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Abasic tenet of economics is that
resources are always in limited
or scarce supply. This scarcity

makes it necessary to choose among alter-
native uses for resources and imposes lim-
its to both the quantity and types of goods
that can be produced. The challenge of se-
lecting a mix of resource uses that maxi-
mizes some measure of well-being is
usually referred to as the basic economic
problem.

There are diverse technical, environmen-
tal, social, cultural and economic reasons for
choosing woodfuel as a source of energy.
These factors make woodfuel use a site- and
situation-specific energy option. This arti-
cle examines the economics of the choice to
use woodfuels for the different contexts of
developing and developed countries.

ECONOMICS OF ENERGY CHOICES
Dependence on woodfuels and the mix
of fuel types varies from region to region.

There are diverse reasons for choosing
wood as a source of energy. For many
users the choice depends on the avail-
ability and affordability of other energy
options.

A large and significant group of users
remains outside, or at best only on the
periphery of, the money economy. Some
2.8 billion people, for example, earn less
than US$2 per day, and low daily income
is strongly correlated with use of biomass
for energy (see Figure). Most users of this
type live in developing countries, where
woodfuels are a vital component of the
primary energy supply (IEA, 2002a). A
large part of these users have relatively
limited access to alternative fuels for
cooking or home heating. For many of
them, fuel options are currently confined
to locally available energy that can be
gathered for the cost of the time and
physical exertion (“sweat equity”) in-
volved in its collection.

Subsidies and incentives are often
needed to make the use of
woodfuels attractive – yet in some
situations the use of wood energy
can be an economic choice.

Poverty and share of
traditional biomass in

residential energy
consumption

Source: IEA, 2002a.
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Development, and with it greater in-
volvement in the monetary economy, in-
creased value assigned to the individual’s
time and a wider choice of fuels, is likely
to reduce the use of woodfuels by this
group. However, at present the basic en-
ergy options of this group are limited. A
significant amount of research has there-
fore been targeted at improving the effi-
ciency of cheap stoves and increasing the
supply (production) of woodfuel to im-
prove the welfare of these users.

A second group of wood energy users takes
part in the monetary economy but is almost
as limited in its options as the first. This
group comprises commercial enterprises
such as food processing industries that de-
pend on woodfuels for baking, brewing,
smoking and curing.

A third group consists of industries (e.g.
sawmills, power utilities) which use
woodfuels for energy production. Users of
black liquor, a by-product of pulp and pa-
per making which is burnt to provide en-
ergy for the pulping process, fall into this

category, as do users of wood residues (in-
cluding sawdust) for combined heat and
power production in forest industries such
as sawmilling and particle board industries.

Where energy is produced as an essen-
tial part of the process of manufacturing
another wood-based product, the energy so
produced is in economic terms essentially
“free”. Failing to make use of it – opting
instead to purchase energy for manufac-
turing from other sources – makes no eco-
nomic sense, particularly if the energy is
already in the form required by the proc-
ess. Should the energy production exceed
the requirements of the process, selling the
excess energy is also likely to make good
economic sense for the manufacturer, as
long as the sales price more than covers
the cost of producing this energy.

In contrast with these groups of produc-
ers and users, which are essentially locked
into producing and using wood energy,
other fuelwood users have choices. Their
decision to use wood to provide for their
energy needs is not based on necessity, but

on the relationship between the costs of
achieving the desired results (a warm house,
a digestible meal, boiled water, a salable
product) with wood or a wood-based fuel
and the costs of achieving the same result
with some other fuel. Typically the refer-
ence will be a fossil fuel (oil, gas, coal),
but it can also be another renewable en-
ergy source or technology. However, fos-
sil fuels are expected to continue to domi-
nate the primary energy supply for at least
the next 20 years (IEA, 2000).

The type of analysis used to determine
whether wood is economically the most
appropriate fuel may range from an ex-
tremely simple accounting, where current
and/or projected market prices of the vari-
ous fuels are used to estimate the cost of
meeting a stated goal with each fuel, to
highly sophisticated economic analysis. If
the relative cost of the various fuels is ex-
pected to remain reasonably constant, and
if the cost and expected life of the equip-
ment required for the use of each fuel are
reasonably comparable, rankings provided
by the very simplest of analyses are likely
to be quite accurate. However, if the capi-
tal cost or the expected economic life of
the equipment required by different fuels
varies significantly, if relative fuel prices
are expected to change, or if taxes on fuels
per unit of effective energy differ and do
not reflect the externalities imposed by dif-

For many fuelwood users
in developing countries,
energy options are limited;
for these users, efforts
have been targeted at
improving the efficiency of
cheap stoves (as
promoted in this poster in
the Niger) to improve their
welfare

FA
O

 F
O

R
E

ST
R

Y
 D

E
PA

R
T

M
E

N
T

/F
O

-1
01

4/
S.

