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Abstract
The report consists of three case studies relating to Swedish bio-energy markets. The first is concerned with a
general analysis of costs and benefits of transition to biomass-based electricity in Sweden. The analysis indicates
that many price relations in Sweden do not support the transition to bio-energy. Future prospects for biomass
conversion technologies versus natural gas based technologies may not be in favour of bio-energy with the existing
fuel prices. Additionally, there is no effective utilisation of the large economic benefits that could be gained by
coordinating the bio-energy fuel chain with the management of other material flows such as the nutrient flows in the
water cycle. In government policies, the supply of biomass does not seem to receive the same attention as the
conversion technologies. Potentially, this could lead to a shortage of biomass feedstock when the conversion
technology part of the programmes succeeds.
The second study is about market development for energy crops, specifically Salix. The analysis shows that reallife development is far behind prognoses and scenarios, confirming worries about future supplies of biomass. While
Salix is associated with significant positive externalities and provides a large potential for co-benefits, the institutional
setting is not favourable for the exploitation of these advantages. A particular problem is the high risk farmers face
when planting Salix, as future demand is uncertain and prices difficult to predict. A better distribution of risk among
the market actors, particularly between farmers and district heating companies, might be the best strategy for
renewed growth in this sector.
The third study is concerned with the wood pellets market, which experienced a supply crisis in the winter
2001/02, as producers were unable to satisfy demand or did so only at highly elevated prices. The analysis points to
weakness in market governance, especially insufficient information flows between actors, lack of coordination, and
insufficient development of customer relations and the associated responsibility for securing supplies. As indicated
also in the two other studies, biomass appears to be promoted in the conversion sector with insufficient attention to
the supply sector.
Sammanfattning på svenska (Swedish abstract)
Rapporten består av 3 studier som behandlar den svenska bioenergimarknaden. Den första studien analyserar
vinster och kostnader som uppstår vid användning av biobränsle vid elproduktion. Analysen pekar på att
prisrelationerna tenderar att missgynna biobränslen i elproduktion, och att detta problem kan förstärkas ytterligare till
följd av teknologiutvecklingen inom omvandlingssektorn, som tycks gynna t.ex. naturgas mer än biobränsle. Vidare
saknas mekanismer för ett effektivt utnyttjande av potentiella synergier som uppkommer vid en koordinering av
bioenergins bränslecykel med hanteringen av andra kretsloppsproblem, t.ex. för vatten. Produktionen av biobränslen
tycks få lite politisk uppmärksamhet jämfört med omvandlingssektorn. Detta kan potentiellt föra med sig att det
uppstår försörjningsproblem just som insatser i omvandlingssektorn har bäst framgång.
Den andra studien analyserar marknadsutvecklingen av den viktigaste energigrödan i Sverige, nämligen Salix.
Den faktiska utvecklingen av Salixodlingen ligger långt under optimistiska prognoser och scenarier. Trots att Salix
allmänt ger vissa samhällsvinster och dessutom möjligheter till extra vinster genom t.ex. koordinering med hantering
av avloppsvatten, så saknas mycket av den institutionella ram, som behövs för att förverkliga sådana möjligheter
och för att samhällsvinsterna ska komma Salixodlingen till godo. Ett viktigt problem är den höga risknivån som beror
på att plantering av Salix är ett långsiktigt åtagande, samtidigt som marknaden är svår att förutsäga. En fördelning
av risken mellan marknadens aktörer, i synnerhet mellan jordbrukare och fjärrvärmeföretag, skulle sannolikt utgöra
den bäste strategin för att förnya tillväxten inom denna sektor.
Den tredje studien redogör för pelletsmarknaden, som genomgick en kris under vintern 2001/02, då producenter
saknade förmåga att möta efterfrågan eller gjorde detta till kraftigt höjda priser. Analysen pekar på svagheter i
marknaden, som beror på otillräckliga informationsflöden mellan aktörer, en frånvaro av koordineringsinsatser och
en svag utveckling av kundrelationer och medföljande ansvar. I likhet med de två andra studierna, pekar också
denna studie på att omvandlingssektorn främjas utan tillräcklig uppmärksamhet på försörjningssektorn.
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PREFACE
The BIOMARK project was started in 2000 with the aim to identify barriers for more
extensive implementation of bio-energy in the Swedish energy system and develop
suggestion for surmounting such barriers.
Within the project a collaboration has developed between researchers with different
backgrounds (agronomics, social science), as well as from three different research
organisations: Environmental and Energy Systems Studies at Lund University, Swedish
University of Agricultural Sciences, and Department of Social Sciences at Roskilde
University in Denmark.
The project was funded by the Swedish Energy Agency (Energimyndigheten) as part of
the General Energy Systems Studies (AES) research programme, under project no.
P12010-1.
Pål Börjesson
project manager

Peter Helby
ass. project manager
& editor of report
Communications
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Peter.Helby@miljo.LTH.se
or contact the individual authors
(see next page)
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1

CHALLENGES FACING POLICY MAKERS

Benefits versus costs of bio-energy
Bio-energy is
costly in terms
of labour, capital
and land

Benefits and costs of bio-energy are complex. This complexity is
evident in table 1 below, where the rows are different kinds of
benefits and costs, while the columns are different beneficiaries or
victims. The table compares a biomass mix (consisting of forest
residues and energy crops) with natural gas, which tends to be the
most competitive alternative. The first three rows (effects on
factor allocation) reflect that bio-energy is a more costly alternative than natural gas in terms of all three social production
factors: It requires more labour, more capital and more land.

... but have
broader
benefits

Benefits tend to have a wide scope, i.e. are spread out widely in
society. Costs, on the other hand, tend to have a more narrow
scope, sometimes limited entirely to factor owners. This is a
typical market failure situation, an externality problem, that calls
for political correction.

Table 1: Benefits and costs of using biomass instead of natural gas
B = Benefit
C = Cost

scope

Total for
all levels of
Owners
society
of labour,
capital
and land

Distribution on different levels of society

contingency
Factor
Allocation

Ancillary
Effects

Local
Sweden
community

except
owners ...

except local except
...
Sweden

Labour

C

C

Capital

C

C

Land

C

C

CO2

B

B

B

B

NOX

C

C

C

C

Particles in air

C

C

C

Groundwater
improvement

B

B

B

Pesticides

B

B

B

B

Fertiliser

B

B

B

B

Landscape

?

?

?

?

Transport

C

C

C

C

B

B

B

Ash Recycling

B

B

B

Cadmium Cleaning

B

B

B

B

Nutrient Transport
Control

B

B

B

B

Co-Effects Waste

Sources: Adapted from Study I. See pp. 53-65 for further discussion.

1

Baltic
region

Author: Peter Helby. Reviewed by Pål Börjesson and Anders Christian Hansen.

B

B

Rest
of the world

except
Baltic ...

B
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Benefits are not
so easily perceived
or realised

Benefits tend to have some aspect of contingency, whereas costs
tend to be non-contingent. Ancillary effects are contingent in the
subjective sense, that they are not as easily socially perceived or
understood as the effects on factor allocation. Whereas for
instance the costs of added capital expenditure is easily perceived and quantified, the benefits from reduced fertiliser use
can be fully understood only from a sophisticated ecological
perspective and their quantification is fraught with uncertainty.
Co-effects are contingent in the more objective sense, that they
don't appear spontaneously, but only materialise as result of
some deliberate action, for instance the combination of energy
production with waste water treatment, through the use of Salix
(willow) plantations. Such combinations can be easy in theory
but difficult to realise. The contingencies involved reduce the
ability of benefits to prevail over costs in the eyes of actors.

... and will not
balance costs
without
political intervention

To give benefits a better chance of balancing costs, in the eyes
of actors, there is a need for political action. The subjective type
of contingencies call for awareness creation as well as production and dissemination of knowledge. The objective type of
contingencies call for actions to bring actors together and the
creation of an institutional framework conducive to the exploitation of co-effects.

... which can have
short-term
as well as
long-term
justification.

An additional reason for political intervention may be the desire
to shift the balance between benefits and costs by accelerating
processes of learning and institutional change (discussed pp. 2831). This would allow society to combine its need for energy
consumption and environmental sustainability more cheaply in
the future, i.e. prepare a less costly path towards enhanced
sustainability.

Policy response and barriers
Recognition
of benefits
has already led to
large expansion

Looking backwards, the benefits shown in table 1 have been
known for quite some time. Swedish policy makers have long
since reacted on them, by promoting bio-energy in different
ways, and with considerable success, as illustrated by the
upwards trend in figure 1 below.

... and even
higher ambitions
for the future

Looking forwards, policy makers are now aiming for even more
bio-energy. This is motivated by deeper and more widespread
appreciation of the benefits shown in table 1. In particular, the
desire to reduce CO2 emissions has become increasingly important as policy drivers. Higher aims for the future are also encouraged by the success shown in figure 1.
Scenarios, Swedish as well as European, anticipate an increasing
role for bio-energy in the evolution towards greater sustainability. As illustrated in figure 1, an increase from 90 TWh in
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1997 to around 130 TWh in 2020 is projected by the Swedish
Energy Agency projects (Energimyndigheten, 2001). This is
roughly in line with historical trends. Such expansive aims are
not peculiar for Sweden. An increase from 520 TWh in 1995 to
1570 TWh in 2010 is projected by European Commission.
Compared to recent trends (1989-1998) this is nearly 4 times the
historical growth rate (European Commission, 1997 & 2000). In
this sense, European projections are a good deal more ambitious
than Swedish scenarios.
But barriers
need to be
understood.

This report is focused on barriers standing in the way of such
ambitions. Not any type of barrier, but barriers in the development of the markets necessary to fulfil the ambitions. Assuming
that the resource potential exists, the required technologies are at
hand, public acceptance is ascertained, and society acknowledges the benefits shown in table 1 - what problems then
remain before markets will smoothly produce the expansion in
bio-energy that appears to be expected and desired by society?

... and are
the focus
for this report.

The main problems identified are
competition from fossil fuels remain strong,
risk is not well allocated among actors,
interests and incentives are not aligned towards the aims,
markets are without appropriate governance.
These problems shall structure the remaining text of this
introduction, after some notes on methodology and a brief
summary of the case studies

Figure 1: Projections and historical trends.
25%

Climate policy
Extrapolation of 1997-2002 growth
20%

15%

Bio-energy share of primary
energy consumption
10%

5%

0%
1970

Preliminary
values
1975

1980

1985

1990

1995

2000

Projected values
2005

2010

2015

Source: Adapted from Study I, figure 2. Primary data source: Energimyndigheten (2001a&b, 2002).

2020
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The research approach
is problem oriented

The research for this report has aimed at identifying and understanding problems. They need to be seen against the background
of past success. Bio-energy has grown significantly, as seen in
figure 1. The most important example of success has been the
mobilisation of bio waste materials (imported as well as domestic)
for production of district heat. This whole sector reduced its fossil
fuel dependence from 98% in 1970 to 18% in 2001, mainly
through a 100-fold increase in use of bio-energy.

... and relies on
case-study
methodology.

Policy however cannot progress simply through the repetition of
such success stories, but also needs the analysis of problems,
shortcomings and potential failures. For this purpose, the report
relies on a case study approach. Certain topics were chosen for
study, exactly because they appeared well suited to highlight
problems, shortcomings and potential failures.
The report consists of three such case studies:
a general analysis of costs and benefits of transition to biomass
based electricity in Sweden,
an analysis of problems facing the market development for
energy crops, specifically Salix,
an analysis of the wood pellets market, specifically the supply
crisis of 2001/02.

One study
deals in general terms
with costs and benefits
of bio-energy,

The first study is concerned with a general analysis of costs and
benefits of transition to biomass based electricity in Sweden. The
analysis indicates that many price relations in Sweden do not
support the transition from to bio-energy. The future prospects for
biomass conversion technologies versus natural gas based
technologies are not necessarily in favour of bio-energy with the
existing fuel prices. Additionally, there is no effective utilisation
of the large economic benefits that could be gained by coordinating the bio-energy fuel chain with the management of other
material flows such as the nutrient flows in the water cycle. In
government policies, the supply of biomass does not seem to
receive the same attention as the conversion technologies.
Potentially, this can lead to shortage of biomass feedstock when
the conversion technology part of the programmes succeeds.

... another
deals with
market development
for energy crops,

The second study is about market development for energy crops,
specifically Salix. The analysis shows that actual developments
are far behind optimistic prognoses and scenarios, confirming
worries about inadequate development of the biomass feedstock
sector. While Salix has significant positive externalities and a
large potential for co-benefits, the institutional setting is not
favourable for the exploitation of these advantages. A particular
problem is the large risks in face of unknown future markets, that
farmers must assume when planting Salix. A better distribution of
risk among the market actors, particularly between farmers and
district heating companies, might be the best strategy for renewed
growth in this sector.
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... while a third
deals with
the wood pellets
market.

The third study is concerned with the wood pellets market, which
went through a supply in the winter 2001/02, where producers
were unable to satisfy demand or did so only at highly elevated
prices. The analysis points to weakness in market governance,
especially insufficient information flows between actors, lack of
coordination, and insufficient development of customer relations
and the associated responsibility for securing supplies. As
indicated also in the two other studies, biomass appears to be
promoted in the conversion sector with insufficient attention to the
supply sector.

Competition from fossil fuels remains strong
Fossil fuels remain
a strong challenge

Policy makers have already twisted markets in favour of bioenergy. The combined effects of taxes and subsidies on different
combinations of fuel and conversion technology are large, as
shown by the analysis on pp. 39-47. Cases are shown where cost
relations have effectively been turned around in favour of bioenergy, against fossil fuels. Such twisting of the market has
brought bio-energy forward to its present market-share. But the
question is, will it be sufficient to maintain this momentum, i.e. to
achieve the ambitious additional aims outlined above?
Hopes for increased market-share for bio-energy usually rely on
one or more of these factors to maintain momentum:
growing fossil fuel prices, relative to bio-fuels,
technological developments in favour of bio-energy,
further twisting of markets.

... if fossil
fuel prices
stay low

It is doubtful if fossil fuel prices will rise in the coming 15-20
years (Energimyndigheten, 2001a). Oil production is characterised
by rapid technological developments that cut costs. Coal supply
may well outstrip demand, due to large investments in increased
production capacity. Natural gas seems likely to have an upwards
cost trend due to longer transmission distances, but may have a
downwards price trend due to liberalisation. All in all, bio-energy
cannot rely on any support from rising fossil fuel prices, and may
even have to cope with falling prices for fossil fuels.

... or bio-fuels
become more
costly

On the other hand, can bio-fuel prices be expected to remain at the
present level, if demand is rapidly increasing? The Swedish
Energy Agency projection expects prices to remain stable, in spite
of 40-45 % growth in demand (Energimyndigheten, 2001a).
Indeed, prices were quite resilient through the 1990's, in spite of
rising demand. But Swedish suppliers were kept in tight reins by
pressure from cheap imports, and actually allowed these imports
to take a considerable market share. In district heating, which is
the most important consumer of traded bio-fuels, imports reached
an estimated market share of 27% in 2000 (Ericsson & Nilsson,
2003). This might indicate, that Swedish producers cannot easily
increase their output at the present price level. The analysis of
recent events in the wood pellets market (pp. 143-172) provides an
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example that prices can respond to increased demand with great
upwards volatility, because raw materials are not as freely
available as expected. This might be true for forest residues as
well, as the present prices hardly allow any payment to key actors,
such as forest owners. A specific waste product will often, up to a
certain point, appear as abundant, and be available practically for
free. But when demand cross a certain line, this kind of market
can change radically, as factor owners start to demand serious
payment for the resources they contribute.
On the balance, it seems unlikely that fuel price developments will
promote expansion of bio-energy, whereas they could well work
against it.
... or technological
development
is more rapid
for fossil fuels.

The effects of technology development in the conversion stage is
explored on pp. 47-53. The example studied is about combined
heat and power (CHP), using either bio-fuel or natural gas.
Advanced technologies for conversion of bio-fuel have been
demonstrated in recent years, and are often seen as pointing
towards a competitive breakthrough for bio-fuels in the CHP
sector. But the study indicates, that this may be a futile expectation. Conversion technologies for natural gas are also progressing rapidly, and the cost advantage for natural gas in the conversion stage could well grow, rather than diminish.

So markets
may need more
rather than less
twisting in favour
of bio-energy

Consequently, to maintain momentum for the growth of bioenergy, the only sure option appears to be further twisting of
markets. How much twisting is needed, is difficult to predict. It
will depend on developments in technology costs and fossil fuel
prices, and even more importantly on the bio-fuel markets own
reaction to increasing demand, i.e. whether prices will really
remain stable, or will go up in response to increasing demand.

Green certificates
provide this twist
for electricity production

For the electric power market, a kind of auto-pilot is being
introduced now in the form of tradable green certificates. They
will create a firm demand for bio-fuels for electricity production.
This demand will largely be independent of the price, unless the
price should go up so high, that wind power is more competitive,
which is unlikely in the short term. Judging from projections by
Nordleden (2001) this certificate system will probably add 10-15
TWh to the bio-fuel demand, or about 1/3 of the 40 TWh growth
projected by the Energy Agency for 2020.

But the heat sector
may lack
sufficient incentives

The remaining need for market twisting is found outside
electricity production, in heat production, mainly in replacement
of electric heating and oil boilers with bio-energy. Experience
from recent years show this to be a troublesome area, as consumers tend not to regard bio-energy as sufficiently competitive to
motivate conversion investments. Even when calculations indicate
otherwise, consumers often remain in doubt (and thus passive) as
they fear growing prices for bio-fuels or wait for alternative costs
to go down again. The heating area could well become even more
troublesome after the introduction of green certificates. Green

11
certificates will create an increased and inelastic demand, which
may well push prices upwards as well as increase price volatility.
Imports are the main factor limiting such effects, but they could
also become more scarce as other countries ramp up their CO2
reduction efforts. Thus, upwards volatility of bio-fuel prices is
certainly a risk that a rational heat consumer would need to
consider before making conversion investments. This might well
become an added barrier for conversion in the heat sector, calling
for counterbalancing policy instruments.
Volatility in one heat conversion area, namely the conversion of
households to wood pellets, is discussed in a case study (pp. 143172). "Unlike oil there is no shortage of wood fuels, which is why
the price of pellets will be stable for many years to come" was the
view of a key industry representative in early 2001 (quoted in
Bengtsson, 2001). During the following year, raw material prices
for pellets shot up 70%, consumer prices increased by 30-40%,
and consumers sometimes had difficulty buying any pellets at all.
"We are now approaching the price of oil, which is devastating for
the business”, observed an energy advisor after this experience in
market volatility (Enbom, 2002). The case study indicates a need
to revise complacent attitudes about "plenty of supply" in favour
of more deliberate efforts to tackle volatility and increase
consumer confidence.
So high aims
are unlikely to be
achieved without
matching policies.

High aims for bio-energy require more than naïve optimism about
plentiful supply and low prices. They need be combined with
insistent efforts to secure the supply and competitiveness of bioenergy.

Risk is not well allocated among actors
A key issue
is the allocation
and mitigation
of risk.

Risks are often perceived differently by actors. Scientists and
policy makers may perceive the risk of climate change as a
powerful incentive for action. Business people might share these
long-term concerns about climate change, but still not perceive it
as any real economic challenge to their present business activity.

Policy and risk
are closely
related,
as the expansion
of bio-energy
is policy-driven.

In fact, acting too early, might be the major risk for many business
companies. There are many examples of businesses that have
burned their fingers by too eager involvement in technologies for
energy efficiency or renewable energy. Technologies have been
developed, but markets have often been lack-lustre. Acting on
political "signals" can be risky, if such "signals" are not followed
by careful construction of permanent incentives and institutions,
creating a reliable framework for business.
Ambitious bio-energy scenarios and optimistic long-term projections about bio-energy prices, as reported above, might well
conform to this picture. They do indeed constitute a "signal" from
policy makers. But is this a reliable signal? Does it make good
business sense to make long-term investments based on these
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expectations? From the perspective of policy implementation,
these are crucial questions. If the answer is not clearly affirmative,
there is not likely to be any effective policy implementation.
Risk is best placed
with those, who have
capacity to handle it.

A basic tenet of risk allocation says, that risk should be allocated
to those partiers, that are best able to deal with the risk, through
their ability to assess the risk, reduce it, or mix it with other risks.

In particular,
policy risk should
not be augmented,
but reduced
by policy makers.

An obvious example of this, is the allocation of policy risk. This
can usually be handled more effectively those who are in charge
of policy making, than by business actors that are basically at the
receiving end of policy. Of course, there will always be investors
who are happy to assume policy risks. For instance, there is a
lively international market in 3rd-world debt. But such markets
have high risk premiums. The conversion to renewable energy can
become very expensive for society, if business actors regard
renewable energy investments as similar to 3rd world debt, i.e. as
investments with high political risk.
If policy makers are really sure they want expansion of bioenergy, they should not allow any doubt that this will actually
happen. Such doubt will increase the risk premium required by
business actors, and thereby be costly for society. Doubt is best
reduced if policy makers construct a regime that doesn't allow
them to change their mind easily. Good instruments for this are
arm-length distance to the state budget, up-front payments from
the budget, civil law contractual obligations, use of state-owned
companies to assume policy related risk, or binding commitments
made in international treaties. A solid parliamentary and publicopinion majority behind policy aims can also help a lot to reassure
investors, and policy makers do have an important role in shaping
such majorities.
Less obvious is the need to achieve good risk allocation within the
private sector, and the role of public policy in this respect. In
theory, market forces themselves will drive the private sector
towards optimal risk allocation. But this can be a long and slow
process, as it often requires change of business traditions and other
forms of institution-building. So efforts by government and
interest organisations to catalyse this process can often help make
the market more efficient, sooner.

Energy crops
concentrate
too much risk
in the hands
of farmers

The case studies for this report has several examples of risk communication and allocation that fit badly with the goal of increased
use of bio-energy.
For instance, farmers starting a Salix plantation are faced with a
daunting concentration of risk:
Long-term demand from district heating companies and other
large wood fuel consumers are determined by policies that have
been volatile and are difficult to foresee.
Wood fuels compete against electricity. The long-term price of
electricity is difficult to know, especially as it depends strongly
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on political decisions in Sweden and Europe (future of Swedish
nuclear power, of the green certificate system, of coal based
generation in neighbouring countries, etc.)
Cheap bio-mass imports have been increasingly available in
recent years and have been pressing down prices. This situation
might continue, or it might change rather suddenly when other
countries start to implement policies to meet their Kyoto
targets.
The alternative income from the land depends strongly on the
EU Common Agricultural Policy (CAP) which is continuously
under pressure, but also has strong defenders within the EU.
More productive Salix varieties may become available, so that
farmers risk planting too soon.
A lot of this risk could better be handled by other actors, instead
of farmers. A good part of the risk is political, and might better be
taken on by policy makers themselves, instead of being imposed
on farmers. Another part is related to energy markets, and could
be handled better by district heating companies and industrial
consumers.
The excessive concentration of risk in their hands makes Salix less
attractive for farmers compared to other crops. Or it induces
farmers to add a risk premium, thus making Salix less attractive to
the conversion sector. A discussion of these problems are found
on pp. 105-121, and suggestions for better risk allocation are
developed on pp. 122-137.
Wood pellets
concentrate
too much risk on
small-scale consumers.

Such problems of risk allocation is not limited to the case of Salix.
The study of the wood pellets markets on pp. 143-172 shows a
similar strong concentration of risk in the hands of the party least
able to deal with the risk, in this case the private consumer.

Bio-energy is
capital intensive,
and therefore
very sensitive to
poor risk allocation.

Indeed, insufficient attention, by policy makers as well as market
actors, to the appropriate allocation of market risk seems to stand
out as a common characteristic of the Swedish bio energy markets
studied for this report. As bio-energy tends to involve large
amounts of investment capital, risk premiums can constitute major
implementation barriers.

Interests and incentives are not aligned towards the aims
Bio-energy
involves
many actors
whose interests
need to be aligned.

2

Change can happen, even if interests are conflicting and actors are
working against each other. An example is nuclear power in
Sweden, where one reactor has been closed. But to reach this step
did require 25 years of intense conflict.2 Obviously, change can
happen more quickly and effectively, if interests and incentives
are successfully aligned towards a goal.

Readers not familiar with the decommissioning of Swedish nuclear power will find an outline on
pp. 22-24.

14
The very significant reduction of fossil fuels in the electricity and
heating sectors, achieved in the same 25 years, is an example of
this. Partly, the reason for this success may have been that the
conflicts of interests (and values) were never as deep here as in the
case of nuclear power. But in fact, interests were not so nicely
aligned from the beginning, as it may appear in hindsight. They
were brought more or less into alignment through active policy.
This policy had many element, including appeals to environmental
consciousness and even national security3, i.e. incentives of a noneconomic nature. But economic incentives also played an
important part, and included taxes as well as subsidies, which
helped to bridge conflicts of interest and instead align the interests
of different actors towards the same aim of reduced fossil fuel
dependence. Of course this alignment was never perfect, and the
process of change was not always harmonious. But broadly
speaking, policy instruments did successfully align interests and
incentives towards policy aims, and therefore were remarkably
effective.
Conflicts
of interest
can be deep

The case studies made for this report include conflicts that are
reminiscent of the nuclear power conflict. The best example is the
combination of Salix plantations with deposition of sewage
sludge, which is an important concept for promotion of energy
crops. It significantly helps the economics of Salix production. It
might provide just the added economic incentive needed to make
Salix competitive and achieve an expansion of activity. At the
same time, by closing nutrient cycles, the concept falls nicely in
line with ecological thinking. On the other hand, sewage sludge
deposition is the object of increasing worries among farmers and
their customers, based on concerns about food safety. Even if this
is not directly relevant for Salix (which is not a food crop), the
worries can easily spill into this area too, as Salix plantations are
not forever separate from food production. Thus, the conflicts of
interests and values concerning sewage sludge deposition, can
easily develop into an important barrier for the implementation of
energy crops, as discussed in more detail pp. 93-98. It will essentially be a conflict of economics and expert rationality against
non-economic values and lay opinions, with some resemblance to
the nuclear power conflict.

... or shallow

The case studies also include "softer" types of problems, still
about interests and incentives that are badly aligned towards
policy aims. In the case of wood pellets, for instance, household
consumers have an interest in a reliable and flexible supply of
pellets at a stable price level. This interest is shared by producers
of pellet burners and by public authorities promoting pellet
heating, as irregularities in the pellets supply will discourage
household investments. Individual pellet producers on the other
hand rarely have any direct contact with household consumers.
From their standpoint, it is important to sell as much as possible of
their production on contracts each year in the spring, so that they

3

A discussion of the national security aspects is found in Helby (1997).
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can buy raw materials and plan their production with minimum
risk. This makes district heating companies and other industrial
consumer the most compatible costumers, as they also favour such
early contractual relations. Household consumers have a different
behaviour. They tend to buy pellets as they buy sugar or gasoline,
i.e. when their stock is near empty. They expect pellets to be
available when needed, only a phone call away. So the interests of
pellet producers are well aligned with the interests of large-scale
consumers, but not with those of household consumers. The
pellets available for household consumers has therefore tended to
be the residual amount, that cannot be sold to large consumers.
This is a recipe for volatility in the household market, i.e.
fluctuating prices and occasional supply and/or quality problems.
In the longer term, households are usually assumed to be the most
important wood pellet consumers, as this is a high quality fuel that
fits well with feeder and burner technologies suitable for households. Larger consumers, on the other hand, can more easily adapt
to other wood fuels (including lower quality pellets) that are more
difficult to handle or burn, or tend to be of more uneven quality. In
the long term, everybody appear to have their interests aligned in
this direction. But meanwhile, the individual short-term interests
of pellets producers urge them towards the large scale consumers,
making the household market more volatile, and less attractive for
households. So a vicious circle is created.
... but in any case
cause barriers
to implementation.

This vicious circle is no worse, than it will probably be overcome
by market forces themselves. Even if household are less attracted
to pellets and convert reluctantly and slowly, they will ultimately
dominate the demand side. Pellets producers will gradually learn
to appreciate the household market, because it basically is more
stable and will offer better prices. Breaking the present vicious
circle and bringing about a new alignment can take quite some
time, however, if the task is left entirely to market forces. In
particular because there may be a need for new actors, such as
distributors with an interest in and understanding of the household
market. Or the present distributors may need a long period of
learning, to evolve beyond the culture of their original business,
such as agricultural bulk commodities.

Markets are without appropriate governance.
Deliberate efforts
to align actors
and interests are
called for,

Problems with alignment of interests and incentives, as described
above, appear to reflect deeper problems of market governance.
Nobody seems to have been in a position to recognise these
problems and act to alleviate them. This task is left almost entirely
to spontaneous market forces. Barriers as described above could
be broken much sooner if deliberate efforts were made to align
interests and incentives of diverse actors towards the aim of
increased bio-energy use.
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In the case of pellets, such deliberate efforts may not be strictly
necessary, as the market will probably provide solutions, when
given enough time. But "enough time" for the market may be "too
slow" for policy makers, who want households to reduce their
electricity and oil consumption now, and not in some distant
future.
In the case of Salix and sewage sludge, barriers have deeper roots.
It is difficult to believe that any market mechanism or other
spontaneous mechanism will be able to break down the barriers
relating to sewage sludge or even hinder their further growth. In
this case, progress may be critically dependent on some kind of
deliberate effort to achieve a new alignment of interests and
incentives.
... but the
responsibility
appears to
belong to
nobody,

The most chocking observation in pellets case was the fact that
nobody was in a position to foresee or prevent the crisis. Briefly,
the prelude to the 2001/02 heating season was this:
Household installation of pellet burners sky-rocketed, due to
rising oil and electricity prices, thus preparing the ground for
an increased household demand for pellets in the 2001/02
heating season.
Meanwhile, pellet producers were diverting pellets away from
the household market, through an extraordinary amount of
contracts for exports and deliveries to district heating
companies.
Neither individual pellets producers, nor their national
organisation, had any monitoring system that could catch these
developments and inform market actors of impending
imbalances.
Distributors to the household market had little awareness of the
rising demand, and were used to abundant supplies, so they
made no efforts to assure the availability of pellets for their
customers.
These impending problems were not observed or reacted upon
by public authorities, who did their best to promote the
installation of pellet burners, but trusted the fuel market to
function by itself and find its own balance.

... which makes it
difficult
to preserve
and restore
trust.

The consequences appear to have been severe in terms of
reputation among consumers. The promised savings on the heating
bill disappeared as pellet prices went up. In the midst of winter,
consumers had serious worries about how to get heating next
week or month, sometimes even begging around for deliveries.
Sophisticated equipment, that were supposed to make pellets easy
and convenient, broke down when faced with inferior qualities of
pellets, which were often the only qualities available in the market
and were often dumped on consumers without any information
about potential problems.

The key problem
is market governance,

These problems were not really the logical result of growth, but of
poor market governance. If distributors had been active already in
the spring, for instance, they could easily have secured deliveries.
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When the market was pre-empted instead by district heating
companies and exporters, is was not because these costumers paid
better, but simply because they came first. In some cases, district
heating companies did not even have any specific need for wood
pellets, but could have used other fuels of lesser quality. If the
surge of demand had been recognised in the spring, pellets
producers could have ramped up their production, as many had
excess capacity. But production increase was not possible when
the heating season had already started. Likewise, some district
heating companies could have relieved the pressure on the market,
and even made a profit by reselling their pellet contracts, if just
they had been aware of the market situation early enough to
contract for other wood fuels.
In this case, there would have been one less barrier to growth, if
market actors had been able to get their act together. But of
course, this is easier said than done. The market is characterised
by small actors, that are not particularly used to joint actions or
even strategic thinking. Perhaps the problem is, that government
authorities have abdicated too much responsibility to the market,
or have had a somewhat naïve concept of the market as a selfregulatory entity. Or perhaps market actors have not yet fully
realised their responsibilities in a market regime. In any case, until
such problems of market governance are better solved, they will
continue to create barriers for the expansion of bio-energy.
Severe governance problems are found in other sectors of bioenergy as well, even if they are usually less illustrious than in the
pellets case. In the Salix case, for instance, a better alignment of
interest between farmers and district heating companies would
help remove barriers. The Salix study includes an outline of a
long-term contracts system (pp. 122-137), that could create such
an alignment. Some kind of partnership and a better alignment of
interests between farmers and waste water treatment plants is also
badly needed, to overcome the present atmosphere of distrust and
frustration between these parties. As in the pellets case, market
actors could certainly take some steps themselves, but more active
government involvement in the solution of governance problems
could also be an important contribution to reduction of such
barriers.
... which tends
to be ignored
by policy makers.

Governance problems in the market call into doubt the effectiveness of policies that rely on the market. If markets are not really
mature, a profound understanding of their shortcomings is
essential for the drafting of effective policies. The case studies
indicate some failures in this regard. The pellets study pp. 143-172
demonstrates a case, where the market is immature in the sense,
that nobody takes care to monitor the market, information flows
are weak, feelings of responsibility towards end user have not yet
emerged, contractual relations are not well developed, there is no
strong branch organisation or leading actor, product quality is not
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well specified, deliveries are sometimes unavailable, price quotes
difficult to obtain in advance, and equipment breakdown due to
quality problems fairly common.
The oil market
may respond well
to simple policies,

Compare this to the oil market, and the difference is immediately
evident. When did your car last break down because you got a
wrong quality of gasoline? Or when did you last take the bicycle
because gasoline was not available this week? Oil production and
distribution is not inherently easier to manage than pellets
production. It is simply better managed.
In an immature market, policy makers cannot just push on one
button, and then expect everything else to adjust by self regulation. This might work in the oil market. For instance, just by
differentiating taxes in the right way, policy makers were able to
get a smooth and fairly rapid shift from leaded to unleaded
gasoline. If parliament suddenly decided to give incentives to
households, to make them install oil burners, the market would
probably smoothly provide the oil. Not because oil is easier to
produce, process or distribute than pellets, but because the markets
actors think and act differently.

... but in
immature markets
policy makers
may need to
take on deeper
responsibilities,

With regard to the household pellets market, policy makers have
addressed themselves mainly to two issues: Economic incentives
for consumers (mainly tax on competing fuels), and the development of good burner technology. They have assumed, that
the availability of pellets was no problem. This was the information they received from the industry. But the industry was too
immature to know. So the policy makers did not know either.
The right way to handle an immature industry is obviously
different. At every step, policy makers have to question whether
the market will actually work, and not take the industry's own
word for this. For instance, it should have been quite obvious, that
there was no monitoring system covering demand and supply in
the pellets sector, no prognostic instruments, too little use of
quality specifications, and no security of supply for household
users. Some of these shortcomings are quite traditional text-book
objects of public support for market development, for instance the
establishment of monitoring/information systems, specification of
product quality, development of good standard contracts, and (last
but not least) consumer protection.
While pellet policies have addressed themselves one-sidedly to the
demand side, the opposite is true of Salix plantations. Here the
demand side has been ignored. Likewise, no significant efforts
have been made to develop relations between the supply and
demand side. Even more problematic is the lack of coordination
between energy policy, agricultural policy and waste water policy.
Here the problems reach out of the market and deeply into policy
making itself. Getting these policy areas to work together can be
even more challenging (or unrealistic?) than achieving
cooperation between market actors.
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... and accept
more difficult
challenges.

So, when promoting bio-energy, policy is really challenged in five
respects:
handling immature markets with sufficient insight and
proactive intervention,
working both sides of the market, including attention to their
interactions,
combining economic stimulation with institution-building,
enlisting other policy areas in synergy with energy policy,
rather than antagonism,
responding to immaturity on the market side with maturity on
the policy side, i.e. correspondence between words and actions,
clarity of aims, stability of instruments and funding.
Political good-will for bio-energy is not likely to bring about
much real-life expansion, unless policy makers are able to meet
such more specific challenges.
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STUDY 1: COSTS AND BENEFITS OF TRANSITION TO BIOMASS BASED
ELECTRICITY IN SWEDEN4

The pace of the transition from nuclear and fossil energy to renewable energy sources in
Sweden relies strongly on the availability of a cost competitive alternative energy supply.
In Sweden, energy based on biomass is considered the most important among the
alternative technologies. Thus, the development of a sufficient supply of bio-energy at
competitive costs plays a crucial role in the Swedish strategy.
In this study, the intention is to describe the economic potential of biomass based
electricity, the market incentives for households and industries to use it and policy factors
governing these costs and benefits.
The first part of the study is concerned with the role of bio-energy in the Swedish energy
strategy.
The methodological considerations are set out in part two.
Part three describes and discusses the main objectives and strategic means of the Swedish
transition strategy.
In part four, the cost-effectiveness of alternative electricity generating technologies is
studied. The prospects of future improvements and the basis for government financed
learning investments are discussed.
The question of side-benefits associated with bio-energy is the theme of the fifth part.
There is a rich literature on side-benefits, and the question is to which extent such sidebenefits are relevant in energy planning. The section concludes that most of them are
totally context dependent, suggesting that local innovative planning could play an
important role in making bio-energy cost competitive.
The sixth part deals with the price and supply of bio-fuel. It is assessed that the limited
availability of a low cost bio-fuel supply could undermine the success of the programs for
expansion of renewable energy supply. This is due to the inevitable delays in the
adaptation of output from agriculture and forestry in response to a changing structure of
demand.
The effects of the CAP on the development of bio-fuels and the policy prescriptions that
are intended to address this problem are discussed in part seven.
Part eight finally sums up some the ideas for development of the bio-energy sector in
Sweden that have emerged in the work with this study.

4

Author: Anders Christian Hansen. Reviewed by Peter Helby and Pål Börjesson.

22
1. The role of bio-energy in the Swedish strategy

Strategic choices of goals and means
Sweden is in a period of transition from nuclear and fossil fuels to new renewable fuels,
primarily wind power and bio-energy. The dependency on fossil fuels in electricity
generation has already been significantly reduced, but nuclear power still accounted for a
third of the total energy supply in 2001.
The background for the transition is primarily two decisions taken in the 1980s and 1990s.
The most important decision was the referendum on the future use of nuclear power in
1980 and the subsequent reorientation of the Swedish energy policy. The second
important decision was the Swedish adoption of strong climate protection goals, including
commitments in the Kyoto Protocol in 1997 to reduce CO2–emissions as well as longer
term national ambitions for further reductions.
The referendum answered the question of whether the planned expansion from 8 to 12
reactors should proceed as planned, whether it should be supplemented with a plan for
replacement by other energy sources, or whether it should be stopped and the existing
reactors decommissioned within 10 years. The expansion-and-then-replacement option
got the most votes and has formed the basis for the subsequent parliamentary decisions.
The parliamentary decision based on the result of the referendum, stressed that the
replacement of nuclear power with alternative power sources should take place as
competitive and environmentally friendly new capacity became available.
The parliament additionally decided that the last reactor should be decommissioned no
later than the year 2010. This was based on expectations of a reactor lifetime of 25 years.
Later on the lifetime was reassessed and it was now estimated to be 40 rather than 25
years. In 1997 the Swedish parliament endorsed a new energy programme explicitly
abandoning the 2010 target (Regeringen, prop. 1996/97:84).
This is still the case after the 2002 agreement in the parliament on the pace of nuclear
power decommissioning (Regeringen, prop. 2001/02:143). The agreement invites the
nuclear power industry to negotiations of a ceiling on total future nuclear power
production, leaving the allocation over time to the power companies.
In a wider perspective, all reduction of electricity consumption by itself reduces the need
for nuclear power as well as other electricity supply. Nuclear power plants can retire
without any substitutes if the demand for electricity diminishes. Thus energy conservation
in general and electricity savings in particular is a major objective in the Swedish strategy.
The options for cost effective reduction of electricity demand are considerable, but they
are hardly much larger than what is necessary to offset the increase in electricity
consumption due to the growth of economic activity.
Therefore, the decisive factor determining the pace of the transition is the cost of
alternative energy sources to nuclear energy.
Replacement of nuclear power by a massive expansion of natural gas based electricity
supply would be an option if it had not been for the fact that natural gas is a fossil fuel,
emitting the greenhouse gas CO2. Although natural gas emits less CO2 than coal and oil,
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relying on natural gas for electricity production would increase the requirements for CO2
reduction in other sectors, making it more expensive to live up to the Kyoto-commitments
and even more importantly creating a structural barrier for more ambitious long-term CO2
reduction goals.
In the Kyoto protocol, Sweden has committed herself not to increase CO2 emissions by
more than 4% in 2008-12 relative to 1990. Although this target is much more lax than the
targets of most other European countries, it is not easy to achieve because Swedish
electricity already is by and large fossil fuel free, since it mainly consists of nuclear and
hydro power. Nevertheless, in addition to this external obligation, the Swedish parliament
approved a government bill on a more stringent national CO2 emission target of 4% below
the 1990 level (Regeringen, prop. 2001/02:55).
Renewable alternatives to nuclear as well as fossil fuels are plenty in Sweden, but the
remaining options for large-scale hydropower have been excluded for environmental
reasons. There are some small hydropower options that are not yet utilised, but they do
not remotely represent a potential that can replace the nuclear power supply.
Wind power is an expanding activity in Sweden and is expected to cover a significant part
of electricity supply earlier provided by nuclear power. Some electricity supply is also
expected from photovoltaic electricity.
Biomass is, however, expected to be the most important energy source for the substitution
of nuclear power. The substitution is expected to take place by increased supply of
electricity from biomass as well as by reduced demand for electricity for heating
purposes, through increased use of biomass for heating.
Therefore, not only from an economic point of view, one of the most interesting factors in
the Swedish transition, is the cost of biomass based electricity and heat. Since there are
also a number of side-benefits involved in the use of biomass based heat and power, the
strength and distribution of these are also important to the substitution of nuclear power
by bio-energy.
Why is bio-energy that central in the switch over from nuclear power to renewables?
First, it is central in the switch over from fossil fuels to renewables. The Intergovernmental Panel on Climate Change (IPCC) finds bio-energy one of the most
important alternative energy resources. The resource is available in large quantities
around the world and the costs are not very different from those of fossil fuels.
In its Third Assessment Report (TAR), the IPCC reports estimates of potential energy
supply from biomass of 123 PWh/year in 2050 (Intergovernmental Panel on Climate
Change, 2001, p. 178.). This is after accounting for the land area necessary to feed an
expected world population of 8.3 billion. At the turn of the century only 13 PWh/year of
this potential was exploited. The global energy use in 1995 was 89 PWh/year.
There are, of cause, differing assertions of the global bio-energy potential. The
International Energy Agency (2001b) refers estimates for the global economic5 bio-energy
potential of 63 PWh in 1990 rising to as much as 88 PWh in 2020.
5

The economic potential takes into account the necessary use of land for food production, the anticipated
progress in the efficiency of biomass based energy as well as the anticipated costs of other energy sources.
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Second, Sweden is richly endowed with this resource and a substitution of oil for district
heating by biomass was already introduced in the 1970s. Sweden has a relatively
developed bio-energy sector that can contribute much more competitive energy than it
already does.
Since premature decommissioning of nuclear reactors has been made conditional on the
availability of competitive alternative electricity generation capacity, and since most of
this capacity in the near future is expected to come from bio-energy, much of the
transition seems to depend on the development of cost performance in the bio-energy
sector.
The objective of this paper is to review the existing evidence of the costs and benefits
associated with the production and use of bio-energy. An important aspect is how they are
distributed. The distribution of costs and benefits form the pattern of economic incentives
and disincentives to the agents that are supposed to undertake the switch over to bioenergy.
The patterns of incentives and disincentives can be counter-productive, even though the
use of economic instruments is very central in the Swedish energy strategy. Thus they can
function as a barrier to a dynamic development of the bio-energy sector or the transition
as such. Therefore, this paper will focus on the question of whether the actual
implementation of the strategy takes full advantage of the economic instruments.
This leads to the question of who is actually controlling the price signals sent to the bioenergy sector. Some of the important incentives are outside the reach of the Swedish
authorities. Direct regulation of agriculture and forestry is to a large extent under EU
authorities. But some room for manoeuvre remains for the individual member states.

