next two sections develop two of the most important themes that are likely to emerge in the course of the
exercise: feedstock procurement and income generation. The discussion in these sections does indeed go
beyond the first level of needs assessment—what stakeholders need—by highlighting practical
considerations relating to project definition and development. Nevertheless, these considerations would
very likely emerge during the needs assessment exercise and the facilitation team could benefit by having
advance notice of these issues.

Additional Resources
3.51 Below are listed some of the main resources on participatory development approaches.

e PLA Notes www.iied.org/sarl/planotes/index.html

o Institute for Development Studies, Sussex www.ids.ac.uk/ids/particip/

e Participatory Research and Gender Analysis www.prgaprogram.org/

e World Bank Participation Methods www.worldbank.org/participation/methods1.htm

e UNDP/CSOPP Guide to Participation www.undp.org/csopp/CSO/NewFiles/docemppeople6.html

Conclusions

3.52 As is emphasized throughout this report, well-designed biomass energy projects and
programs that increase the availability of energy services can amplify opportunities for productive work
and thereby improve livelihoods. Conversely, poorly designed bioenergy interventions can appropriate
resources unfairly, and thereby adversely affect rural livelihoods and even lead to the further
impoverishment of the most vulnerable community members who rely heavily on common natural
resources. This section stressed the importance of designing and undertaking bioenergy activities with
community involvement, which could range from consultation on project design to participation in project
implementation.

3.53 The importance of community involvement is warranted by the fact that bioenergy, even
more so that other renewable technologies, is rurally based and land, resource, and labor intensive, and
that will thus unavoidably affect the communities with which it is colocated. Ensuring that those impacts
are positive, rather than negative requires the policymaker or project developer to be sensitive to
community conditions and needs from the very conception of the bioenergy program. Bioenergy activities
will be consistent with sustainable development and its objectives of environmental impacts and
livelihood generation only if those goals are built into the project design and implementation.

3.54 Participatory approaches can help ensure that development benefits and their equitable
distribution are intrinsic parts of bioenergy projects. Participatory approaches can moreover have positive
effects by helping build social networks around projects and programs that make collaborative use of
biomass resources for development needs.
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