 B
R

A
A

T
Z

Some commercial
enterprises such as food

processing industries
take part in the monetary

economy but are still
limited in their energy

options (shown, street
food preparation in the

Sudan)

M
.A

. T
R

O
SSE

R
O



Unasylva 211, Vol. 53, 2002

25

ferent fuels, the results of a simple analysis
can be quite misleading and more sophisti-
cated analysis is required. The analysis may
have to take into account specific attributes
of each fuel – not just the obvious macro
ones of whether the fuel is a solid, liquid or
a gas, but possibly more subtle ones con-
cerning chemical composition and related
suitability in terms of equipment and op-
eration. A consumer contemplating switch-
ing fuels may need to factor in the possible
impacts on existing equipment and may
have to assign economic values to known
or perceived externalities (such as air and
water pollution resulting from burning of
fuel) which may differ with the energy or
fuel source.

ECONOMICS OF INDUSTRIAL
WOOD ENERGY
In techno-economic analysis, energy is
often considered a by-product of a process
aimed at producing another output, which
makes a great deal of difference to the
economics, raising issues of how costs
should be allocated between various
outputs. If demand for some outputs makes
prices inelastic, it may be possible to
produce cost-competitive energy simply
by ensuring that these products carry all or
most of the costs of growing, harvesting
and processing the wood.

In developed countries, it is apparent that
in most cases, based on direct costs, energy
from wood is at present more expensive
(and in some cases very much more expen-
sive) than the fossil fuel equivalent. Nev-
ertheless, many of these countries provide
special subsidies and incentives to encour-
age the use of woodfuel for various rea-
sons: to ensure national control over at least
a portion of the country’s energy resources;
to increase familiarity with woodfuel sys-
tems in the hope that this will help lower
the cost of wood energy; and to help re-
duce the negative externalities associated
with some of the currently used fuels.
Woodfuels are seen as a means for con-

forming with new environmental legisla-
tion and with energy policies demanding
that by a particular date a set fraction of
energy should be supplied from renewable
sources. For example, 10 percent of elec-
tricity in the United Kingdom should be
generated from renewable resources by
2010, and one half of the renewable-
resource-based electricity should come
from burning biomass.

Government support is not always re-
quired to make modern biomass-based
energy economically viable, however. In
some cases biomass-based fuels are com-

petitive with other energy forms on a pure
resource cost basis. This competitiveness
is usually due to some specific site or
manufacturing process factor, for exam-
ple when residues are used to produce
energy for sawmilling, when black liquor

When the site where
energy is needed is

remote from other sources
of energy, woodfuel can

be competitive with other
energy forms – shown,

brickmaking (above) and
cement production
(below) using wood

energy in Brazil
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is used in pulp and paper making, or when
the site where the energy is needed is re-
mote from both other sources of energy
and the rest of the country’s supply infra-
structure. These conditions may be more
likely to occur in developing countries.
However, remoteness and high cost of sup-
ply for other forms of energy do not occur
only in the developing world.

Biomass is without doubt the most ubiq-
uitously available energy source. How-
ever, in comparison with many other en-
ergy resources, the energy density of raw
wood is relatively low. When newly har-
vested, wood can be more than 50 percent
water by volume. Its low energy density
together with the costs of its harvest and
transport impose limits on the distance
wood for energy can be transported be-
fore use. However, many of the modern
processes that transform wood into energy
exhibit significant economies of scale.

As the production and transport func-
tions tend to favour small-scale operations,
while conversion technologies often re-
quire large-scale operations to be eco-
nomic, the challenge for the modern
woodfuel industry is to strike the right
balance. The current reality is that in many
situations the amount of economically
available biomass for energy is very much
less than the reported physically available
amount (East Harbour Management Serv-
ices, 2002).

Looking to the future for both proven
technologies for woodfuel conversion for
energy production, such as combustion
and gasification, and for other less well-
developed technologies, such as pyroly-
sis, continued research and development
continue to hold promise for reducing the
cost of producing energy. They can do this
by leading to improved efficiency of con-
version or by reducing capital cost, in turn
reducing the impact of scale economies
on the overall economics.