2. Costs and benefits in dynamic and life cycle perspectives

Costs and benefits in the bio-energy sector
The economic consequences of using alternative fuels are reflected in the relation between
the costs per unit of fuel in relation to the useful energy potential per unit. Ideally, the
costs sum up all economic resources allocated to the fuel in the process from extraction to
combustible fuel. The total environmental impact and energy consumption caused in the
successive chains of production are, however, not revealed that easily. To estimate these,
it is necessary to go through each chain of production and analyse the processes involved.
This is one of the fundamental ideas of life cycle analysis.
While the value of fuel and other inputs continues in the value circuit of society, the
material content returns to nature. The literature thus distinguishes between the input and
output of goods in their capacity as economic values on the one hand and the throughput
of energy and materials on the other hand. While the former can continue to grow because
it is recycled (at least in the absence of war and other destructive events), the growth of
the latter is restricted by availability of sources and sinks.
The type of analysis used to analyse the throughput processes is called the Life Cycle
Analysis (LCA). It follows the product “from cradle to grave”, carefully accounting for the
environmental impact and energy consumption in each stage. The proper accounting
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principle for an LCA is the material and energy balance, which is similar to the principle
of mass balance known from laboratory research, but, naturally, on a society scale.
In natural science, the throughput of materials and energy associated with a single energy
technology is termed the fuel cycle. A fuel cycle is not a totally closed process. Rather, it
is intertwined with other materials and energy throughputs. Thus, the replacement of one
fuel cycle with another can be done in more or less synergy with other materials and
energy throughputs. This has given rise to a new field of analysis under the headline of
industrial ecology. The object of this approach is to find combinations of industrial
processes that use the synergy effects in the most economic way.
The competitiveness of bio-energy in comparison to other technologies is analysed using
measures of cost-effectiveness. The social and financial costs and benefits of energy
technologies are often analysed in a cost-benefit framework. As the use of bio-energy
involves a number of effects that are not easily converted to monetary measures, we
monetize only the effects that are meaningfully converted, while other the effects are
related to other than monetary criteria. A full multi-criteria analysis would also take the
formation in the political process of preferences for alternative energy systems into
account. This is, however, a demanding task, which goes beyond the scope of this study.
The potential synergy gains from combining the bio-fuel cycle with other throughput
processes are akin to the other environmental side-effects of carbon dioxide emission
reductions. IPCC classifies the extra benefits of reduced fossil fuel combustion due to
reduced SO2 and NOX emissions as ancillary benefits. The very cultivation of biomass is
an example of a CO2 mitigation option, that offers co-benefits in terms of synergies with
other economic or environmental activities if carefully planned.
These environmental effects are not associated with bio-energy technologies themselves
but with the context into which they are placed. Industrial ecology seems to be an
appropriate framework for the analysis of these kind of context-dependent benefits and
synergies.
All of these aspects are important to the size of the potential of GHG mitigation as
described by IPCC (Intergovernmental Panel on Climate Change, 2001). The IPCC
distinguishes between market, economic, socio-economic, technological, and physical
mitigation potential. The technological potential is a subset of the physical potential, the
socio-economic potential is a subset of the technological potential and so forth. A number
of barriers are identified as causes for the lack of exploitation of each of these classes of
potentials.
In the following sections, we shall review the empirical literature on these aspects of bioenergy technology in general and implementation in Sweden in particular. We shall use
the results for more comprehensive accounts of the differences between the economic
potentials and the market potentials and for quantification of the technological
development of the sector.
Advanced considerations about the physical and technological potentials in bio-energy lie
outside the scope of this study. The report studies economic and market potentials and
barriers as they appear in the costs and benefits of bio-energy.
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The life cycle perspective on costs and benefits
The notion of fuel cycles is important to any analysis of socio-economic impacts of
decisions concerned with energy. Any action concerned with use or production of energy
is but a link in a production chain specific to each energy technology. Thus the alternative
to a given action may not only be another action, but can be a totally different fuel cycle.
The bio-energy fuel cycle starts with the production of biomass from the inputs: land,
labour, capital, and materials. The biomass is processed to substances that can be
converted to useful energy. The conversion process itself follows a variety of routes.
Finally, the energy goods are distributed to final consumption in the use of energy
services.
The final consumption is the consumption of energy services such as heating of a specific
housing area, transport of persons or goods, or lightening of an area. But the energy
requirements for such services are not given. They depend on the energy efficiency with
which households and firms produce these services.
The processes of conversion of biomass based fuels are sketched in the diagram below.
Figure 1: Main biomass energy conversion routes

Source: Reproduced from Wim C. Turkenburg (2000)

The technologies represented in the diagram starts from left to right with the simple
combustion of biomass based fuel to heat. In Sweden this includes well established
techniques such as biomass based district heating, use of residuals for the own energy
supply in forest industries, heating of individual houses with firewood and pellets, etc.
The next process shown is the combined heat and power (CHP) where electricity is cogenerated with heat.
Gasification was used intensively during the Second World War to generate “syngas”
from biomass for combustion engines. In biomass based electricity generation it holds
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prospects of increasing the amount of electricity that can be co-generated with a given
amount of heat.
Digestion converts biomass such as manure and organic waste to biogas while other
processes can convert them to ethanol. Methyl-ester can be produced from oilseed.
Ethanol is useful as an additive to petrol and methyl-ester as an additive to diesel.
More advanced technologies refine or decompose the biomass to gasses and liquids with
attractive properties as motor fuels.
The biomass production and processing includes the preparation of industrial and
agricultural waste to serve as feedstock in the conversion processes. Biomass can, for
instance, be processed to solid fuels such as combustible waste fractions, forest residuals,
straw, pellets, chips, fire logs, and a range of other varieties. The value of these products
depends on their energy content, combustion characteristics and ease-of-handling.
Comparing alternatives
The cost-effectiveness of an activity is a measure to compare the costs of alternative
activities that can be used interchangeably to achieve a specific outcome. In the case of
energy technologies, it can be an amount of electricity, heat, energy in general, or
transport service. Thus, the most basic analytical task is to define, with what to compare
the biomass based energy technologies.
The life cycle view is very important in a socio-economic cost comparison. The choice of
a conversion technology building on a supply of, for instance, oilseeds includes choices in
the agricultural sector and in the transport sector as well. Gasification and other biomass
based generation of electricity can be an alternative to nuclear power, but a more energy
efficient use of energy services could be as well because the ultimate end is the energy
service, not the energy consumption.
Therefore, the cost comparisons have to include costs and benefits that are external as
well as internal to the market at all steps of the life cycle. They also have to consider the
costs of capacity expansion vis-à-vis the costs of energy efficiency improvement in the
final energy use.
In the transition of the electricity system from nuclear power to renewable sources, there
is a case for comparing the effects of bio-energy with nuclear power. However, since the
decision about leaving the nuclear power technology is already taken, even by a
referendum, it is more interesting to compare different alternatives to nuclear power6.
As to electricity and heat production, coal and oil can hardly be serious alternatives given
the Swedish commitment to contribute to the global reduction of greenhouse gas
emissions. This leaves natural gas technologies, imported electricity, and renewable
energy technologies.
Natural gas technologies still contribute to greenhouse gas emissions, but to a lesser
extent than coal and oil technologies. They could play a role as transition technologies in
the slip between the decommissioning of nuclear reactors and the achievement of a
competitive and sufficient power supply based on renewables. To make fossil fuel based
technologies comparable with renewables, the emissions can be offset either by
6

We return to the options in demand management in the next part.
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decarbonisation or by combining the gas and heat production with the use of other
mitigation options elsewhere.
Imported electricity can be treated in the same way, but the fuel can be assumed to be coal
with subsequent higher demands to decarbonisation and/or compensating mitigation
efforts.
L. Gustavsson and P. Börjesson (1998) compare the best biomass based technology for
electricity generation (Integrated Gasification Combined Cycle. IGCC) with the best
natural gas based technology including decarbonisation of the latter in its costs. This gives
the two technologies almost equal effects as to the strategic goals of Swedish energy
policy.
Alternatively, natural gas based electricity could also be made comparable to biomass
based electricity by adding the costs of other carbon mitigation options to the costs of
electricity generation. The general situation in Sweden is, however, that due to the already
large hydro and nuclear power capacity, options to reduce carbon dioxide emissions in the
electricity sector are limited. The options in the use of energy heating are continuously
narrowing down due to the exploitation of these options. The options in the transportation
sector are plenty but not directly substitutable with biomass as an electricity technology
option.
However, the options of electricity savings are quite relevant alternatives to any new
power generation capacity.
The dynamic perspective on costs and benefits
The cost of renewable energy is not constant. Over the past few decades it has
continuously declined (see the section below about the cost-effectiveness of bio-energy).
This phenomenon is described in the literature as learning economies. Firm managers and
engineers have probably known these mechanisms since the industrial revolution. A
famous point of reference comes from the early manufacturing of aircraft. Wright and his
organisation noticed that the costs of manufacturing an aircraft declined by a stable
proportion every time the number of completed aircrafts in a given series had doubled
(Wright, 1936).
The learning economies on the plant level have also been described as the Horndal effect.
It refers to a Swedish steelwork built 1835-36 and kept in exactly the same condition for
the next 15 years. Output per worker rose by 2% annually while nothing else changed
except the cumulative experience of the employees (Lundberg, 1961).
This insight was, however also observed on the industry level. Kenneth J. Arrow (1962)
described learning as a by-product of cumulated output and studied the macroeconomic
implications of this kind of learning in the capital goods industries. As noted by Arrow, it
is important to take account of organised education and R&D, enabling learning to take
place more rapidly.
It is also important to distinguish between the opportunity for progress and the progress
that actually takes place. Experience may offer opportunities but companies may not
always be able to take advantage of them. The economic theories of R&D strategies,
external economies of scale, and innovation systems provide important components of the
understanding of why some technologies develop more rapidly than others and why they
grow more competitive in some locations than others. Some of the macroeconomic
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mechanisms, explored by Arrow, have since been developed in the framework of
endogenous growth theory.
The simplest quantitative relation can be formulated in a standard formula for the relation
between unit costs and cumulative output:
(1)

Pt = P0X-E,

where index t denotes time, X is the cumulated output, and E is the experience parameter.
This formula can be used to derive the progress ratio, PR as
(2)

PR = P0(2X)-E / P0X-E = 2-E

The progress ratio expresses the unit costs after completing the double amount of products
in percent of the unit costs before completing them. The learning rate is defined as 1-PR,
that is, the percentage decline in unit costs per doubling of cumulative output.
This relation between unit costs and cumulative production has been established for a
number of new renewable technologies such as wind power, photovoltaics, and biomass
combustion. They do not necessarily differ from fossil fuel based energy technologies in
this respect, but the dynamics expressed by the exponential decline of costs in the above
formula implies that the cost reduction following an additional, say, 100 units is far larger
when the cumulated output is small than when it is large.
All industries have positive learning rates, but the learning rates observed for new
technologies are typically higher than those observed for mature technologies. John M.
Dutton and Annie Thomas (1984) reviewed more than 200 studies of experience curves,
and found that most of the technologies that had been subject to investigation showed
learning rates from 10% to 29% (i.e., progress ratios from 71% to 90%) around a mean of
18%.
Assessing the prospects for increasing competitiveness of new technologies vis-à-vis
mature technologies should take account of this finding. The study is not representative
for anything except what somebody has found interesting enough to study, but the 10%18%-29% values can serve as crude benchmarks if more relevant data for comparisons are
not at hand.
Kenneth J. Arrow (1962) concluded that one of the implications of learning is that the act
of investment benefits future investors in a way that is external to the market. In other
words, there is a case for government investment incentives when learning benefits are
large. Some of the investment is investment in learning, the returns to which is not fully
appropriable by the investor.
The experience at a given point of time can be measured as the total units produced with
the technology in question until that date. The investment per unit is the typically
narrowing difference between the unit costs and the price of the most relevant alternative.
This price is often referred to as the break-even price or the choke-price.
Assessing the overall economic effects of technological development therefore includes
assessment of the costs of learning investments in the phase where the unit costs exceed
the break-even price as well as the benefits in the subsequent phase where the unit costs
are lower than the break-even price.
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When considering how policies for industrial development can make use of these insights,
it is expedient to distinguish between internal and external learning economies. We have
internal learning economies whenever the benefits of learning investments are
appropriable by the individual firm. The know-how, innovative organization, and
goodwill that individual firms build up let them enjoy a quasi-rent until other firms catchup with them. External learning economies may also be the result of activities in private
firms, but they take the form of knowledge that is available to everybody in the business,
such as standards and practices.
There is a case for government subsidizing of learning investments to the extent they lead
to external benefits or are necessary for the private learning investments to take place. For
private learning investments with the purpose of reaping the quasi-rents, the future market
prospects will be the decisive factor. Even if a firm is confident in its own
competitiveness in an emerging market, its decision to invest in a future capacity must
rely on whether there is a market whenever its competitive capacity is ready.
These basic mechanisms are reflected in the two most important driving forces that can be
derived from the literature on the economics of technological development: Technologypush and demand-pull.
Technology-push policies are often perceived as a matter of supporting R&D-activities
through government R&D, government subsidies to or tax allowance for industry R&D,
and similar arrangements. Some government financed R&D is regarded as necessary due
to the public good character of knowledge, but of cause it is difficult to determine exactly
how much is the optimal dose of public finance. Moreover, the subsidies have to be
shipped off with a specific addressee. They cannot be given just to R&D in general. Thus,
the government might find itself favouring a specific set of technologies without really
intending to do so.
Demand-pull policies include government subsidies, government guaranteed prices,
government procurement, or government guaranteed demand, are instruments often used
for establishing credible markets. Globally, the most important demand-pull policies have
been military procurement programs.
Using technology-push instruments alone will typically not be sufficient for a policy
aiming at an outcome where the most competitive technology prevails. This is because of
the asymmetry of information necessarily involved in the in the relation between the
innovators and the authorities.
The problem would be that the innovators would have to share their unique information
with the government and the government would have to manage the risks involved. Such
a system is obviously not one that mobilizes the innovative forces of the private sector.
In contrast to this, demand-pull policies create a credible market reducing risk for the
innovative firms. Then each firm can weigh their innovative costs against their confidence
in the competitiveness of their own future products disregarding the risks of whether there
is a market or not when the innovation is carried through.
The optimal solution is to combine technology-push policies with demand-pull policies,
both designed as broadly as necessary to avoid exclusion of potentially competitive
solutions.
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Technological learning is typically an international phenomenon. Knowledge flows across
borders. On the other hand, the geographically concentrated a build-up of know-how
about new technologies typically takes place where the production takes place. The
consequence of this is that cumulative experience can explain some of the progress in unit
costs on the international level, but not necessarily in a single country. It would, however,
be expected to find a strong correlation between the share of the countries’ contribution to
the international experience and the competitiveness of the national industry in that
country.
Two more aspects are necessary to deal with the asymmetry of information problem in the
innovative market and the problem of including all potentially competitive solutions in
the competition.
By definition, the innovative market does not know the good that it allocates very well.
Thus asymmetry of information in the relation between buyer and seller is typical with all
the risk, costs and delay of the technological development it implies. The solution is to
accelerate the formation of a set of universally accepted standards, defining exactly the
characteristics of each product. This can also accelerate the adaptation of other products
and processes used in conjunction with the standardised product.
Finally, the problem of including all potentially competitive solutions in the competition
is usually remedied by forming a set of rules for inviting tenders. The environment in
which such tenders take place is of cause very important to the outcome. It includes the
knowledge of decision makers, opportunities for lobbying, bribery and the like, and a
number of other issues of general concern.
It is very easy to confuse learning investments with costs and there is no secure method to
identify which is which. However, in the analysis below, we intend to focus on issues
related to learning investment, the government funded share of it, the institutional
arrangements for the future energy related markets, the cooperation between their
participants (e.g. standards and norms), and the competition between them.

3. The Swedish programmes for nuclear to renewables transition

Targets and target compliance
The major programmes, adopted in 1997, included a long-term programme laying out the
principles, ends, and means of the transition and a short-term programme (5 years)
specifying targets and instruments for immediate action.
The short-term programme (Grigal and Berguson, 1998; Regeringen, prop. 1996/97:84)
included a target of expanding the bio-energy CHP in industry and district heating with
0.75 TWh electricity per year over the 5-year period.
The subsequent evaluation of the short-term programme (Swedish Energy Agency,
2001a) reported that this target was more than achieved. The agency anticipates a supply
of biomass-based electricity due to granted investment subsidies of annually 0.88 from
2002. Still, it is not certain that the new plants actually utilise this capacity.
A similar target of 0.5 TWh wind power has been achieved by the same token.
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The planned conversion of electricity based district heating to biomass did, however, not
succeed. It was planned to achieve 1.5 TWh from this conversion, but this target is far
from being achieved. The same is the case with the target of establishing a capacity of
small-scale hydropower with annual electricity generation of 0.25 TWh and the target of
saving 1 TWh through increased energy efficiency.
The reason for this was that the government abandoned the subsidy programmes as early
as in 1999. The declining electricity prices and high costs of conversion to district heating
made the size of the subsidies ineffective anyway. Similar circumstances led to the failure
of the energy efficiency and small hydro power subsidies. (Swedish Energy Agency,
2001a).
The figure below shows that the expansion of the Swedish bio-energy production took off
well before the 1997 program. The expansion in 1997-2002 has continued the rate of
growth. Future growth of the bio-energy share of total primary energy will be within the
limits assessed by the climate commission.
The primary energy figures are slightly misleading since they contain a huge amount of
conversion loss in the nuclear power industry. About two thirds of the fuel energy content
in this sector is lost during conversion. The curve for the share of bio-energy in final
energy consumption has been adjusted for conversion and distribution losses in total
energy demand as well as in bio-energy supply.
Figure 2: The share of bio-energy
in total energy supply and electricity supply in Sweden. 1970-2020.
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The diagram displays a substantial development of the share of bio-energy in net
electricity supply. It does, however, also shows that if bio-energy is to be part of a serious
alternative to nuclear power, it will be necessary to expand the capacity on a much larger
scale.
The total addition to energy supply from all biomass sources was 10 TWh over the period
1997-2002 or an average increment of 2 TWh per year. This annual addition corresponds
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to an annual rate of growth of 2.1% while the total energy supply has grown with only
0.5% annually in the same period.
The most critical record of the short-term energy policy is probably that it failed to reduce
electricity consumption as planned. It is remarkable that the electricity used for district
heating has increased from 1.5 TWh in 1998 to 1.8 TWh in 2000. At the same time, the
use of wood fuel decreased from 15.1 to 13.9 TWh.
The new energy policy announced for the period of 2002 to 2010 seems to address these
failures by providing a more reliable source of public subsidy through green certificates
combined with a mandatory certificate purchase from electricity distribution companies.
The target for expansion of the power capacity from renewable sources for the period
2002-2010 is 10 TWh. This target will be reappraised in 2004 and possibly increased to as
much as 15 TWh for 2002-2014. In either case, the average rate of expansion of new
renewable sources of electricity will be 1.25 TWh per year.
Electricity prices
Prices and Energy Demand
Why did the energy policy of the short term energy program fail to accomplish its goal of
reducing electricity demand? Much of the answer is given by the incentives provided by
the electricity prices.
An effort to reduce consumption of electricity would be a natural consequence of the
transition-from-nuclear decision and an increasing price of electricity is a natural way to
come about this. In the two decades passed since the referendum, the development of the
price of electricity has, however, not provided much incentive for households and firms
engaging in electricity savings.
In the first years of the energy program real electricity prices for households were indeed
lifted from 64 öre/kWh in 1995 to 76 öre/kWh in 1998 (real prices are adjusted to the
purchasing power of Swedish kronor in year 2000). In 1999 and 2000, however, the price
of electricity dropped again to lower level. Since then, electricity prices have increased
again, but such volatility weakens the credibility of the price signal as indicator of the
long-term cost of electricity.
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Figure 2: Development of real electricity prices in Sweden 1980-2000. Öre/kWh.
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1. Prices are adjusted to the purchasing power of Swedish kronor in 2000 using the consumer price index.
2. The household is electrically heated consuming 20,000 kWh/yr.
3. The industry price is for large industries consuming 50 GWh/yr at 10 MW.
Source: Swedish Energy Agency (2001b) and Author’s Calculations

Under such circumstances, the consumers can hardly be expected to invest in substituting
electricity based heating by other heating sources. Likewise, they will be still less inclined
to invest in electricity saving household equipment, to shift to energy saving light bulbs,
or to be careful with the use of electricity in general.
The real electricity price for industrial customers has shown a general tendency of decline
throughout the two decades. This trend inevitably undermines any other incentive to save
electricity in industrial processes.
The hesitating increase in household electricity prices and the steady decline in industrial
electricity prices should be seen on the background of whether the price level initially was
high or low. To get an idea about this, it can be helpful to compare with electricity prices
in other countries.
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Figure 3: International comparison of electricity prices for typical consumer.
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The figure shows that household electricity prices are somewhere in the middle of the
range of prices in the countries in the comparison. They are, however, on the low side
compared with European countries in the same income league.
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The figure shows that Swedish industries benefit from the lowest electricity prices among
their competitors. Swedish large and medium industrial electricity consumers pay the
lowest price of the countries in the comparison, while the small industrial consumers in
Sweden share this position with their Norwegian competitors.
The low prices for industrial use of electricity make Sweden one of the most electricity
consuming countries in the world. This also adds a requirement to the competitiveness of
bio-energy in Sweden since this cost advantage for Swedish industries is important to the
Swedish economy in the short run.
In the longer run, however, the development of the international electricity market gives
the opportunity of exporting the electricity rather than exporting energy intensive
products. This may require some painful restructuring of Swedish industry, but should in
the longer term lead to a more efficient use of production factors, i.e. greater national
wealth.
It is very likely that the electricity export option can be preferable to the Swedish
economy when the currently existing surplus capacity in Northern Europe has been
eliminated and electricity prices increase again
In that case, it is important whether the present electricity prices support the development
of industries competing on technology or industries competing on access to a low cost
power supply. The prospects of developing the pulp and paper industry (Azar &
Dowlatabadi, 1999) to a net supplier of competitive electricity shows that such an
industrial strategy would not necessarily mean closure of the industries that formerly were
large electricity consumers.
Notwithstanding these considerations of industrial input structure in the long run, it seems
to be an indispensable political precondition for the transition that any new energy
technology taken into use, at least in a two decades perspective must be competitive with
some of the lowest electricity prices in the world.
Controlling the electricity price level
Electricity prices are determined by demand and supply on the since 1996 increasingly
liberalised electricity market. Much of the price movements are controlled by climate
rather than government. Wet winters increase supply of hydro power in the following
year, while cold winters increase demand.
Electricity prices can, however, even in a liberalised market be controlled by government
regulation. The instruments available are electricity taxes, various types of public service
obligations, and prescriptions for electricity pricing.
Electricity Tax
The electricity prices in figure 3 can be decomposed into before-tax prices and taxes. This
is shown in the following two figures.
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Figure 4: Development of electricity prices
for household consumers in Sweden 1980-2000. Öre/kWh.
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The figure shows that the tax policy for households in the 1990s actually has counter
acted the downward trend in before-tax prices. But it has not succeeded in creating a
consistent upwards price momentum that might convince consumers of upwards longterm trends. Neither has it provided Swedish households with electricity saving incentives
at any level comparable to continental Europe.
Figure 5: Development of electricity prices
for industrial consumers in Sweden 1980-2000. Öre/kWh.
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For industrial electricity consumption the figure shows the opposite pattern. The
downward trend in electricity prices has been amplified by the exemption of industrial
activity from energy taxes. Other programs have been aimed at providing opposite
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incentives but the persistent price signal of declining electricity costs can not avoid to
make such programs more expensive and less effective.
This mixed picture of price signals in the 1990s is not quite in line with the fact that the
Swedish government was one of the first to recognize the strategic importance of green
taxes in the 90s.
There are two major reasons that usually keep governments from implementing economic
instruments on an appropriate scale.
One reason is that the use of economic instruments such as electricity taxes might lead to
adverse social side effects in terms of a heavy economic burden on households that are
not that wealthy. This is because electricity taxes are not related to income.
The other reason is that, to industries, electricity taxes mean higher costs and thus less
competitiveness. Ceteris paribus, the competitors in countries without the same electricity
tax will conquer market shares from the taxed firms.
Such undesired side-effects can, however, be offset. The tax is not only a cost to the
electricity consumers, but is also a revenue to the government. This revenue can be
recycled to neutralise the adverse effects on income distribution and competitiveness.
The long-term costs of conversion from electricity heating to biomass based heating and
from electricity intensive equipment to more expensive, but less electricity consuming
equipment will remain an economic burden on the households and firms unless it is
subsidised. The fiscal costs of the electricity tax itself is, however, relatively easy to
recycle in such a way that the budgetary impact on individual households and firms is
minimised, whereas the incentive effect is maintained.
Tax relief for low incomes, higher social security rates, a bottom tax-free allowance for
electricity consumers, or an electricity check to the individual households are some of the
instruments for recycling electricity tax revenues that have been used in different
countries to neutralise adverse income distribution effects.
Lower payroll taxes and subsidies to energy saving investments are some of the
instruments that have been used in other countries to neutralise the adverse effects of
energy taxes on competitiveness.
Electricity pricing
The pricing policy of electricity companies and the government prescriptions for it, also
has consequences for the incentive effect of the electricity prices.
Electricity prices are often composed by a fixed and a variable element reflecting scale
independent and scale dependent costs, respectively. This pricing method is called
“marginal cost pricing”. The fixed element (often “subscription fee”) typically covers the
costs associated with the transmission and distribution network, the metering and
administration, and other costs that are not directly related to the demand for electricity.
The variable element (the marginal costs) covers mainly fuel costs and other operation
and maintenance costs that increase when the power supply increases.
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Obviously, the fixed element does not give incentives to reduce electricity consumption as
the element that varies with electricity consumption does. Thus, pricing practices using
marginal cost pricing can undermine the incentive to save electricity.
The pricing method with the highest possible incentive effect is Average Total Cost
Pricing where there is no fixed element. Rather than paying part of the electricity costs via
a subscription fee, ATC-pricing covers all fixed and variable costs in the price per kWh.
Under conditions of declining returns to scale Marginal Cost Pricing is assumed to be
optimal to the supplier as well as to the market. This is because customers can benefit
from additional use of the grid and other installations once they are financed without
occupying additional factors of production. In the Swedish economy, this effect is
however, not necessarily desirable because it can make it makes the transition from
nuclear to other electricity sources more costly.
ATC pricing is much more in accordance with the overall Swedish electricity strategy and
is also used by some distribution companies. The same is the case in Denmark, originally
motivated by distributional considerations. I.e., large consumers pay more than small
consumers with this pricing rule.
On the other hand, there can be adverse distributional effects such as a large electricity
bill for families with more children. This kind of distributional effects are, however,
typically not difficult to neutralise by means of existing redistribution instruments.
The most important adverse effect would, however, be increased production costs in
electricity intensive industries. Thus, the low prices offered to large industrial electricity
consumers as a discount with reference to scale economies would have to be replaced by a
fixed amount of free electricity if the kWh price should be independent of the quantity
consumed.
Summing up, a more proactive use of electricity taxes and rules or voluntary agreements
on pricing could lead to the desired electricity savings and thereby make substitution of
some of the nuclear power redundant.
4. Cost effectiveness of biomass for heat and electricity in Sweden

Cost effectiveness of alternative technologies for electricity generation
A recent study from ELFORSK by Mats Bärring et al. (2000) makes it possible to analyse
electricity generation costs in detail. The study compares the electricity generation costs
of alternative commercially available technologies in 1999. The costs are calculated in
factor prices (i.e., before taxes and subsidies) and in market prices (after taxes and
subsidies). Only energy and environment related taxes are included, not VAT, taxes on
electricity or on electricity transmission and distribution. The taxes and subsidies include
with varying rates for different technologies and fuels energy tax, CO2 tax, SO2 tax, NOX
fee and an associated reimbursement, investment subsidies and an environmentally
motivated electricity subsidy.
The technologies include combustion as well as wind and hydropower technologies. The
combustion technologies include combined heat and power (CHP) as well as “electric
power only” (P) technologies.

40
It is important to notice that these costs are the unit costs or average costs, i.e., the costs
that are relevant to an investor’s choice of technology as opposed to the marginal costs in
the short run, i.e., the costs that are relevant to the choice of operating a given plant.
Figure 6: Costs of electricity generation with alternative technologies.
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The social primary costs of the individual technologies, in terms of the factors of
production, that society must give up to get one kWh of electricity, can be estimated by
the costs before net taxes (i.e., taxes – subsidies).
According to the figure, five technologies compete in the interval of 25+/-3 öre/kWh
before net taxes. They include low cost hydropower, waste CHP, natural gas and coal
CHP and natural gas P technologies. Wind power and smaller cogeneration units produce
electricity at a cost of more than 40 öre/kWh.
Unfortunately, low cost hydropower is not really an option because the costs depend on
location and low cost locations are already fully exploited under the given restrictions.
Even high cost locations are very few.
In this comparison, the least cost energy technology is waste CHP with a cost of 27.5
öre/kWh. This estimate depends on the high opportunity costs of waste disposal, resulting
in a fuel cost of SEK –50 per MWh fuel and on the plant operating 80% of the time, i.e.
7000 hrs/yr. The unit costs for this technology should be interpreted with caution because
of the variation in parameters such as the fuel quality and the cost of deposition of the
waste, and the capacity utilisation (load factor) over actual plants. From 2002 it is not
allowed to deposit combustible waste.
Almost as inexpensive are the coal and gas based CHP technologies. The costs of
electricity from such plants are estimated to 26.4 and 26.7 öre/kWh, respectively. The
advantage of cogeneration based on coal and gas estimated by the cost differential to
electricity-only production with these fuels is 6.5 and 0.8 öre/kWh, respectively.
All technologies seem to be characterised by considerable scale economies. The 100 kW
units represent techniques that are developed for making small-scale use of the
technologies competitive.
The calculations do not do the 100 kW units full justice, since they are relevant
alternatives to oil boilers rather than district heating plants and power stations. If they are
compared to oil boilers, a higher heat price should be used, reducing the costs before net
taxes (but still after accounting for the value of the co-generated heat) to 38.5 öre/kWh for
the gas motor and 63.9 öre/kWh for the gas turbine.
Taxes and subsidies are the main instruments of the government to provide incentives for
driving the choice of technology in a socially desirable direction. The figure also shows
the costs after adjusting for taxes and subsidies. The difference between the two cost
levels indicates the direction and size of the economic incentives.
The largest net-incentive is given to the use of wind power. The costs after net taxes were
in 1999 reduced to 20.9 öre/kWh. Also the biomass based CHP gets a significant
incentive, lowering the costs of electricity to 31.3 öre/kWh for the 80 MW plant. The
waste based CHP is indirectly subsidised through the tax on waste deposition.
One remarkable observation is that taxes and subsidies make gas and coal power stations,
producing electricity only, more competitive than comparable combined heat and power
plants. The costs of natural gas based electricity from CHP plants are 33.5 öre/kWh after
net taxes while the costs of natural gas based electricity from power stations that don’t
generate heat as well remains only 27.3. This is despite the official policy back to at least
1991 of promoting combined heat and power through investments subsidies. However,
the installed effect of conventional steam turbines was reduced from 2842 MW in 1996 to
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322 MW in 2000 and the installed effect of gas turbines was reduced too (Swedish Energy
Agency, 2002c, p.39). Thus far, there is no reason to expect a large impact of the
incentive for electricity-only production, except that it provides a competitive option for
peak load supply of electricity.
The combined effects of taxes and subsidies in 1999 change the cost ranking of the
technologies fundamentally.
Generally, electricity from renewable sources becomes more competitive to fossil fuel
based electricity. Wind power becomes the least cost electricity technology with 20.9
öre/kWh. Biomass based co-generated electricity from an 80 MW plant costs 31.3
öre/kWh after net taxes, which is lower than any of the fossil fuel based alternatives
except for the natural gas power plant producing electricity only.
The net taxes represent disincentives as to the small-scale gas technologies, but as
substitutes for oil boilers, they become more competitive. Their costs after net taxes are
23,0 and 29,8 öre/kWh, respectively, when the higher costs and taxes of oil are
considered.
The technical parameters of the compared plants are optimised to the net effect of the
NOX fee. The Swedish NOX fee is for large boilers and the revenue is recycled to the
plants according to their energy production. Thus, the real item that is taxed is the NOX
intensity of energy production. Such a revenue neutral fee does not affect the overall cost
level of plants with average NOX intensity. Plants with relatively high NOX emissions will
experience a positive net fee if they don’t choose to add measures that reduce NOX
emissions. New plants as the ones presented above will all be configured according to
these incentives and their receipts from the recycled revenue are larger than the fees they
pay.
Price and tax changes
The cost differences in figure 6 depend very much on the relative prices, tax rates and
subsidy rates in 1999. These, however, vary over time.
In 1999 the prices of biomass were high relative to the fossil fuel prices. Since then, the
fossil fuel prices have increased dramatically, led by a rise in the price of crude oil. This
higher level is probably more in accordance with the future price level than the low 1999
level.
In the following figure, the effect of the changes in fuel price from 1999 to 2002 on the
costs of the different technologies is shown. It is assumed that coal prices rise by 75%, oil
by 46%, natural gas by 12%, whereas the price of bio-fuel is assumed to be unchanged.
The actual price figures for 2002 were not available at the time of the calculation but the
exact figures are not important. The purpose of the calculations is to investigate how
rather significant changes in the relative prices as those experienced since 1999 affect the
competitiveness of the different technologies for electricity generation.
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Figure 7: Cost difference between electricity produced with natural gas CHP
(150MW) and alternative technologies. 1999 and 2002 fuel prices.
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The calculations show that the price changes from 1999 to 2002 - although they were
quite alarming and caused major political unrest in a number of European countries - were
not large enough to reverse the primary cost advantage of fossil fuels relative to
renewables.
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The cost difference (before net taxes) between natural gas based and biomass based CHP
did actually narrow due to the price changes, but only modestly. It was reduced from 10.9
öre/kWh to 8.6 öre/kWh.
From 1999 to 2002, the energy and carbon taxes have increased and some of the
renewable energy subsidies improved. The net effect is stronger incentives to generate
electricity with renewable sources. But natural gas based power-only stations are still
competitive.
Figure 7: Cost differences in 2002 with 4% and 6% rate of discount.
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calculations.
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Changes in other parameters
Other parameters are chosen from a wide range of possible values. An important
parameter is the rate of discount (figure 9). In capital intensive activities such as
electricity generation one can expect a significant change in costs from just a couple of
percent points difference in the rate of discount.
Since the natural gas based technologies are the least capital intensive (the grid is assumed
present in advance) they are not as affected as the other technologies by changes in the
rate of discount. When the rate of discount is lowered from 6% (used in the calculations
shown above) to 4%, the social primary cost gap between natural gas CHP (150MW) and
biomass CHP (80MW) narrows from 8.6 to 7.1 öre/kWh. The difference to wind power is
reduced from 12.1 to 8.5 öre/kWh. And the advantage of waste based CHP over natural
gas based CHP increases from 1.6 öre/kWh to 6.5 öre/kWh (with the reservations above
in mind).
The 4% rate of discount is sometimes argued for as a more appropriate social rate of
discount than the 6% rate of discount because it corresponds to the experience of longterm returns on investments such as pension funds. However, higher discount rates, e.g.
8%, are also very often advocated with reference to the marginal returns obtainable by
private firms.
One can get an impression of the scope for choosing parameters by comparing the
investment costs in the ELFORSK study (Bärring et al., 2000) with those of a study of the
Swedish district heating sector with data from the same year (Sofie Andersson and Sven
Werner (2001)). The latter assumes repurchase costs of natural gas CHP plants of 8,000
SEK/kW while the figures behind figure 4 are 6,000 SEK/kW for the 150MW plant and
7,000 SEK/kW for the 40 MW plant.
Bärring et al. (2000) made a sensitivity analysis based on the range of sensible
parameters. In addition to the rate of discount +/- 2%, the investment, the depreciation
time, the load factor, and the fuel prices were varied with +/- 20% and the heat price in a
range from 0 to 40 öre.
The results are shown in the diagram below.
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Figure 8: Sensitivity analysis
of some important economic and technical parameters.
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The costs of waste based CHP are ambiguous. It can be a very cost effective electricity
source, but also a quite expensive one.
The general conclusion from the 1999 estimates in figure 8 above seems to hold: The gap
in social primary costs between the most competitive biomass based technology (CHP
80MW) and the most relevant alternative, (natural gas CHP, 150MW) is about 10
öre/kWh. The sensitivity analysis above suggests an interval of 5.7 to 16.3 öre/kWh. After
the recent changes in the relative prices and relying on a 4% rate of discount, a cost gap of
7-8 öre/kWh rather than 10 öre/kWh is not unlikely.
Progress in alternative technologies for electricity generation
The rationale for paying the cost gap referred to above is partly the external effects of
replacing fossil and nuclear energy with renewable energy and partly the learning
investment involved. In this section, the prospects for narrowing the cost difference
through learning effects are examined while we shall return to the external effects below.
According to the theory of experience curves described in the methodological chapter
above, the 7-8 öre/kWh difference between the costs of biomass CHP and natural gas
CHP can be interpreted as a learning investment if we look at it in a dynamic and longterm perspective. If the cost of natural gas CHP is the break-even cost, when will the cost
of biomass based CHG get lower than this?
The ELFORSK study attempts to estimate the future costs of technologies that were
commercially available in 1999 as well as some technologies that have good chances to
become commercially available before 2010.
In this comparison the small-scale gas technologies in the previous figures have been
replaced by some new energy technologies that are close to becoming commercially
available. One of them is the Biomass-Integrated Gasification Combined Cycle (BIGCC)
technology. A 50MW CHP plant represents this technology. A second future technology
is the Pressurised Fluidised Bed Combustion, PFBC. This is a coal-based technology
represented by 400MW pure power plant. The third new technology is a natural gas based
Polymer Electrolyte Fuel Cell (PEFC), which is represented by the 0.3MW gas CHP
plant. Finally, the study includes a 75MW Evaporative Gas Turbine plant.
The estimates for these new technologies are given within broad margins including costs
that are higher than the technologies that are commercially available today. As it is rather
unlikely that companies in the power sector in the future should prefer units with higher
costs than the ones they currently operate, we shall concentrate on the potentials for cost
reductions according to the ELFORSK expectations.
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Figure 9: Differences between the costs of electricity
from a natural gas based CHP 150 MW plant
and other technologies in 2002 and potential differences in 2010.
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The cost difference between the improved natural gas CHP and the most competitive
biomass based technology can be slightly narrowed in the years to 2010. With these
expectations, 7.0 öre/kWh will separate the biomass based 80MW CHP from the natural
gas based 150MW CHP in 2010.
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Surprisingly, the Biomass Integrated Gasification Combined Cycle Technology (BioCHP,
50MW) is not predicted to break through the break-even price (Gas CHP, 150MW) by
2010. In 2010 it will still be 17.0 öre/kWh more expensive than the natural gas
CHP150MW technology. This is a technology that is otherwise regarded with great
expectations.
Waste based CHP will increase its lead over fossil fuels (but still, the actual figures must
be expected to be very context dependent).
Wind power does, however, get more competitive than the currently available fossil fuel
based technologies if the potentials assumed here are realised.
The evaporative gas turbine (Gas CHP, 75MW), one of the new electricity generation
technologies, is anticipated to be as competitive as wind power in 2010 before net-taxes.
Like the small natural gas based fuel cell (Gas CHP, 0.3MW) and the BioIGCC
technology (BioCHP, 50MW) it produces electricity at a very high rate in proportion to
heat. Therefore, these technologies are more comparable to the plants producing only
electricity.
It should be noted that the competitiveness of the individual technologies is not
independent from each other as it could appear from the figure above. In the real world a
breakthrough for hydrogen fuel cells may improve the competitiveness of renewable
energy sources. This technology promises a solution to the intermittency of some
renewable energy sources, i.e. the shifting availability of wind and sun. With fuel cell
technology, it can be attractive to store energy in hydrogen.
As it appears, fuel cells also could redefine the economies of scale in the energy sector
fundamentally. The unit considered in this analysis is only a 300 kW unit. The most
prominent role of other energy technologies could in the very long run be to generate
hydrogen.
The existing system of taxes and subsidies favours wind, biomass and the high effective
natural gas CHP technology. But it also favours the production of electricity-only. Thus,
theoretically, the system could have an unintended effect of promoting the introduction of
coal based fuel cell technology at the cost of other more environmentally friendly and
more economical alternatives. Probably, the effects will be rather small in the future as
they have been in the past. But it is still difficult to find a rational justification for such
incentives.
The system is changing, however. According to the Swedish government a new system of
green certificates will replace the current tax and subsidy scheme (Regeringen, prop.
2001/02:143). Generally, this would make the biomass based technologies with the least
cost gap competitive, but it would hardly be an incentive to accelerate the new generation
of biomass conversion technology, BioIGCC, if the reduction of costs is as slow as
presumed in the ELFORSK study.
The current (2002) benchmark is 29,1 öre/kWh based on the natural gas CHP, 150MW
plant. The cost of electricity from this plant type is not expected to decline significantly in
the future. As the figure shows, alternative natural gas based technologies can turn out to
be superior and set new break-even price. The comparison above indicates that it could be
in the vicinity of 22 öre/kWh in 2010. This is in line with claims by the Swedish Energy
Agency (2001a), that the expectations from the 1990's of a competitive electricity price of
28-32 öre/kWh in 2020 maybe should be revised to a figure of 20-25 öre/kWh.

50
Generally, a Green Certificate system has the advantage of subsidising renewable
technologies only to the extent necessary for their implementation. However, it does not
in itself contain mechanisms that enable it to distinguish differences in social learning
potentials between the technologies. Therefore, it cannot by itself secure the optimal level
of social learning investments in renewable technologies.
In accordance with this, an additional wind power subsidy is announced in the Swedish
energy bill for 2002. It will gradually diminish over a ten year period, following the
expected improvements of cost efficiency for this technology.
It must be stressed again that the above comparisons are based on expectations concerning
the potentials of the energy technologies. There is nothing said about the likeliness that
this potential be realised.
The pace at which electricity technologies develop has been the subject of a number of
studies. Some of the studies indicate a somewhat slower pace of development for biomass
based electricity sources than observed for the other “new” renewables. The figure below
compares the experience curves of electricity generation technologies in the EU from
1980 to 1995.
Figure 10: Experience curves for electricity generating technologies.

Source: International Energy Agency (2000).

The experience curves in figure 12 should be interpreted with caution since the data
behind them are sparse. To the extent they reflect real patterns, they show great
differences in the learning rates of the different new electricity technologies. The costs of
photovoltaics decline with a learning rate of app. 35% while wind power does so with a
learning rate of 18%. Biomass based electricity however only proceeds at a rate of 15%.
Advanced coal technologies show learning rates of 3-4%.
One plausible explanation for the relatively slow progress in biomass combustion is that
this in many respects is a mature technology. It shares many features with fossil fuel
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combustion. On this assumption, there is no reason to believe that improvements in the
combustion technology itself will change the competitive position of biomass
dramatically.
The main dimensions of development of technologies for generation of electricity from
biomass are, besides waste combustion and co-firing, the gasification, pyrolysis, and
liquefaction technologies, cf. figure 1. For combustion and the more advanced
technologies, there are typically economies of scale to gain by larger plant sizes. Some of
the advanced technologies also improve the prospects for efficient biomass conversion in
small-scale plants.
The integrated gasification technology is particularly interesting for Sweden because it
enables cogeneration of twice as much electricity per heat unit as ordinary CHP
technology does. Therefore, it offers the potential of a considerable power supply based
on the large Swedish district heating sector and industrial heat consumption.
For gasification, the ELFORSK study predicts a relatively high cost level for 2010, cf.
figure 11. This was due to expectations of relatively high investment costs of SEK 11,000
kW. This investment cost is even based on the best potential performance of the more
mature technology in 2010.
This expectation is in line with the investment costs of SEK 10,600 per kWh for a 60 MW
CHP plant based on the experiences from the Värnamo demonstration plant. The cost of
electricity generated at such a plant at fuel prices of SEK 110 per kWh amounts to 42.3
Öre/kWh (Kwant, 2001, p. 69), which is comparable to the result shown in figure 11 of
42.4 Öre/kWh.
According to figure 11, these costs are far above the expected costs of energy from fossil
fuel based technologies, but Ståhl et al. (2000) and Kwant (2001) note that they are
competitive with electricity-only technologies based on biomass under specific price and
cost assumptions. There are also still lessons to be learned from experimenting with
gasification technology. An 8 MW power plant based on gasification of local supplies of
energy crops has been established in Yorkshire, UK.
Estimates of investment costs from the United States are also quite high. The SEK 11,000
per kW used by ELFORSK for the least expensive BioIGCC option in 2010 would be
USD 1,330 per kW in 1999-prices and exchange rate. U.S. Department of Energy (1997)
was even more pessimistic, assuming investment costs of about USD 1,500/kW for a 100
MW plant in 2010 and finding that the lower bound of investment costs for this
technology would be about USD 1,200/kW (pp. 2-13ff).
Other estimates from the 1990's are equally high or higher. For two 60 MW plants in the
United States, Craig & Mann (1997) found that investment costs in the United States in
the 1990's amounted to USD 1,600 and 1,700 per kW (1990-prices).
Energy Information Administration (2001) predicts declining capital costs for biomass
based electricity generation from USD 1723/kW in year 2000 to USD 1424/kW in 2010
and further to USD 1303/kW in 2020.
This prediction is based on the general pattern of learning economies assumed for all
electricity generation technologies. The learning rate for the first 5 plants is 1%, while for
the following 6-40 plants, it is 5%. After this, the technology reaches its mature state and
attains a learning rate of 1% again.
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The 2002 prediction of capital costs for biomass based electricity generation is shown
alongside with predictions for other electricity generation technologies in the following
figure.

Figure 11: Anticipated decline in capital costs in US energy planning
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Source: Energy Information Administration (2001) and author’s calculations.

Apart from PV-electricity, the costs associated with other renewable energy technologies
are expected to decline at a slower rate than biomass based electricity. This is partly
because technologies such as wind power and solar thermal energy are expected to run
into limits of suitable locations.
Biomass based electricity generation is more independent of locations. Nevertheless two
factors are limiting the availability of good locations for biomass generation.
First, there must be sufficient biomass supply within a limited range because
transportation costs otherwise would make the biomass based electricity to costly. It
should, however, be noted that BioIGCC also is expected to make the use of “difficult
fuels” such as straw and bagasse (sugar cane residues) economical and to improve cofiring with natural gas (Ståhl et al., 2000; Kwant, 2001).
Second, as the diagrams of electricity costs in Sweden above indicate, the most efficient
electricity generation based on biomass takes place in CHP plants. Thus, the number of
suitable places for locating a new generation of biomass fuelled CHP plants will be
limited by the geographical concentration of demand for district heating and the attainable
ratio of electricity to heat generation in the installed capacity. The number of district
heating centres already occupied by not co-generating heat plants also impedes the
expansion of CHP generated electricity supply until replacements are justified.
To sum up, the expectations in figure 11, indicate that the competitiveness of biomass
based CHP is improving in comparison to natural gas based CHP, but still leaving a small
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advantage to natural gas based CHP. The new generations of both technologies,
represented by the integrated gasification and the evaporation gas turbine do, however
seem to restore the cost difference at a level in the vicinity of 10 öre/kWh. A few points
can be added to this observation.
First, the uncertainties involved in the cost estimates for 1999 are themselves in an order
of magnitude of 5-10 Öre/kWh. The forecasts for 2010 are necessarily much more
uncertain, so a cost difference of about 10 Öre/kWh is not enough for any firm
conclusions.
On the other hand, there are some common elements in the two technologies, which may
reduce the uncertainty of a comparison. The biomass gasification technology is a kind of
add-on to the combustion technology, which is more or less the same for both
technologies. Thus the actual element of uncertainty in a comparison is only the cost of
the gasification technology. Thus, in a sense, the whole process of gasification and
conversion to electricity can only be less expensive than the natural gas fuelled electricity
generation if the purchase and gasification of feedstock is cheaper than natural gas.
Second, just as learning economies have been observed in conversion of fuels to
electricity, there are learning economies in the production and processing of biomass to
fuels.
Thus, in the long run it can be desirable from a socio-economic point of view to rely on
biomass rather than natural gas if either the costs of biomass based fuels are reduced
considerably, if the side benefits of using bio-energy instead of natural gas are sufficiently
large to justify this, or both. We will discuss the prospects of fulfilling either of these two
conditions in turn, starting with the latter.
5. Side-effects and multi-criteria analysis

Primary effects
The primary benefit of bio-energy is a CO2-neutral energy supply. The market costs of
this supply has been discussed above, but the property of CO2-neutrality has a value that
makes it more attractive than a similar fossil fuel based energy supply. The size of this
value is a quite controversial issue.
Some of the more ambitious efforts to estimate this value include attempts to calculate –
and aggregate - the total value of any kind to all human beings on the earth. Others with
more modest, but still high, levels of ambition seek to quantify the losses of production
output due to the assumed global warming effects.
In both cases, economic analysis runs into trouble, as natural science is still ignorant
about the size, the direction and even the character of the effects of global warming. In
this study we will proceed along the more pragmatic approach to valuation of CO2neutrality, which is what it could have been achieved for elsewhere.
The relevant future in question is the period 2005-2025, assuming 2-3 years lead time and
20 years of operation for new plants.
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The equilibrium price of emission quotas must be expected to reflect the value of avoiding
an extra unit of greenhouse gas in that period and in that part of the world. The price level
is, however, at present quite impossible to predict.
First, the demand side of the market depends on whether the United States rejoin the
global efforts to protect the climate, when this will happen and how its allies in the
climate policy will react to this.
Second, the supply side of the market depends on the decisions of the formerly centrally
planned economies that possess large amounts of “hot air”. The “hot air” is the surplus of
emission quotas they get because they get an amount of emission quotas related to their
emissions in 1990 while their production – and thus emissions – dropped substantially in
the years after 1990. Whether they throw this "hot air" on the market now or “bank” it for
later use is a delicate question that can fall out on either side. Their stock of “hot air” will
not last forever, perhaps only a few years until they regain the economic strength they had
before. But by that time, probably several developing countries will have entered the
market, expectedly on the condition of some amount of “hot air”.
The unpredictability of both sides of the market leads to a wide range of guesses of the
future price. Guesses range from SEK 0 to SEK 300 per tCO2-equivalent greenhouse gas.
Obviously, if the price becomes zero that could be the end of the whole idea of controlling
greenhouse gasses with a system of internationally marketable quotas. If we go further
and assume, that the system will work at least when we get to the sub period of 20152025, a price of SEK 250 per tCO2-equivalent (25 öre/kg) is not unrealistic.
The CO2 emissions from natural gas combustion amounts to 56.5 g/MJ or 203.4 g/kWh
energy content in the fuel (Swedish Environmental Protection Agency, 2002). Based on
the assumptions behind figure 11, the emissions associated with the natural gas
CHP150MW technology would amount to 391 g/kWh electricity. If the quota price of
SEK 250/tCO2-eq. becomes valid, then it would mean that approximately 10 öre/kWh of
electricity should be added to the costs from use of natural gas.
In that perspective, it could be justified if the net-effect of taxes and subsidies reduced the
difference between the natural gas CHP150MW and the new renewable energy sources.
It can be claimed that the role of biomass in the Swedish electricity system is primarily to
supply power in the cold season were demand is high. Peak load demand is to a wide
extent satisfied by imported electricity for a large part coming from coal condensation
plants, i.e. electricity only production.
If biomass is considered a substitute for coal, the avoided CO2 emissions are 90,7 g/MJ
energy content in the fuel, justifying a cost difference of 16 öre/kWh of electricity
The emission comparison does not only concern the energy conversion process itself, but
needs to deal with the fuel production, processing, and transportation as well. As far as
CO2-emissions are concerned, the use of biomass has significant effects also on emissions
from forestry and agriculture. There is a large additional effect if perennial energy crops
(such as Salix) are replacing annual crops (such as grain) on agricultural lands. This leads
to additional carbon storage in the soil. State agencies (Boverket & Naturvårdsverket,
2000) report estimates of 0.5 tC/ha/yr in sand and clay soils. Furthermore, CO2 released
from decomposition of organic matter is estimated to be reduced by 7 tC/ha/yr in peat
soils. The carbon storage capacity of the soil and the growing biomass is of cause limited
and the decomposition of organic matter in agricultural soil to CO2 will eventually take
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place anyway. However, energy cropping can stretch the CO2-emissions to a considerable
extent. This postponement of emissions could be comparable in importance to the avoided
emissions from fossil fuel combustion (Boverket & Naturvårdsverket, 2000).
Ancillary effects
The secondary environmental effects – that is, other than greenhouse gas emissions – of
using biomass rather than fossil fuels differ considerably between the various fuels.
Generally, biomass has the advantage over fossil fuels that Sweden is rich on bio-fuel
resources, but has no significant fossil fuel resources. In this sense the security of supply
is better for biomass than for fossil fuels. Equally important, biomass prices are less
volatile than oil and gas prices. So increased use of biomass also reduces the potential
impact of international energy price chocks on the Swedish economy, thus contributing to
economic security in case of an international energy supply crisis.
However, as pointed out by the Swedish Energy Agency (2002a), this supply security of
biomass depends more on transportation than is the case for fossil fuels.
Bärring et al. (2000) assess the emissions of NOX, SO2, and Suspended Particulate Matter
(SPM) to be 30, 30, and 5 mg/MJ fuel in the case of coal combustion in electricity-only
production. Using the coal in CHP plants raises the NOX emissions to 50 mg/MJ fuel.
Natural gas is much cleaner in this respect with emission rates of 30, 0, and 0 mg/MJ for
NOX, SO2, and SPM, respectively.
The emission rates from biomass combustion are assumed to be 50 mg/MJ for NOX, and
15 mg/MJ for SPM. In this respect, biomass is more polluting than natural gas. Waste
combustion is assumed to emit exactly as much NOX, SO2, and SPM as coal. It should be
noted, however that the emission rates vary considerably.
In the case of combined generation of heat and power, there is no universal rule saying to
which product such effects should be attributed. If we follow the logic in the cost
comparisons above and regard heat as an externally given side-benefit, we can attribute all
of the emissions to electricity. This method does not produce very robust results because
the emissions per kWh depend on the balance between heat and electricity and thus the
balance between heat and electricity prices. This should be kept in mind in the following.

56
Figure 12: Damage cost estimates for some fuel related pollutants. öre/mg
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Source: International Energy Agency (2001a), and Authors calculations based on a USD/SEK exchange rate of 8.27
(1999).

The damage estimates shown in figure 14 includes some of the most ambitious analyses
in the field: The Extern E-project (EE), the ORNL/RFF Study (O/R), and the New York
State Externalities Study (NYS). In the latter case, the high, low, and mid estimates reflect
urban, rural and suburban mid estimates. None of the three studies could reach exact and
final estimates of the damage costs of the pollutants in question. Moreover, the range of
uncertainty seems to get wider the more experts are asked.
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Therefore, it is not possible to give an exact estimate of the value of the environmental
damage caused by choosing one electricity generation technology for another.
Multiplying the assumed emissions with the low-end damage cost values from the studies
yields negligible external costs of 0-1 öre/kWh over the entire range of technologies.
Using the highest damage cost estimates the external costs amount to 0 öre/kWh for wind
and natural gas based fuel cells, 2 öre/kWh for natural gas, 5-9 öre/kWh for coal, and 1015 öre/kWh for biomass and waste. Note that these figures include only the pollutants
included in the above figure (SO2, NOX, SPM).
The difference in these external costs between natural gas CHP and biomass or waste
CHP is about 10-11 öre/kWh. The difference between BioIGCC and the evaporation gas
turbine is by the same token 3-4 öre/kWh. Such a small difference is insignificant given
the large uncertainties of the future technology data.
These figures are even too uncertain to represent the possible range of cost differences.
Other studies with equally high ambitions and using equally recognized methods could
reach results quite different from the already very dispersed results above.
Besides the CO2 neutrality of biomass, other differences appear when the perspective is
extended to the life cycle of the fuel.
First, energy crops, as other agricultural crops, require fertilizer and pesticides leading to
problems of eutrophication, N2O emissions (another greenhouse gas), and ecotoxicological impacts (Jungk, 2000). It should be noted, however, that perennial energy
crops that are suitable for cultivation under Swedish conditions depend less on
agricultural chemicals.
Second, they are quite demanding in terms of transport as a result of a lower energy-toweight and energy-to-volume ratio than fossil fuels. The effects on landscape and
disturbances of ecological balances due to coal mining or oil and gas extraction differ
from location to location. The parallel effects from cultivation of biomass for fuel can be
positive as well as negative.
Coordination effects
One of the most important reasons for the high degree of uncertainty concerning the size
and values of the environmental effects of biomass exploitation is that they depend
strongly on the way it is implemented. Experience show that only if the development of
the biomass to energy chain is planned carefully in coordination with other activities, is
there a real chance of realising the potential for positive side effects.
Two types of coordination are already widely used in electricity production and have
become standard options in the development of the energy sector. These are the cogeneration of heat and power and the use of waste as fuel for heat and/or electricity
generation.
The recent development of biomass conversion technologies includes co-firing,
gasification, pyrolysis, and anaerobic digestion. These are technologies that enable the use
of biomass in combination with other fuels and the de-composition of biomass to more
homogenous fuels that are suitable for a wider range of applications.
Even further benefits can be reaped in the cultivation of perennial energy-crops according
to state agencies (Boverket & Naturvårdsverket, 2000). They include waste water
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treatment, recycling of sludge, reduced soil erosion, reduced nutrient leaching, cleaning of
soil for cadmium, and soil fertility improvement.
Wastewater treatment probably represents the most important challenge to the
coordination efforts of local municipal authorities. According to the same source
(Boverket & Naturvårdsverket, 2000), the use of a Salix vegetation filter can reduce the
costs of waste water treatment from 70-180 SEK/kgN to 55-95 SEK/kgN in the summer
period. Treating the entire annual wastewater flow in this way would require a storage
capacity and thus imply costs of 85-125 SEK/kgN. Although higher, this cost level is still
lower than chemical treatment all year round.
A demonstration plant in Kågeröd uses 13 hectares of Salix to absorb nutrients from
biologically treated wastewater from a town of 1500 inhabitants. In the winter time, the
waste water is treated chemically as usual. It is, however, planned to establish a storage
capacity in order to treat the entire wastewater flow as irrigation of energy forest.
The results from this plant indicate that a Salix plantation fertilised with such an amount
of wastewater is able to produce 7 to 12 tons of dry substance per hectare per year
compared to 2 - 3 tDS/ha/yr that normally can be expected from a Salix plantation with no
irrigation and fertilisation. It is assessed that the harvest should be no less than 7
tDS/ha/yr and preferably about 12 tDS/ha/yr for energy cropping to be economically
attractive to farmers. This is under a assumption of a price of SEK 115/MWh fuel.
Another multifunctional facility near Enköping converts thousands of tons of sludge, pretreated wastewater, and ashes from the local waste treatment plant and the local CPH
plant to 60 GWh of useful energy.
Energy crops can contribute to reducing nutrient (nitrogen and phosphorous) leaching
either by replacing annual food crops by perennial energy crops or by establishing buffer
strips along watercourses. In the former case, 10 kg N/ha/yr less nitrogen is leaching from
the energy crop. In the latter case, the energy crop absorbs some of the nitrogen leaching
from the ordinary food crop - up to 70 kg N/ha/yr (Börjesson, 1999a). Even more may be
absorbed in wetland restoration with energy crops. Pål Börjesson (1999b) assessed the
value of these ancillary benefits to SEK 47/kgN.7
State agencies (Boverket & Naturvårdsverket, 2000) estimate that using 30% of the
Swedish agricultural land for energy crops and situating these crops in zones for
protection against nutrient leaching could reduce the nutrient leaching to the aquatic
environment by 15-25% (p. 55).
Soil erosion can be assumed to be less with perennial crops than with typical annual crops
like grain. Energy crops serve as shelters reducing wind and water erosion, leading to less
need of re-sowing and a higher yield (Börjesson, 1999a). Instead these crops produce an
increased layer of humus (0.5-1 cm), which again leads to higher yield (5%) for the crop
succeeding the energy crop. The accumulation of organic materials in the soil thus
combines increased fertility with improved carbon storing effect, thus reducing net CO2emissions. In the long run, rotation with energy crops may reduce the need for fertiliser.
Salix also absorbs cadmium from the soil. Some soils have cadmium content exceeding
recommended levels. This can be removed by growing Salix, subsequently combusting it
and extracting the cadmium content from the ashes while reusing the ashes as fertiliser.
7

In this section an exchange rate of 8.5 SEK/USD have been used to convert dollar figures to the Swedish
currency at its average rate in 1996-97.
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The net value of cadmium cleaning can be as much as SEK 196/ha/yr (Börjesson, 1999b),
using the tax rate on cadmium in fertiliser as a proxy for the marginal costs of avoiding
cadmium pollution elsewhere.
Most of these social benefits are not reflected in the price system. The costs of waste
water treatment, as is appears to the municipalities, is the only benefit which clearly is
taken into account by decision making entities.
The taxes and subsidies associated with nitrogen flows also seem incomplete. Nitrogen
oxide emissions from combustion are taxed and the nitrogen content of chemical fertiliser
is also taxed. Restoring the local nitrogen balance by energy cropping and reducing the
nutrient leaching by doing it in protection zones is, however, not reflected in the costs of
the farmers.
At the international level, the Kyoto protocol aims at establishing symmetry by adding
carbon storage to the carbon quotas. In this way it is intended that the scarcity reflected in
the carbon quota price arises from the net addition to the environmental problem (the
atmospheric concentration of greenhouse gasses), not the carbon itself. In principle, this
approach contributes to a more precise targeting of the incentive mechanism and thus to a
more effective and efficient regulation instrument. In practice, however, measurement and
monitoring difficulties can make the approach unmanageable.
No such symmetry is found in the Swedish prices and incentives governing the land use.
Apart from carbon storage, the perennial crops can have other attractive properties such as
an ability to absorb cadmium.
Perennial energy crops can have positive and negative effects on landscape values and
biodiversity. This underlines the importance of planning the energy cropping in a multifunctional perspective.
Collection of forest residues for energy purposes and recycling the ashes as fertiliser also
entails a range of ancillary benefits. These benefits include reduced acidification and an
improved nitrogen balance combined with reduced nitrogen and potassium leaching. In
the southern parts of Sweden the economic value of these benefits “pays” for most of the
costs of collecting forest residues.
Pål Börjesson (1999a) estimates that the costs of the logging residue recovery and nutrient
compensation amount to SEK 122/MWh. The value of the ancillary benefits (net of
environmental costs), however, could be as much as SEK 89/MWh and the net cost thus
SEK 34/MWh. In the central region of Sweden, recovery costs are slightly higher and
ancillary benefits lower, so the net costs are SEK 101/MWh. In the northern region even
more so, the net costs are SEK 141/MWh.
The positive environmental effects of logging residues recovery in the southern region is
primarily caused by the removal of some of the overload of nutrients due to atmospheric
nitrogen deposition.
The value of the benefits is calculated on basis of the Swedish tax rate for NOX emissions
from large boilers. Half of this figure is assumed related to reduction of N deposition
while the other half is related to the acidification effect of NOX emissions. The resulting
72 SEK/kgN is then used for calculating the economic value of the benefits of an
improved nitrogen balance.
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Effect matrices
The costs and benefits discussed above can be summarised in effect matrices showing
positive as well as negative effects and effects that are internal as well as those that are
external to the market. The fuel chain is decomposed in two sub-processes. The fuel
matrix shows effects from the production of biomass for fuel and the processing and
distribution of it. The energy conversion matrix includes the effects of conversion of
biomass to electricity and heat and its distribution and final consumption. Added, the two
matrices include all the effects of biomass-based electricity.
As repeatedly stressed above, the uncertainties involved in the quantification of costs and
benefits can in many cases be very large and/or undetermined. Therefore, the ambition in
the matrices below is only to show the direction of the effects, whether they are positive
or negative.
Each matrix consists of effects of factor allocation. They are mostly internal to the market
and concern the factor owners. Together with the output of useful energy they form the
primary effects. The secondary effects include ancillary effects that necessarily follows
from the technical properties of the fuels and co-ordination effects that depends on the
context and careful implementation of biomass based electricity and heat.
It is intended to show who is affected by dividing the society in the owners of the factors
of production, the rest of local community, the rest of the nation, the rest of the
international region that shares air and water environment, and the rest of the world.
Table 2: Conversion effect matrix: Biomass instead of natural gas
(B/C =Benefit/ Cost)
Total

Factorowners

Local
Community
(xFO)

Sweden
(xLC)

Baltic
Region
(xS)

ROW
(xBR)

B

B

Factor
Allocation

Labour

C

C

Capital

C

C

Ancillary
Effects

CO2

B

B

B

B

NOX

C

C

C

C

SPM

C

C

C

B

B

B

B

Co-Effects Fertiliser
and ash
recycling
Waste

B

The conversion effect matrix accounts for the effects of converting biomass based fuel
versus natural gas to electricity. It is assumed that heat is a by-product in this process.
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The primary effects are the factors of production allocated to generate a unit of electricity
by choosing biomass instead of natural gas. These effects are all internal to the markets
and included in the accounts of the plants. They are negative, cf. figures 7-11 above.
In regions with high unemployment, use of labour for energy production could indeed be
welcomed and not perceived as a cost. However, the demand that ultimately finance the
labour compensation would alternatively have been directed towards something else,
creating employment otherwise. Therefore, from an economic point of view, the devotion
of a part of the labour force for energy production should be regarded as a cost to society.
However, if the values of the various effects were added to the analysis, there could be a
case for assigning a low value to labour in regions where alternative employment is
unrealistic.
The ancillary effects are external to the market and in this case they include reduced CO2
emissions but increased emissions of NOX and SPM. These effects are forced upon other
people ranging from the local community over Sweden and the Baltic region to the entire
World. It affects factor owners in their capacity of citizens of the local Community,
Sweden, etc.
The co-effects that are positive can be reaped by, predominantly, the factor owners and
the local community. They include waste disposal, fertiliser and fertilising ashes as
valuable by-products of biomass based electricity generation.
The matrix includes the primary effects of basing electricity generation on biomass rather
than natural gas in the conversion process. The primary effects include the electricity
generated and the factors of production used in that process. The net effect, the costs of
primary factors per energy unit is quantified in the cost effectiveness analysis above.
The ancillary effects are effects that are related to the chemical properties of the fuel itself
and the technology used to convert it to more effective fuels, electricity, or heat. In that
sense there is necessary effect on aggregate emissions of replacing one fuel with another.
Since the emissions of each pollutant can be filtered away more or less depending on the
equipment and effort devoted to that purpose the effects are closely linked to the cost
effectiveness of the technology. They differ because they are positive as to greenhouse
gasses but negative as to other pollutants (substances causing ozone depletion,
eutrophication, acidification, and urban smog).
Experience also shows that economic gains can be achieved by combining the biomass
conversion process with other material flows such as waste disposal and production of
fertiliser. These effects are optional in the sense that they only appear if they are
integrated in the planning and operation of the bio-energy plant. They are termed cobenefits.
Ancillary effects and co-benefits are quantified in the section below on secondary effects.
The pattern of affected agents and groups is indicated in the horizontal dimension of the
table. The factor costs are born by the factor owners while a larger community shares the
co-benefits and the ancillary effects are relevant to smaller or larger circles of
stakeholders.
Some of the effects of choosing bio-energy instead of natural gas are related to the early
stages of the fuel cycle where the fuel itself is extracted, processed, and transported.
These effects are the fuel effects.
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Table 3: Fuel effect matrix: Biomass instead of natural gas (B/C =Benefit/ Cost)
Total

Factorowners

C

C

C

C

Land

C

C

Groundwater
Improvement

B

Pesticides

B

B

B

B

Fertiliser

B

B

B

B

N2O

B

B

B

B

Landscape

?

?

?

?

Transport

C

C

C

C

Cadmium
Cleaning

B

B

B

B

Nutrient
Transport
Control

B

B

B

B

Factor
Labour
Allocation
Capital

Ancillary
Effects

CoEffects

Local
Community
(xFO)

Sweden Baltic
(xLC)
Region
(xS)

ROW
(xBR)

B

B

B

B

The primary factors here are similar to the primary effects in the conversion matrix. The
payments to the factors of production are difficult to assess because of the hidden subsidy
elements in the EU agricultural policy.
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The ancillary effects depend on the analytical approach. In the EU study on bio-energy
(Jungk, 2000) all biomass is associated with the use of fertiliser and pesticides which is
not the case for natural gas. This is a fully correct statement from an engineer perspective.
From the perspective of the economist, however, the assumption of scarcity is
fundamental. Since land is scarce it will be used for something else if not biomass for
fuel. In most cases this “something else” will also require pesticides and fertiliser. Based
on Jungk (2000) the following order of chemicals consumption per MWh fuel can be
established:
high input
of chemicals

low input
of chemicals

Food crops > rape seed > sun flower seed > willow > miscanthus > set-a-side.
The effect of introducing, say, Salix, will then depend on the crop that otherwise would
have been harvested on the area. In the effect matrix, it has been assumed that a
considerably increased supply of biomass-based electricity requires that annual crops (be
it food or oil seed) be replaced by perennial crops. Therefore, the effects for agricultural
chemicals and the associated release of N2O in table 2 go in the opposite direction of the
effects reported by Jungk (2000). Perennial crops also yield better protection of the
ground water.
The effects on landscape values can go in either direction. Some places a stand of willow
or miscanthus could break a monotone landscape, other places it could spoil landscape
values at least if exaggerated.
The effects on transport are mostly negative since biomass with its relatively low energy
density requires more ton-kilometres per unit of energy than any type of fossil fuel and in
particular than natural gas that is transported in the gas grid.
There are opportunities for increasing the performance of energy cropping by recycling
the ashes or if energy cropping is used for cleaning the soil for cadmium, to deposit the
ashes elsewhere. The economically most promising option is, however, to combine
energy cropping with controlling the flow of nutrients in the water cycles.
On balance, there is a fair chance of designing the operations involved in biomass
cultivation and bio-fuel processing in such a way that the net result is positive, even after
subtraction of the social costs of transportation. Note, that the existence of opportunities
does not necessarily mean that they are utilised.
Adding the fuel effects and the conversion effects together, we get a total effect matrix as
the following.
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Table 4: Total fuel cycle effect matrix: Biomass instead of natural gas
(B/C =Benefit/ Cost)
Total

Factorowners

Local
Community
(xFO)

Sweden Baltic
(xLC)
Region
(xS)

ROW
(xBR)

C

C

C

C

Land

C

C

CO2

B

B

B

B

B

NOX

C

C

C

C

SPM

C

C

C

Groundwater
improvement

B

B

B

Pesticides

B

B

B

B

Fertiliser

B

B

B

B

Landscape

?

?

?

?

Transport

C

C

C

C

Waste

B

B

B

Ash
Recycling

B

B

B

Cadmium
Cleaning

B

B

B

B

Nutrient
Transport
Control

B

B

B

B

Factor
Labour
Allocation
Capital

Ancillary
Effects

CoEffects

B

B

It is only the additional use of the factors of production and the value of reduced CO2
emissions that has been quantified in a way that qualifies for economic comparisons. In
such limited comparisons the likely difference between biomass and natural gas based
electricity, as noted above, is in the vicinity of 10 öre. The gains on the international
market for CO2 quotas could very well be about the same size.
Apart from this, there are additional opportunities for economic benefits by combining
electricity generation with other needs of society, by applying industrial ecology.
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Naturally, these effects can only be assessed in the context of which the implementation
takes place.
The negative effects due to increased emissions of NOX and SPM and due to more
transportation are not optional because they are directly related to the physical properties
of the fuels and the dominant conversion technologies. Physical planning concerning the
location of bio-energy activities does however provide some opportunities for reduction
of the value of these negative effects.
One example of this is the British ARBRE project that requires the cooperation of energy,
agricultural and regional planning. The project aims at exporting electricity out of the
region from a large generator joined to a network of biomass suppliers in a rural area with
need of more economic activity. The negative effects of NOX and SPM emissions and
transportation can be expected to be less in such a location than in the vicinity of an urban
agglomeration.
6. The price and supply of biomass

Biomass prices in Sweden
Prices for solid biomass based fuels have been relatively stable during the recent years.
The following figure shows the development of prices from 1996 to 2001.
Figure 13: Solid bio-fuel prices in Sweden. SEK/MWh. 1996-2002.
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Source: Swedish Energy Agency (2001e)

The electricity generation costs for different technologies shown in the above figures all
assume a biomass price before tax of SEK 110 per MWh energy content.
How much should the price of biomass decrease from 2002 to 2010 to make the power
from biomass competitive with the power from natural gas? We can approach the answer
by comparing the electricity generation costs calculated with the assumptions behind
figure 11 again, this time altering the price of bio-fuel.
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Table 5: Necessary change of relative solid bio-fuel prices to equalise
costs of biomass based with cost of natural gas based electricity in 2010.
2010 price

Necessary change 2002-2010
Total

Annual

SEK 97/MWh

-12%

-1.6%

SEK 19/MWh

-83%

-19.7%

SEK 71/MWh

-35%

-5.3%

Current Technologies:
BioCHP80
Natural Gas CHP150
New Technologies:
BioCHP50 (BioIGCC)
Natural Gas CHP150 (EvGT)
Current Biomass/ New Gas
Technologies:
BioCHP80
Natural Gas CHP150 (EvGT)
Source: As figure 3-11 and Author’s calculations.

The price of biomass fuel considered here is the relative price of bio-fuel, i.e. the price
relative to other fuels and prices of the other inputs to electricity generation.
With the recent history in mind, the 1.6% annual decline in the relative price of solid biofuel should not be impossible in the 2002 to 2010 year perspective. On the other hand, the
European markets for solid bio-fuels are subject to forces restricting supply and
expanding demand. These forces are described in more detail below.
The anticipated progress in the performance of the new technologies, the biomass
integrated gasification combined cycle technology and the evaporation gas turbine
technology is, however, unambiguous in the favour of natural gas based technology. For
the new biomass based technology to be competitive with the new gas technology, a solid
fuel price reduction of 83% relative to the gas price is required. This is definitely not
realistic in the timeframe considered here, and probably not in even much longer time
frames.
If these assessments of the potentials of the BioIGCC technology hold, the more realistic
alternative for the next decade is increased use of the standard technologies of today. If
the Biomass based CHP 80MW plant should compete with the evaporative turbine in
2010 a similar calculation of the required decline in relative solid bio-fuels prices yields
5.3% a year.
Therefore, if the expectations to the technological development hold and if prices of solid
bio-fuels do not decline considerably, increasing use of bio-energy for electricity
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generation will still in the next decade depend on net-taxes favouring bio-energy in the
same order of magnitude as today.
The future supply of solid bio-fuels depends on a number of factors including the access
to biomass resources, international trade in bio-fuels, EU agricultural policy, and the
national implementation of it. The future demand depends on the development in fossil
fuel prices, the technical progress in biomass based technologies relative to fossil fuel
based technologies, and the extent to which, current technologies are competitive beyond
their market shares.
Because of the delay by which households and firms adapt their physical capital to the
prevailing or expected prices, there can be an extended period of time in which the
demand for bio-fuels is lower than optimal for the consumers given the prevailing prices.
This has apparently been the case for pellets the demand for which was quite modest until
2000. According to the manufacturers association, SBBA, the number of installed smallscale pellet burners increased with 12,000 from 16,200 in 2000 to 18,200 in 2001. For
2002 an increase of an additional 12,000 is expected. This drastic change in the desired
stock of biomass based heating equipment was probably triggered by the oil price increase
through 1999 and 2000. But pellet prices were competitive even before that.
In an international comparison, the Swedish pellets price level was quite low in 1999.
Pirkko Vesterinen and Eija Alakangas (2001) surveyed the markets for biomass in
Europe. They collected data on the sales and processing of biomass, on the taxation, and
of the international trade. Their survey includes forestry residues, industrial by-products
and black liquors, firewood, wood wastes, and refined wood fuels.
While the Swedish pellets prices were lower, the Swedish prices of forest residues,
industrial products, black liquors, and wood wastes typically were higher in 1999 than in
countries like Finland, Ireland, and France. This was, however, not the case when
compared to Latvia, Slovakia, whereas the price level in Poland seemed to be equal to that
in Sweden.
Bio-energy potentials
The biomass used for heating purposes will in any case exceed the biomass used for
electricity generation. At the turn of the century the total use of bio-energy was about 100
TWh. The final use of electricity based on biomass did, however, only amount to 4,5
TWh.
A number of studies have assessed the potential of domestic solid bio-fuel production.
They were reviewed by the Swedish Energy Agency (1999). The assessments ranged
from 125 to 215 TWh biomass per year in a 2005-2010 perspective.
The largest differences were found in the assessments of the forest fuel resources. While
the assessments made by agriculture and forestry organisations were about 30 TWh/yr, a
research institution reported a potential of more than 100 TWh/yr. In the middle of these
two extremes, a government commission and a technical academy found 54-69 TWh/yr to
be realistic.
Recent estimates are in the lower end of the scale. The Swedish Energy Agency (2001a)
finds a bio-energy potential of 130-150 TWh to be utilised in 2020 realistic. In a report
from the research collaboration Nordleden a potential supply of 130 TWh in 2010 is
predicted (Nordleden, 2001).
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One of the factors that determine the potential supply of biomass, is the price that
suppliers can obtain. Marie E. Walsh et al. (2000) provide an account of the biomass in
USA available for energy purposes. The result was that the available supply varied from
50 million dry tons (dt) at prices below USD 20/dt to 500 millions dt at USD 40-$50/dt.
This observation reflects declining marginal productivity (in terms of energy per total
factor use) at the aggregate level. Some biomass resources are inexpensive because their
opportunity costs are small or even negative while others can be quite expensive because
they compete with profitable crops. A similar account of the future Swedish biomass
supply is illustrated in the figure below. This account is from the Nordleden project,
where it was developed for an analysis of the future price of green certificates. The figure
below illustrates the potential biomass supply at different prices (expected price changes
for fossil fuels shown for comparison).