Greater use of residues and wastes is a
potential source of relatively cheap

biomass for energy. Much of this material
is not used, and its cost can be modest
when compared with the cost of purpose-
produced material. The opportunity cost
of large volumes of residue material from
conventional forest crops or forest
processing is typically in the range of
US$1.30 to $3.20 per gigajoule (US$10
to $24 per cubic metre) (Ford-Robertson,
Horgan and Wakelin, 1996; Li, Gifford
and Hooper, 2000).

On the other hand, the costs of produc-
ing significant volumes of purpose-grown
fibre for fuel are typically of the order of
US$25 to $40 per cubic metre (Graham et
al., 1995; Mitchell et al., 1995; Samson
and Girouard, 1998; Turhollow, 2000). In
the longer term, research, including the de-
velopment of clones specifically intended
to meet the needs of an energy market,
might reduce the generic growing and de-
livery costs by at least 50 percent.
Carpentieri, Larson and Wood (1993) es-
timated that plantations in northeastern
Brazil could deliver 13 exajoules (EJ, 1018

joules) per year of biomass at US$1.5 per
gigajoule (GJ, 109 joules) (approximately
US$12 per cubic metre).

Even with cheap feedstock and a
technically efficient conversion process,
stand-alone commercial viability is and is
likely to remain dependent on site-specific
factors, which are often coupled with
significant levels of public financial
support. Such support sometimes even
ensures commercial viability for systems
that do not enjoy any specific site
advantages. The impetus for this support
ranges from the desire to demonstrate the
effectiveness of a particular process to
universal concerns about climate change,
the security of energy supplies or
overdependence on other countries for
domestic primary energy supplies. While
the concerns may be general, however, the
value placed on wood energy as a means of
addressing them is site and situation
specific.

CONCLUSION
Growing awareness of woodfuels as a po-
tentially environmentally friendly source
of energy is currently leading to a renewed
interest in wood energy and an increas-
ing number of initiatives and projects in
this field. In general, the direct cost of
energy from wood is greater, and in some
cases substantially greater, than the direct
cost of energy from conventional fossil-
fuel-based systems. Based on projected
international trends of the pre-tax cost of
oil and other fossil fuels, it appears prob-
able that this will remain the case for some
time unless an unexpected breakthrough
can produce an immediate and substan-
tial reduction in the cost of biofuels. Ac-
cordingly agencies such as IEA (2002b)
have projected relatively modest growth
for non-hydro renewables, at least over
the next five to ten years. This conclusion
may seem to be at odds with the upsurge
in development of woodfuel systems, yet
in fact it serves to highlight the site- and
situation-specific nature of many of the
economic conclusions concerning wood
energy.

The present interest in woodfuels does
not simply reflect a focus on the direct
cost of producing energy from wood. It
also reflects an appreciation of the exter-
nalities associated with the use of wood
as a fuel relative to those associated with
other fuels. Although some externalities,
notably those related to climate change in-
duced by fossil fuel use, may apply to all
fuels, there is as yet no universal agree-
ment on the costs. The values applied for
greenhouse gas emission reductions are
therefore at present site, country or region
specific. Externalities related to national
security clearly depend on the particular
circumstances of the region or country. As
a result, the inclusion of externalities in
the analysis generally reinforces the site-
and situation-specific nature of the eco-
nomics of wood energy systems, rather
than narrowing the differences.  ◆
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carriers such as bio-oil, ethanol, metha-

nol, hydrogen or even electricity (Suurs,

2002).

The performance of the trade chain is

influenced by many variables such as

transport distance, fuel prices and equip-

ment performance. The biomass produc-

tion method, the type of transport and the

choice and order of pretreatment opera-

tions are also important.

Various studies (Suurs, 2002; Agterberg

et al., 1998) have given indications that

intercontinental trade of biofuels or even

bulk transport of wood could be economi-

cally feasible and does not lead to dramatic

energy losses. International trade of solid

biomass for energy, especially fuelwood

and charcoal, already takes place on a

relatively modest scale. The following are

some examples.

• The export of forest residues from

the Baltic countries to the Nether-

lands entails inland transport, trans-

fer and shipping over 1 500 km in

small vessels. The chain’s overall

energy use is 5 percent of the energy

content of the biomass transported.