Figure 14: Anticipated potential supply of solid bio-fuel
for electricity generation in Sweden 2010.
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Most of the bio-fuel potential in the figure originates from forestry or forest based
industry. The internal recycling of by-products in the paper and pulp industry is, however,
not included in the accounts above. It includes a potential of 40-50 TWh depending on the
output level of the industry.
The figure reflects the differences in costs of solid bio-fuels with different qualities. When
more expensive fuels are sold, it is because their energy content is more directly
accessible in more uses.
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It also reflects increasing marginal costs within each fuel type. However, this does not
mean that solid bio-fuel prices necessarily must rise as supply is expanded. In a dynamic
perspective, it must be expected that technologies, practices and transaction networks
develop as experience is gained and this may cause costs to decrease.
The net outcome of the two conflicting scale effects is difficult to estimate and they
operate on different levels. While the dynamic scale economies can be found in breeding
of plant material for energy crops, biomass collection, processing, and energy conversion,
the diseconomies of scale are probably first to be found in the supply of biomass except
for temporary occurrences of bottlenecks in the processing and distribution network. It is
expedient to analyse both levels in the fuel cycle.
Due to the low energy content (relative to fossil fuel), the relevant supply of bio-fuels is
limited to a shorter radius from the source. But this problem is often overstated. State
agencies (Boverket & Naturvårdsverket, 2000) assessed the maximum transport radius
from the condition that loss of energy due to transport in percent of the energy content of
Salix chips should be maximum 2%. The result was a radius of 500 km by boat, 250 km
by train, 100 km by truck.
This rule of thumb is, however, more based on energy accounting than on business
accounting. As the following section demonstrates, considerably longer transport
distances are covered at the actual markets for bio-fuels.
Foreign trade in biomass
The concept of national self-sufficiency of electricity is loosing ground. The Swedish
Energy Agency (2001a) points to the fact that Sweden is still more a part of an
international electricity market. The same is true for biomass-based fuel. In Sweden, a
considerable fraction of the supply of biomass is imported from other countries.
According to Lars Nikolaisen (2000) the imports of bio-fuels have increased from 0.6-1.1
TWh in 1992 over 3.1-4.2 TWh in 1995 to 5.6-8.9 TWh in 1997.
Pirkko Vesterinen and Eija Alakangas (2001) asses the bio-fuel imports to the Swedish
district heating sector to 6.9-8.9 TWh in 1999 covering 35-40% of the fuel consumption
in the sector. These figures are, however, very uncertain since the trade flows are
remarkably poorly covered by official and credible statistical surveys.
The supplying countries, according to Pirkko Vesterinen and Eija Alakangas (2001) are
Finland, Estonia, Latvia, Canada, Denmark, Germany, and Netherlands. It should be
noted that bio-fuels include industrial and agricultural wastes as well.
Other estimates published by the Swedish Energy Agency (2002a) enables a more precise
decomposition of the Swedish imports on supplying countries.
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Figure 15: Swedish imports of solid bio-fuel 2000 on exporting countries.
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Note: Due to changes in exchange rates, differences in national legislation, and other factors the import shares can be
expected to differ considerably from year to year.
Source: Swedish Energy Agency (2002a)

One of the most surprising trade flows is the import of pellets or wood chips from
Canada. According to Swedish Energy Agency (2001d), the transport costs 3 öre/kWh.
One explanation could be that this extra cost is justified by a Canadian legislation
requiring otherwise expensive disposal of wastes from forest industries combined with a
Canadian biomass conversion sector that still is not large enough to buy it all.
As noted above, there are limits to the distances, biomass for energy can be transported
economically as long as it is not refined to fuels with higher energy density. Pellets are the
result of such processing. Thus, the costs of cross Atlantic transportation can be kept
down to 3 öre/kWh, but still, the trade flow is conditioned by a temporary imbalance in
the development of the energy sector in Canada. The same could very likely be the case
for the European suppliers.
Over the next decades such imbalances must be expected to occur from time to time and it
is desirable to have an option for large international trade flows so that these imbalances
don't lead to economic crisis in the development of the bio-energy sectors in the
individual countries. On the other hand, it is risky to rely too heavily on the availability of
large amounts of importable biomass at any time, since such gaps between demand and
supply that are not based on comparative advantage must be expected to be closed at
some time.
Since biomass based electricity, heat, and even motor fuels are renewable energy options
that are available to most countries and even are low cost alternatives to fossil fuels, there
are good reasons to expect the domestic demand for biomass for energy purposes to grow
in all of the countries that currently are or potentially could supply biomass to the
Swedish energy sector.
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Therefore, countries that are forerunners in the use of bio-energy can be expected to
benefit from inexpensive foreign supplies of bio-fuel in the short run, but not in the long
run. Following this logic, the lowering of the future supply curve is of particular
importance to the development of cost efficient biomass based electricity in Sweden.
Lowering the supply curve in the long run
The above analysis has to a high degree focussed on the development of new energy
conversion techniques. If these technologies are competitive – or if they are made
competitive by taxes, subsidies, and green certificates -, the requirement of a competitive
and sufficient biomass based alternative to nuclear power boils down to a lowering and
extension to the right of the supply curve in figure 16.
Change of the supply curve will take time. In forestry it will require new norms and
standards for forest management, which will often require significant change in culture,
values and education, i.e. slow-moving processes of social change. With present biomass
prices, there is little room for profit to forest owners. The incomes from increased take-out
of biomass mostly go to collectors and processors, rather than forest owners. So the
incentives for change in culture, values and education are not very significant for the
forest owners and managers, who must make this change. The combination of small
incentives and need for significant changes in culture and values, is not promising. Such
changes usually require very long time scales, or very strong incentives.
In agriculture, change of the supply curve may be as desirable, but even more protracted.
To utilise the capacity described above fully requires fundamental changes in the
agricultural sector. State agencies (Boverket & Naturvårdsverket, 2000, p. 55) assess that
30% of Sweden’s agricultural land could produce 40 TWh bio-energy. At present only
one 1% of this capacity is utilised and there are several reasons to expect a rather modest
rate of expansion.
First, it is a wide-spread opinion in the bio-energy sector, that yields that currently are
about 10 tons of dry substance/ha can be improved to as much as 30 tons of dry
substance/ha. This is, however a time consuming process. Second, the cultivation of
perennial crops is in itself a process that takes time. The first harvest of willow is three to
five years after plantation. Third, farmers need time to make such decisions, and may also
have to wait for the right combination of business conditions. Conversion to energy crops
means a long delay of cash flows. It reduces the need for labour on the farm. It can make
present machinery and buildings unnecessary, i.e. entail a loss of investment capital. It
also represents a fairly deep change of farm culture, which may not be undertaken lightly.
Thus, the farm sector may be expected to respond quite slowly to increased demand for
energy crops, in particular if price incentives are not very strong or secure.
Recognizing the considerable lead-time from action is taken to the supply curve actually
moves, policymakers are well advised to focus on the requirements for long-term business
change.
First, a long-term demand for the energy crops must be made credible. That is,
government policies must be friendly to expansion of the bio-energy conversion sector
capacity. Purchase practices should encourage competition on price and quality.
Second, unintended disincentives to develop an otherwise competitive supply in each link
of the fuel chain should be eliminated.
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Third, the innovative firms should get optimal conditions for taking advantage of the
learning economies. This is about test facilities, information dissemination, and not least
about a time scale for implementation that allows experience to be assessed and used in a
learning process.
Fourth, the asymmetry-of-information problems associated with a good with very
differing core quality properties such as water content, energy density, and contents of
other process relevant substances should be solved as fast as possible. Standardisation of
bio-fuel qualities is therefore an important condition for increasing the competitiveness of
biomass.
7. EU policies
The promotion of the use of bio-energy is primarily a national question but is increasingly
affected by EU energy policy. The expected returns to competing crops are directly
subject to political decision in the EU agricultural policy. The returns to learning
investments are not exclusively appropriable by individual EU countries. And a common
market for biomass-based fuel has developed, whereas the necessary common standards
for the goods traded at that market has not yet been settled.
EU policies are at least as important as the individual member states policies in
developing the bio-energy sector.
Bio-energy policy
The European Union has decided on an ambitious target for the development of bioenergy in the union. The white paper for a Community Strategy and Action Plan, Energy
for the Future Renewable Sources of Energy (European Commission (1997)) included a
target of doubling the share of renewables in total energy supply from 6% to 12% since
the options for large hydropower plants in the union are already by and large exploited,
while photovoltaics are not yet competitive, the additional supply must come mainly from
wind and biomass.
The supply of biomass was projected to increase from 521 TWh in 1995 to 1570 TWh in
2010. This corresponds to a tripling over 15 years or an annual rate of growth of 7.6%.
The share of bio-energy in total energy consumption in the union would in this way
increase from approximately 3.2% to 8.4%.
The white paper included a number of fiscal instruments designed to increase the demand
for energy from renewable sources, including biomass. This part of the strategy has been
followed up by attempts to fix minimum taxes for non-renewable energy, a European
system of tradable CO2 quotas, provisions for tax allowances or tax exemptions as to
biomass, and a market for green electricity.
The strategy aimed, as noted above, to add 1047 TWh of biomass to the existing supply.
Of these 174 TWh were projected to come from organic municipal waste, 349 TWh from
forestry and agriculture residues, and 523 TWh from energy crops.
To bring about this supply, the white paper, did not envisage the formation of new
instruments, but the application of the already existing instruments in the CAP and in the
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regional and technological development programs. They were laid out in more detail in
the subsequent working document from the Commission (European Commission (1998)).
The EU-supported measures, member states were advised to take into use for promoting
the supply of biomass were the admission to grow non-food crops on compulsory and
voluntary set-aside areas, the fiscal support for afforestation, the new cross compliance
instruments in the CAP allowing member states to add environmental criterions to the
criterions for area support, and to use the provisions for rural development to promote
bio-energy.
In the following framework programme for actions in the energy sector (1998-2002), the
commission adopted the principles for EU energy policies. Concrete actions to support the
development of renewable energy technologies were implemented in the ALTENER
program.
The indicative targets in the 1997 white paper and the promotional actions in ALTENER
were followed up by a directive on the promotion of electricity from renewable energy
sources in the internal electricity market European Commission (2001). In this Directive
the member states are committed to set their own indicative targets for consumption of
electricity from renewable sources. The indicative target from 1997 of a 20% share of bioenergy in electricity supply is confirmed.
In the green paper on security of energy supply from 2000 (European Commission
(2000)), the Commission warns that EU is becoming increasingly dependent of imported
fuels, in particular fuels for transportation. Promotion of bio-energy is increasingly
motivated by the prospects of an increasing dependence of fossil fuels, in particular oil,
the supply of which ultimately will be in the hands of less than ten countries. The bio-fuel
directive proposed by the Commission specifies a 5.75% target for the share of biomassderived fuels in transport in 2010.
The Green Paper (European Commission (2000)) emphasised that the European energy
strategy must address the fact that Europe is becoming increasingly dependent of
imported fuels. In the years passed since the white paper, not much had happened and
definitely not a 7.6% annual increase of bio-energy supply. The green paper again
focussed on the need for using fiscal instruments to promote the demand for bio-energy
and other renewable energy services.
In response to the missing action the Commission has launched a Campaign for Take-Off
to engage local actors, companies, authorities, and innovation centres in the member
states in investing in and planning for renewable energy.
Sweden plays a more than average role in the development of bio-energy in the EU.
Sweden hosts 2% of the EU population and produces 3% of the EU GDP. Sweden does,
however, also cover 13% of the EU-land area. Thus the above mentioned Swedish bioenergy potential accounts for 4-7% of the total EU-potential assessed to 3140 TWh in
(European Commission (2001)).
Primarily due to the energy loss in the combustion motor and in the processing of liquid
bio-fuels, they are only apparently cost effective substitutes for fossil transport fuels.
Thorough studies show that more CO2 emissions could be mitigated for the same costs or with the same energy crop area – if the land area was used for perennial crops to
produce solid bio-fuels for electricity and if this electricity was used to fuel urban
transport.
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Nevertheless, when the EU policy is to exempt liquid (i.e., transport) bio-fuels from
taxation it is not necessarily supportive for the Swedish strategy. In combination with the
low taxes on electricity and heat energy compared to those on transport fuels, this can lead
to distortions of the prices of different crops to such a degree, that it becomes an
disincentive to cultivate perennial crops for electricity and heat generation.
Common Agricultural Policy
The key problem in the EU bio-energy strategy is that the goals are set in the energy
policy while the instruments belong to agricultural policy and single market policies. The
expansion of biomass based electricity generation requires a similar expansion of the
supply of competitive biomass. The Common Agricultural Policy (CAP) regulates the
allocation of the factors of production in the agriculture and forestry sectors.
Price support and other support for various crops vary from year to year. Thus, the
profitability of various crops is fluctuating and only if relatively high stable prices on
perennial crops are secured, it pays to abandon the option of chasing the currently most
profitable annual crop.
The rules allow cultivating energy crops on the compulsory set-aside areas, but from an
agronomical view point, these are often not the most suitable areas for energy crops.
8. Economic instruments in the transition to bio-energy
During the present study a number of ideas that potentially could lead to a larger
competitive supply of biomass-based electricity – or a reduced demand – have emerged.
Despite the role of the Sweden as a forerunner in the international trend towards increased
use of economic instruments, the study has shown that many price relations in Sweden do
not support the transition from nuclear power to bio-energy. This makes the transition
more expensive than necessary to society as well as to firms and households that engage
in the transition process.
First, there is too little electricity savings. Experiences from other countries show that
there is additional scope for the use of electricity taxes and Average Total Cost pricing
instead of marginal cost pricing to engage households and firms in electricity saving. The
condition for a successful use of these instruments is a neutralisation of unintended
distributional effects by recycling of the revenue. The experience with NOX tax on plants
with large boilers shows that this also is possible in the industries without jeopardizing
competitiveness.
Second, the prospects for biomass conversion technologies vs. natural gas based
technologies are not necessarily in favour of bio-energy with the existing fuel prices. Still,
higher costs of biomass based electricity can be justified as learning investments in a
longer perspective and given a high priority to CO2 emissions reduction also as a source
of environmental benefits. Additionally, there are large economic benefits to gain by
coordinating the bio-energy fuel chain with the management of other material flows such
as the nutrient flows in the water cycle.
Third, some of the taxes and subsidies could have unintended disincentive effects on the
development of a larger capacity for low cost biomass based electricity generation. In
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particular, electricity-only technologies are not taxed as much as co-generation
technologies.
Fourth, the new system of Green Certificates is insufficient for discrimination between
different technologies, as far as the need for learning investments is concerned.
More factors indicate the importance of focussing on the production of biomass. If
unexpected technological breakthroughs don’t emerge – which, of cause, cannot be
precluded – the future gains of bio-energy competitiveness must come from the costs of
the biomass itself. The development of high yielding species takes time. To reap the
coordination benefits requires a considerable amount of non-traditional and innovative
cooperation on the side of the authorities. This is probably also a line of development with
long lead times.
However, the competitiveness of energy crops vs. traditional crops has very little to do
with the social costs and benefits of the two alternatives. The supply of biomass does not
seem to receive the same attention, the conversion technologies. In the worst case, this
can lead to shortage of biomass feedstock when the conversion technology part of the
programmes succeeds.
The asymmetric treatment of the biomass demand and supply side in the programs aimed
at development of the bio-energy sector is first and foremost found in the EU energy and
agricultural policy. While the targets for development of bio-energy belongs to the energy
policy, the instruments for providing sufficient biomass belong to the agricultural policy.
The conflict is obvious, while it is less obvious that the attempts to solve it are sufficient.
The common agricultural policy (CAP) does not attempt to solve the problem by itself.
The direct price distortion caused by the CAP is not only an unnecessary economic
burden on society, but also an unintended disincentive for growing perennial energy
crops, but it seems to persist for some time yet.
The CAP does, however, open up for the indirect use of agricultural and rural
development instruments for bio-energy purposes, but member-states efforts are weak.
The experience shows a number of options that member-states could exploit in developing
a biomass supply.
First, acknowledging the ancillary benefits of some energy crops provides a case for
integrating particular uses of energy crops into the cross-compliance and agroenvironmental subsidy schemes. They could include incentives to restrict nutrient loading,
to restore soil structure and increase carbon sequestration, restore soil quality (heavy
metals), prevent soil erosion, and restore landscape. CAP financed incentives that are
closely coordinated with nationally based incentives for environmental protection could
be economically beneficial to society. Instruments to support conversion of agriculture
land to forest and of annual to perennial crops are already in place, but they don’t seem
sufficient for the expanding the supply of energy drops.
Second, a rural development that makes use of the potential benefits of coordinating the
processing of bio-fuel with the relatively large volumes of biomass being handled in rural
areas is in line with the EU agricultural and regional policy. The British ARBRE-project
aims at building up a biomass based electricity export from a region with large biomass
resources and low economic activity. This idea could also be useful in Sweden.
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Some of the conditions for future innovations do belong to international cooperation at
least within the EU.
First, the long-term availability of a sufficient supply of low cost biomass requires a
research and development effort. Even if coppice energy crops are “short rotation” in
comparison with typical forestry the rotation period for some of the promising species
will be 20-25 years. This emphasises the urgency of strong efforts to develop higher
yielding species now if a much larger bio-fuel supply is required in 10-15 years.
Second, an additional effort that could prove important to accelerating the development of
high yielding species would be clearer rules for the use of genetically modified organisms
in the cultivation of non-food crops.
Third, in the processing of biomass, the standardisation process is most important and
government support to improve knowledge and methods to comply with the new
standards is crucial to a fast development of markets for the individual products.
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STUDY 2: DISSEMINATION OF SALIX AS AN ENERGY CROP8
"A major concern frequently raised by
potential growers of willow biomass crops
is size and stability of the market. While
producers desire a reliable market, power
producers require a steady and consistent
supply of fuel."
"A sustainable commercial industry for
willow biomass crops requires the
commitment of both growers to produce
and supply the raw material and the end
consumers who will use the material."
(Downing et al., 1998).
Salix (willow) is the energy crop most recommended in Sweden. There is two kinds of
demand for this product:
• A political demand, expressed in policy statements and scenarios.
• A commercial demand from district heating companies and other fuel users.
As this study will show, these two demands do not fit well together, and no way has been
found to bridge the gap between them. This leaves the producer in a confused situation:
Who should he trust?
Should he trust policy makers, such as the European Commission, that expects energy
crops to expand from 20.000 hectares in the late 1990's to 6.300.000 hectares in 2010?
Will they buy his crops? Or who will? No policies have been implemented that assure the
demand for energy crops. But the demand needs to be created by political action. Energy
crops are not competitive against fossil fuels, unless politicians somehow twist the
market.
Or should the farmer trust the signals from the market, where biomass prices have been
steadily declining (in real terms) over several years? Market actors will tell him, that there
is still plenty of forest residues to be picked up. He can never get a higher price, than
warranted by the cost of these competing resources.
In the year when this study was finalised, i.e. 2002, some farmers could make the same
profit from Salix as from wheat. To do so, however, a farmer would have needed boldly
to plant his Salix in 1998, when the Salix prices were somewhat lower (figure 5). During
1999-2001, when prices had a downward trend, he might allready have started to get
nervous about his decision. In 2002, his choice does seem vindicated. But what does he
8
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know about the future? Will the Salix price remain competitive also for the next 15-20
years? Salix appears as be a huge long-term bet for a farmer. The risk looms large, while
the reward is no more than simply breaking even with wheat. Few farmers may want to
make this kind of bet.
So, if policy makers are serious about their demand for Salix, they should consider how
the farmer might be offered a better deal. A better deal would mean security, rather than
more money. The present Salix prices might be sufficient to motivate farmers, if only they
were secured in the long-term.
This study ends with a specific policy proposal, meant to show how the market risk could
be shifted round in a way, that might motivate farmers. The proposal consists in a system
of long-term contracts between farmers and district heating systems, subsidised by the
government through an auctions procedure.
Before reaching that conclusion, the study analyses the market problems in more detail.
First it explains the reasons to focus on Salix, rather than other energy crops. Then it
discusses the need for energy crops in the future energy system. It goes on to present the
lead-time problem, i.e. the time needed for Salix to mature, not only as individual plants,
but also as a production system. This problem is the core reason, why special policy
efforts are required now in this area. The long lead-time can result in a market failure
because Salix production may simply be unable to respond to demand and take the normal
ride down the experience curve. Another type of market failure is also discussed, namely
the inability of Salix production to take early advantage of positive externalities and
opportunities for co-benefits.
The study goes on to analyse external factors and farm factors that influence the adoption
of Salix. In particular, it tries to give a picture of the farmers that chose to start plantations
or to terminate them. On basis of this, and the understanding of market failures,
implications for subsidy policies are discussed. This is used to promulgate a specific
proposal for long-term contracts.
1. Salix as example
The agriculture sector in Sweden includes several biomass resources which could be used
for energy purposes (Johansson et al., 2002). Most important are traditional food crops,
residues from their cultivation, and dedicated energy crops. These biomass resources
differ regarding cost, energy and land-use efficiency, and impact on the local
environment, and thereby in fulfilling the demands for physical sustainability. Residues,
such as straw, and dedicated perennial energy crops, such as short-rotation forestry (Salix)
and energy grass, are generally more energy- and cost-efficient than traditional annual
crops, such as cereals and oil seed plants.
The energy efficiency of a biomass production chain can be measured as the relation
between input and output of useable energy. Energy inputs are used for instance in the
production of fertilisers, in planting and harvest, and in transportation. The input of solar
energy is not counted, as it is not in a useable form. The output is the energy content of
the bio fuel produced.
Measured in this way, the energy efficiency of a biomass production chain based on straw
is about the same as for one based on logging residues, i.e. the energy input per unit
biomass produced, including transportation, is about 4% of output energy (Börjesson,
1996). The corresponding figure for Salix is about 5%. The energy efficiency of a
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biomass production chain based on annual energy crops such as cereals (e.g. wheat) and
oil seed plants (e.g. rape seed) is significantly lower. Here, the energy input is about 1520% of the energy content of the biomass produced.
The production cost per unit energy is also normally much lower for straw and Salix than
for traditional annual crops when existing cultivation subsidies are excluded. The
production cost per unit energy for straw and Salix may, for example, be up 3 to 4 times
lower than for rape seed and cereals (Gustavsson et al., 1995). In addition to these
benefits, the cultivation of dedicated perennial energy crops will have a much smaller
negative impact on the local environment than the cultivation of annual crops. For
example, if Salix replaces rape seed and wheat, the risk of nutrient leaching and erosion
will decrease, as the requirement of commercial fertilisers and pesticides is less. Thus,
perennial cropping systems can fulfil the demands for long-term sustainable use of arable
land in a much better way than annual cropping systems.
Still, wheat has become the most important energy crop in Sweden, measured in
cultivated area, as the production of ethanol fuels (Agroetanol AB, 2003) now requires
some 25.000 hectares of wheat against some 15.000 hectares used for Salix. But in the
longer term, as appropriate conversion technologies are developed, Salix is likely to beat
wheat even as a source of automotive fuel, for the reasons outlined above. Among crops
being developed specifically for energy production, Salix is the favorite in Sweden, and
the only such crop that is grown commercially to any significant extent. Therefore, this
study shall focus entirely on Salix.
Salix plays a minor role in the current Swedish energy system, despite efforts in research
and development and in the creation of economical incentives. The annual harvest from
Salix plantations amounts to around 0.1 TWh today (Swedish Energy Agency, 2001).
As shown in figure 1, the area planted with Salix grew quickly from 1989 to 1996, but has
been slightly reduced since 1996. Roughly, this development resulted on one hand from
generous Salix planting subsidies in the first half of the 1990s, which were since
abolished or reduced, while on the other hand competing cereal productions gained from
the shift towards agricultural protectionism in 1995 through Swedish accession to the EU.
Figure 1: Salix area in Sweden 1989-20029
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Sources:
Official statistics are SCB (1998, 2001) and Jordbruksverket (2002). Business sources are
Agrobränsle AB, as quoted by Johansson et al. (2002).
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The development shown in figure 1 is not promising for the businesses that are trying to
develop the inputs and services associated with Salix plantations, i.e. planting stock,
machinery for plantation and harvest, and advisory services. The stagnation since 1996
means a significant decrease in the market for planting stock and new machinery. So
investments in these sectors needs to be based on hopes for the future, rather than existing
markets.
2. Is there any need for Salix?
In scenarios for a more sustainable energy system, a significant role is often given to
energy crops. Within all of the EU, in the period 1995-1999, according to European
Commission (1998) estimates, no more than 20.000 hectares were dedicated to Salix and
other wooden species grown as energy crops for use in electricity and heat production.
Most of this was in Sweden. But by as early as 2010, the European Commission (1997)
expects 6.300.000 hectares of energy crops to be grown for this use (including also energy
grass and cereals), and additionally a few mill. hectares for liquid bio-fuels for
transportation. This remains the official scenario of the Commission. Assuming an
exponential form of growth, this implies an annual growth rate in planted area of some
60% from 1998 to 2010. A later green paper (i.e. discussion paper) from the European
Commission (2000) goes even further and proposes a total of 20 mill. hectares for energy
crops "in the long term". The total arable land of the EU is some 76 mill. hectares. So in
this long-term vision, the EU would eventually have energy crops on nearly 1/4 of its
arable area.
Such high aims are not reserved for the European Commission. Sweden has several
examples of similarly ambitious scenarios. Naturvårdsverket (1998) suggested that in
2021 Salix could occupy 14% of the Swedish arable land and energy grasses another
10%. The Federation of Swedish Farmers aimed nearly as high in their 1996 scenario
(Landbrukarnas Riksförbund, 1996, as quoted in Kretsloppsdelegationen, 1998). The BioFuel Commission (1992) was even more optimistic.10 Figure 2 illustrates the gap between
such scenarios and real-world developments.

10

The Swedish agricultural area is some 3.500.000 hectares, of which 2.800.000 hectares are arable land.
The Ministry of Agriculture concluded (Jordbruksdepartementet, 1989) that only 2.000.000 hectares would
be needed in the future for food production. Based on this, the Bio-Fuel Commission
(Biobränslekommissionen, 1992) reckoned that the remaining 800.000 hectares might be available for
energy crops. It argued that Salix would be the lowest-cost alternative, and therefore absolutely dominant.
Assuming a productivity of 60 MWh/ha for Salix, the available 800.000 hectares could sustain a Salix
production of 48 TWh/year. Allowing for a small amount of other energy crops, the Commission suggested
a potential of 46 TWh for Salix and 2 TWh for other energy crops. In the Commissions judgement, due to
different types of barriers, this level of production would not be possible before 2015, at the earliest. In
more practical terms the potential for production was reckoned to be 15-20 TWH, corresponding to 250.000
- 330.000 hectares, within a timeframe of 10-15 years (i.e. 2002-2007), according to the analytical text of
the Commission [p. 166]. The Commission repeated the same quantitative judgment in its summary [p. 21],
but with year 2010 as the timeframe.
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Figure 2: Salix in Sweden: Scenarios versus reality1
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Other Swedish scenarios are more conservative in their expectations concerning energy
crops, and may not even include them in their scenarios, relying instead on increased outtake of forest residues. The Climate Committee (Klimatkommittén, 2000a&b) expects the
total use of bio fuels to increase over the period 1997 to 2010 from 90 TWh to 103 TWh
(low scenario) or 115 TWh (high scenario), i.e. an increase of 13-25 TWh from 1997 to
2010. It does not specify whether any of this supply should come from energy crops. A
study by Nordleden (2001) concerning the effects of green certificates expects by 2010 an
increase of 5 TWh in electricity production from biomass, which probably corresponds to
some 6 TWh increased bio fuel use, assuming that combined heat and power (CHP)
production replaces heat-only production that already is based on bio fuels. On top of this
would come an increased use of bio fuel for heating applications without electricity
production, that is being promoted by policy instruments other than the green certificates.

84
It seems likely, however, that these demands for bio fuels can be met without energy crop
production, as there is still significant reserves available from traditional forestry.
Estimates of these reserves are outlined in table 1.
Table 1: Price and potential of some categories of biomass
Forest residues

Energy
crops

category I

category II

category III

category IV

Cost
(SEK/MWh)

80

90

125

180

150

Potential
(TWh/year)

8 - 10

9 - 14

15 - 22

7 - 12

3,5 - 6

Source: Nordleden (2001), using information from the Swedish Energy Agency.

As the table shows, significant amounts of biomass are available at lower cost than
required for Salix. It is possible that the whole development until 2010 foreseen the
Nordleden and Climate Committee scenarios can take place within the resource categories
I-II, which are significantly cheaper than Salix. Possibly, energy users will also have to
dig into category III, which is quite large. In table 1 energy crops stand out as an
expensive resource, for which there will be no need within a 2010 time frame.
The table may however be overestimating the cost of Salix. According to our own
calculations (table 15, p. 135), the present cost of Salix need not exceed 120 SEK/MWh.11
The image of Salix as relatively expensive is also somewhat modified by a more regional
analysis (Börjesson, 2001). Some of the forest residues accounted for in table 1 would
need to be transported a long distance, whereas Salix may often be grown close to endusers. This might affect the competitive relation between Salix and category III forest
residues. In any case, roughly at the same cost level as Salix, there will be plenty of
category III fuel available. So there seems to be no real need to have energy crops
available by year 2010.

11

Whether large amounts of energy crops will really be available at this price (120 SEK/MWh) is doubtful,
as our calculation is without any risk premium to the farmer. A Salix plantation is risky for the farmer
mainly because it reduces his flexibility. If there is a price rise for other crops, the farmer cannot switch to
these crops as easily, as when he grows annual crops. So the farmer may require a risk premium for this loss
of flexibility, but the size of this risk premium is difficult to guess.
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The Nordleden projections in fact indicate, that there may never be a role for energy crops
in electricity production. As shown in figure 3, the coming Swedish green certificate
scheme is expected to promote a large expansion in the use of biomass for electricity
production, but this expansion of biomass slows down after year 2011 and stops
completely around year 2017. This is because wind power is assumed to become
competitive, and also because the district heating systems will be unable to absorb more
heat from CHP, and because cheap bio mass resources will by then be exhausted. As the
potential for off-shore wind power is very large, all expensive types of bio mass (category
III-IV and energy crops) may never be called into use by the green certificate scheme, i.e.
may simply have no long-term role in the energy system.
Figure 3: Amount of certified green electricity
and projected price of certificates 1999-2023.
Wind power

CHP based on
bio fuels
CHP based on
waste

Small scale
hydro
Price of
certificates
Reference
production
Number of
certificates
(TWh)

Source: Nordleden, 2001.

This conjecture depends upon several critical factors:
• future cost of wind power technology, i.e. whether large off-shore wind farms will
really be cheaper than 120-150 SEK/MWh, and will continue to be cheaper as they
move into deeper waters and further away from existing power lines and centres of
consumption.
• future interests rates. The cost of wind power goes up quickly when interest rates
rise, as wind power is very capital intensive. The cost of energy crops (and forest
residues) have no strong relation to interest rates.
• future costs of energy crops. These may also fall, as breeding results in improved
biological productivity, or if EU protectionism for food production is reduced so
that opportunity costs are reduced.
So, a fair conclusion on such studies, for the period after 2010, might be that a competition is likely between three renewable resources at around the same price level:
• wind power
• category III forest residues
• energy crops
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Which of these resources will be cheapest is quite difficult to predict. It will depend much
on technology development in the coming decade, including the practical dissemination of
experience and infrastructure. Costs will also depend on the size of the demand. Category
III forest residues will probably have marginal costs with a clear upward slope, as the
resource is getting closer to exhaustion. Off shore wind power can probably be expanded
a great deal, before rising marginal costs kick in. Off shore marginal costs may even have
a downward slope for quite a while, as economies of scale reduce costs, in particular
transmission costs. Energy crops may have a more or less flat marginal cost curve, as
large amounts of suitable land is available, and can be converted to energy crops without
much effect on the price of alternative crops, like wheat, which basically follow the world
market. But energy crops, in particular Salix, cannot be ramped up quickly, so the flat
marginal costs curve only apply in the long term, while the supply will be inflexible in the
short term. Finally, the competitive position of wind power is highly sensitive to the
interest rate. So the supply picture is quite complex and contingent on several unknown
factors.
Demand is not easy to predict either. Exports of biomass or electricity could become
important, as other European countries engage more strongly in CO2-reductions, without
being endowed with the same rich resources as Sweden. Within Sweden itself, if political
winds change, the closure of nuclear plants also has the potential to increase demand
rather suddenly and unexpectedly.
So policy makers can respond to projections such as the Nordleden report in two different
ways:
(1) either they can accept the prediction, that wind power will come out on the top,
and will single-handedly solve the problem of sustainable energy supply for quite
a while.
(2) or they can work towards establishing a 2-way or 3-way competitive situation,
where wind power is effectively challenged by energy crops and forest residues.
The first option is the simplest, and in the short term also the cheapest. This option would
allow policy makers to simply relax, after having introduced the green certificates. They
would only need to steadily increase the requirement for certificates, but could otherwise
leave things to the market. They would not even need to do much to promote research,
development or demonstration of off shore wind power, as this technology (and the
associated experience) is being developed elsewhere, and will be available to buy. The
only clear task for policy makers would be to prepare the regulatory framework for off
shore wind, which presently frustrates developers.
The first option also has certain costs. Most important from an energy system perspective,
is a lack of flexibility. If cost projections for off-shore wind turns out to be too optimistic,
the Salix alternative will not be readily available, because it has been insufficiently
prepared. So electricity costs will simply have to go up to match the higher-than-expected
costs of off shore wind. If consumers react negatively to such higher prices, the speed of
conversion to renewables may also be subject to second thoughts by government and
parliament.
Another cost from an energy system perspective is the lack of credible competition
between technologies. If off-shore wind is perceived as the only alternative, actors in this
field may feel less pressure for cost-reduction, and will have a stronger position in
regulatory conflicts. For instance, a strong reliance on off shore wind will require a
significant expansion of transmission lines and/or reserve capacity, which can be paid
either by the wind power producers, or by some other combination of consumers,
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producers and tax payers. Thus, wind power can appear cheaper or more expensive,
depending on these cost allocations, for which there is often no "right" answer, i.e. the
answer will depend on lobbying and negotiation power. The existence of a strong
alternative, in the form of an equally mature sector based on energy crops, which do not
require the same expansion of transmission lines and reserve capacity, will help secure a
balanced discussion of the allocation of such system costs.
A third problem is the risk of a perverse development of the energy crop sector itself.
Salix could be overtaken by other energy crops, that are less environmentally benign, but
can be ramped up more quickly. Wheat is a quick-and-easy solution, that can always
deliver extra bio mass with short notice. Wheat has much larger negative externalities
than Salix, but these are not really counted by society, so it can appear as a competitive
alternative in the market. Production costs per MWh do remain higher than for Salix, but
this could well be offset by advantages of flexibility, as the farmer can decide his wheat
production from year to year. In parts of Europe there is also a great pressure to increase
the use of oil plants for production of diesel fuels. This is fairly costly, in environmental
as well as economic terms, but has the advantage of competing in the auto fuel market
instead of the electricity market. As society often seems more willing to impose
environmental costs on auto users than electricity users, this oil crop alternative has a
certain competitive advantage in the political game in the EU. This advantage is
reinforced by the fact that auto fuels are heavily taxed, so that oil crops can be strongly
promoted by a simple tax exemption, without any visible subsidy. Set against these quick
and "practical" approaches to increased reliance on energy crops, Salix can easily appear
as a "theoretical" solution, that is favoured by environmentalists and energy experts, but
not by farmers or consumers. To avoid this destiny, Salix needs a long-term promotion
that makes it more competitive against the short-term advantages of oil crops and annual
crops.
A fourth problem relates to reform of the common agricultural policy (CAP) of the EU,
which often appears hopelessly blocked - with great social costs in terms of increased
consumer costs, environmental deterioration, as well as negative effects on agricultural
development in the third world. To pave the way for reforms, it is important to
demonstrate to farmers in Europe, that they have viable alternatives to food production.
Energy crops appear as the most promising alternative. So there is a need for crosssectoral political thinking, where policies for energy crops are not determined exclusively
by an energy sector rationality, but are approached also from an agricultural reform
perspective. If energy policy does not enter into a dialogue with agricultural policy, there
is a significant risk either that agricultural reform remains blocked, or that the unblocking
will include a promotion of energy crops purely from an agricultural policy viewpoint.
This would mean an emphasis on oil plants, wheat, and other annual crops, that fit more
easily than Salix with farming traditions and the efforts of the European farm lobby.
A fifth problem relates to national and particularly rural economic development. Salix
promises a safety net for rural communities in Sweden that feel uncertain of the future of
their agricultural production when challenged by coming reforms of the CAP. Off shore
wind, on the other side, will probably be exploited to a large extent by international
consortia using imported capital, labour and technology. An argument could be made, that
domestically based technologies should at least be allowed to compete, i.e. should be
promoted to a level of maturity, that allows them to challenge the imported technologies.
This may also be important from a political perspective, as consensus for the shift towards
renewables is easier to maintain, if domestic producers are seen to benefit, or at least be
part of the competition.
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All these considerations point the second policy option as the wiser one. The second
option provides a more effective guarantee of least-cost solutions, gives Sweden a more
adaptive energy system, that can react in a flexible way to shifts in costs (such as interests
rates) or demand (exports). It interacts more constructively with agricultural policies. It
may also improve consensus concerning the whole shift towards renewables. So, in
several ways, it makes Swedish energy policy more robust.
This second option however makes considerable greater demands on policy makers.
While the wind power option is being developed abroad, regardless of Swedish
involvement, the energy crop option (Salix) needs to be developed in Sweden itself, as
Sweden is leading in this field, and as this option is much more dependent on
accumulation of local competence and experience. Furthermore, it is an option that needs
early action by policy makers, if it shall really be able to compete with wind power. Lead
times are unusually long for Salix technology, and will prevent it from suddenly
appearing as a challenge to other technologies, unless it has been carefully nurtured to
competitiveness.
A detailed discussion of the lead-time problems follows below. This discussion leads to a
more detailed policy conclusions in the form of a proposal for a subsidised long-term
contract scheme. But before the lead-time problem is addressed, some consideration
should be given to the externalities of the competing renewable energy technologies, and
the way they are handled by society.
3. Externalities and combined use
The Nordleden projections are based on the market costs of competing renewable
technologies, and do not take into account the different externalities associated with these
technologies. This is entirely consistent with the purpose of the study, which is to analyse
the effects of the green certificate scheme, which makes no such differentiation. But this
also means, that policy makers have an extra reason to contemplate whether the green
certificate scheme alone should determine the fate of competing technologies, or if there
is reason to add extra policies to create a more level playing field for the competition.
Wind power is well known to have certain negative externalities, in particular relating to
the landscape. Badly located wind turbines also can cause problems for bird life.
Complaints are also heard about noise and visual disturbance from reflexes. These
negative externalities are, however, mostly related to on-shore wind power. The negative
externalities of off-shore wind power are expected to be quite small, if locations are well
chosen from a biological point of view, and if construction activities are conducted
according to the best environmental standards.
Salix plantations, on the other hand, can have significant positive externalities, when
compared with other forms of agriculture. These externalities are difficult to assess
precisely, and often depend on local circumstances, such as the severity of heavy-metal
pollution of soils, or the need for wild-life habitats. Therefore, it would be premature to
suggest any comprehensive system to take account of such externalities. But expectations
concerning positive externalities constitute a separate reason - besides those discussed
above - to develop Salix production systems to maturity, and secure some permanent
role for them in the competition with other renewable technologies.
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Table 2: Some important externalities from Salix plantations on mineral soils.
Externality

Assumptions

Economic
value
(SEK/MWh)

Carbon sink.
Salix takes up more CO2 from the atmosphere, than Value: 180 USD per ton
it releases when burned. The remainder in stored in carbon reduction
the soil, which becomes richer in organic matter.

14

Reduced nitrogen leaching.
Nitrogen leaching causes damage to aquatic
ecosystem. Salix reduces nitrogen leaching due to
less use of fertiliser, longer growing season, soil
cover all year round, and a more extensive root
system.

9

50% reduction of leaching.
Value: 5,5 USD per kg N.

Heavy metal removal.
Many soils are polluted with heavy metals, which
can enter human foods. Salix can remove
significant parts of this pollution. The most important
effect is on cadmium.

Removal of 6 g Cd / ha /
year.

Biodiversity.
A proportion of 10 to 20% energy forest in open
farmland may improve local fauna diversity.

Effect is uncertain and
difficult to assess in
economic terms.

Total

Value: 4,2 USD per g Cd,
equivalent to Swedish tax on
cadmium-polluting fertilisers.

4

27

The most general and significant externalities are estimated in table 2, which is based on a
more detailed and differentiated assessments in Börjesson (1999a&b). The table gives
typical values for mineral soils. The picture is different for organic soils, where the
benefits are smaller.
Total externalities of 27 SEK/MWh are quite significant compared with the 120
SEK/MWh cost of Salix calculated later in this chapter, or the 150 SEK/MWh assumed in
the Nordleden projections. As the Nordleden projections point to a quite close
competition between wind power, category III forest residues and energy crops, taking
these externalities into account can make a big difference in the composition of the future
renewable energy production. It would seem that subsidies to Salix up to a level of
around 20% would be "safe" in the sense, that they are unlikely to distort competition and
increase social costs.
Besides these externalities, there are potential benefits from combination of the energy
function of Salix with its use in waste water treatment and sewage sludge deposit. These
benefits are outlined in table 3, also based on estimates from Börjesson (1999a&b) and
Börjesson et al. (2002). The two options are alternatives, as a Salix plantation optimised
for waste water treatment cannot absorb additional nutrients from sewage sludge. If these
options are exploited, they can generate large extra incomes or cost savings for the Salix
farmer. In fact, the waste water option seems able to pay for all the costs of a Salix
plantation. Of course, farmers may not be able to appropriate more than a part of this
benefit, as those responsible for waste treatment may chose to establish the plantations
themselves, or to let farmers with suitable locations compete for the waste water
opportunity.
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Table 3: Opportunities for combined use of Salix plantations
Economic value
(SEK/MWh)
Combined use

Assumptions

Waste water treatment.
Salix plantations in close proximity of
villages or towns can be used to filter
municipal waste water, removing 7595% of nitrogen and phosphorus. This
reduces the municipal need for
chemical treatment of waste water and
the farmers need for fertiliser.

Town of less than 50.000
inhabitants.
Municipal cost savings of 7
USD/kg N and improved farm
economics of 180 USD/ha.

Re-circulation of sewage sludge.
Salix plantations at a greater distance
from population centres can be used to
deposit sewage sludge.

Avoided deposit costs of 80
USD/tonne sludge and
improved farm economics of
110 USD/tonne.

to farmer

to waste
treatment

29

112

18

13

(Benefits can be significant
also in larger towns)

Hunting.
Economic assessment is
Increased bio diversity can provide
difficult, before more
improved opportunities for hunting,
especially if the layout and operation is experience is available.
somewhat modified for this purpose.