• The export of cultivated wood from Latin

America to the Netherlands includes

inland transport, transfer and shipping

over 10 000 km in large vessels. This

chain uses about 10 percent of the en-

International
trade of biofuels

A. Faaij

Continuing growth in woodfuel consumption is

forecast for developed countries, especially in

the European Union, as a result of new energy

and environmental policies enacted to reduce

greenhouse gas emissions. Several industrial-

ized countries such as Sweden, the Netherlands

and Finland, and some developing countries,

particularly in the Near East, already make use

of most of their available woody residues (from

both forests and forest industries) and are start-

ing to seek opportunities for cheap woodfuel

supply from other countries. Thus today there is

an emerging international trade in woodfuels,

especially in and to northern Europe (Hillring,

2002; Vesterinen and Alakangas, 2002).

Certain regions, particularly Latin America,

parts of North America, parts of sub-Saharan

Africa, Eastern Europe and Australia, have the

potential to produce enough biomass that even

after covering growing domestic energy de-

mands, a net surplus of biofuel can be

sustainably produced. In those situations where

the price can be competitive with other uses of

the wood, such countries and regions may

become net suppliers of renewable bioenergy

to countries that are net importers of energy.

INTERNATIONAL BIOENERGY TRADE

CHAINS

Types of biofuels in international trade can

include simple solid biomass such as chips,

logs, bales and charcoal as well as bioenergy

Andre Faaij is Associate Professor at
the Copernicus Institute for Sustainable
Development, Utrecht University,
Utrecht, the Netherlands, where he
coordinates research on sustainable
energy supply and system studies.

Several industrialized
countries, such as Sweden,
are increasingly using
mechanized wood energy as
an alternative to fossil fuels –
and opportunities for cheap
woodfuel supply are being
sought from other countries
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ergy content of the biomass. (Agterberg

et al., 1998).

• Sweden makes structural use of imported

biomass fuels, mostly from the Baltic re-

gion and southern Europe, mainly to sta-

bilize prices on the national market. The

total volume amounts some 20 to 30

petajoules (PJ) per year (Vesterinen and

Alakangas, 2002).

• Saudi Arabia imports charcoal – valuing

some US$8 million in 2000 (FAO, 2002)

– to meet the country’s sizeable demand

for use in barbecue, roasting of coffee

beans and incense burning.

Future of woodfuel trade

Woodfuel trade has the potential to contribute

to mitigation of greenhouse gas emissions

through the displacement of fossil fuels and

to contribute to sustainable development

through the mobilization of investments for

woodfuel production. However, this contribu-

tion is by no means guaranteed, and will de-

pend on such factors as (Hoogwijk et al.,

2002):

• economic competitiveness of woodfuels

and woodfuel trade;

• productivity of forests and sustainable har-

vest levels;

• availability of land for biomass produc-

tion;

• increases in utilization of biofuels.

The demands for food, bioenergy and

biomaterials are closely linked. The economic

drivers, however, have not yet been well

studied. It is uncertain to what extent the

transitions required to exploit the global

bioenergy potential are feasible. To secure the

public support needed for large-scale

implementation of biotrade schemes, research

is needed on a number of environmental, so-

cial and economic questions.

• What are the environmental and socio-

economic impacts of biomass production

and export systems, and how does

biomass or bioenergy export from the local

level compare to local bioenergy use, al-

ternative land uses and carbon seques-

tration options?

• What are the sustainable levels of pro-

duction under different conditions and de-

velopments?

• How can agricultural and agroforestry sys-

tems be designed for sustainable biomass

production?

• How will such production systems benefit

or disadvantage local actors?

• How should biomass production and the

related logistics be organized to minimize

harmful impacts and maximize benefits?

• What organizational structures and

changes are needed to introduce export-

oriented biomass production systems?

What are the implications of existing in-

ternational law on biotrade schemes?

• What is the institutional framework for

biomass trade? Who are the major actors

involved, and what are the political, legal,

social, economic and ecological impacts

on them?

• How should complete bioenergy systems

be implemented over time? What are the

most promising approaches and strate-

gies?

At worst, a large demand for bioenergy, for

example triggered by carbon taxes and the

Clean Development Mechanism in industrial-

ized countries, could compete with food pro-

duction for the better soils and water supplies,

resulting in the displacement of poor farmers

from their land. This could jeopardize the food

security of the poorer parts of the population

and could potentially trigger large-scale de-

forestation and unsustainable agriculture.

At best, however, bioenergy could become

a strong driver behind local economic devel-

opment and, when linked to modernization of

agriculture, could lead to improved and sus-

tainable land use. Integrating bioenergy pro-

duction with local development could also lead

to a wide variety of production systems, such

as agroforestry methods that deliver a multi-

tude of products, one being energy. Such

additional benefits could serve as an in-

centive for international export-oriented

bioenergy projects.
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