Recirculation of sewage sludge is the option that is likely to be most widely available as
an additional source of income to farmers, as this option is not so dependent on a
particular location, and generates too little income to be interesting for the sewage
treatment plants themselves. More than 100.000 hectares of Salix could potentially be
used in this way. Salix competes against other solutions, such as simply putting the sludge
in land fills or burning it in waste incineration plants. But land fill deposit is becoming
more expensive and will not continue to be legal. Waste incineration is expensive. Salix
face little competition from farm areas with other uses, as sewage sludge is usually not
accepted on areas used for food crops or pasture.
Besides the benefits mentioned in tables 2 & 3, Salix has additional benefits in special
situations or locations, which are not dealt with here, but explored in more detail in
Börjesson (1999a&b). This includes positive effects on soil fertility, reduction of wind
and water erosion, treatment of water leaching from land fills, as well as pollution
reductions (N2O) of small economic value.
The benefits outlined above have been recognised for at least a decade, but have not led to
any surge of Salix activity. Experiments and demonstrations are being conducted, but the
statistics show no increase in the area of Salix plantation since 1996. It seems doubtful,
whether these benefits can really drive any significant short-term expansion of Salix
activity. Lead-times may simply be too long.
4. Lead time problems
Some time passes from the moment the benefits of an action is understood until the
moment they are realised. Such time is called lead time. It can be quite short. From the
moment a person feels he has a head-ache and decides that a pill would help until the ache
is actually relieved, the lead time could be 30 minutes to visit the drug store and 15
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minutes for the pills to work, i.e. a total of 45 minutes. It can also be quite long. From the
moment the need to mitigate climate change was broadly recognised, say at Kyoto, and
until anthropogenic climate change has actually stopped, there will probably be a lead
time of some hundred years.
The benefits of Salix plantations in relation to renewable energy production, CO2
reduction, protection of the aquatic environment, soil cleansing, waste water treatment recirculation of sewage sludge, and rural development, were all recognised in the 1990s by
experts and had also by then caught the imagination and initiative of broader circles of the
public and policy makers in Sweden. The best indication of this is perhaps the adoption of
a subsidy programme in the early 1990's. The ambitious scenarios shown in figure 2 point
towards the same conclusion.
Since then, however, society has wavered in its commitment to the idea of large scale
Salix cropping. As outlined above, renewable energy projections cast some doubt on the
competitiveness of Salix as a source of renewable fuel. As will be documented below,
society is also ambiguous about it's desire to realise other potential benefits, such as recirculation of sewage sludge. So broadly speaking, society is still in a contemplative
phase, and has not yet made up its mind whether it wants the promised benefits from
Salix, or even believes in them. A kind of non-decision situation prevails. This is true on
several levels. The market does not show any strong or stable demand for Salix, and is not
projected to do so. National policy makers have neither made any clear commitments or
decisions in favour of Salix cropping, nor against it. Farmers have by and large stopped
committing themselves to Salix since 1996, but have not rejected it either.
We have argued above, that it would be wise for policy makers to opt for Salix, at least in
the limited sense of securing a sizeable permanent activity that can exert sufficient pull on
technology and organisational developments to allow a maturation of Salix technology.
We also present below a specific suggestion for such a policy, in the form of support for
long-term contracts between farmers and district-heating companies.
In view of lead-time problems, however, such decisions need to be taken early. If for
instance Salix is wanted on the market in 2020 as a mature competitor to wind power and
forest residues, the time for political decision-making is probably now, rather than later.
This is an unusually long time frame for a technology that has already been researched
and demonstrated. Below we shall explore the factors that contribute to such an extended
lead time.
Some of these factors are related to the added benefits, that might be expected to drive the
dissemination of Salix without any political favours. These are waste water treatment and
sewage sludge re-circulation. We will argue, that even if these drivers are effective, they
will most likely be very slow-working, and will not provide much market pull in the short
or medium term.
Other factors are more intimately related to Salix cropping. They are about institutional
and biological factors, that are likely to keep down the speed of the implementation
process.
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Waste water treatment
The lead-time problem is most obvious for waste water treatment. Salix plantations are
already used for this purpose in about 10 locations in Sweden.12 But it is difficult to
achieve a high rate of dissemination.
Phosphorous removal is done practically in all Swedish waste water plants. For nitrogen
removal, two categories of plants need to be distinguished, each accounting for around
50% of Swedish municipal waste water (SCB, 2002):
(A) Plants where nitrogen removal is already implemented using traditional technologies,
and
(B) Plants where nitrogen removal is not implemented at present.
Category (A) includes practically all municipalities with large and medium size sewage
treatment plants and a coastal location in Southern or Middle Sweden. They have in
recent years invested some 5.000 MSEK in nitrogen removal facilities (Svenskt Vatten.
2002). The results have been remarkable, especially for nitrogen discharges to the Baltic
Sea, which were reduced by 50% from 1995 to 2000. (SCB, 2002). Typically,
investments for this purpose were made recently and were scaled to cover future as well
as present needs. So, for this group of municipalities, the Salix option may remain closed
for the next 30-50 years, until plants are outmoded or physically worn down.
Category (B) includes the remaining 50% of municipal waste water, mainly from small
plants and plants with an inland location where nitrogen discharge has not been not
judged as critical.
Whether nitrogen removal should be implemented in category (B) is the subject of an
intense controversy between Sweden and the European Commission. (European Council,
1991; Naturvårdsverket, 2002b & 2003; Miljödepartementet, 2003; Larsson, K, 2002;
Svenskt Vatten, 2002). At issue is the interpretation of the European waste water
directive. The two parties agree that small plants (less than 10.000 inhabitants) are exempt
from nitrogen removal. But they disagree about larger inland plants. The Swedish position
is, that inland plants should mostly be exempt, because a great deal of the nitrogen is
removed by natural processes before the waste water reaches any nitrogen-sensitive
recipient. Therefore it is not cost-effective to remove nitrogen at these inland locations.
The Commission takes a more legalistic position, denying that the directive allows such
exemptions. The outcome of these controversies is difficult to judge. Sweden appears to
be seeking a compromise, rather than face the Commission in court. For this purpose,
Sweden invokes a 75 % rule in the directive. If Sweden can show, that the total level of
nitrogen removal is no less than 75 % in relation to a specific recipient, the directive has
been fulfilled for this recipient in toto, regardless of the circumstances at individual
plants. So Sweden is trying to settle the issue by a promise to reach this 75 % level. The
Commission cannot object to this solution in principle, but it might still disagree with the
calculation model proposed by Sweden.13
If the Swedish proposal (including the calculation model) is completely accepted by the
Commission, calculations by Swedish authorities (Naturvårdsverket, 2003) indicate that
the additional nitrogen removal required might be only 1.000 tons. This result is obtained,
if the 75 % rule is invoked selectively for the Baltic and the Oresund (where the rule may
12

The largest areas are in Enköping (80 ha) and Hedemora. The remainder are mostly 5-10 ha. (Hasselgren
2003)
13
The parties also disagree about waste water from Northern Sweden, but this disagreement is hardly of
relevance for the plantation of Salix, as these areas have a climate usually regarded as too cold for effective
use of Salix plantations for waste water treatment.
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already be fulfilled), whereas inland plants discharging to the Kattegat are handled
according to the standard rules in the directive (which would require an additional
removal of 1.000 tons nitrogen at these plants).
So there is hardly any doubt that this controversy between Sweden and the European
Commission will result in some extra nitrogen removal. But it might not be a lot. An
additional nitrogen removal of 1.000 tons would only require some 5% extra removal
capacity, compared to the capacity already installed. If all was done by means of Salix, it
might require the plantation of nearly 3.000 hectares, i.e. an increase of the total Swedish
Salix area by some 20 %. Surely a welcome boost to a stagnant sector, but still a very
small contribution towards the goals shown above in figure 2. The controversy is not
settled yet, however, and if the Commission should reject the Swedish proposal as
insufficient, a more substantial extra nitrogen removal might be required. So the
controversy still has the potential to create a more significant market for Salix.
Beyond this controversy, Swedish waste water policy will be integrated in a new
framework determined by the new water directive (European Parliament & Council, 2000;
Miljöbalkskommittén, 2002; Utredningen svensk vattenadministration, 2002). This will
include deep reforms of administration as well as new ways to set and implement
standards. This new framework may not work in favour of additional nitrogen removal
from municipal waste water. The directive requires a more integrated approach and better
economic justification. This could shift the onus of reduction away from municipal waste
water and towards agriculture. Depending on recipient, and disregarding Northern
Sweden, nitrogen pollution from agriculture is 2½-5 times larger than from municipal
waste water (TRK-projektet. 2002.). It can often be reduced more cheaply. A
governmental report suggests that some 5.000 tons nitrogen reduction could be achieved
in agriculture within the cost range of 8-50 SEK/kg (average 26 SEK/kg), whereas
additional reduction in sewage treatment plants would cost 60 SEK/kg
(Miljömålskommittén, 2000, p. 1021). So if the new water directive succeeds in creating a
level playing field for the competition between different methods for nitrogen reduction,
then Salix plantations would need to be significantly cheaper than present waste water
treatment technologies, before they could compete with the even cheaper options
available in agriculture.
So probably, the best chance for Salix for a long time, will be the present controversy over
interpretation of the old waste water directive. A compromise on this issue could well
result in a certain burst of nitrogen removal investments over the next few years. After
that, additional investments in category (B) may come very slowly, if ever. In case of a
short-term investment burst, it is difficult to judge what market share Salix can take.
There certainly is more experience now, than when coastal municipalities made large
investments in the second half of the 1990's. If Salix is not yet able to take a dominant
market share, a compromise with the Commission could be more of a disadvantage than
advantage for Salix, as it would then move an additional set of municipalities from
category B to category A, i.e. once again close a window of opportunity.
In conclusion, even if Salix plantations are technologically and economically quite
successful in waste water treatment, dissemination of this technology in Sweden is mostly
contingent on other issues, and might well be rather limited in the short and medium term.
Sewage sludge
Re-circulation of sewage sludge has greater chance of short-term implementation. Deposit
of sludge in Salix plantations is a simple alternative to deposit in land fills or delivery to
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waste burning plants. Sewage treatment plants are in fact quite actively searching for new
ways to deal with their product, as they will not be allowed to deposit in land fills after
2005. But sewage treatment plants and farmers have considerable trouble meeting each
other in the market.
Farmers have become increasingly reluctant to accept sewage sludge, as they worry about
the reputation of their food products. In the words of one farmer: "I won't have any sludge
on my fields. ... Analytical methods are more and more refined, and ever more substances
are found in ever smaller amounts. It pains me to take this position. The only right way is
to use it on our fields. But I won't have it. I'm scared of applying something to my fields,
that I can't control. The confidence of consumers ... is essential for my future as a farmer.
I have to be on guard against anything, that society might turn against. Even if sludge is
applied on non-food producing fields, this will only delay the problem. It will come back
to us later in some way" (Edling, 2002). Other farmers have more positive views. But
there are many indications that farm opinion has been moving away from a positive view
and towards a more negative view. In this sense, the statement by Edling is representative
of a trend. The national farmers organisation (LRF) has become more and more hesitant
about the application of sewage sludge in agriculture. They have even twice (1988, 1999)
declared a complete sludge-stop, to force the negotiation of new and stricter regulations.
Farmers are moving this way under considerable pressure. Certain consumer advocates
have strong views: "Practically all waste water ... comes together in the sewage treatment
plants. ... whether from a petrol station or the autopsy room of a hospital. ... Sewage
sludge is basically a waste material, of which at least 85% is various sorts of pollutants.
These do not originate from urine or faeces. To the contrary, many of these pollutants are
recognised environmental poisons" (Sveriges Konsumenter i Samverkan, 2002).
Food companies and retailers may be more agnostic, but want to avoid criticism from the
consumer side. "Cereals are [our] raw material and confidence in them is the foundation
for our whole enterprise. Our trade marks represent a specific communication with the
consumer, and they cost a lot to build. But confidence can be lost in an instant. In the food
industry we feel committed to re-circulation, but this can never be allowed to put product
quality or confidence at risk. We have to apply the precautionary principle. ... Often it is
said, that the sludge problem is a communication problem, and that the social acceptance
of waste products is too low. But it is nearly impossible to communicate something so
unknown. The dominant view within the food industry is, that sludge is a heavily polluted
product with a certain fertiliser value", says a representative of Cerelia, one of the most
important buyers of agricultural produce in Sweden (Börjesson, I., 2002). Consequently,
Cerelia permanently rejects deliveries from all soils where sewage sludge has been
applied after 1990 (Berglund, 2001, p. 33). Comprehensive research shows that "more and
more food companies ban the use of sewage sludge by their suppliers, i.e. they require for
instance 3-5 years to pass or reject all use of sewage sludge after a certain year"
(Berglund, 2001, p. 55).
All these arguments do not relate directly to Salix, which is not a food crop. Therefore,
Salix has often been regarded as an neat solution to the sludge problem. All available
sludge could be absorbed by Salix plantations, thus leaving food production free of this
problem. But this expert view lacks the sophistication expressed above: "Even if sludge is
applied on non-food producing fields, this will only delay the problem. It will come back
to us later in some way", says the farmer (Edling, 2002). Salix may be a fairly long-term
commitment of land, but as time passes, the land might well return to food production.
And the farmer cannot be certain about consumer reactions 25 years from now, when "old
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sludge land" is returned to food production. The waste water side (Svenskt Vatten,
2002) also, in an ironic tone, acknowledges the basic equality of all agricultural lands,
pointing to public concerns that "agricultural lands will need to be used until the next ice
age and therefore require special protection".
Such worries can be made even more forceful as consequence of the widespread use of
leased land in Swedish agriculture. Some 45 % of Swedish agricultural land area is
leased. Such lands may be unavailable for sludge deposit, due to the terms of the lease
contract. Even more importantly, farmers working their own land may also be reluctant to
apply sewage sludge, thinking that it might be a barrier to future lease-out of their land.
The Swedish Environmental Protection Agency, in a recent draft report (2002) remains
committed to sludge deposit on agricultural land. It recommends (p. 78) this hierarchy of
treatment and deposit options to local decisions makers:
(1) go for an approach that results in deposit on agricultural land;
if this is not possible, then
(2) go for an approach that results in the application of nutrients on non-agricultural land,
if this is not possible, then
(3) go for an approach where the nutrients are not used, but still avoiding that they turn
into an environmental liability.
On the other hand, the same draft report does express some doubts about the viability of
this policy: "A key contingency for the fulfilment of the aims, is the acceptance of
deposition of waste water fractions on agricultural land. This is an important question for
this action plan itself, but even in this case the different actors will need to work with the
issue and select solutions that take account of this factor in the assessment of the potential
of different approaches to fulfil aims" (p. 9). So the draft report also shows to what extent
expert opinion is on the defensive in relation to public worries.15
Those responsible for waste water treatment, on the other hand, is under heavy pressure to
find alternatives to the traditional deposit of sludge in land fills, as this will be illegal from
2005. If there was no acceptance problem, this would probably mean a breakthrough for
Salix plantations, which is even cheaper than land fills, and much cheaper than
alternatives such as incineration. But in the present atmosphere, it seems unlikely that
increased availability of sewage sludge will convince many farmers to convert any land to
Salix.
Statistics from the Skåne region in the South of Sweden (table 4) indicate that waste water
plants are successfully seeking other options than Salix plantations. The most important
deposit sites in 2002 turn out to be golf courses! Green areas and building lots are also
important.
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Experts might say, that there would be few traces of pollution left, especially as Salix tends to clean soils
of many pollutants. But if the scare is mostly about imaginary pollutants, like "waste water from autopsy
rooms", then the problem is that such imaginary pollutants may stay in the soil much longer than real
pollutants. Just like ghosts in a haunted house ...
15
Similar tendencies are found in other countries. In the United States the Environmental Protection Agency
(EPA) has been fairly sanguine about sewage sludge deposit on agricultural land. The National Research
Council recently did an assessment of the scientific basis for the EPA regulation of sludge deposit, and
found it wanting in many respects. (Renner, 2002; Committee on Toxicants, 2002). In Switzerland a general
prohibition of sewage sludge deposit on agricultural land was decided in March 2003. The documentation of
the consultation procedure gives vivid evidence of a shift of opinion among experts and environmentalists
(OFEFP, 2003).
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Table 4: Sewage sludge deposits
in the Skåne region, 2002 (preliminary data)
Type of deposit

Share of sludge

Farm land
Salix
Other crops

12 %
3%

Other lands
Golf courses
Building sites
Green areas

30 %
15 %
15 %

Land fills

20 %

Others
Total

5%
100 %

Source: Hasselgren (2002)

Table 4 indicates that sludge to a great extent is bypassing farmers, in favour of other land
owners who are less worried, probably because they have no thoughts about growing food
in the future. Even when land fills stop accepting sludge deposits, municipalities do not
expect a large expansion of deposits on farmland, neither in food production nor in Salix
plantations. The projections of 150 municipalities are summarised in table 5. These
projection might even be too optimistic concerning farm land deposit, which could well
decrease in the present atmosphere, rather than increase.
Table 5: Present and projected sewage sludge use in 150 municipalities.
Type of use

Autumn 2001

2006

Farm land
Salix
Other crops

8%
13 %

12 %
16 %

Green areas

24 %

29 %

Land fills

24 %

3%

Cover for old land fills

29 %

29 %

0%

7%

100 %

100 %

Incineration
Total
Source: Hasselgren (2002)

As evident in the table, land fills nearly cease to be used for sewage sludge. In fact any
such use would be illegal from 2005, but some municipalities might hope for revision of
this deadline. According to the projection, 21 % of the sludge will no longer go to land
fills, but have to find new uses. Only 4 % is expected to end up in Salix plantations. A
larger share will go to green areas, and even more to incineration.
Such projections indicate a great distrust in the willingness of farmers to accept sludge for
Salix production. Sludge incineration is very expensive, and farmers would seem to have
a good opportunity to offer their services at increased price, thus making Salix more
profitable than it has been until now. But evidently, municipalities do not expect any large
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interest from farmers. If this is a correct assessment, as it might well be in light of the
sludge worries outlined above, Salix will lose its best chance in a long time of becoming
competitive.
Incineration seems likely to emerge as the prime choice of many waste water treatment
organisations. Even if it a very expensive option, it might appear to decision makers as the
only secure way to avoid public-relation problems. As these organisations have a
monopoly position, they can pass costs on to consumers, who may well accept them if
they can be characterised as "necessary".
The Swedish Environmental Protection Agency (2002) is not at all happy with
incineration, which is the third and last choice in the hierarchy of options quoted above. It
therefore suggests that this should be seen only as a temporary solution, until better
acceptance has been achieved for deposit on agricultural land, which remains the first and
best choice. It suggests that incineration is allowed only for a 10 year period, and then
reconsidered, and perhaps taxed (p. 78).
Those responsible for waste water treatment protest vigorously against this view of
incineration, and ask for a clear choice: Either the Environmental Protection Agency
should put its full authority on the side of deposit on agricultural and other lands, as a
solution for the present. This would be logical, as it is already the best solution, and will
anyway not be much improved in the coming 10 years. Or, if the agency must bow to
acceptance problems, it should recognise incineration as a permanent solution, so that
long-term investments can now be made in such technology.16
Thus, the most probably scenario in relation to Salix would appear to be, that Salix will
miss the chance for a large expansion in the coming years, that would otherwise be
expected when Salix economics were improved by a favourable market for deposit of
sewage sludge. Instead, the 2005 deadline for land fill deposit of sludge will lead to large
investments in incineration technology.17 This, on the other hand, will mean that sludge
will not again become available on the market for the next 20-30 years, while incineration
plants are functional. So this window of opportunity for dissemination of Salix will be
closed again. Obviously, there will be local variations, as some farmers may go against
16

"Swedish municipalities and their waste water treatment plants stand before a strategic choice". "[We]
fear that the [draft] report will not contribute to any change in the present widespread suspicions against
sludge. As municipalities face from 2005 a prohibition against land fill deposit ... they will have to seek
other solutions. The solution closest at hand is incineration of sludge ... The report suggests that incineration
should be regarded as a transitory solution and that permissions ... should be given for no more than 10
years". "[We] must strongly voice the objection, that incineration ... shall require large investments ... and
that the depreciation schedule will need to be fairly long ... The proposal thus hints at a reckless economic
frame of mind, which is unacceptable." "The consequences of the report will ... be, that municipalities to a
large extent will regard the use of agricultural land as unrealistic and will instead go for solutions that
minimise the amount of residuals they must deal with. Today, the tested method for this is incineration ..."
(Svenskt Vatten, 2002). "We are the only ones, who push this agenda [of sludge deposit on agricultural
land] ... The Environmental Protection Agency is passive and the Federation of Swedish Farmers is under
the strong influence of the food industry, which has always remained outside the dialogue. Next in the
chain, the food industry is under the spell of public opinion, where the critical attitudes of environmental
organisations and the media have great importance" says Roger Bergström (2000), who is the CEO of The
Swedish Water & Wastewater Association, but also knows the Salix issue well as former head of the
Swedish Bioenergy Association (SVEBIO).
17
A survey of large Swedish district heating companies (Sahlin, 2003) found that 43% were planning new
or additional incineration capacity for solid municipal waste. If these plans were realised, waste incineration
would double its share of Swedish district heat production within the next few years. The survey does not
ask about incineration of waste water sludge, but there might be a window of opportunity open for multipurpose investments that include incineration of both solid municipal waste and sewage sludge. It this were
the case, it would add to the attractiveness of incineration as solution to the sewage sludge problem.
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the trend, and as some municipalities may be strongly against incineration. But a strong
expansion of Salix activity seems unlikely.
Instead of thinking of sewage sludge as an early driver for large-scale Salix
implementation, it might be more realistic to regard it as a cost-reduction option at a
much later stage, when Salix has achieved a mature and well-established role in the
energy system. Then, Salix plantations will probably be regarded more and more as
permanent by their owners, who will therefore be less and less likely to harbour any
thoughts about return to food production. So the connection with food quality (and
consumer perceptions thereof) might gradually weaken.
Meanwhile, the sludge issue is a good example of the destructive interaction of different
risk factors associated with Salix production. The sludge issue is a problem for farmers
because they may contemplate a return to food production. Why should they think of such
a return? Because they are not certain that there will be a permanent demand for Salix at
prices that can justify the use of land for this purpose. Why are they uncertain about the
demand? Because there may be cheaper alternatives available and the heating and
electricity sector is not really committed to energy crops.
Or the other way round: If farmers felt sure that they would get really good money for
sludge deposit, they could grow Salix so cheap, that it would always remain competitive
in the fuel market. Why don't they feel sure about such good income from sludge deposit?
Because waste treatment plants are not offering such long-term assurances. Why are
waste plants not offering assurances? Because they still have cheaper solutions (golf
courses!). Or because they still hope for a deferment of the 2005 stop for land fill deposit.
Or because they don't trust farmers to provide a permanent solution, in view of experience
with sludge-stops in 1988 and 1999. Will waste treatment plants change their opinion?
Probably not, as there are so many uncertainties and potential public relation problems in
the use of agricultural land.
In conclusion, the lead time for sewage sludge deposit as a driver of Salix expansion is
getting rapidly longer. A few years ago, it would have appeared as a driver without leadtime. The sludge scare has changed this situation in the short term. The expected surge of
incineration capacity in the coming years will change the situation semi-permanently. The
sludge option may end up in the same way as the waste-water treatment option: As a very
long-term promise, that has to await the gradual obsolescence of an alternative
infrastructure, and therefore cannot contribute to energy policy aims in the medium term.
Reform of agricultural policies
The lead-time problems discussed above relates to added benefits, that might have
provided early drivers for Salix implementation. Other lead-time problems are of a more
general nature. An important institutional source of lead-time is the CAP (the Common
Agricultural Policy of the EU), i.e. agricultural policies and particularly their deeply
embedded character and glacial rhythm of change in the European Union.
Nowadays, direct subsidies do not discriminate against energy crops, as they get the same
subsidy per hectare as for instance wheat, which is the most important alternative. But
there are more indirect supports for food-related land use, that competes with energy
crops. For instance, the EU secures the farmer a certain minimum price for wheat,
whereas there is no similar guarantee of a minimum price for energy crops. Milk market
regulation may provide an incentive for farmers to reserve land areas for pasture and feed-
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stuff production . Experience shows that such policies cannot be changed quickly. In
fact, change is very slow and difficult, even when there are strong arguments in favour of
change. There is a strong lock-in to present agricultural policies. To the extent that energy
crops are dependent on reform of the CAP, i.e. the EU Common Agricultural Policy, this
will also mean significant lead times, more likely to be measured in decades rather than
years.
Present agricultural policies are stabilised by a strong agricultural lobby, which has shown
little interest in energy crops, and much prefer to maintain the present system of subsidies
and protection for food production. This is quite natural, as farmers growing energy crops
or lobbying in favour of such crops constitute a very small group within European
agriculture, and are practically absent in some countries that are key players in
agricultural politics. Whereas huge numbers of farmers have a vested interest in food
production. This promotes a vicious circle, where the European farm lobby has little
interest in the promotion of energy crops, and energy crops have a weak voice in this
lobby. The present one-sidedness of the agricultural lobby would be difficult to maintain,
if several European countries had significant groups of farmers with the opposite interests,
asking their organisations to work in favour of energy crops. This effect is felt already in
Sweden, but certainly not on a European level.
Land availability
Significant lead times may also be due to problems of land availability.
First, the land best suited for Salix is not available all the time. In Sweden, some 45 % of
agricultural land is leased. Such land is unlikely to become available for Salix plantations,
before major changes have been made to traditional contractual relations and land-lease
legislation. Some 8 % of land belongs to young farmers (less than 35 years), who may be
eager to exploit their own labour as fully as possible on the farm, and therefore averse to
crops such as Salix that only require a small labour input. Some 30 % of the land belongs
to old farmers (60 years or more) that may be starting to think about sale or lease of their
land, and would hesitate to commit the land to a crop with long pay-back time, as a future
buyer or leaser of the land may have other wishes. In financial terms, Salix reduces the
liquidity of the land, and therefore its asset value to an owner who is contemplating a sale
or lease. So Salix is not likely to kick in quickly, unless it is very profitable. They are
likely to be absorbed into agricultural practice in a slow-moving process, that involve
generational change, an upwards shift in farm size, and the reform of present land-lease
traditions and legislation.
Secondly, each individual farmer is involved in an investment cycle, which only opens
certain windows of opportunity for the conversion to Salix. The farmer will often have
sunk costs for equipment or buildings, that are suited to his traditional activity, but useless
in relation to Salix. For instance, a dairy farmer has large investments tied up in buildings
for a certain number of cows. These buildings have often been optimised in relation to a
certain amount of land, which is suitable for feed production for the cows or needed for
disposal of the manure they produce. In this production system, there is no room for a
sudden conversion to Salix. Quite to the contrary, this type of farmer often has a
significant appetite for additional land, which he needs to expand his animal husbandry
activity. In this type of farm, the "window of opportunity" for conversion to Salix occurs
very rarely. Typically, it will occur only if dairy farming enters a severe cyclical downturn, so that there is no profitable use for the buildings established for this purpose. Even
18

Jansson (2002) estimates that without market regulation, Swedish milk production would decrease by 9%.
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then, the owner may be tempted by short-term alternatives that allows him to return to
dairy farming quickly, rather than a long-term alternative such as Salix, which effectively
renders his buildings obsolete. Similar, but much lesser hindrances exist for farmers
involved in cereal production, who have a sunk investment in machinery dedicated to
annual crops.
Thirdly, some farmers are dependent on regular cash-flows, and cannot easily sustain a
transition to the more delayed and irregular cash-flows associated with Salix. Of course,
banks will often be willing to extend credit based on the harvest value of the energy crop,
but not always to such an extent that cash-flow problems are completely eliminated. Thus,
a financial barrier sometimes exists, which will tend to restrict the Salix option to those
farmers, who are well consolidated, and who have no need of liquidity for other purposes,
such as expansion of the farm.
Of course, a major premium for growing Salix, can overcome many of these barriers, and
result in a quick conversion to energy crops. Modern farmers are usually quite innovative
and adaptable when price signals are strong. But renewable energy scenarios are usually
based on equilibrium prices, i.e. the assumption that production will be converted as soon
as Salix has some marginal advantage in profitability. The farm management arguments
put forward above, should indicate that if the economic advantage of growing Salix is
small, a new equilibrium will establish itself very slowly, probably over 1-2 generations.
The premium needed to promote a quicker change, may be quite significant, as the
barriers described are mostly of a deeply embedded structural type. To overcome such
structural barriers, strong price incentives may be needed, i.e. Salix prices significantly
higher than the equilibrium prices presumed in most scenarios.
Breeding efforts
Lead times also arise from the need for improvement of plant stocks. Energy scenarios
usually base their projections for Salix on a higher biological productivity than can
presently be achieved. Experts seem to agree, that a significant improvement in biological
productivity is realistic, as it has been with other crops. . For example, new Salix clones
commercially available today are expected to give, on average, 30-40% higher biomass
yields than Salix clones sold during the mid-1990s (Larsson, S, 2002).19 But this
19

The main breeding efforts have been directed at increased biomass production and improved pest
resistance. In Sweden a long-term breeding programme was started in the framework of the Energy Forest
Programme for 1984-87, with the principal actor being the Department of Forest Genetics and Plant
Physiology at the Swedish University of Agricultural Sciences (SLU). Most of these efforts were transferred
in 1987 to Svalöf Weibull AB, a large company partly owned by the Swedish agricultural cooperation, with
broad interests in breeding and seed production for agriculture. The company took over many of the clones
bred by university researchers. Since then, there has been a rapid commercialisation of new clones, so that
now 10 different clones are available in the market. During the last 10 years, yields have increased by some
70% and suitable Salix varieties are now available for a broader geographical range, including frostresistant varieties for Middle and Northern Sweden. In the beginning of 2002, Svalöf Weibull AB
transferred its Salix work to Agrobränsle AB, which is a part of the Swedish agricultural cooperation
specialising in bio fuels.
Salix varieties available in the Swedish market
Clone

Year of
market introduction

Jorr
Tora
Torhild
Sven
Olof

1995
1997
2001
2001
2002

Biological
productivity
(clone L78183 = 100)
121
161
126
149
163
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improvement does not come about by itself, and does not come speedily. Improvements
require a sustained effort by businesses developing and providing plant stock. Improved
plant materials cannot be bred overnight, in response to a sudden rise in demand.
This improvement of plant stocks is difficult to achieve without a market of a certain
critical size. Practical breeding work is mostly done by businesses working for a market
and motivated by the demands of this market. Their priorities depend on the incomes that
can be generated from the sale of improved stocks. As there is no significant present
demand for Salix stock for energy plantations, they have no real incentive to devote any
great efforts to the breeding of such stocks. Of course, future demand can also be effective
as incentive, but not really if this future is 10 or 20 years away. Firms in this business do
not have deep enough pockets to engage in development efforts, that don't promise any
profits before 10 or 20 years. To survive and prosper, they need to make hard-headed
business decisions and concentrate on plant species, for which there is a significant shortterm demand.
This situation could be helped somewhat by an input of public money for development of
plant stock, i.e. a kind of research-push strategy. But plant breeding is usually done by
business firms that work for a market. Their priorities depend on the size and profitability
of this market. They are mainly concerned with existing markets. They are less eager to
address hypothetical markets, especially if they are a decade or two into the future.
Therefore, research money is not likely to be an effective incentive. Why should a
company seek research money to develop a product, for which there is no market? The
money would be more tempting to academic research labs, who see the publication of
research results as a purpose in itself. But successful new plant stocks have rarely come
directly from such labs.
The problem is not only about incentives. It is also about the necessary conditions for the
breeding process itself. New plant stocks need to be proven on a certain scale in the real
world of farming. The breeding process needs a feed-back from a significant number of
farmers, who are trying out the new stocks in different circumstances, who handles and
mishandles them in different ways, who represent an exposure to different climates,
parasite attacks, fertiliser and pesticide regimes, types of machinery, etc. This type of
broad scale interaction with agricultural reality is essential for successful breeding. But it
is not possible without a significant market.
Achieving experience and economies of scale.
An additional source of lead time is the need for farmers to gain experience and achieve
economies of scale. Working with such perennial crops is a new experience for farmers,
that are used to annual crops. Gaining experience and confidence in this field can take
several years. Disseminating such experience and confidence from pioneers to more
sceptical farmers can take even longer, but is a key mechanism in the agricultural
Gudrun
Tordis
Source: Larsson (2002).

2002
2003

132
149

The varieties offered at present are shown in the table above. It is evident that new varieties are not always
more productive than older varieties, but they can have other advantages. For instance, even if a new clone
like Gudrun cannot compete on the productivity index, it has advantages such as high frost tolerance and
high resistance against important pests. It also establishes itself quickly, thus reducing the need for
protection against weeds. It has a lower moisture content when harvested. Thus, breeding is not simply
about productivity, but also about improved tolerance and hardiness resulting in less risk and reduced need
for other inputs. It can also contribute to improved fuel quality.
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community for the introduction of new crops and practices. To talk only of farmers in this
context is in fact a simplification, as Salix involves farmers together with their advisors,
and service companies engaged in planting and harvest. All these parties, and companies
supplying them with equipment and advise, need to develop experience in each their field
as well as in their interactions.
Table 6 shows the reduction in planting costs in Sweden in the very first years of Salix
plantation. The costs include only the planting process, not the planting stock. As the table
shows, costs reductions in these early years were very fast. No doubt, the speed of cost
reduction has since slowed down a great deal, after initial lessons have been learned and
basic economies of scale have been exploited. But there is still clearly room for learning
processes and economies of scale, even in areas where experience with Salix is already
well established. New regions can partly build on the experience already gained in pioneer
regions, so they will start at a lower cost level. Still, experience cannot be transferred
perfectly and economies of scale can take a while to materialise, so each new region will
also have its own ride down an experience curve, though not as steep as in table 6.
Table 6: Planting costs per hectare in Sweden
during the pioneer stage of growing Salix
(in real terms, excl. plant stock).
Year
Index
(1988=100)
1988

100

1989

69

1990

62

1991

54

1992

36

1993

31

1994

31

Experience and scale effects are also evident in cross-country comparisons. In 1999, per
hectare planting costs (excl. planting stock) in the UK were about 2½ times the Swedish
level, even when using the same machinery. Harvesting costs in Denmark were some 30%
higher than in Sweden, even when the same self-propelled chip harvester was used in both
countries. In the UK and Denmark, the area planted with Salix was much smaller than in
Sweden, and experience had accumulated over a shorter period of years.
The costs most affected by experience and scale are shown in table 7. This table is from a
contemporary study from Northern Ireland, where Salix plantations have only recently
become a commercial activity. The table compares annualised costs for Irish pioneer
growers with cost projections based on more mature experience from Sweden. As evident,
it is mainly the establishment and the harvest costs that promise substantial savings.
Table 7: Comparison for Salix plantations in Northern Ireland between pioneer costs
and cost projections based on more mature Swedish experience.
Cost factors

Costs for
pioneer grower

Cost projections based on
Swedish experience
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GBP/ha/year

GBP/ha/year

Establishment

158

100

Fertiliser

37

37

Fertilisation spreading (high)

15

11

Fertilisation spreading (low)

4

4

Road transports

67

67

Harvest

114

88

Field transports

32

32

Administration

7

7

Winding up

5

5

Sum of costs

437

349

Sources: Estimates by Dawson & Rosenqvist (2003) based on Crawford & Patterson
(1999), Department of Agriculture for Northern Ireland (1998), Gilliland (1999) and
Henriksson (1999).
Stop-go tendencies in the planting process may have significant cost effects. When the
yearly planting activity in Sweden fell from around 3.000 hectares per year in 1991-1996
to a few hundred hectares per year in 1997-1999, the result was a 50% rise in per hectare
costs for planting (excl. plant stock) and a 23% rise in costs for plant stock.
Biological growth rhythm
Finally, the biological growth rhythm of Salix is itself a source of some lead time. For a
Salix plantation, the first harvest is usually 4-6 years after plantation. Obviously, this
doesn't allow quick responses to market signal.
Comparison with other renewable energy technologies
Lead-times exist for all renewable energy technologies. But the time scales are longer for
Salix, that for most other technologies. Table 8 makes a rough comparison of typical lead
times for some different renewable energy technologies. It is evident that market pull can
produce significant change more quickly for technologies like photovoltaics or wind
power, than for Salix. Of course, photovoltaics will still need a prolonged and reliable
market pull, because it is so far from competitiveness. This is easy to understand, and
often accepted by policy makers. What is more difficult to understand, is that Salix can
also needs a similar prolonged and reliable market pull, even if it appears much closer to
competitiveness. It does have a much smaller distance to go, as far as cost reduction is
concerned, but it also a much slower mower.
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Table 8: A tentative comparison of lead-time problems
for some emerging renewable energy technologies
Salix plantations

Off shore wind
power

Photovoltaics

Interval between
product
generations

5-7 years

2-3 years

1-2 years

(between major
improvements of
plant stock)

(between significant
up-scales of wind
turbines)

(between jumps
downward in unit
costs)

Time from
investment to first
payback

4-6 years

3-6 months

1-4 weeks

Availability of
specific site

Long intervals
between "windows
of opportunity", in
the sense of optimal
investment
situations.

2-3 years needed for
project
development.

Availability of sites
is no restriction at
present.

Single purpose
plantation: 10-20
years.
combinations with
waste water or
sludge: 30-50 years.
Dissemination of
experience

A farmer will often
watch the
experience of
neighbours for some
years, before acting.

Fast and
professional. Often
internal in large
firms.

Depends on the type
of investor.

Dependence on
policy reform cycle
outside energy
policy

Dependent on
reform of
agricultural policies.
Reform lead times
of 10-15 years in the
EU. Even then,
decisions are often
blocked.

No significant
dependence on
reform of other
policies.

No significant
dependence on
reform of other
policies.

Lead time
reduction through
market-pull from
alternative
applications

None of much
significance.

On-shore wind has
strongly promoted
technology
development.

Niche applications
have provided a
significant and
rapidly growing
market.

Source: Estimates by the authors
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5. Market failure in the start-up phase.
The long lead times outlined above indicate a potential for significant markets failures in
the present start-up phase of Salix cropping.
Salix cannot be expected to react quickly to price signals. When biomass prices rise, a
new market equilibrium cannot be established quickly. Output will be inelastic. It will
take several years, even more than a decade, before output adjusts to a new price level.
Meanwhile, energy producers will have to manage with much less supply of Salix, or pay
prices significantly above the long-term equilibrium in order to speed-up the conversion
process.
Managing with less supply than wanted of Salix, will mean:
• added pressure on other renewable resources,
• increased use of more expensive options for energy production or savings,
• higher prices for CO2 quotas,
• or simply delayed mitigation of climate change
These options are problematic, because the scenarios for climate change mitigation
already presuppose a high pressure on other renewable resources, are based on optimistic
assumptions about the costs of renewable energy and energy savings, and are limited by
the expected willingness of society to pay for mitigation of climate change. Thus, if some
of the presumed resources are likely to be unavailable at the time they are wanted, the
scenarios become less robust,
Paying significantly higher prices to promote a faster conversion is not an attractive
solution, especially if this should happen suddenly at a time when large amounts of Salix
are wanted in the energy system. First, it may not be an effective solution. Even strong
price signals may be unable in the short term to call forward the desired output of Salix, as
the barriers outlined above do not all bend easily to price signals. Secondly, strong price
signals may have perverse effects on the agricultural transition itself. Such signals may
lead to a rush for Salix. This may include temporary plantations on land that happens to
be available, but is not well suited for Salix in the longer term. It may also include
plantations by opportunistic farmers, who will quickly switch back to other crops, rather
than engage in a long-term learning process concerning Salix. Thirdly, high prices will
eventually give way to lower prices, thus starting a boom-and-bust cycle, that may harm
the long-term development of the sector. The long-term development of the Salix sector
requires large numbers of farmers to make long-term commitments of their land
resources, instead of the usual farm practice of adjusting land use from year to year to the
most profitable opportunities. Such long-term commitments are more likely if prices are
seen to be stable, than if they are seen to be volatile.
Anyway, the option of paying significantly higher prices is not available in a market
economic regime. A lack of output from the energy crop sector will not lead to
significantly higher prices for Salix, but to a small price increase for all renewable energy
sources. Other renewables will react to such moderate price signals and kick in as
substitutes for Salix. With weak price signals, energy crops will expand quite slowly
towards an equilibrium, i.e. they will trail behind their potential for a prolonged period.
This will increase the total cost of climate change mitigation, as the task of providing
energy will be shifted towards more costly solutions.
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This is in effect a market failure. The most important explanation for this failure is
incongruencies between the view of the future as expressed in goals for renewable energy
implementation, and the future as it looks to market actors. Goals are based on the
concept that something needs to be done about climate change, and on calculations meant
to show a least-cost way of allocating tasks to sectors and actors. Individual economic
actors may be less convinced about the need to do anything, and particularly about their
own role in the big picture. At least they are not sufficiently convinced to be willing to
place any large bets on a future for energy crops.
Another explanation for the market failure is a certain first-mover-disadvantage,
particularly in relation to the development of planting stock. From the perspective of
breeders, it would be desirable that a number of farmers involved themselves as firstmovers. This would provide a testing ground for plant stocks. But the benefits from this
cannot be appropriated by individual farmers. First-movers would have all the costs and
risks of starting early, but little of the gains. For instance, if better plant stocks are likely
to be available in 10 years, when demand for Salix might perhaps be expected to kick in,
it would rather bad choice for a farmer to make a plantation now, committing to inferior
plant stock for a 20-25 year period, and accepting inferior cash flows from the first couple
of harvests. Waiting would be more rational. But on the other hand, if no farmers grow
Salix now, it is quite dubious how much improvement there will really be to the plant
stock over the next 10-15 years. So the first-mover-disadvantage tends to catch the whole
sector in a vicious circle of stagnation.
The first-mover problem is illustrated in figure 4, in a highly simplified comparison with a
more typical penetration of a new technology. A typical penetration of a new product is
driven from an early stage by high-value applications, i.e. costumers willing to pay for the
initial investments in R&D. Production costs then take a ride down the learning curve,
and the new product can therefore reach new costumers with less willingness to pay. Until
the point C, where the market has been saturated, as far as first-time-users are concerned.
For Salix, there are no similar initial high-value applications. Therefore, penetration from
A to B is blocked by a cost curve (the learning curve) that is above the income curve.
Even though there is a potential profit from B to C, there may be no way to get to this part
of the penetration curve. Somebody needs to be willing to finance the loss stretch from A
to B.
The individual farmer is unable to perform this function. If he converts his land between
A and B (and thus accepts a loss) he cannot also convert it between B and C, where there
is a profit. The profit will accrue to his colleagues, who have not acted so prematurely.
Potential buyers of energy crops are in a similar situation. Individually, they have no
incentive to pay more for Salix than for competing sources of bio-energy, and thus drive
the penetration from A to B. It makes more sense to wait and enter the market at B, when
farmers are able to offer Salix at a competitive price.
Firms with deep pockets in the breeding business would theoretically have an incentive to
make investments to drive penetration from A to B, as they would be in a position to
regain their outlays when penetration has passed point B, by force of intellectual property
rights or other barriers to entry by competitors. In fact, the most important Swedish
breeding firm, Svalöf Weibull AB, has been remarkably persistent in its effort, in spite of
the small market since 1996. But the transfer of the Salix breeding activities to
Agrobränsle AB, i.e. the farmers cooperation, in 2002, may be a sign that even a major
European breeding company like Svalöf Weibull AB has trouble sustaining such breeding
activities over an extended period without clear market prospects. In the long run, few
firms have the financial capacity for such a strategy. Theoretically they might convince
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financial markets to come to their rescue. But the potential profits from B to C are not so
certain, that financial markets can really be convinced. The only type of actor remaining,
who could realistically drive the development from A to B, is a political actor, such as the
national state. Or the development may be driven by a strong rise in prices of competing
energy sources, which would lift the curve A to B closer to the learning curve, and
increase the profits waiting from B to C. Such prices would however need to be a good
deal higher than long-term equilibrium prices, i.e. would be belong to a market scenario
with strongly fluctuating energy prices and high risk for both energy producers and
consumers.
Similar first-mover-disadvantages on the technology user side are quite common in other
sectors. Mostly they are overcome fairly easily, because some actors have particularly
high-value applications for a new technology, and are therefore willing to take the costs of
being first-movers. But such high-value situations are not likely to be effective as early
drivers for farmers contemplating a conversion to Salix. The most significant high-value
application for Salix is waste water treatment. As discussed in a previous section, the
perspectives for a large short-term market are not good.20. Furthermore, due to the
exceptional growth circumstances, it may not really provide breeders and farmers with the
opportunity for testing and learning, which is needed in relation to more standard
applications. Certainly, the calculation looks more advantageous to some farmers than to
others, but broadly speaking, the profitability distribution starts from a plateau, without
any peak. This is illustrated in figure 4.
Figure 4 is meant purely to illustrate these points of logic and not to provide any
quantification. With real data, for instance, the learning curve will obviously not be the
same for dishwashers and Salix. But for the argument here, it is simplest to presume
identical learning curves, as the critical issue is the radically different shapes of the
income curves relative to the standard shape of a learning curve.

20

Other high-value applications do exist for Salix. The best example might be the production of long sticks
to show the road in high snow. Salix is also used in handicrafts such as basket-making. But the volume of
these niche applications is not large enough to support much activity.
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Cash flows for next step of penetration

Figure 4: Riding down the learning curve: Comparison of energy crops (with
no high value initial applications) and dish washers (with an initial high value
niche market)

Dishwashers (% of households)

LEARNING CURVE

Energy crops (% of land)

A

B
C

0
0%

Penetration

100%
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6. External factors influencing adoption
Swedish energy policy has generally accepted the idea, that research and development
must be promoted at an early time, in order to have renewable energy technologies
available when they are needed, and at an acceptable cost. Seen over the whole range of
technologies and the whole period since the early 1970's, Swedish research and
development efforts for renewable energies have been impressive. So there has been a
strong technology-push. But market-pull has often been lacking. Market forces, left to
themselves, have not produced much pull for the new technologies. Oil prices and
electricity prices have been too low for this to occur. At the same time, policy makers
have been reluctant to interfere in the markets, creating an artificial demand. They have
not been totally passive. Taxes have been levied on fossil fuels and subsidies have been
introduced for renewable energies. But such policies have often been concessions to
political minorities and have mostly lacked stability and long-term persistence. Markets
actors have been suspicious about the reliability of market development policies as
foundation for long-term investments.
This general picture applies also to Salix.
Salix R&D efforts have been quite extensive and well funded since the 1970s. But efforts
to create market-pull have been more spurious, and have lacked depth and consistency.
The main national policy has been plantation subsidies. These were introduced in 1991,
but have then again been abolished and reintroduced. The subsidy was introduced at a
level of 10.000 SEK/hectare in 1991, was then suddenly reduced to approximately 3.000
SEK in 1997, and then again increased to 5.000 SEK in 1999. On top of this comes
similar unstable incentives from EU agricultural policies, especially regarding alternative
land use. First, in 1991 the national Swedish deregulation of agriculture abandoned price
regulation for food crops, which was an important advantage for the competitiveness of
Salix. Then in 1995 Swedish EU membership meant a re-regulation of agriculture,
increasing again quite strongly the incentives to grow food crops, except on set-aside
lands, the size of which varied from year to year. On these set-aside lands (with some
initial exceptions) Salix gained an advantage, as it could be grown with subsidies that
were not available for food crops on these lands. Seen from the farmers view-point, this
was still no stable policy, however, as the amount of set-aside land required by EU
regulations may change significantly from year to year. For instance, it changed from
12% in 1995 to 3% in 2000. Thus a farmer might have planted his 12% set-aside with
Salix in 1995, even if it was not competitive with wheat, because he was not allowed to
grow wheat on this land. But 5 years later, he would again be allowed to grow wheat on
most of this set-aside. So his choice of Salix would have been a mistake, economically.
Additionally, it can be argued that incentives have been directed at the wrong side of the
market and the wrong activities. Planting subsidies promote the supply of energy crops,
not the demand for such crops. Strictly speaking, they do not even promote the supply of
crops, but only the supply of land where the crops might grow. The activity subsidised is
the planting, not the growing of the crops. Thus, the incentive promotes neither
productivity nor any of the factors on which productivity depends, i.e. quality of planting
stock, choice of land, proper use of fertiliser and pesticides, and other quality aspects of
farm management. Of course, the farmer is still dependent on income from sale of his
Salix crop, and thus does have an incentive for productivity. But this incentive is
weakened, not strengthened, by the subsidy. In fact, it became so weak, that farmers
sometimes abandoned their plantation before the first harvest, accepting the planting
subsidy as the only income from the plantation. The same criticism also applies to the EU
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incentives, which are all about land use, and not about production. Of course, this reflects
a deliberate evolution of EU agricultural policy, away from the promotion of productivity,
which has led to excess agricultural production. But the same principle becomes absurd,
when it is taken from the context of food production, where it makes sense, and applied
also to energy crops, where it does not make any sense.
While policies have sent such mixed signals to farmers and others working with Salix,
market signals have not been encouraging either. Figure 5 shows the development of
forest fuel prices in Sweden. This market is much bigger than the Salix market, and
determines the price that farmers can get for Salix. A downward price trend is evident.
This trend is due to improved productivity in the collection of forest residues, and also to
strong competition from imported bio fuels.
For farmers, the price curve shown in figure 5 does not look reassuring. A conversion to
Salix is a long-term decision, whose profitability could be completely spoiled by a
downward trend in prices.
Figure 5: Prices of wood chips in Sweden from 1985 to 2002.21
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Policy makers may assume, that the downward trend is temporary. Sources of imported
bio fuels are likely to dry out, as the import mostly originates from countries that will
need to increase their domestic demand for bio fuels in coming years, to comply with their
Kyoto targets. Swedish sources of forest residues are still abundant, but increased demand
is likely eventually to drive up prices, due to rising marginal costs and simple scarcity
effects (increased rent for forest owners). So in the longer term, farmers are likely to be
wrong, if they extrapolate the downwards price trend in figure 5.

21

Prices are for wood chips from forestry sources sold to non-industrial costumers, excl. VAT. Prices for
1985-92 (dotted line) were extrapolated backwards by the authors on basis of year-to-year developments in
a related time series that also included industrial costumers. 1985-prices were calculated on basis of the
consumer price index. Sources: Swedish Energy Agency (2000, 2002, 2003), SCB (2002).
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But farmers are probably more convinced by the downward trends they can see in the
market (i.e. figure 5), than by theoretical arguments promising an upward trend in the
future. In any case, they might just as well bide their time, and wait until the price trend
has convincingly turned upwards. The income at risk from waiting is much smaller than
income at risk from a premature conversion.
7. Farm factors influencing adoption
Characteristics of the farm (and the farmer) can also promote or discourage the growth of
Salix. Three important issues are:
• age of the farmer
• lease of land
• soil quality
Energy policy cannot do much to change these factors. But it does need to take account of
them, i.e. understand their influence on the conversion to Salix, and how they interact
with a subsidy scheme. Without such understanding, there is a risk that this interaction
works against the desired conversion.
The age of the farmer clearly influences the propensity to grow Salix. In general, this
inclination increases gradually with age (Roos & Rosenqvist, 2000). This is easy to
understand. The young farmer presumably wants to do something more active with his
land, and has less capacity for economic risk than the older farmer. Salix becomes more
attractive as the farmer gets economically more secure, increases his farm size, and wants
to be less hard-working.
But the survey results show that the trend turns around when the farmer approaches
retirement. Farmers above 65 years are less likely than any other age group to plant Salix.
This is more difficult to understand. The need to reduce work becomes even stronger at
this age, and the financial consolidation of older farmers is often excellent. The problem
could be simple conservatism. But more likely, what worries the old farmer might be the
approaching need to pass on the farm or sell it. In principle, a Salix plantation is an asset
that should add to the farm value, insofar as the establishment cost are sunk costs, and the
new owner reaps the benefits. But the market may not work this way. The plantation
could be regarded as an oddity, that makes the farm slightly more difficult to sell, i.e.
reduces its liquidity. In particular, if the buyer is a young person who wants to work the
land, it makes less sense to buy a farm with a Salix plantation.
The subsidy scheme can hardly solve such generational problems, but can easily
aggravate them, if not carefully constructed. The subsidies used until now, paying upfront for part of the plantation costs, are rather benevolent in relation to the age problem.
As a large part of the plantation outlays have been paid by the state up-front, the seller has
less need to recoup them as part of the sales price, and the buyer has less economic
qualms about ploughing down the plantation. This might seem like a disadvantage,
because the sale might lead to a loss of an investment made by society. But in fact it is
probably an advantage, because it reduces the need for an old farmer to worry about the
sales situation. Such a worry would need to be compensated by a higher subsidy, in order
to get anything planted. This could well be more costly for society than some occasional
loses in sales situations.
The problem needs to be taken into account carefully however, if a subsidy scheme is
constructed with less up-front payment. This will increase the potential loss to the farmer
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in a sales situation. If the subsidy also involves long-term obligations on the farmer, it is
very important that he can be released from such obligations in case of sale. This might be
a legitimate worry for a farmer of any age, but would be a major anxiety for the old
farmer.
Land ownership is an important factor because a Salix plantation is such a long-term
commitment. In Sweden, 55% of the agricultural area is worked by the owner, while 45%
is leased. Farmers are much less likely to plant Salix on leased land, than on their own. In
the survey data analysed for this report, 82% of plantations were on own land, 10%
included some leased land, and 8% were exclusively on leased land. The bias in favour of
own land is likely to be even greater than these figures indicate, as Salix farmers probably
have more than 45% leased land, due to the larger-than-average size of their farms22.
A subsidy regime should be constructed with great attention to leased-land problems. The
best solution might be to turn around the problem, and promote Salix plantations as an
alternative to the lease-out of land. The lease-out of land often indicates a desire by
farmers to reduce their work burden or get a steady income. This desire might be fulfilled
as well by certain types of long-term arrangements for Salix production, where risk and
responsibility is transferred to another party. By such means, Salix could become an
alternative to lease-out of land.
Another option is to improve the conditions for plantations on leased land. Such
plantations are difficult to establish. The lease-taker will need to take a long-term
responsibility for investment on land, that does not belong to himself. This may be
contrary to his own preferences, as well as those of the lease-giver. Present Swedish landlease regulations can further complicate the situation, because it is restrictive about the
contractual arrangements allowed between the two parties. Regulations have been made
without any consideration for such options as Salix plantations, and reform of land-lease
regulations may be needed as an integral part of energy policy.
Concerning soil quality, there is a widespread notion in the public opinion (and
sometimes among people in the energy sector), that Salix could grow on marginal
agricultural lands, i.e. land that is not well suited to food production. This would have
obvious advantages, as energy crops would not compete against food production. But it
has little to do with real-life conditions for the growth of Salix. The truth is, energy crops,
such as Salix, compete directly with food crops such as wheat. They grow well on the
same soils, and they grow poorly on the same soils.
This does not need to be an obstacle for Salix. The global capacity for wheat production is
significantly in excess of world food needs. So there is plenty of room for competition
between these crops. (When people starve around the world, it has nothing to do with any
global lack of production capacity for food, and often not even a local lack. Usually it is
all about ability to pay.)
Inferior soils (sand soils, dry soils, nutrient-poor soils) can be used for Salix, but with low
productivity. Salix will be more expensive to produce from such soils, than on good soils.
The situation is mostly the same for wheat: It can also grow on inferior soils, but with low
productivity, and at elevated expense.
Of course, society could decide, that it wanted energy crops without reducing food
production, and then allocate inferior soils to Salix production. But this would require a
22

Larger farms have a higher proportion of leased land. Farms with Salix plantations are on the average
some 3 times larger than other farms.
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kind of planned economy, in order to keep Salix away from the better soils. If the Salix
price was high enough to cover costs on inferior soils, Salix would out-compete wheat on
most of the good soils as well.
The situation might be different for other energy crops, and one might from this
perspective question whether Salix has been the right choice for development of energy
crops in Sweden. But, very roughly, highly productive plants have a tendency to "like" the
same type of soils. Some plants do certainly prefer dry, sandy soils, but they are not very
productive. If the aim is productivity, energy production will tend to compete head-on
with food production for the same land.
The situation can also be stated in more economic terms: There is hardly any scarcity rent
in Sweden on even the best soils. Farmers receive their land rent from the EU, not from
the crops they grow. Farmers would often stop growing anything, if hectare subsidies
from the EU was not contingent on a production activity. So in an economic sense, there
is no scarcity in Sweden of good soils. As this is the case, there is no or little rent payment
from the use of good soils. Therefore there is little incentive to move to soils that are
inferior. The reduction in rent will not be enough to cover increased production costs.
This is true for both wheat and Salix.
So, when rising energy prices or higher CO2-taxes creates a genuine demand for energy
crops, farmers will start to grow these crops on all kinds of soils, in direct competition
with wheat. Model calculations presented below (table 15) do indicate a slight advantage
for wheat on the best soils and for Salix on somewhat inferior soils, so if farmers made
decisions strictly in accordance with these model, Salix would be on the somewhat
inferior soils and wheat on the best soils. But the difference is quite small, and will be
overwhelmed by other factors, such as the advantage of growing Salix close to end-users,
or the scale advantages of concentrating on one crop, or different preferences of farmers
for long-term commitment versus short-term commitment of their land.
Therefore, a realistic scenario of future Salix plantations include plantations on all types
of soils, including the best qualities.
The subsidies used until now, however, favour a different distribution of Salix plantations.
They favour use of inferior land, because they provide an income that is independent of
the production. Whereas higher prices would provide an income proportional to
production, and therefore be more favourable to better lands.
A subsidy preference for inferior soils might be rational, if it was a preparation for a
planned economy, where by dictate Salix should be grown on inferior lands. But as
preparation for a market regime, it is irrational. As soon as Salix subsidies are replaced by
higher prices, most of the preference for inferior soils will disappear, and farmers will
have incentives to switch from the inferior soils towards the better soils. But meanwhile
the development of planting stocks and experience would have been directed towards the
inferior soils. The plant varieties preferred under the future market regime will not be
those, that was most asked for under the subsidised regime. The experience developed by
farmers under the subsidised regime will not be about those soils that will be planted
under the future market regime.
Evidently, the subsidies used so far interact with the choice of soil types in a way that
goes against a smooth transition from subsidy to market, i.e. against the assumed aims of
the policy.
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The perverse effects are easily seen from the statistics. Among the plantations established
under the original (10.000 SEK/hectare) subsidy, 59% were established on poorer than
average soils, against 29% on average soils and only 12% on better than average soils
(Roos and Rosenqvist, 2001). Additional analysis23 of the same data shows that 30% of
plantations were established on soils with less than 15% clay content. These are soils that
experts would usually not recommend for Salix. A study by Alriksson (1997) show Salix
growth to be strongly dependent on clay content, when this sinks below 20%. At 15%
clay content, the productivity is already seriously compromised. This is also evident in
questionnaire responses where productivity is about 1/3 reduced for a number of farmers
on sandy soils, compared to the best soils. This reduced productivity would probably be
unsustainable in a genuine market regime. The productions costs (apart from rent) are
hardly reduced on such soils, as the planting, fertilisation and weed control, as well as
harvest, cost about the same per hectare as on good soils.
To avoid perverse favours to inferior soils, subsidies should imitate the effect of higher
sales prices for Salix, i.e. be proportional to production. Or an advanced subsidy regime
might deliberately aim for a spread of soil types (perhaps also geographical location) in
order to diversify the challenges and secure a broader built-up of experience.
8. Farmers choice
Statistics indicate that the Salix area in Sweden increased rapidly when planting subsidies
were at their high level, i.e. until 1996. Since then, it has been slightly reduced in recent
years. The development was shown in figure 1. The plateau reached in recent years does
not mean a total lack of activity. Rather, it indicates a balance between abandonment of
old plantations and establishment of new plantations.
Who starts plantations?
The characteristics of farmers starting a Salix plantation in Sweden was studied by Roos
and Rosenqvist (2001) 24. In 1995 they found a total of 1.158 Salix growers in Southern
and Central Sweden in 1995, growing about 13.300 hectares of Salix.
The study indicates that 1,6% of the farmers grew Salix in 1995, and that Salix covered
0,5% of arable land. The plantations have a tendency to cluster in areas with high bio fuel
demand for district heating and where specialised enterprises were active, in particular
Agrobränsle AB which belongs to the farmers cooperation. Five counties out of 19
accounted for 63% of the Salix area.
Salix was found to be grown on land below average quality. 30% of the plantations were
on non-clay soils (less than 15% clay). Weed control and fertilisers were employed on
almost all plantations.
23
24

Analysis performed for this report by Roos & Rosenqvist.

Roos and Rosenqvist obtained data from the 1995 Farm Register (FR) compiled by Statistics of Sweden,
and combined this with their own 1998 postal survey. Their data cover farm enterprises in southern and
central Sweden (Götaland and Svealand) that were growing Salix in 1995. Northern Sweden was not
included because a low population density, unsuitable climate, and good supply of wood fuels from the
forest sector makes Salix less suitable as energy crop in this part of the country. The FR is a detailed
database about farming and forest enterprises in Sweden used for official statistical reporting. The sample
extracted from the large FR includes information about all 1158 farms in the area with a farming area of
more than 2 ha that were growing more than 0.1 ha of willows. To this was added a postal survey (1998)
involving 175 farmers in the area.

115
Salix activity was found to be influenced positively or negatively by certain farm
characteristics, as shown in table 9.
Table 9: Influence on Salix activity from certain farm characteristics
positive influence

negative influence

Farm Size
Forest land
Lease to others
Owner age 50-65
Institutional owner
Irrigation
Mechanization

Pasture
Tenancy
Owner very young or very old
Animal husbandry

Animal husbandry requires large areas for fodder production and deposit of manure,
which may explain the negative influence of animal husbandry.
Farmers were asked about their own motives for planting Salix. In summary, they were:
• changing the workload on the farm
• good income from sale
• subsidies and expected policies
• land more suitable for Salix than for cereals.
This list emphasizes that the reaction of farmers to subsidies depends not only on the size
of the subsidies, but also on farm-specific factors, such as the workload and soil quality.
For instance, for a farmer who is getting old, and has a reduced work capacity, Salix may
seem attractive even at a low profitability. The alternative considered may not be the
growth of other crops, but the leasing out of land.
Non-economic factors may also be important for the choice made by farmers, and perhaps
even overrule economic considerations. A recent survey indicates that 40 % of present
Salix growers might maintain their plantation solely or partly for the improved hunting it
provides! (Börjesson et al, 2003).
Who reduce plantations?
A more detailed understanding of the reasons for abandonment of plantations would be a
valuable tool for assessment of past subsidy policies and for understanding of the
demands to make on future policies.
Therefore we have made renewed access to the database previously established by Roos
& Rosenqvist (2001) in order to analyse data specifically about the characteristics of
farmers reducing their Salix plantations and their motives for doing this. This data allows
a tentative answer on such questions as:
• who are the farmers that reduce plantations?
• what are the motives for reducing plantations?
Briefly, the results show that practical problems with the plantation have been much more
important than economic considerations. So the reductions do not really indicate any need
for additional subsidies or higher sales prices to existing Salix growers, but a need for
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more advise and better decision-making by farmers. Apparently, some farmers have
jumped on the bandwagon without sufficient consideration of their prospects for success.
Perhaps this has been motivated by the high planting subsidies, perhaps by the novelty
itself of Salix, or even more likely by a combinations of these two factors.
Among those responding (N=150), 27% have reduced their plantations, while 25%
express regrets about having planted Salix. In total, 41% harbour regrets or have reduced
their plantation. This number can be regarded as a kind of failure rate for the policy of
plantation subsidies, and is quite high for a long-term investment. Even though the
numbers of regrets and actual reductions are about the same, the answers are not closely
correlated. Among those (N=41) who reduced, only 41% have regrets. While among those
with regrets (N=37) only 46% have reduced their plantation.
The characteristics of farmers, who regret their Salix plantation, compared to others, are
• more renting out of land
• more set-aside land
• more forest land
• less use of rented land
• more often work outside the farm
These characteristics can be compared with the offensive / defensive farmer typology
developed by Wålstedt et al. (1992). The characteristics found here for regretting farmers
mostly coincides with their definition of a defensive farmer typology.
Concerning motivational characteristics, farmers, who regret their Salix plantation, are
• less likely to have planted because of the subsidy
• less likely to have planted because of unsatisfactory income from other crops
• less likely to have planted because of higher income from Salix
• less likely to have planted because they wanted to reduce work on the farm
These somewhat contradictory statements fit with a concept of a farmer, whose farming
activity is not strongly governed by economics, either because he cares little about
economics, or because he lacks a grasp of economics.
Some farmers may have regrets due to difficulties of managing the Salix plantations. For
instance, regrets are relatively common among farmers who have sprayed many times
against weeds. In the table below, problems with weeds are the most common cause for
reduction of plantations.
Farmers, who reduce their Salix plantation, have these characteristics when compared
with other farmers:
• less land
• more forest land
• more often work outside the farm
• less hours work on the farm
• less use of advice
It is hardly surprising to find a certain overlap here with the characteristics (above) of
farmers who regret.
There is no indication, that farmers who regret or reduce plantations have cared less for
the plantation, than others. The use of fertilisers is approximately the same in all groups,
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and weed control efforts even seem a bit higher among those who regret. So the ambitions
for managing the plantations seems to be equally high in all groups. Lack of such
ambitions is not apparent as a factor in the explanation of failure.
There is some indications however, that part-time farmers have put less efforts than others
into weed control and fertilisation. This may indicate a lower level of ambition, but the
data do not allow us to connect this with failure.
As shown in table 10, weeds are the most common cause for failure. But lack of sufficient
water is also a common reason. This is not strange, as 30% of plantations are on non-clay
soils (less than 15% clay). It is remarkable, that economic reasons are low on the list.
Only 6 farmers, amounting to 15% of those who reduced, did so for any economic
reasons.
Table 10: Reasons for reduction of plantations
Stated as most
important
reason

Stated as a
secondary
reason

(number of
farmers)

(number of
farmers)

Failed growth due to weeds

15

7

Failed growth due to frost

4

0

Failed growth due to dry soil

8

0

Failed growth due to wrong plant variety

4

0

Failed growth due to unsuitable soil

1

2

Failed planting

1

0

Failure for other reasons

12

5

Cereals have improved profitability since planting

4

0

Other reasons, biological

0

0

Other reasons, economic

2

1

Source: Data from 1998 survey by Roos & Rosenqvist.

9. Implications for subsidy policies
The observations above allow some tentative conclusions about how to structure
subsidies, and how not to do it.
The negative conclusions are most easily drawn. It is clearly not a good idea to pay a
planting subsidy approaching the full planting costs, as was done in the first part of the
1990's. This made the decision too easy for farmers. It has been possible to jump on the
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bandwagon, without any large economic risk. As the planting costs were more or less paid
by the subsidy, the farmer could just try if it worked. If it didn't work, the burden of loss
would not be on him, but on society.
When the decision was so low-risk, the farmers did not have much incentive to seek
advice or to make any careful analysis. Evidently, a significant number of farmers made
decisions that turned out bad, for biological reasons. Most of these failures could probably
have been prevented, if existing agronomical knowledge had been used effectively,
especially in the decision phase. As knowledge and advice is known to have been fairly
easily available at the time, the key problem was probably a lack of incentive to use this
knowledge and advice. This diagnosis is supported by the observation, that farmers with
regrets tend to have characteristics typical of farmers that are not strongly economically
motivated in their decision-making.
Superficially, it could be argued, that the success or failure of plantations is not so
important to the policy aims, as the key issue should be to provide a market for breeders
of planting stock. But such an argument would miss the whole point of subsidising market
development. The idea of subsidising a market-pull mechanism is, that actors on the
demand side provide more appropriate incentives for development of the supply side, than
does technology-push efforts such as subsidies for research and development. But this is
only the case if the actors on the supply side, in casu farmers, act in a serious way which
represent a realistic imitation of unsubsidised markets.
In fact farmers were quite slow in their reactions to improved planting stock. The first
improved varieties ("Rapp") came on the market in 1993. But in the boom cycle until
1996, a large part of plantations were established with older varieties, that had not been
subjected to any breeding, and were promising lower long-term profitability.
If farmers are not serious as buyers of plant stock, the wrong signals are sent to the
producers of plant stock. Such wrong signals might be:
• Planting a large low-productivity area gives more subsidy than planting smaller
high-productivity area.
• Cheap planting stock is wanted, rather than high quality planting stock.
• The most successful sales people are those, who can make a hard sale to uncritical
farmers, rather than those, who provide careful advice and help the farmer make
good decisions.
• It doesn't matter much, if the planting stock is really the right type for the soil in
question. If it doesn't fit, the plantations can easily be abandoned.
• There is no reason to work together with end-users and banks, to a provide longterm finance and risk-reduction package, as the farmers downside risks are only
short-term and his liquidity problem is solved by the subsidies.
There may be problems also in relation to other actors, whose businesses ought to be
promoted by the subsidy. Advisors cannot develop their side of the business if farmers are
not seriously seeking advice, or are only interested in short-term considerations, or if the
feed-back loop from farmer to advisor is broken by abandoned plantations. Machine
operators can't really predict the need for their services, if a number of plantations may be
ploughed down due to bad decisions made by farmers.
The advantage of planting subsidies is, that they ease the liquidity burden on farmers. But
to avoid perverse incentives, this aim ought to be pursued in ways, that keep the farmer
focused on long-term production results. Also, it needs to be considered, whether farmers
with liquidity problems are the right farmers to address. Of course, some farmers have
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liquidity problems because they are young or expansive. But on the average, farmers with
liquidity problems are probably not the economically most competent part of farmers. If
the subsidy scheme did less to address liquidity problems, there would be a self-selection
among farmers, so that only well consolidated farmers would opt for Salix. This might be
a type of farmer that is on the whole better prepared for such long-term commitments, as
are needed for a sustainable expansion of Salix plantations. Economically weaker farmers
would have to consult carefully with their bank, before engaging in Salix production,
which might also improve the quality of decision-making. Such self-selection might well
raise the barrier against Salix, as the subsidy scheme would have to address farmers that
were more critical and careful in their economic considerations, and more aware of risks
and alternative options. But even if it might require a higher subsidy level, the subsidy
would probably be more effective in relation to the policy aims.
The reduction in 1997 of planting subsidies from 10.000 SEK/hectare to 3.000-5.000
SEK/hectare, partly answers this criticism. It was no longer possible for farmers to pay the
planting costs with the subsidy. They needed to put in a significant amount of their own
money, and were thus more likely to think hard about future incomes, i.e. the chance of
success and the productivity they can achieve.
But this reduction cannot be the whole answer, as it has also reduced activity greatly. If an
activity level is desired matching the early 1990's, a significantly higher subsidy is
evidently required. But it needs to be given in some other form than a planting subsidy.
The EU rules that have limited the planting subsidy to 50% of planting costs, should not
be considered a problem for the construction of future subsidy schemes. A higher level of
planting subsidy than allowed by the EU, would in any case be unwise, for the reasons
given above.
Also, the reduction did not really address the disadvantages inherent in a planting subsidy.
The perversity of incentives became less flagrant, but was still there. Even the present
reduced subsidy send wrong signals to farmers: There is still an incentive to plant a large
plantation, rather than a productive plantation. There is still an incentive to reduce
planting costs, rather than aim at high productivity through a more expensive choice of
varieties and services. There still too little pressure on the farmer for careful long-term
economic decision-making, together with his advisor and/or bank.
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The positive conclusions are, that
• Once a plantation has been made, a significant majority of farmers maintain it
without regrets, even when prices for their Salix production has a downwards
tendency.
• Very few reductions or regrets are economically motivated.
• A subsidy level equivalent to the plantation costs may be sufficient to motivate a
continuous expansion of activity.
• Certain types of farmers have special reasons to opt for Salix, as they want to
reduce their work load or want an alternative to a lease-out of their land. This
means that the willingness of society to subsidise a certain "proving ground" for
Salix production, is likely to be met by a positive interest from a certain number
farmers, who may have more moderate demands for subsidy than the average
farmer.
These positive conclusions can also be used for the construction of future subsidy
policies. The would indicate in particular, that if a subsidy scheme is carefully tailored to
the concerns and interests of the farmers, the required level of subsidy might be somewhat
reduced.
The rules for construction of a subsidy scheme would then be, first to keep it carefully
focused on the aims of the policy, and secondly to fit it as closely as possible to the
interests of the farmers, that are most likely to be interested.
Considerations needed for the construction of a subsidy scheme are summarised below in
table 11. An estimate of their relative importance is indicated with + (or -) signs. The
table is split up into two view, indicating a divergence of views between policy makers
and farmers, assuming that both are rational actors. Obviously, when such rational views
are conflicting, policy-makers have to be careful. If they go against the farmers concerns,
fewer farmers might be interested, or a higher subsidy level would be reqired. But if they
go against their own concerns, the subsidy scheme will not effectively promote policy
aims. This kind of conflict in aims calls for careful balancing.
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Table 11: Summary of policy concerns seen from two different views
Aim

Policy maker's view

Farmers view

Policy concerns
biological
productivity

+++

essential policy aim,
even beyond short-term
cost-effectiveness

++

important aim,
but only if cost-efficient

keeping down the
use of fertilisers
and pesticides

++

important in relation to
goals for sustainable
agriculture.

+

only important if costefficient

creating a stable
market for
planting stock and
services

++

important for creating a
viable supply sector, and for
effective use of R&D
funding.

addressing a
variety of soil
types and
geography.

++

important for the future
large scale use of Salix

promoting interest
among end users

++

important for reducing
subsidy requirements

competitive
income compared
to alternatives

+

desirable for the reduction
of subsidies, but only
important in the longer term

+++

key reason to grow a crop

stable and
predictable
incomes

+

desirable for continuity of
learning processes, and for
acceptance of CAP reform.

++

important for long-term
commitment.

sharing of
production risks

--

best that farmers have the
full production risk, as this
maximise incentives for
good farm management

++

valuable in particular for
inexperienced farmers or
farmers with a tight
economic situation

sharing of energy
price risks

++

a good allocation of this risk
is important to keep down
subsidy requirements

+++

essential to avoid large risk
exposure, that is beyond
the farmers capacity for
analysis or risk
management

no hindrance for
sale or retirement

+++

essential for older farmers

gradual expansion
possible

+

important for farmers who
want gradually to reduce
work load

Farmers concerns

avoid liquidity
problems

-

may promote a wrong
selection of farmers

+

important for some farmers

involvement of
advisors, bankers
and end-users in
decision-making

+

desirable for the
development of a
competence network

+

desirable to avoid bad
decisions

note: + ++ +++ (or similar negative symbols)
indicate the degree of attachment to the aims.
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10. Long-term contract suggestion

The idea
The idea suggested here, is to pay an incentive to district heating companies, so that they
will offer long-term contracts to farmers for production of Salix. To maximise
competition and stabilise activity, subsidies for new long-term contracts might be
awarded at auctions each year, to those district heating companies that ask for the lowest
level of subsidy.
This has two principal aims:
(1) One aim is to induce farmers to long-term commitment of land to Salix, by mitigating
the risk of such commitments, and increasing the rewards. Farmers are relieved of
price risk, but still have to carry production risk. This is an appropriate risk allocation,
if society wants farmers to focus on improvement of biological productivity and
reduction of production costs.
(2) Another aim is to create a stable business climate for research and development efforts
in the breeding and machinery industries, and for the businesses that provide services
to farmers. This is best achieved through a stable and predictable rhythm for new
establishments of Salix plantations.
Long-term contracts are desirable from the farmers point of view, because Salix requires
the farmer to make a long-term commitment of his land. This appears highly risky, unless
the farmer has a reasonable degree of certainty about future price levels. Such reasonable
certainty is not provided by the Salix market itself, as more mature markets often do. But
the Salix market is commercially immature, and strongly influenced by political factors. It
cannot by itself provide any reasonable degree of long-term certainty.
On the other hand, long-term contracts are less attractive to district heating companies.
Firstly, because the required price level may not be competitive with other fuel supply
options. Secondly, because long-term contracts impose significant risk on the buyer. A
major loss might result if the price of other fuels should fall. Even the desire to be "green"
might not lead district heating companies towards energy crops, as they might have
cheaper access to other sources of bio-energy. Additionally, there is some opposition to
energy crops in certain quarters of the green movement.
The subsidy scheme would bridge the price gab between district heating companies and
farmers, and thus create a initial market for Salix. This would promote breeding and other
forms of technology development, and help develop the base of knowledge and
experience among farmers.
The subsidy required is difficult to know in advance. As demonstrated later in this
chapter, by an income and cost comparison, Salix on inferior farm land already appears to
be competitive with the most important cereal alternative (wheat). Given the present price
of wheat (around 1000 SEK/ton) and the present price of wood chips (around 120
SEK/MWh), farmers would have a slightly higher income on inferior soil from Salix than
from wheat. But not enough, it seems, to promote any significant conversion activity.
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Perhaps because this comparison miss an important difference, namely that Salix requires
a long-term commitment, while a farmer retains much more flexibility by growing wheat.
Long-term contracts would be an instruments of national energy policy, implemented
independently of EU agricultural policies. Incentives are directed at the end-users of
Salix, which will then have to pass on these incentives to farmers, in order to get a supply
of Salix. This will result in a certain withdrawal of land from food production, consistent
with the aims of EU agricultural policies. But the withdrawal of land is not by itself an
aim of this energy policy. Incentives are not tied to any conditions about the amount of
land withdrawn from food production, but only to the amount of Salix produced.
Eligible contracts
The development of contractual details is an important task for the market, and should not
be unduly politicised. Therefore, the conditions for subsidy should not be restricted to one
specific contract text, but to certain principles that each contract must fulfil. These
principles must be carefully devised, because on one hand they need to provide the right
incentives, while on the other hand they should restrict the freedom of contract as little as
possible. This gives the best chance that long-term contracts traditions promoted by the
subsidy scheme will be viable even after subsidies are withdrawn, i.e. gives the best
chance that the subsidy regime will be a real step towards a mature market regime.
Contracts should be for a specific type of energy crops, namely Salix, in order to achieve a
certain concentration of development efforts. But contracts should be neutral concerning
the details of crop production, such as land use. Previous subsidies have tended to
promote specific land use patterns, particularly the use of inferior soils. Contracts that are
only for specific delivered amounts of Salix, will be more neutral concerning land use,
and will promote the implementation of Salix on more diverse types of land. This is
important for the development of plant stock and experience, which may take a wrong
path if particular land use patterns are favoured by the subsidy scheme.
The contract should be between a farmer growing Salix and a end-user of bio fuels, such
as a district heating company. It is necessary to be restrictive about the types of buyers
allowed in contracts. Buyers must be stable and well capitalised organisations. Otherwise
there may be a significant default risk on the buyers side, as the contract is for a long
period and involves commitments that can be costly for the buyer if markets (energy
prices) or politics (environmental governance) move against the buyer, i.e. are more
favourable than expected to the use of other fuels. It is also necessary to be aware of
options for fraud inherent in the scheme. A profit could easily be made by someone who
buys Salix under this scheme, but instead of burning it, returns it to the market. The point
of control is the end-user, who burns the fuel. This end-user has to report reliably the
source of his Salix, the amount, and the fact that it has actually been burned. The buyers
must therefore be organisations that can reasonably be trusted to perform such reporting
tasks, without a heavy apparatus for external verification. For these reasons, the role of
buyer should be restricted to district heating companies.
This restriction may have negative consequences for competition in some regions of the
country, where farmers face only a few district heating companies. Such district heating
companies may achieve an undesirable market power in relation to local farmers.
Therefore, it is desirable to device the contractual system in such a way, that it also allows
middlemen to perform market-making functions. Such middlemen might be companies
that are usually trusted by farmers to buy their products or companies traditionally
involved in the processing and sale of forest residues. Such companies might be allowed
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to join auctions, on the condition that their contracts are countersigned by district heating
companies or secured in some other way against default and verification problems. The
rules need to be restrictive, in order to protect farmers against default on the buyers side
and to discourage fraud. Trading companies are usually thinly capitalised, and thus unable
by themselves to provide the long-term security for farmers, which is the aim of the
contract scheme.
Besides increasing competition, such middlemen can also improve the contract scheme in
other ways. By aggregating the output of several farmers, and the demand of several
district heating companies, they can reduce the uncertainty about deliveries that will be
inherent in contracts with a single farmer. If they trade in other bio fuels, they might also
contractually combine Salix with other fuels, to offer district heating companies a package
of secure deliveries. The subsidy scheme should not restrict such contractual options, as
long as district heating companies remains the ultimate guarantor vis-à-vis farmers, and as
long as verification of the amount and origin of the Salix crop is not compromised.
The contract should be for Salix grown by the farmer himself, on his own land or rented
land specified in the contract. This condition is needed to discourage certain types of
abuse, such as backwards circulation of chips that have already once been counted for
subsidy, or delivery of imported chips. If farmers are allowed free exchange of their
production before delivery to district heating companies, it will be very difficult to follow
deliveries back to their origin, and abuse will therefore be much easier.
Contracts should not be restricted to new plantations but also allowed for existing
plantations. This might seem like a leakage of subsidies, as many existing plantations
have already been subsidised in the plantation phase. They might continue production
even without subsidy. Still, there are reasons to accept old plantations. First of all, it
allows a much simpler administration. If a distinction is made between old and new
plantations, farmers could be tempted to shift chips around, for instance buying some
chips from old plantations and add them to the output from new plantations. The
distinction would therefore require a large administrative effort for verification, and still
offer a lot of opportunities for shady deals. Secondly, it would help maintain the old
plantations. Several have already been abandoned because they have not been sufficiently
profitable. Subsidies for long-term contracts might speed up this process, and encourage
premature replanting, if old plantations are not eligible. Thirdly, subsidy leakage will be
reduced by certain details of the proposed subsidy scheme. As suggested below, subsidies
could be paid out early, against proof of costs for new plantation. As payments in the
future have a discounted present value, the present value of subsidies would be
significantly higher for farmers who make new plantations.
A contract duration of 10 to 25 years is proposed. The duration needs to balance different
considerations. Salix is likely to be provided at the cheapest price, if prices are secured all
the way until productivity falls and the plantation is ripe for replanting. For this reason,
i.e. to keep down the required price, a duration of 25 years would be desirable. On the
other hand, the aims of the subsidy scheme might also be consistent with contracts of
shorter duration. This would require plantation of more land to secure the same total
delivery, and thus enhance the level of activity achieved by subsidies. So theoretically
there is no reason to place any downwards limit on contract duration. The contract parties
may have their own reasons to prefer shorter contracts. District heating companies may
have some incentive to limit the contract duration, in order to reduce their long-term risk
exposure. Farmers may also have some incentive to limit the duration, in order to have
more freedom for future land use. These different interests should be allowed to confront
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each other in the market, and may well lead to contracts with shorter duration than 25
year.
Contracts should be for a fixed amount of delivered fuel, measured in MWh. This needs to
be carefully defined, as it is the basis for subsidy. Farmers and district heating companies
will have a mutual interest in exaggerating the amounts delivered, in order to increase
subsidies. So first and foremost, the definition will need to be robust against exaggeration,
i.e. allow for easy measurement and control, and thus easy detection of fraud. This does
not preclude an enhanced attention to quality in the relationship between district heating
company and farmer. The contract might well contain quality specifications beyond the
requirements of the subsidy rules, including price differentiation according to some
measure of quality.
If the pay-out of subsidies is made contingent on actual deliveries, there is no need to
require any specific delivery schedule in the contracts. The sooner subsidies are cashed,
the higher will be their value to the private parties. This discounting mechanism should
provide sufficient incentive for the parties to fulfil the contract at an early time. On the
other hand, it is desirable that the parties have room of manoeuvre to adapt to
circumstances that force or favour a certain delay. For instance, if demand for planting
stock outstrips supply a certain year, farmers may want to wait another year before
establishing a plantation. Real markets would react this way, and the subsidy regime
should not be more rigid. The penalty for delays that result form the discounting of
subsidies is low enough to allow for flexibility in such cases, and high enough to
discourage speculative delays.
The contract parties may wish to establish some kind of delivery rules or schedule, and
should have the freedom to do so. The farmer will usually want to deliver as much as he
can produce, as soon as he can produce it. But many things can go wrong in a plantation,
so he will also want to be allowed delays. For the district heating company, the exact
schedule of deliveries over the contract period may not be important, if only deliveries are
known before alternative bio fuel deliveries are contracted, i.e. probably 6 to 12 months in
advance. The optimal contract is probably quite flexible, as the farmer has strong
incentives to insist on flexibility, whereas the district heating company has no strong
incentives to insist on rigidity. This again is something best left for the market to sort out.
Whereas the subsidy scheme can easily allow flexible deliveries within the contract
period, it should not allow any deviations from the total amount delivered. Making room
for deviations is the task of the contractors themselves. The farmer should not commit to
any amount of which he is uncertain, but should stay firmly on the save side. After some
years, if the farmer feels certain that he can produce more than originally contracted, he
can simply commit to an additional contract. The optimal strategy for the farmer would
probably be to have two (or more) overlapping contracts, with different years of
expiration, so that he can exactly meet the requirements of the earliest contract, and use
the next contract as a sort of buffer. As the subsidy level is likely to be decreasing with
time, the subsidy scheme includes an incentive to contract early for as much as realistic,
but the farmers should be careful not to promise more, than he can certainly deliver.
This rigid approach is necessary to avoid speculative offers and keep down
administration. If a certain margin was allowed, farmers with rational behaviour would
simply add this margin to their offers, and have exactly the same compliance problems, as
if there were no margin. If underperformance could be excused by specific reasons (frost,
pest, etc), the public agency would need the ability to assess such claims. This would
greatly increase the need for administrative capacity and, even worse, might engage
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farmers in a game, where their ability to argue their case before the public agency could
become more important than their ability to manage their crops. (A few deviations from
the rigid approach are suggested below, under the heading of defaults. But these
suggestions are about defaults due to change of ownership, rather than production
problems.)
In fact, farmers would have several options to deal with shortfalls in the production. One
option is simply to be conservative in the amounts contracted, thus expecting to fulfil the
contract some years before it expires. The long duration allowed (25 years) gives plenty
of room for this type of conservative approach. Another option is to combine a
conservative approach with a system of 2 (or more) contracts with different expiration
dates, so that later contracts are used to adjust commitments to actual production. A third
option is to increase the size of the plantation, if the original plantation cannot deliver the
expected production. A fourth option would be simply to accept the penalties for nonperformance, which are suggested to be fairly moderate. These options would allow the
farmer plenty of flexibility to deal even with major production problems. It will be his
own choice, if he wants to bet aggressively on his ability to produce (and then deal with
shortfalls by increasing the size of plantation or accepting penalties) or if he will be more
conservative (and then risk somewhat lower subsidies, because some of his production
will need to be sold on later contracts).
The subsidy scheme does not need to impose any particular price regime on the contract
parties. They might agree on a fixed price or an indexed price. They might agree on early
or late payments. Such questions are best sorted out by the markets actors themselves.
District heating companies can probably get the best price, if they offer the farmers a high
degree of price security, and some kind of early payments. But this increases risks and
costs for the district heating companies themselves. Theoretically, district heating
companies seem more able than farmers to assume price risks, because they are better
informed about energy markets, are able to include Salix in a diversified portfolio of
supply options, tend to be well capitalised, and have captive costumers. If this is true, and
if the market really works as suggested by economic theory, contracts with good price
security for farmers ought to be the most competitive type of contracts, i.e. would require
the lowest subsidy and prevail in the auctions.
In any case, district heating companies would have to be aware, that if they impose too
large risks on farmers, it may backfire in the form of defaults. For instance, if the
contracted price is indexed to other fuel prices, and these go down, the farmer may be
strongly tempted to default. But if the farmer defaults, the district heating company will
have to pay penalties to the public agency, according to the rules suggested below. The
situation could be quite unpleasant for the district heating company, as the farmer might
be unable to pay the penalties, and the district heating company unable to motivate him to
continue deliveries. So district heating companies would have an incentive to agree on a
pricing scheme, that keeps the farmer more or less happy the whole way until the end of
the contract. This incentive is consistent with the aims of the subsidy.
Some farmers may prefer contracts, where they are responsible only for the growth of the
Salix crop, whereas the process of harvesting, chipping and transporting is the
responsibility of the buyer. The parties should have freedom to define the contractual
point of delivery and degree of processing as they chose. But the harvest should not be
eligible for subsidy until it has reached the end-use destination.
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The subsidy
There are two different approaches to the definition of the subsidy level. One method is a
predefined subsidy. The other is an auction procedure.
The subsidy can be predefined by a public agency through economic analysis. On one
hand it would be necessary to establish the price level, that would provide farmers with
sufficient incentive to establish and maintain a Salix plantation. On the other hand it
would be necessary to analyse the long-term supply of alternative fuels available to
district heating companies, especially alternative bio fuels. This analysis could be used to
establish rational price expectations for these alternatives, and thus define the price
district heating companies ought to be willing to pay for a long-term supply of Salix. The
difference between these price levels would then, theoretically, define the required
subsidy.
The problem with this procedure is the uncertainties involved. Even the best economic
analysis may easily underestimate or overestimate the subsidy actually required to
motivate long-term contracts. Most likely, a trial-and-error procedure would be necessary,
until the right subsidy level is found. A further problem is how to deal with budget
constraints. If the subsidy is set too high, there will be too many applications, compared to
the goals of the agency and the available budget. If the subsidy is set too low, there may
be very little activity, and the instrument will appear as a failure. Additionally, the
required subsidy could be quite volatile, in particular due to shifting expectations
concerning alternative fuels. Fuel prices are notoriously difficult to predict. Predictions
can change a great deal, dependent on political events, for instance in the Middle East or
in the Kyoto process, but also on new estimates of resources and their availability.
Therefore, the subsidy level that works well one year, may not be appropriate the next
year. In other words, a trial-and-error process may not lead to any stable result, but to
chaotic shifts in subsidy level. The result could be a stop-go cycle in the establishment of
Salix plantations. This would contradict one of the aims of the scheme, namely to create a
stable and predictable expansion in Salix plantations, in order to promote development
efforts in the breeding and machinery businesses, as well as the service and trade
industries working with Salix.
The other procedure available is an auctions procedure. The agency could allocate a fixed
amount of money each year for new contracts, and then ask district heating companies to
bid for subsidies. The subsidies would be awarded to those actors, that require the
smallest subsidy per MWh in order to make long-term contracts with farmers. This would
relieve the public agency of budgetary problems, as the auction would automatically fit
the subsidies to the available budget. Volatility in the required subsidy level would no
longer result in a stop-go cycle, but in a softer up-and-down movement of activity. For
instance, if the required subsidy level one year jumped up 50%, this would not mean any
stop of activity, but only a reduction of new plantations by 1/3. For companies in the
supporting businesses, this would be much more comfortable than a stop-go cycle.
Regardless of the procedure chosen, long-term stability is essential for the aim of the
scheme. The market actors need to be assured, that there will be a long-term flow of new
contracts. Otherwise they cannot be expected to make the investments in research,
technology and organisation that are required for the long-term competitiveness of Salix.
The subsidy should normally be paid out to the district heating company when deliveries
have taken place and are documented, but a certain part could be paid in advance to
support the plantation process. The incentive to farmers will be stronger, if their capital
outlays are minimised, particularly in the plantation phase. An advance payment of
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subsidy could cover all documented external plantation costs incurred after the auction,
i.e. the plant stock itself and the external services used for plantation. This advance
payment could then be subtracted proportionally from subsidies paid later. Such a
procedure would have two additional benefits. First, it would create a flow of documents
showing that the farmer had established a plantation, including the size, the plant variety.
etc. This would reduce the options for abuse. Secondly, it would in a simple way favour
farmers starting a new plantation, whereas farmers with existing plantations would have
to wait longer for their subsidies, i.e. face a discounting loss.
Defaults
As argued above, it is not advisable to allow defaults due to production problems. This
would give wrong incentives and greatly increase administrative tasks. The farmer can
himself adjust his exposure to production risks, by contracting more or less aggressively,
or by other strategies explained above.
But certain major contingencies, that are not production related, need a different
approach. This is the case when the farmer needs to discontinue the production due to
death, old age, change of occupation, or bankruptcy. Of course, the contract might simply
pass to the new owner. This should certainly be allowed, but is not always consistent with
the interests of a new owner. A long-term duty to grow Salix might therefore have
significant negative effects in a sales situation, by reducing the number of potential buyers
and the price they are willing to pay for the land. If long-term contracts imposed this type
of risk on farmers, many farmers would be likely to avoid such contracts, and the required
subsidy level might increase significantly. So the subsidy scheme would probably be
more cost-effective, if default were allowed when the farmer dies, goes bankrupt, or
complete leaves the farming business, i.e. completely cease to own or rent any farm land.
The conditions need to be quite strictly defined to avoid manipulation. For instance,
default should probably not be accepted if the land is taken over by relatives or business
partners.
Without penalties for defaults, the subsidy system can be abused. For instance, if the
subsidy level has an upwards tendency for some years, farmers would have an incentive
to default on old contracts, and get new ones. More generally, auctions could be flooded
with contracts that were larger than realistic or might result in no production at all. It
would be possible to compete for a contract, and then wait and see, if conditions
developed favourably. This would be detrimental to serious tenderers, as they would have
to compete with speculative tenderers. It might also mean that the auctions would not
effectively secure the desired production. Such problems have marred the British NFFO
auctions for renewable energy, due to insufficient sanctions. Later in the contract period,
abuse would also be possible. The contracts are meant to secure a certain stable
production of Salix, regardless of the price of alternative fuels. But if alternative fuel
prices fall below expectations, district heating companies might want to abandon the
contracts. In such situations, the farmer is secured, because he has the right to a certain
price for the full contractual amount of Salix. But this doesn't protect the Salix production,
because the district heating company might simply pay the farmer to default on the
contract, i.e. to stop deliveries and plough down his plantation. To close such loop-holes,
penalties are needed.
Penalties should be moderate, i.e. no higher than needed to discourage abuse. High
penalties are not rational, as penalties constitute an added risk, and thus increase the
subsidy level necessary to motivate market actors. A fair level might be 2% reduction of
the total subsidy for every 1% default on delivery. As this penalty would not be paid
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before the end of the contract period, it would be heavily discounted, i.e. smaller than
appears. The penalty should be paid by the party receiving the subsidy, i.e. the district
heating company. How the penalty may be passed on to the farmer, is something the two
parties must fix themselves in the contract.
Even if they can pass on the penalty, district heating companies would probably want to
avoid this type of confrontation with farmers. Therefore, they would be well advised to
avoid too optimistic contracts. They should probably screen proposals from farmers, and
reject unrealistic suggestions. Or they might ask optimistic farmers to come back for
additional contracts, when they have proven their production capacity. Such screening
would provide farmers with an extra protection against penalties.
Transfer of contracts
As the main rule, the contracts should follow the land. So if a farmers sells (or rents out)
the land where Salix is growing, the new owner (or user) has the right and the obligation
to full-fill the contract. (Exceptions are mentioned above, under defaults). The farmer
should also have the option to transfer all his obligations (i.e. the whole contract) to
another farmer.
The ownership of district heating companies can also change, for instance through
mergers. In such cases, the contractual obligation should follow the grid ownership, as
this gives the best protection against defaults. District heating companies should also be
allowed to transfer contracts among each other.
Issues left to the market actors
As the subsidy scheme is defined here, it leaves open many contractual questions. This is
deliberate, in order to allow the market actors to work out contractual relations
themselves. When, for instance, the subsidy scheme accepts certain types of default
without deduction of subsidy, this doesn't mean that district heating companies need to
accept the same defaults. What defaults are acceptable between the contractual partners,
and what penalties apply between them, is something they must negotiate themselves.
Most likely, advisors or interest organisations will step in to fill out contract details, so
that most contracts will be some type of standard contracts. This is a desirable outcome,
as such standard contracts make price competition more transparent, gives a lot of
guidance for market actors, still leaves a lot of flexibility for individual deviations as well
as gradual development of business practice. Obviously, such contractual freedoms can
also result in misuse of market power. This would be the case, for instance, if all district
heating companies offered identical contracts, devised by their national organisation, and
were unwilling to negotiate details. To deal with such contingencies, is not the task of the
subsidy rules or the agency responsible for these rules, but is best left to the competition
authorities, applying general rules against cartels. For the individual farmer, it is
important to have access to advice in the negotiation of contracts. If standard contracts are
endorsed by farmers organisations, the advice needed will be mainly economical, helping
the farmer to make the right price demands. If district heating companies are proposing
contracts that have not been endorsed by farmers organisations, the individual farmer may
also need legal advice. These advisory tasks can probably be handled efficiently by the
farmers organisations and the existing network of advisors.
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The allocation of risk
According to financial theory, risks are optimally allocated to the party, who can best
assess and influence the risk. Whether the contracting parties will follow this advise is
their own choice. In theory, however, contracting parties who follow this advice, should
be able to accept the lowest subsidy, i.e. would win the auctions. So there is some reason
to assume a risk allocation that approximately conforms to theory.
What would this optimal allocation be?
The farmer would be expected to assume all production risks, including productivity as
well as costs. The farmer with his advisors knows them best, and the farmer can influence
them by the way he manages the plantation. In fact, the largest production risk could well
be the farmer himself, i.e. the quality of his work.
The district heating company would be expected to assume all energy market risk, i.e. the
risk that prices of alternative fuels are higher or lower than expected. The district heating
company should be able to understand and analyse such risks better than the farmer.
Additionally, the district heating company can combine Salix contracts with other fuel
options, and thus reduce risk through a portfolio approach. The district heating company
might be tempted to transfer some of this risk to the farmer, for instance by linking the
Salix price to the price of other bio fuels. But the farmers would resist this extra risk.
Theory would predict that farmers would demand more money in compensation, than it is
worth paying for the district heating company.
A third major category of risk is the farmers opportunity costs, i.e. the risk that he could
have made more money from growing something else. This partly depends on farm
characteristics, that the farmer knows best and can best influence. But it also depends
strongly on world market prices (for instance for wheat), which neither party can know
much better than the other. Theoretically this risk allocation remains an open question.
Probably some kind of sectoral thinking will prevail, so that the farmer assumes this risk,
because it is agricultural.
Based on these arguments, the optimal contract would be a fixed price contract, where
prices are somehow adjusted for inflation, but are not linked to other factors, such as
productions costs, energy prices or agricultural prices.
If markets agree with this theoretical argument, the farmer will know exactly (in real
terms) his income per MWh. But he will face a risk regarding other factors, such as the
timing of the income, the total amount he can produce, the production costs, and the
opportunity cost from binding his land to this particular use. Some of these risks depend
directly on the quality of farm management, and can thus be influenced by the farmer. But
the opportunity costs are beyond the control of the farmer. If market prices rise
substantially for other crops, that could have grown on the same land, the farmer will
suffer a loss due to his inability to switch crops. If EU subsidies change, so that other
crops are favoured or Salix are disfavoured, the farmer will also suffer a loss.
The farmer also faces an intriguing type of opportunity cost related to the progress in
breeding. If this progress is rapid, the farmer could have an opportunity cost from planting
too early, with inferior stock. The subsidy scheme will, however, more or less protect
against this, as better plant varieties should automatically result in reduced subsidy for
new contracts. So in principle, money can't be made by waiting. The same principle
applies to the farmers option of waiting for higher prices. Other bio-energy prices might
well rise in the future, but within the subsidy scheme for Salix, this would simply result in
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smaller subsidies in future auctions. It would not be the farmer, but the state budget, that
gained. This is because the auctions will result in a price to farmers determined by
production costs for Salix, and not by the energy market. As the production costs are
likely to fall due to development of plant varieties, technology and experience, the
payment is likely to go down, rather than up, for future contracts - and to move without
dependence on other fuel markets. So the only situation, where a farmer might gain by
waiting for higher prices, is when bio-energy prices shoot past the production costs for
Salix, i.e. when Salix become competitive without subsidies. In that case, farmers tied up
in old subsidised contracts would have a loss. But that kind of competitive situation is
hardly imminent.
There is an upside to many of the risks facing the farmer. EU subsidies seems more likely
to change in favour, rather than against, Salix. Future taxes or restrictions on fertilisers
and pesticides might harm alternative crops more than Salix. World market prices for
agricultural crops seem more likely to go down than up. So a contract for Salix can
provide the farmer with a firm cash-flow in situations where conditions otherwise turns
against him. From a theoretical view point, an Salix contract can therefore increase the
value of his production portfolio, even if it is no more profitable than the alternatives. A
production portfolio with diversified risks is more valuable than a one-side portfolio. For
many farmers, it might be this risk reduction, rather than a high profit on Salix, that would
constitute the main incentive to commit some land to Salix.
The largest risk factor in Salix production is probably long-term price development for
alternative fuels. If this is true, fixed price contracts put the largest risk on the district
heating companies. But these are usually well capitalised, and have captive costumers, so
they are able to assume significant risks.
The overwhelming risk for district heating companies is lower than expected energy
prices (including CO2-taxes or CO2-quota prices). In such a scenario, it can become very
costly to be bound by long-term Salix contracts whose price is fixed on the basis of outdated market expectations. On the other hand, there is also an upside to this risk. If the
cost of using other fuels rise, new Salix contracts will become more expensive for the
buyer, as subsidies will go down. So old Salix contracts will help district heating
companies contain their costs. Thus, a moderate amount of Salix contracts could be an
attractive portfolio component for a district heating company. They would help buffer the
volatility of other energy prices, which would probably be appreciated by the end-users,
who are likely to have a preference for price stability.
On the other hand, a large amount of Salix contracts with fixed prices might be quite
dangerous for a district heating company. If other energy prices fall drastically, a large
cost gap could open between district heating costs (inflexible due to old Salix contracts)
and cheaper alternatives available to end-users (gas stoves, electric heating, direct use of
wood fuels, etc.). This could initiate a vicious circle, with falling demand for district
heating, and an upward spiral of prices, as the fixed cost for the grid and the Salix
contracts would need to be put on a falling volume of heat sales.
Can the subsidy level be predicted?
An estimate is made below of the subsidy level required for a long-term contract scheme.
In case of predefined subsidy, such an estimate is essential for the administration. If
auctions are used, it is not strictly necessary to have advance knowledge of the subsidy
level.
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The figures presented below are based on year 2000 cost data for production of Salix and
wheat. (Since then, there has been some cost escalation). This is compared with
economics of based on present prices for alternative bio fuels and the present economics
of growing Salix. Both of these are well known, and the result is fairly reliable, as long as
other factors are not taken into considerations. But the market is quite likely to take into
account other factors, that are more difficult to calculate or predict.
For instance, district heating companies would not base their offers simply on present
prices for alternative bio fuels, but on long-term expectations concerning a broader range
of alternative fuel prices, including CO2-taxes and/or restrictions. How they would judge
such future prices, and how much importance they would attach to their judgement, is
quite difficult to know. But their judgment might strongly affect the long-term prices they
are willing to pay, and thus the subsidies they will require. Additionally, they might (or
might not) be willing to pay something for the portfolio value of Salix contracts, i.e. the
buffering of end-user price volatility mentioned above.
Neither would farmers base their price requirement simply on the present economics of
growing Salix. They would think about wheat prices: Are they going up or down in
coming years? They might think long and hard, before they sacrifice their freedom of land
use to long-term contracts. Or to the contrary, they might value the security provided by
long-term contracts. All such considerations could add or subtract to their economic
demands.
If these reservations are ignored, the price farmers would require for Salix can be
approximately determined by calculating their present income from cereal production, and
adjusting for differences in the costs of growing the two crops. Wheat is a good
comparison for several reasons. In most cases, it is the most profitable alternative to Salix.
The two crops grow well on approximately the same land. Both crops receive the same
subsidies from the EU agricultural policy. Wheat is also a very common crop with a well
known and fairly stable price.
The income from wheat constitutes an opportunity cost for Salix. This terms simply mean,
that the opportunity to grow wheat on a piece of land is lost, when a Salix plantation is
started on the same land. This lost opportunity means a lost income, i.e. a cost. This
opportunity cost must be added to the direct costs of the Salix plantation, i.e. expenses for
the plants, the machinery, the labour, etc. needed to grow Salix.
This comparison of incomes from two crops will obviously not be the same for all
farmers. Assumptions will need to be made concerning the exact land type, the
productivity of the two crops, the investments already made in wheat production, and the
market price of wheat. The profitability of different crops also depends on farm size and
the skills of the individual farmer.
Table 12 shows typical net incomes from a hectare of wheat. Costs for machinery and
labour have been deducted. Hectare subsidies from the EU have not been taken into
account, because they are the today same for wheat and Salix.
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Table 12: Basic opportunity cost. Calculated as net income per hectare from wheat
production, after labour and machine costs, before EU subsidy.
Wheat price (SEK/ton)
800
900
1100
1200
1000
(=approx.
2002 level)
Harvest
(ton/ha)
Opportunity cost (SEK/ha)
5
-2099
-1599
-599
-99
-1099
6
-1883
-1283
-83
517
-683
7
-1668
-968
432
1132
-268
8
-1452
-652
948
1748
148
9
-1236
-336
1464
2364
564
10
-1021
-21
1979
2979
979
Negative numbers in table 12 indicate, that wheat is not really profitable on poor soils.
The farmer would make more money from growing nothing. But wheat is still grown,
even on these soils. There are several reasons for this seemingly irrational behaviour,
including sunk costs for machinery, but first and foremost the fact, that otherwise the
hectare subsidy from the EU would be lost.
Before the numbers in table 12 can be compared with Salix incomes, certain adjustments
are needed. Overhead costs are usually higher for wheat than for Salix, because wheat
requires more activity on the farm. So the opportunity cost should be somewhat reduced.
The reduction done here is 400 SEK/ha. This can be regarded as a typical value, but in
fact overhead costs are very different from farm to farm. On the other hand, a farmer
converting some of his land to Salix will usually face a loss because his present
machinery will be less employed and because there will be other negative scale effects on
the economics of his wheat fields, including a less efficient use of labour. Again, the costs
are very farm specific, but a rough guess might be 1 000 SEK/ha, which should be added
to the opportunity costs. With these modifications, opportunity costs should have a net
increase of 600 SEK/ha. The modified opportunity costs are shown in table 13.
Table 13: Modified opportunity cost. As table 12, but taking into account also
decreased efficiency in use of resources and reduced overhead costs.
Wheat price (SEK/ton)
800
900
1100
1000
(approx.
2002 level)
Harvest
(ton/ha)
Modified opportunity cost (SEK/ha)
5
-1499
-999
1
-499
6
-1283
-683
517
-83
7
-1068
-368
1032
332
8
-852
-52
1548
648
9
-636
264
2064
1164
10
-421
579
2579
1579

1200

501
1117
1732
2348
2964
3579
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The modified opportunity costs shown in table 13 are equivalent to the net income, that
Salix needs to pay, in order to be competitive with wheat. In table 14, this is translated
into a balancing Salix price. Table 14 shows the Salix price required to pay both the actual
expenses of growing Salix and the opportunity cost of not growing wheat. The calculation
is based on 22 years of cash-flows from the Salix plantation, using a discount rate of 6%.
Table 14: Salix price required to balance opportunity costs.
Salix productivity (tons/ha/year, dry weight)
6
8
10
12
14
Modified
opportunity
cost
(SEK/ha)
Balancing price of Salix chips (SEK per MWh)
0
145
126
114
107
101
500
169
144
119
129
112
1000
194
162
144
131
122
1500
218
181
158
143
133
2000
243
199
173
156
143
2500
267
218
188
156
154
3000
292
236
202
180
164

16

97
106
115
125
134
143
152

As evident from table 14, the required price for Salix depends not only on the opportunity
cost, but also quite strongly on the productivity that can be achieved.
A specific assumption about this productivity is the basis for table 15. It is assumed that
the Salix harvest (measured in dry weight) is 50% larger than the wheat harvest (measured
with 14% moisture content). This is an fair approximation of the relation between the
productivity of the two crops on identical lands. Based on this assumption, table 15 shows
how the required price for Salix chips depends on the wheat price and the quality of the
land (measured by the wheat harvest). The table shows, that Salix is more competitive on
inferior soils than on good soils. The circle indicates soils where Salix would be more
profitable than wheat at the present (year 2002) wheat price of some 1.000 SEK/ton and
the present wood chip price of some 120 SEK/MWh.25 26
25

The table is based on agricultural cost data for 2000. So there is a slight temporal inconsistency, when it is
used in a discussion of balancing wheat and chip prices in 2002.

26

In 2001, district heating companies paid an average price of 109 SEK/MWh for chips from the forestry
sector. In 2002 the average price grew to 123 SEK/MWh, while the 4th quarter price reached 129
SEK/MWh. There is a considerable geographical spread in prices. In 2002, the price level was 116 SEK in
southern Sweden, 128 SEK in middle Sweden and 126 SEK in Northern Sweden (Swedish Energy Agency,
2003). The lower price in southern Sweden probably reflects the competition from imported bio fuels, as
harbours in this area provide easy access for imports. So, to provide equal incentive for Salix in all regions,
subsidies would need to be 10% higher in southern Sweden than in middle Sweden. Perhaps even more, as
biological factors also favour cereals somewhat in Southern Sweden. There is a clear tendency towards
concentration of Salix production in regions in Middle Sweden. The subsidy scheme proposed here, with
equal subsidy for all regions, would not work against this unequal implementation.
It is debatable whether the unequal implementation resulting from the proposed subsidy scheme should be
seen as a problem. On one hand, concentration in certain districts can bring a significant number of actors
together in a way that promotes learning and intensifies competition. On the other hand, districts outside
these concentrations will be ill prepared for future large-scale production of Salix, if there is not a certain
minimum of local experience among farmers and advisors, a certain service infrastructure, and if breeding
has not received any feed-back from practical experience in these districts. A hypothesis might be, that the
proposed subsidy scheme would result first in a reinforcement of existing concentrations of experience and
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Table 15: Salix price required to balance opportunity costs,
when a realistic productivity relation is assumed.
Wheat price (SEK/ton)
800
900
1100
1200
1000
(=approx.
2002 level)
profitable at present
Wheat
price of 120 SEK/MWh
harvest
(ton/ha)
Balancing Salix price (SEK/MWh)
5
71
90
129
149
110
6
78
97
136
156
117
7
82
102
141
161
121
8
85
105
145
164
125
9
89
108
147
167
128
10
91
110
150
169
130
The assumptions about productivity relations are very important for determination of the
Salix price required to compete with wheat. If Salix were assumed to be 200% of wheat,
instead of 150%, it would be competitive on all soils at the present level of wheat prices
(1000 SEK/ton), as shown in table 16. Such a level of productivity cannot be achieved
with present varieties of Salix, but breeding efforts might well change the situation.
Table 16: Salix price required to balance opportunity costs,
when a futuristic productivity relation is assumed
Wheat price (SEK/ton)
800
900
1100
1000
(=approx.
2002 level)
Wheat
harvest
(ton/ha)
Balancing Salix price (SEK/MWh)
5
70
85
114
100
6
75
90
119
105
7
79
93
123
108
8
82
96
126
110
9
84
98
128
113
10
85
100
129
115

1200

129
134
138
140
142
144

Going back to table 15, the circle indicates inferior soils where Salix already appears to be
competitive. Taken at face value, table 15 thus indicates that no subsidy is required today.
infrastructure, until a certain barrier is encountered. This barrier could reflect the ability of local district
heating companies to commit to long-term contracts, or it could reflect the number of farmers for whom
Salix appears as an attractive option. Later, after such a barrier is encountered, the subsidy scheme would
promote the development of new concentrations of experience and infrastructure. Such a path of
development could be satisfactory, when compared with the aims of the subsidy scheme. But there would be
a need to watch the process, and perhaps modify the scheme at some point in time, in order to achieve a
good balance between geographical concentration and dissemination.
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But practical experience does not confirm this conjecture. At present, there is very little
activity by farmers to start new Salix plantations. There has even been a tendency in
recent years to abolish existing plantations. This indicates that the required subsidy level
cannot be predicted accurately with this type of calculations.
There are several possible reasons for this failure.
One explanation could be plain conservatism among farmers, in the sense that a very
modest comparative advantage for Salix as indicated by table 15 is insufficient to
motivate a deep change of farm management. A slightly more sophisticated version of this
explanation would be, that the values shown in table 15 are hypothetical for the individual
farmer, whereas his income from wheat is known from experience.
A more substantial explanation might be, that farmers are averse to long-term
commitment of their land. This argument could be stated in psychological terms: Farmers
are used to being masters of their land, and would feel a loss of power if they are bound to
a single crop for many years. But the argument can also be stated in pure economic terms:
The farmer lose his ability to optimise his land use from year to year, depending on
market prices for different crops. This loss of flexibility may be seen by the farmer as an
additional opportunity cost, which has not been taken into account in the calculations
presented above. If the farmer expects wheat prices to rise 10% above the present level,
then Salix is no longer profitable on any type of land. In fact, for Salix to retain the
present competitive position, the price would need to rise some 16-17%. To compete for
the good lands and against really optimistic expectations for wheat prices (1200 SEK/ton),
Salix would need a price approaching 170 SEK/MWh, which is some 40% above today's
price level.
An additional explanation could be cash flow problems. Some farmers may not be
comfortable with the additional out-lays of investment capital needed for Salix and the
irregular harvest incomes. Or they may require a more clear price advantage, before
accepting such financial inconveniences. Between plantation and first harvest, the farmers
will have to accept some years without income. Costs until the first Salix harvest are
around 11 000 SEK/ha, mainly for plantation. This includes machinery and labour, but no
opportunity costs. A comparable amount for wheat, which also binds capital in the growth
period, is 6 000 SEK/ha. So Salix require the availability of an extra capital of around 5
000 SEK/ha, compared to wheat. For fallow, the outlay of capital would have been less
than 1 000 SEK/ha. So against this alternative, Salix requires some 10 000 SEK/ha in
extra capital.
On the other hand, if none of these arguments are important to an individual farmer, table
15 might indicate that even a small subsidy could be driver for a new plantation.
If the main factor keeping farmers from planting Salix is not really the present price, but
the uncertainty inherent in a long-term commitment of land, then it is quite possible, that
the long-term nature of the contracts would by itself be sufficient incentive for farmers.
So the price subsidy required by farmers might be quite modest (even zero). This should
turn the attention to the district heating side. It may really be this side, that needs a certain
subsidy, in order to commit to long-term contracts. Theoretically, such contracts might
appear as an attractive addition to a diversified portfolio of fuel supplies, because they
would provide some protection against price chocks. But as practical business people,
district heating managers may not be happy about such long-term obligations. They might
look bad on the balance sheet or appear to external financiers as a credit risk. If energy
prices turned downwards, long-term contracts might be an embarrassment for managers.
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So there might be a certain conservatism on the district heating side, which subsidies
could help overcome.

11. Conclusion
In the Swedish energy market, the future competitive situation of Salix is uncertain.
On one hand, cost calculations indicate that it can already be profitably on certain soils, if
it can be sold at the present wood chip price of 120 SEK/MWh. Additionally, the stop for
land fill deposit of sewage sludge in 2005 should now provide an opportunity for
improved economics of Salix cropping, as farmers can demand payment for deposit of
sludge on their Salix plantations, while simultaneously saving cost for fertiliser.
On the other hand, this may not be sufficient to increase Salix activity. The 120
SEK/MWh wood chip price represent a sudden jump upwards, that might not be
sustainable. There may still be large options for supply of forest residues and imported bio
fuels at lower prices. Thus, a prudent farmer might want to watch prices for some years,
before committing to Salix. He may want a risk premium for long-term commitment of
land to Salix. The present wood chip prices do not allow for such a premium. Also, many
farmers are sceptical about accepting sewage sludge on land, where they may later want
to resume food production. Sewage treatment plants are equally sceptical about the
farmers, and tend increasingly to opt for incineration of sludge, which they see as a more
secure option.
So, prospects are doubtful concerning any short-term surge in Salix activity, driven by
wood fuel prices or by the stop for sewage sludge deposition.
In the longer term, models of the effects of green certificates also question the role of
Salix. According to such models, the growing demand for bio fuels will be satisfied for
quite a while by cheaper forest residues. Salix would kick in at a certain point, if it was
only competing with forest residues. But around 2015-2020 off-shore wind power is
expected to assume the role of least-cost alternative, and Salix will not be able to compete
against wind power cost. Such projections are highly uncertain however, as renewable
energy appear to be available at roughly the same cost level from all these sources. So
relatively minor changes in future cost expectations may significantly change the
competitive situation, and thereby the optimal social choice of energy sources.
Therefore, it makes good sense for society to ensure a maturation of the potential of all
three renewable energy sources, i.e. wind, forest residues and Salix. This will allow for an
effective three-way competition in the longer term, creating a more flexible and robust
energy system. But this three-way competition will not arrive by itself. While Salix has a
fair chance of being competitive, if it is effectively brought forward to technological and
institutional maturation, it lacks drivers for such a development. This is a serious problem
due to long lead times for the dissemination of this particular technology. Maturation need
to be driven effectively forward now, if Salix shall have a fair chance in the future
competition. The market has little chance of producing this result by itself. There is a need
for political action now, to secure market competition later.
Based on analysis of the factors holding back the maturation of the Salix production
chain, a system of subsidised long-term contracts is proposed as the policy option most
likely to be effective, cost-efficient and practical. The suggested long-term contracts are
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between district-heating companies and farmer, with the state as facilitator through a
subsidy to district-heating companies tied to the amount of Salix contracted. The subsidy
might be fixed by yearly auctions, so that activity is increased as cheaply as possible (for
the state) and at a fairly stable rate (which provides the most secure business conditions
for the companies involved in the first steps of the technology chain, such as breeding of
planting stock).
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STUDY 3: PELLETS MARKET TURBULENCE27

1. Introduction
Uncertainty in the Swedish pellet market
Swedish wood pellet producers have been struggling during the past decade, but despite
various problems, the pellet market has grown. Before the winter of 2001/02, the Swedish
pellet industry faced a falling demand, lack of profitability and overcapacity, just to
mention some of the problems. The cold winter of 2001/02 proved to be a watershed.
Demand finally picked up, but at the same time, the industry faced new challenges,
namely the pellet producers were not prepared for this sudden increase in demand. One
could say that the market was, and still is, experiencing growing pains.
The pellet boom in 2001 raised new questions and problems. The raw material, potentially
abundant in Sweden, was in fact found to be in short supply. Both the price of pellets and
the raw material, which had been relatively stable or falling during the 1990s, suddenly
increased. Furthermore, the demand for pellets increased so rapidly that the pellet
industry, previously troubled by overcapacity and low demand, had trouble producing
enough pellets to satisfy the market. Shortages in pellets and raw material, and the
increasing prices, all contributed to uncertainty in the Swedish pellet market at a time
when demand finally picked up.
Scope of the study
This paper has two purposes. The first is to identify the causes and consequences of the
uncertainty in the Swedish pellet market today. The second is to offer possible remedies.
To be able to fulfil the first purpose, the main factors causing uncertainty in the Swedish
pellet market today must be identified; and fulfilling the second purpose requires a deeper
understanding of the factors leading to this uncertainty
The study starts by providing an overview of the Swedish pellet market and general
information about pellets. It then takes a closer look at the pellet market and issues of
concern in the market, prior to the increase in demand in 2001. The major concern was the
slackened demand, first noticed in 1998, which even fell in 2000. Plausible explanations
will be offered as to the causes of this development. The study then deals with the
increase in demand in 2001 and the issues related to this increase. The sudden increase in
demand led to increasing prices and shortage of pellets. The causes and consequences of
the price increase and supply shortage on the market will be addressed as well as the
increase in demand.
Concerns of market actors were elucidated by interviewing various large-scale pellet
consumers and producers, as well as other relevant organizations. Further information was
obtained from various publications. Individual householders, who constitute a major
group within the small-scale market, were not contacted. Information pertaining to this
group of consumers was mainly provided by Gunilla Åbrandt, at the Swedish Energy
Agency, and Kent Nyström at Svenska Bioenergiföreningen (SVEBIO), but written
material was also used as sources. A complete list of those contacted in the course of this
work is given in Appendix 2. Other sources can be found in the bibliography at the end of
the study.
27
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2. Summary of findings and conclusions
Wood pellets have been in use for some time but were not seriously commercialised until
the mid-1990s. During the past decade, the use of pellets has increased considerably,
mainly among large-scale consumers such as district heating plants and combined heating
and power (CHP) plants.
The fact that Swedish pellets are a domestic product, made from domestically produced
raw material, implies that a growth in demand for pellets will not only be good business
for pellet producers and those who may find work in the pellet plants. An increased
demand for pellets will also have positive effects on related sectors. As more
householders wish to use pellets demand for burners will increase. As demand for pellets
increase, pellet production would increase and lead to a greater demand for raw materials,
and so on. An increase in the demand for pellets is thus likely to have widespread positive
effects on employment as well as on national income. In other words, an increase in pellet
consumption and production is likely to have positive effects on the welfare of the country
as a whole.
Aside from the potentially positive effects of a growth in the pellet industry, pellets have
many qualities that speak in their favour. They have good burning, logistics, storage and
trading properties. They are a relatively cheap fuel and are environmentally friendly.
Despite these factors and the initial continuous increase in the use of pellets during the
1990s, demand started to level off in 1998 and by 2000 it even fell.
The demand for pellets was negatively affected by warmer weather in 2000, but weather
does not provide a satisfactory explanation of the continuous slack in demand observed
since 1998. The main reasons for the slack seem rather to be related to structural problems
in the market. Firstly, it was noticed that the increased demand during the 1990s seemed
largely to have been due to the large-scale consumers’ increased demand. Findings
presented in this paper suggest that the decrease in demand for domestic pellets was
correlated with the large-scale consumers’ increased demand for imported pellets. This
underlines the importance of growth in the small-scale market.
The increased demand for imported pellets may well have been due to the relatively stable
exchange rate at the time, but interviews with two of the major importers indicated that
the domestic supply was also an important factor. Although shortages in supply are not
unusual, often as a result of accidental fires at the pellet plants, most of the studied
companies (large-scale consumers) agreed this was rarely a problem before 2001 because
of the abundant supply of pellets on the market. Nonetheless, sudden shortages will create
uncertainty from the consumers’ point of view since they will have to find alternative
sources. Furthermore, uncertainty in the supply will be a greater problem and cause of
concern if the company is heavily reliant on pellets. Thus, importing pellets, as utilizing a
wide range of fuels, may be a way for large-scale consumers to spread their risks. This
suggests it is important that producers are able to supply what they promise. Technical
advances that will allow a more stable production are therefore required.
Secondly, the small-scale market grew much more slowly than the pellet producers
expected, and this slow growth seems to be the major reason for the considerable
overcapacity of the pellet industry. So why did the demand for pellets not increase in the
small-scale market? Considering that the alternative options for heating, such as oil, was
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more expensive, pellets should have been a popular alternative for both the price and
environmentally conscious consumers.
Two major problems were that few in the small-scale market knew that pellets existed and
that it was, and still is, a difficult and time-consuming project for householders to convert
existing systems to pellets. A householder will often first contact an installation engineer,
who in turn can provide information on the various options available. The lack of
knowledge about and interest in pellets among installation engineers was identified as one
reason why information about pellets did not reach the small-scale market.
The pellet burner industry is still in its youth and consists mainly of small companies.
Once these companies’ order books are full, they are less interested in marketing
themselves further since this would be likely to affect their service to their existing
customers. Coordination problems between the burner manufacturers, installation
engineers and pellet producers, mean that a householder has to make many phone calls in
order to gather information about pellets and the costs involved in converting to pellets.
This shows that pellet producers must take a greater responsibility and become better at
marketing themselves and their product in order to facilitate growth in the small-scale
market.
In 2001, the tables were suddenly turned and as the demand for pellets boomed in the
small-scale sector, pellets became in short supply. Considering that the low demand had
constituted a major problem previously, this may seem to be a fortunate development, but
new problems arose. As the demand for pellets increased, the demand for raw materials
naturally increased. The supply of sawdust, the most common raw material for pellets
was, however limited. Furthermore, the production process does not allow for
considerable increases in pellet production at short notice. This resulted in a shortage of
pellets, and due to the increased demand, the prices of both sawdust and pellets increased
considerably. At this time, pellets and other types of bio-fuel became more sought after,
not only in Sweden but also internationally, which in turn limited the availability of both
domestic and imported pellets.
Major factors that seem to have affected the Swedish demand for pellets were changing
weather conditions, price and tax increases on oil and electricity, and the increasing
experience, knowledge and improved networks in the pellet market. Aided by the higher
prices of oil and electricity and the maturing of the market, a record number of pellet
burners were sold and installed in 2001. Imported pellets were also becoming increasingly
expensive, due to both an increased international demand and the exchange rate. This
meant that large-scale consumers probably became more interested in domestic pellets.
On top of these changes, the winter turned out to be cold in many parts of the country.
Greater amounts of pellets were demanded due to an expansion of the market and an
increased demand for fuel in general.
Weaknesses in the coordination within the market also meant the producers had less
information on which to base their forecasts, and the pellet industry was thus unprepared
for the sudden increase, resulting in an acute shortage of pellets on the market. According
to both the Swedish Association of Pellet Producers (PIR) and Svenska
Bioenergiföreningen (SVEBIO), pellet producers jointly managed to salvage the situation.
Contracts with large-scale consumers were broken and supplies were rationed. In the end,
nobody ended up without any pellets, but the events shook the market.
Pellet producers were having trouble finding sawdust and the increased demand for this
raw material meant that prices increased and the producers faced increased costs. The
main reason for the price increase in pellets is, however, believed to be due to the
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increased demand. Prices are likely to have increased with or without higher costs for raw
material since the previously low demand meant that many producers were having trouble
breaking even. The considerable price increases in mainly oil, but also electricity, meant
that pellet producers were able to significantly increase their prices and still offer the
small-scale market a competitive option.
Higher profitability and the increase in demand make the future of pellets look brighter.
This optimism is reflected in the industry’s plans to increase their production capacity. A
serious problem today is, however, the limited supply of suitable raw material. Sawdust is
the preferred material for pellets intended for household burners, which require high
quality pellets, but the supply of sawdust is limited.
Large-scale consumers are less dependent on quality and could use pellets made from
alternative materials. However, they are also more sensitive to prices. The situation is
further complicated by the fact that alternative materials are more expensive than sawdust.
Pellets made out of alternative materials would therefore be even more expensive. Largescale consumers are thus likely to prefer to burn sawdust directly rather than pellets. The
increased price has already led to some large-scale consumers shifting to other fuels, and
it seems unlikely that they will agree to pay even higher prices. Moreover, recent
developments in the price and supply of pellets have made large-scale consumers more
aware of their vulnerability. Many are therefore actively looking for alternative fuels that
can either replace pellets or provide them with a wider range of options that will allow
them to be more flexible and spread their risks.
For resources to be allocated optimally, the price of alternative materials must be lower
than the price of sawdust. The market may perhaps correct this itself in due time, but since
sawdust is a by-product it may well continue to be relatively cheap. For producers,
investing in pellet plants abroad is one way of getting around the problem of the limited
domestic supply of sawdust. The Baltic States and Russia are seen as interesting
alternatives.
From the consumers’ point of view, the origin of the pellets is of less concern as long as
the supply is stable and the price is right. From the Swedish Government’s point of view,
such a development is likely to be less favourable. Potential jobs will be lost, as well as
income, and the positive effects of the growth in the pellet market will not benefit
Sweden. A possible solution is to provide support, in order to create a greater incentive
for the market to supply alternative materials. Considering that a major problem at the
moment is that prices are too low for the market to be interested in making alternative
materials available, due to the high cost of producing them, temporary fiscal support to
help the market produce alternative materials may offer a solution. A prerequisite for such
support must, however, be that the production of alternative materials can stand on its
own and can compete with other materials such as sawdust once it has had the chance to
grow and mature. Other types of support, in the form of information, education and help
in establishing networks, should not be forgotten.
Subsidizing sawdust directly to correct the prices should be avoided for a number of
reasons. Firstly, this would not solve the current problem of prices not reflecting the
market demand. Once such a support system has been introduced, it would be very
difficult to remove and would only postpone the problems seen today. Secondly, it would
reduce the incentive of pellet producers to become more efficient. Thirdly, it would not
help the market make more alternative raw materials available.
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In the case of the small-scale market, it is still too early to say how it has reacted to the
price increase and shortage of pellets but there is concern that the demand for pellet
burners will fall. Although pellets remain a relatively cheap form of fuel for small-scale
consumers, the increase in the price of pellets has more or less cancelled out the
difference in cost that was created by higher prices and taxes on competing fuels, such as
oil and electricity. Furthermore, electricity prices have fallen recently and it is today
questionable whether the conversion from electricity to pellets provides any economical
advantage. Also, the pellet market is still not well coordinated and information on pellets
is not yet widespread among small-scale consumers. Recent events have created
considerable uncertainty, which is unlikely to be to the advantage of pellet use. The full
effect of the price increase and the shortage of the supply of pellets still remains to be
seen.

3. An overview of the market actors
Figure 1 illustrates the Swedish pellet market actors. It provides a simple overview of the
market and shows how the actors are connected.

Figure 1: The Swedish Pellet Market
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Wood pellets
Pellets are wood fuel and are produced by compressing biomass, most commonly sawdust
and cutter shavings under high-pressure into small cylinders, typically between six and
twelve millimetres in diameter. Pellets are burned to produce energy in pellet burners. The
pellets’ high energy content, low moisture and low ash content, result in good burning,
logistics, storage and trading properties.28
Today there are about 30 pellet producers in Sweden and pellets can be bought directly
from producers or through one of the numerous pellet distributors. The largest producer is
Svensk Brikettenergi, which is responsible for a fifth of the total annual production in the
country. Skellefteå Kraft is another of the larger pellet producers. A large proportion of
the production plants in Sweden is owned by members of the Swedish Association of
Pellet Producers (PIR). PIR comprises twelve member companies, located throughout
Sweden, which own and operate sixteen out of more than twenty production plants in the
country. PIR has been active since the mid-1980s with the main objective of establishing
pellets as an ecological alternative to fossil fuels, and it focuses on issues such as quality
certification and control, standardization, development of distribution, technological
research and development, and information.29
Equipment for small-scale consumers is sold by companies such as Sahlins Eco Tec AB,
NE Naturenergi AB, Scand-Pellet AB and Janfire AB, and their products are available
through various distributors throughout the country. There are today around 25 producers
of household burners on the Swedish market.30 Thirteen of these are members of the
Swedish Heating Boilers and Burners Association (SBBA), which is a national trade
association representing the collective interests of the burner and water heater industry
and trade in Sweden. The association membership embraces not only large but also
medium-sized and small companies. The SBBA was formed in 1964, and is today the
accepted channel for consultation by government departments, national bodies and
customer organizations. It also plays a role in the formulation of international and
Swedish standards. The SBBA is a member of the EBA (European Heating Boilers
Association) and the CEB (European Committee of Burner Manufacturers). The SBBA is
affiliated to the Association of Swedish Engineering Industries, VI, which has some 3,000
member companies with 300,000 employees.
Raw material
The raw material used today to produce pellets is mainly sawdust, but pellets can also be
made from bark, dry chips or similar by-products, forest residues, paper, and waste
wood.31 Burners are sensitive to quality and the material used in pellets to varying
degrees. Large-scale equipment is often less sensitive to quality, i.e. can handle pellets
with a relatively high ash content of perhaps 3 to 4 percent, and some can also be fuelled
with sawdust and chips. Small-scale equipment on the other hand require high-quality
pellets, i.e. pellets with a low ash content, in order to function properly. In effect, this
means that pellets for small-scale consumers’ must be made from pure wood.32 The raw
material for pellets is produced by forestry, at sawmills and in the furniture industry.33
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Consumers
Pellet consumers are generally classified into large- and small-scale consumers. Examples
of large-scale consumers are district heating and combined heat and power (CHP) plants.
CHP plants often use refined biomass such as pellets and briquettes as a substitute for coal
to generate heat and electricity. Examples of large pellet consumers are Birka Energi’s
Hässelby plant outside of Stockholm and Öresundskraft in Helsingborg.34
Small-scale consumers use pellets for heating and within this sector we find households,
apartment blocks, public and commercial buildings, and small district heating systems.
The small-scale market is the fastest growing market today and although the large-scale
market constitutes a major share of the total domestic consumption in Sweden, the smallscale market is strategically important for the long-term profitability of domestic pellet
production.35
Before continuing, it should be pointed out that the small-scale market is sometimes
understood to be households, probably because they are a large and important group of
small-scale consumers. In order to avoid any misunderstanding, it should be noted that for
the purpose of this paper, households are treated as a group within the small-scale sector.

4. The Swedish wood pellet market
Introduction
The Swedish wood pellet market developed after the oil crises in the 1970s and 1980s to
reduce the country’s dependency on oil.36 During the past 20 years, the use of bio-fuel as
a source of energy has doubled. Today, it constitutes for a sixth of the total energy
production of the country. For heating, bio-fuel is now a more common source of energy
than oil. The increased use of bio-fuel has largely been encouraged by government
policies, aimed at decreasing the energy sector’s emissions of carbon dioxide and other
greenhouse gases. Another important aim of the taxes on fossil fuels, e.g. coal, oil, and
natural gas, is to decrease the country’s dependency on imported fuels.37
The main arguments in favour of pellets are that they are a domestic product, Sweden has
a potentially large supply of raw material, they are environmentally friendly, and
relatively inexpensive. The high domestic production capacity and the large potential
supply of domestic raw material favour an increase in pellet production and consumption,
which will have a beneficial effect on for example, national income and employment.38
Furthermore, pellets are a sustainable energy source, burning pellets does not contribute to
the global greenhouse effect as does the combustion of fossil fuels, and they are
inexpensive compared to other fuels, such as oil and electricity.
The price of pellets has been stable and low during the past twenty years. It was believed
that the high domestic production capacity of pellets and the potentially abundant supply
of raw material would ensure continued stable prices and availability since domestic
products are not subject to sudden changes in international prices or supply or exchange
rate fluctuations.39
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The pellet industry
Today, Sweden is the second largest pellet producer in the world after the U.S. and is the
largest consumer of pellets in Europe.40 There are about 30 pellet plants in Sweden, and
the country has an estimated capacity to produce 1,000,000 tons of pellets annually,41
corresponding to around 4.7 TWh.42 The annual pellet production in 1999 amounted to
about 550,000 tons, which means that the industry was only utilizing 55 percent of its
total production capacity, see Table 143
Table 1: Overcapacity in the Swedish Pellet Industry 1999
Sweden

Pellets
(1000s of tons)

%

Total production capacity

1000

100

Annual production

550

55

Overcapacity in the pellet industry

450

45

Source: CADDET Renewable Energy Newsletter, June 2001, p. 4

The capacity utilization seems to have been relatively stable and as late as in early 2001
Sweden was still only utilizing about 50 to 60 percent of its total production capacity.44
The main explanation of this overcapacity in the industry is the slower than expected
growth of the small-scale market.45 According to Nils Erik Westermark at Skellefteå
Kraft, the slow growth was largely due to the low prices of oil and electricity, and the
high cost of pellet burners.46
The total cost for a householder who wishes to use pellets (including installation, burner,
storage facility, etc.) ranges from around SEK 25,000 to 60,000, depending on whether
the existing boiler is convertible or it is necessary to install a new one.47 As Nils Erik
Westermark at Skellefteå Kraft put it, “People feel that SEK 25,000 is too much.” This
resulted in Skellefteå Kraft offering burners in a package deal at a price of SEK 13,750
including VAT and installation.48
Not everyone seems to agree with this view and despite the slow growth in the small-scale
sector, Jarl Mared, president of Svensk Brikettenergi explained, “Investing in a pellet
burner is simply a very good investment for a house owner or an owner of a larger
building.”49 Anders Östergren at the SBBA agrees and as an example, he made a
comparison with heat pumps, which cost around SEK 120,000 to 150,000. Such an
investment is not expected to pay for itself before perhaps seven or eight years.
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The price of pellets was low and constant during the 1980s and 1990s, and the
overcapacity of the industry was blamed for the low prices and profitability. The twentieth
century ended with the year 2000 having the warmest winter in over a hundred years,51
causing the demand for pellets to fall.52 The low price meant it was difficult for producers
to cover their costs,53 and as Torgny Selberg at Bioenergi i Luleå AB, said in a letter to the
press, “Many producers wondered whether continued production would be worthwhile, at
least we did.”54 However, despite criticisms of over-investment, lack of profitability,
inadequate combustion techniques, and lack of venture capital in the pellet industry, the
Swedish pellet market continued to develop and the market grew during the most part of
the 1990s, as existing district heating systems were further developed and new burners
were installed, see Figure 2.55
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Figure 2: Swedish Pellet Producers’ Sales in the Swedish Market 1992-200056

Raw material and pellet prices
The 1990s was characterized by an excess supply of bio-fuel and a falling real price. The
real price of wood fuel fell almost continuously between 1984 and 1994, during which the
price fell by 40 percent. In 1998, Svenska Bioenergiföreningen (SVEBIO) forecasted that
the price of wood fuel would continue to be stable, even if demand were to increase. Their
prediction was based on the fact that Sweden has an abundant supply of wood, half the
country is covered in forest; and the assumption that increased production would lead to
rationalizations since, “in a growing market it would be in the producers’ interest to cut
their costs.”57 Furthermore, despite the low profitability of wood fuel its use had doubled
in the country.58
Even the largest pellet producer in the country seemed to agree that the supply of raw
material for pellets was abundant. As late as in early 2001, Jarl Mared, the president of
Svensk Brikettenergi said, “Unlike oil there is no shortage of wood fuel, which is why the
50
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price of pellets will be stable for many years to come”.59 It is, however, far from clear
how large the supply actually was.
Table 2: Production Capacity and Raw Material in Sweden 1999
Sweden
Available domestic raw material
Total production capacity
Raw material surplus

Pellets
(1000s of tons)
1429
100060
429

Sources: CADDET Swedish National Team (FORMAS), 2001, p. 5; a statement made by
Jarl Mared, president of Svensk Brikettenergi, cited in Bengtsson, S., 2001, p. 24-25; and
an interview with a representative of PIR.

In a 1998, SVEBIO produced a report which stated that the Swedish Federation of Forest
Owners (Skogsägarnas Riksförbund) estimated that it would be economically feasible and
realistic to produce an additional 2 TWh of wood fuel annually for another ten years.61
However, the report did not state that these additional 2 TWh of material would be
exclusively available to, or that it was suitable for, pellet production.
The term wood fuel includes a wide variety of products originating from forests which, by
definition, have not been chemically processed. By-products from logging, such as
branches and twigs, trees cut after thinning forests, and bark are all examples of wood
fuel. By-products from the wood and furniture industry, such as bark, sawdust and
recycled wood, are also examples of wood fuel. Pellets, briquettes and wood powder are
known as refined wood fuels.
Considering that the most common material used in pellets is sawdust and that most pellet
burners are suited for this specific material, the 2 TWh of wood fuel cannot simply be
converted to an additional 2 TWh of pellets. The term wood fuel includes a wide variety
of materials and far from all pellet burners are equipped to handle large variations in
quality. This is especially true for household burners but large-scale consumers have also
experienced problems with their equipment when using pellets containing, for example,
bark.62
Despite the controversy regarding how much raw material actually was available, at the
time, almost everyone seemed to have agreed that the abundant forest and the high pellet
production capacity in the country would ensure pellet availability and price stability.
Even if the most widely used raw material, sawdust, should become scarce, residues from
the forest industry, in the form of branches and treetops, were available for pellet
production. It was recognized that alternative materials would be associated with
59
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additional costs, but that this would not necessarily lead to a higher price of pellets. The
rationale for this was that additional raw material would be demanded as a result of the
need to increase production, thus capacity utilization would also increase, resulting in a
lower marginal cost.64
Figure 3 illustrates the distribution of the total cost involved in pellet production across
raw material, processing and transport. The distribution is valid for pellets for small-scale
consumers. A fall in marginal costs would mean a fall in processing costs. Therefore,
although the cost of the raw material would constitute a greater proportion of the
production cost, the total cost would not necessarily increase
Figure 3: Production Cost of Pellets for Small-Scale Consumers
15%

Rawmaterial
Processing

50%

Transport
35%

Source: Percentages were published in an article by Bengtsson, S., 2001, p. 25

Consumption
The total consumption of pellets in Sweden in 2000 was estimated to be 700,000 tons and
as can be seen in Table 3 a major share of the pellets consumed were Swedish while one
third of was imports.65
Table 3: Swedish Pellet Consumption across Domestic Products and Imports 2000
Sweden

Pellets
(1000s of tons)

%

Domestic pellets

470

67

Imports

230

33

Total pellet consumption

700

100

Note: Due to some variation in estimations regarding the distribution of consumption in the original
sources, figures in the table are mainly intended to give a rough estimate of the distribution.
Sources: Åbrandt, G., 2001, p. 17; Bengtsson, S., 2001; and PIR.
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In 2000, Sweden imported 230,000 tons of pellets,66 and this is equivalent to over 80
percent of the import of “waste wood”. Based on this observation the import of pellets
was estimated for the period 1995 to 2000. Both the estimated level of pellet import and
the consumption of domestic pellets are illustrated in Figure 4.
As Figure 4 shows, the sales of domestic pellets increased steadily until 1998 after which
it stabilized and in 2000 it fell, but import statistics of waste wood, which includes pellets,
indicate that consumption may well have continued to increase throughout the 1990s (see
Appendix 1.4 for exact figures and explanations regarding the estimate of imports). What
the figure indicates is that the demand for pellets was not stagnating but that imported
pellets were preferred to domestic pellets.
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Figure 4: Pellet Consumption across Domestic and Imported Pellets 1995-200067

As can be seen in table 4, a major share of the domestic consumption is attributable to
large-scale consumers. In 2000, large-scale consumers accounted for 79 percent of the
domestic consumption while small-scale consumers accounted for the remaining 21
percent.
Table 4: Swedish Pellet Consumption across Large and Small-Scale Consumers 2000
Sweden

Pellets
(1000s of tons)

%

Large-scale consumers

1000

100

Small-scale consumers

550

55

Total pellets consumption

450

45

Source: Appendix 1.3 C

According to the SBBA the number of households with pellet burners in 2000 was
16,200.68 The households’ combined annual consumption was estimated to just below
100,000 tons of pellets, which constituted 64 percent of the small-scale market in 2000.
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The almost continuous increase in pellet consumption during the 1990s (see Figure 4) was
not evenly distributed between the large- and small-scale consumers. The Swedish Energy
Agency’s report “Renewable Energy Today and in Ten Years”, 69 states the use of biofuel increased from 60 and 92 TWh between 1983 and 1998. Industry and district heating
plants increased their use of bio-fuel by 10 and 20 TWh respectively, while the serviceand housing sector showed no change at all.70 This shows that the increase in the
consumption of pellets during the 1990s was mainly due to an increasing demand among
large-scale consumers.
Based on the estimated level of pellet imports, the market penetration of imported and
domestic pellets is illustrated in Figure 5. The figure clearly shows that if there was no
change in the distribution of the imports, domestic producers were losing market shares
after 1997.
Figure 5: Market Penetration 1995-200071
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The large-scale consumers’ dominating share of the total domestic consumption may help
explain why the consumption of domestic pellets stagnated after 1998 despite there being
no obvious reason. At the time, the price of pellets was still low and the production
capacity was still well above production level. The price statistics available on the
homepage of the Swedish Energy Agency show that the price of pellets is prone to
seasonal fluctuations and tends to vary geographically.72 Despite this, the interviewed
large-scale consumers of pellets agreed that prices were stable.73 A likely explanation for
this could be that because most companies have contracts with pellet producers for pellets,
they are less affected by short-term price fluctuations. Furthermore, although prices
fluctuated, seasonal comparisons show that prices were relatively stable.
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A plausible explanation of the development seen in Figure 4 and 5 is that the large-scale
consumers were increasingly relying on imported pellets, while the small-scale
consumers, who are less likely to import pellets, were not increasing their consumption.
Small-scale consumers are less likely to import, as the transaction costs are too high to
make importation profitable for individual small-scale consumers.
The production overcapacity, the low profitability, the fall in domestic sales of pellets and
the estimated increase in imports, suggest that Swedish pellet producers were having
trouble and, as will be shown, this cannot be blamed on exchange rate fluctuation making
imports cheaper.
Figure 6: The Exchange Rate (SEK/$US) 1995-200074
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Today, a major share of imported pellets originates from the USA and Canada. Annual
averages show that the US dollar appreciated continuously between 1996 and 2001 (see
Appendix 1.7). Despite this Figure 6 shows the US dollar was relatively stable between
1997 and 2000 compared with the whole period shown in the figure. Between 1997 and
2000, import of pellets increased by more than 300 percent (see Appendix 1.4). Although
the relatively stable dollar may well have made imports an attractive option for large-scale
Swedish consumers it does not provide a very good explanation for the very large increase
in imports between 1997 and 2000. As the dollar became increasingly expensive in 2000,
the increase in imports fell to 28 percent but the domestic producers were still loosing
market share, as can be seen in Figure 5.
To be able to assess the situation more accurately, more disaggregated data are necessary
but we can at least conclude that if imported pellets in fact were increasingly replacing
domestic pellets it was not because of a cheaper dollar, i.e. the domestic producers were
not losing competitiveness due to exchange rate fluctuations. In fact, Swedish producers
were gaining competitiveness thanks to a more expensive dollar.
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Uncertain supply – an explanation of imports?
Öresundskraft, in Helsingborg, which consumes 100,000 tons of pellets annually, is one
of the larger importers of pellets today. The company imports most of its pellets from the
USA and Canada. Eighty percent of the pellets are imported and only twenty percent of
their consumption consists of domestic products.75
The main reason given for their decision to import pellets was the limited domestic
supply. Bengt Jönsson at Öresundskraft explained that to secure the long-term supply of
pellets the company has long-term contracts with foreign suppliers, while complementing
their needs with mainly domestic products. Certainly, price also affected their decision
and as Bengt Jönsson at the company said, the high price of the dollar today has made it
less favourable to import pellets.
This indicates that the domestic supply of pellets is an important issue. On the other hand,
Birka Energi in Stockholm, which consumes 300,000 tons of pellets annually, only
imports about a third of its annual consumption. This indicates that the fact that
Öresundskraft is located on the west coast, close to a harbour, may well play a significant
role in its decision to import most of its pellets.
Per Ytterberg at Birka Energi, however, did mention that they suffered shortages in
supply from time to time, and that production stoppages at the pellet plants were not
uncommon. The cause of production stoppages at the pellet plants was usually fires or
some other operational problem. Pellet production involves the process of drying the raw
material in order to remove moisture and this process is subject to the risk of fire, and a
stoppage in the drying process can cause production stoppages.76 Furthermore, an
interview with Nils Erik Westermark at Skellefteå Kraft (a pellet producer) showed that
the company was currently not able to fully utilize its production capacity due to technical
problems. The restriction on the supply due to these sorts of problems is difficult to
estimate and is beyond the scope of his study. It can, however, be noted that such
problems exist, are not uncommon, and cause uncertainty since they directly affect the
supply.
At times, shortages caused by production stoppages at pellet plants have forced Birka
Energi to look elsewhere in order to secure their supply, but as Per Ytterberg also pointed
out, “It never really posed a problem since all one had to do was basically lift the phone in
order to find pellets elsewhere.” Mr. Ytterberg explained that the excess supply of pellets
meant that the company never had to consider other fuel options or think in terms of how
to limit their risk since pellets were always available.
Coordination problems affecting demand in the small-scale sector
The Swedish Energy Agency is the central administrative authority for matters concerning
the supply and use of energy with the main purpose of implementing the energy policy,
set out by the Swedish Parliament in the spring of 1997. The main objective of this policy
is to create an ecologically sustainable and economically viable energy system. If this is to
be possible, the use of bio-fuel is required to increase. As part of the 1997 energy policy,
the Agency initiated the project “Reliable Home Heating using Pellets” in the fall of 2001,
because it was noticed that although several district heating plants in Sweden used pellets,
few households had installed pellet burners.
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The main objective of the project was to make it simpler for households to start using
pellets. The Agency recognized that, although there was considerable interest in pellets
among householders, it was, and still is, difficult for householders to start using pellets
due to the structure of the pellet market. It was found that acquiring the necessary
equipment, its installation and service, functioned well and were generally of a high
standard, separately, but were not coordinated very well, making it difficult and time
consuming for householders to gather all the necessary information.77 The aim of the
project was therefore “to create networks in the [pellet] industry and to disseminate
knowledge about pellets as a fuel for the heating of single-family houses.”78
Although there are regional variations, statistics show that the overall use of pellets
among small-scale consumers is limited. The pellet industry’s failure to market itself to
this sector seems largely to have been due to the complex structure of the market. A
summary of the problems identified in the project now follows.79 First, there is no clear
information on to whom or where householders should turn if they want to know more
about pellets, the equipment (burners, storage facilities, etc), and the cost associated with
using pellets. The hope is that in the future the customer will only need to make one
phone call to find out all he/she needs to start using pellets, as is the case with oil (heating
fuel) today. Secondly, there are still technical problems and safety issues related to the
equipment but it is hoped that product certification will address these problems. Thirdly,
problems have been encountered with the burners due to incorrect installation, and a
proposed solution is the requirement of a license for installation engineers.
5. The sudden increase in demand in 2001
Introduction
In 2001, demand suddenly exploded and it became evident that the prices of pellets and
raw material were not as stable as many had anticipated. Availability also became an issue
as both pellets and raw material were suddenly in short supply.
In this section, we will take a closer look at the sudden increase in demand in 2001 and
the circumstances surrounding this increase in an attempt to understand which factors
affected the demand for pellets at this time. The effect of this increase in demand on the
prices and availability of pellets and raw material is also of interest. Another important
aim of this section is to elucidate the consequences of these sudden price increases and
shortages on the market and its actors.
Increasing demand
During the 1990s, the Swedish bio-fuel market was a buyer’s market, the winters were
mild and there was an abundant supply of bio-fuel. This contributed to the habit of buyers
of acquiring bio-fuel on the spot market rather than through contracts. By 2001, the
weather conditions were back to normal, and the winter of 2001/2002 turned out to be
both cold and snowy in the southern and middle parts of Sweden. In the north the weather
was, however, milder than usual. These weather conditions changed the situation
dramatically. Due to the colder weather and the expanded market, which had grown
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considerably during the 1990s, demand increased considerably. Suddenly, the demand
was greater than the supply.80
Pellets became scarce, stocks ran out, it became difficult to acquire pellets and those
without contracts, i.e. the small-scale consumers, risked being without.81 The situation can
only be described as critical. Just when the pellet industry finally experienced a wellneeded increase in demand, it was having difficulty supplying the market.
The small-scale sector was the fastest growing in 2001 and the increase “took the industry
by surprise.”82 According to PIR, the small-scale sector grew by 96 percent in 2001. The
record high sales of pellet burners to households in turn caused distributors “to grab the
phones to increase their orders of pellets”.83
The SBBA’s estimate of the small-scale sector’s growth was slightly lower than that of
PIR but the increase was nonetheless considerable. Based on the number of pellet burners
installed, SBBA estimated that the small-scale sector increased its total demand by 66
percent, resulting in a total demand of 248,000 tons of pellets by the end of 2001 (see
Appendix 1.3 B and C for exact figures presented by SBBA). The number of households
with pellet burners increased by 12,000 and their annual total demand amounted to
166,000 tons of pellets. This means that the number of households with pellet burners
increased by 74 percent, from 16,200 households to 28,200 between 2000 and 2001.84
The total domestic consumption was estimated by PIR to be about 800,000 tons in 2001.85
In 2000, the total consumption was 700,000 tons (see above, section "consumption"),
which means that the total consumption of pellets increased by 14 percent in 2001. There
is, however, reason to believe that this increase was much greater. The Annual Swedish
pellet production increased by 45 percent in 2001, 86 and reached 750,000 tons.87
According to PIR, about 50,000 of the 750,000 tons were exported, which means that
700,000 tons of Swedish pellets were sold to the domestic market in 2001.
Figure 7: Pellet Consumption across Domestic and Imported Pellets 1995-200188
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In 2000, Sweden imported 230,000 tons of pellets,89 and a comparison shows that this is
equivalent to over 80 percent of the import of “waste wood”. This implies that if there
were no change in this distribution, the import of pellets would have been 295,000 tons in
2001 (see Appendix 1.4). This in turn suggests total domestic consumption was 995,000
tons and that the total consumption increased by 43 percent, 90 rather than 14 percent as
was claimed by PIR.
Although it is difficult to determine whether the import of pellets did actually increase,
since the import statistics are aggregated, one can at least assume that it did not decrease
considering that the demand increased considerably due to the colder weather and more
pellet burners were installed. If the level of imported pellets had been stable, the total
consumption would have been around 930,000 tons,91 which means that the total
consumption increased by 33 percent compared to the previous year.92
Factors affecting demand
Households and district heating plants increased their consumption of pellets more than
any other sector in 2001.93 This means that it was the in the heating market that the
greatest increase in demand for pellets occurred. The colder weather naturally played an
important role but other factors should also be taken into consideration.
Anders Östergren at the SBBA believes the Swedish Energy Agency’s “Reliable Home
Heating using Pellets” project, initiated in the fall of 2001, had a positive effect on
demand. The project’s aim of creating networks in the industry and to spread knowledge
about pellets as a fuel for heating was important because not many people knew about
pellets, according to Gunilla Åbrandt at the Agency.
An explanation of the relatively weak interest in pellets before 2001 may well be that the
pellet burner industry is still young and, as Mr. Östergren said, pellet burners for
households were not seriously commercialised until the mid-1990s. In addition, the pellet
burner industry consists of many small companies, and they have to compete with large,
well-established industries that sell heat pumps and other types of boilers.
Mr. Östergren emphasized the importance of factors such as experience, and the
establishment of networks of qualified distributors who know how to, and are interested
in, selling pellet burners. He believes these factors play a very important role in
explaining the large number of pellet burners installed in 2001. He further pointed out that
during 2001 a record number of boilers were replaced and that this also explains the large
number of pellet burners sold.
Furthermore, the dollar was becoming increasingly expensive and appreciated by 13
percent relative to the Swedish crown between 2000 and 2001. Compared to 1999 the
dollar had appreciated by 25 percent and this meant that imports were likely to have
become a less attractive option (see Appendix 1.7 for exact figures).
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There were also other contributing factors that affected the competitiveness of pellets. In
order to present these factors we will take a closer look at the heating market, where the
greatest increase in demand occurred, and the major competitors to pellets.
The total energy used for heating in 1999 was 92.7 TWh, 43 percent of which was derived
from oil and electricity, and they are major competitors to pellets in the heating market
today. Figures 8 A and B illustrate the distribution of energy sources in the heating
market, as specified by the Swedish Energy Agency, for blocks of flats & commercial
premises (A), and for households (B). Before continuing it should perhaps be pointed out
that blocks of flats & commercial premises and households are small-scale pellet
consumers.
Figure 8: The Distribution of Energy Sources in the Swedish Heating Market 199994

A+B = Total energy consumption: 92.7 TWh
A) Blocks of Flats & Commercial Premises: 51.8 TWh
2%
10%

B) Households: 40.9 TWh

0.2%
6%

23%

16%

31%

71%

District heating 71% (36.8 TWh)
Oil 16% (8.5 TWh)
Electricity 10% (5.4 TWh)
Natual gas 2% (1.1 TWh)

District heating 6% (2.5 TWh)
Oil 31% (12.6 TWh)
Electricity 39% (16.1 TWh)
Biofuels 23% (9.6 TWh)
Natual gas 0.2% (0.1 TWh)
39%

Figure 8 B shows that oil and electricity together made up 70 percent of the household
heating market. A comparison with Figure 8 A shows that the equivalent for blocks of
flats & commercial premises was only 27 percent. Furthermore, households consumed
28.7 TWh of oil and electricity while the corresponding figure for blocks of flats &
commercial premises was 13.5 TWh.
Considering that 1 TWh is equivalent to over 200,000 tons of pellets, the small-scale
pellet market is a potentially very large market for pellets. Today, households constitute a
major share of the small-scale pellet market (see above, section "raw materials and pellet
prices"), and represent the greatest potential market for pellets due to their present
extensive use of oil and electricity. We will thus henceforth direct our attention to this
group when considering the small-scale market.
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In the late 1990s, the price of oil (heating fuel) was relatively low but real price increased
quite dramatically in 2000, by 30 percent, and increased by another 7 percent during the
following year (see Appendix 1.7). This meant that real prices increased by 39 percent in
two years. Moreover, electricity prices, which had been falling for several consecutive
years, suddenly increased in 2001.95
The cost of both oil and electricity also increased due to increasing taxes in 2001. Tax on
carbon dioxide was increased by 40 percent on January 1, 2001, and to ensure that this did
not lead to an increased use of electricity, the tax on electricity was increased at the same
time by 1.8 öre/kWh. Further, tax on oil (heating fuel) increased by 20 percent, from SEK
1801 per cubic meter to SEK 2165.96
As the price of oil and electricity increased, alternative sources of energy became more
attractive. Due to the higher prices and taxes on oil and electricity, conversion from oil or
electricity to pellets presented households with the opportunity to halve their heating cost.
Conversion from oil meant an annual saving of around SEK 11,000 to 13,000, while a
conversion from electricity gave a saving of SEK 4,000 to 8000 (see Appendix 1.8 for
calculations and exact figures).
Today, district heating plants have a 40 percent share of the Swedish heating market. In
2000, bio-fuel represented 48 percent of their total fuel consumption, 97 over half of which
consisted of wood fuel, defined as solid bio-fuel in the figure (see Figure 9). District
heating is expected to increase its market share at around 3 percent annually. The rate of
growth is relatively slow because of the time required to construct the mains.98 This
suggests that sudden increases in the price of competing fuels or energy sources will have
a limited effect on the market share of district heating plants.
Figure 9 also shows that district heating plants already rely on bio-fuels to a great extent.
The increased demand in 2001 for pellets among these consumers was therefore probably
due to the colder weather rather than any significant increase in their market penetration.
However, the increase in the price of oil and electricity, in combination with drastically
increased taxes on fossil fuels, is likely to have created a considerable incentive for
increasing the use of bio-fuels.
CHP plants produce both electricity and heat and the colder weather is likely to have
affected the demand for fuel, as demand for both electricity and heating increase due to
colder weather. Furthermore, as can be seen in Figure 10, CHP plants use substantial
amounts of coal and oil in their production.
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Figure 9: Distribution of Fuel Consumption - District Heating Plants 200099

Note: ”Solid biofuel” = wood fuel

The production of electricity using fossil fuels is, however, exempt from taxation, but the
production of heat is not,100 and as oil prices and the tax on oil and carbon dioxide
emissions increased, pellets and other bio-fuels are likely to have become an increasingly
competitive option for these consumers.
Figure 10: Distribution of Fuel Consumption - CHP plants 2000101

Note: ”Solid biofuel” = wood fuel
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Effects of the sudden increase in demand - the raw material
The greater demand for pellets naturally led to a greater demand for raw material. The
amount of raw material available for pellet production constitutes a major restraint on the
supply of pellets, and according to Håkan Nilsson at Svensk Brikettenergi the limited
supply of raw material is the greatest problem for producers today.
The increased demand for sawdust, the main raw material used in pellet production today,
resulted in higher prices of this raw material. This, in turn, meant that producers were
facing increased costs. According to Mr. Nilsson, the price of sawdust increased by 70
percent, but there was regional variation and Nils Erik Westermark at Skellefteå Kraft,
which is located in the north of Sweden, said that although the price had risen they had
not been as severely affected as their colleagues in the south of Sweden.
Considering Sweden has abundant forests, it may strike as somewhat odd that the supply
of raw material is the issue of greatest concern for the pellet producers. According to Mr.
Nilsson, district heating plants are major competitors for sawdust. He further believes that
their competing demand is the major reason for the increased price of sawdust.
Although pellet producers may consider the higher prices of raw materials to be
problematic, the previously low prices of wood fuels were also a problem. While the low
prices were advantageous for the growth of the wood fuel market, the low profitability in
producing wood fuels caused bottlenecks and contributed to the acute shortage in the
market today.
Sawdust is not produced because of its commercial value but is a by-product, and has at
times been associated with disposal problems.102 The supply of sawdust is relatively
constant in quantity, as increased production in the sawmills and pulp mills, which are
major producers of sawdust, does not result in a greater supply due to rationalization and
increased efficiency. The amount of material available is decreasing rather than
increasing.103 Other industries also compete for sawdust. Chipboard producers are major
consumers, and often have long contracts securing their supply, sawdust is burned directly
by some district heating plants and it is also used for animal bedding.
The low price of sawdust has made it difficult to market alternatives such as forest
residues, which are associated with higher costs. To date, the prices have been too low to
stimulate any significant attempt to make forest residue available to the market. The
option of felling for the purpose of producing bio-fuel is also a possibility, but at the
moment, this is a far too costly option considering today’s prices. In short, the problem is
not that there is not enough material, but rather that the low price has caused bottlenecks.
The problem with more expensive alternative raw materials is that it would lead to higher
prices of pellets and, as Mr. Nilsson said, “You need to find someone who’s willing to
pay for the alternative product [i.e. pellets made from other material than sawdust].” It
was, however, recognized that if the supply of pellets increased through an increase in the
production of pellets using alternative materials it would release the high-quality pellets
made from sawdust to the small-scale market.
When discussing the supply of raw material it must be borne in mind that burners are
sensitive to pellet quality to varying degrees and that not all are equipped to handle any
type of material. Although large-scale equipment is less sensitive than household burners
102
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they can have trouble with pellets depending on the material used. According to Thomas
Hammar at Sydkraft, a large-scale pellet consumer, they experienced problems with their
furnaces when pellets containing bark were used due to the shortage of pellets.104
In order to facilitate an increase in pellet production larger amounts of suitable raw
material must become available. A higher price creates an incentive to make more raw
materials available. In this sense a price increase is a positive development. At the same
time, the pellet producers consider higher prices to be a problem because it affects their
costs, resulting in higher pellet prices. A preferable alternative from the pellet producers’
point of view, as expressed by Mr. Nilsson, is that district heating plants would, for
instance, burn forest residues instead of sawdust.105 This would release the supply of
sawdust for the production of high-quality pellets.
The conflict of interest between pellet producers and district heating plants is obvious
bearing in mind that sawdust is still the cheapest alternative. Furthermore, as Nils Erik
Westermark pointed out, sawdust is a “clean” material and this is another reason why
district heating plants prefer this material to forest residues. The higher price of sawdust
means the future seems brighter, at least for the supply of sawdust and alternative
materials. On the other hand, the preference of district heating plants for sawdust indicates
that the current prices are still not right for optimal resource allocation.
Effects of the sudden increase in demand - the price of pellets
The increased demand for pellets and the higher prices of competing fuels meant that the
price of pellets could increase, as it indeed did. The fact that imported pellets became
more expensive at the same time as the price of domestic pellets rose was also favourable
for domestic pellet producers. The dollar became increasingly expensive and the demand
for pellets and bio-fuel increased in Europe, which meant that there was no longer an
abundance of cheap pellets, domestic or imported.106
The higher price of raw material meant that pellet producers were also facing increased
costs in their production. According to Mr. Nilsson, Svensk Brikettenergi, this was the
main reason for the increased price of pellets, but not the only reason. Previously many
pellet producers faced problems covering their costs, due to low demand and low price.
Considering this it seems probable that once the increase in demand and the price of the
competing fuels allowed it, the price of pellets would increase, with or without an increase
in the cost of pellet production.
The price of pellets for households have increased by around 35 to 40 percent and by even
more for large-scale consumers, according to Mr. Nilsson, and other sources give similar
figures. In a report from June 2002, Ulla-Karin Enbom at the Gävleborg/Dalarna Energy
Office, wrote that pellet distributors in their region had been notified of yet another
increase in the cost price of pellets as of September 1, 2002, by 10 to 13 percent, resulting
in a price increase by 30 to 40 percent since September 2001. She also wrote that, “[W]e
are concerned about the price development in our region… The price increase is worrying
and is creating anxiety among consumers [i.e. households], which is not good at all. We
are now approaching the price of oil, which is devastating for the business.”107 In the case
of large-scale consumers interviews with various companies indicate that new contracts
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are associated with about 40 to 60 percent higher prices (see Appendix 2 for a list of the
companies that were contacted).
According to Mr. Nilsson, Svensk Brikettenergi, the price of sawdust has increased by
about 70 percent during the past year and in their case the cost of the raw material
constitutes somewhere around 55 to 60 percent of the pellet price. If everything else is
assumed to be constant, the price increase in sawdust alone would explain a 40 percent
increase in the price of pellets.108 Thus, at first glance, this may seem to explain the entire
increase in the price of pellets. However, the increased demand is likely to have caused
most producers to increase their degree of capacity utilization, which in turn means that
marginal costs are likely to have fallen. Furthermore, not all producers have been subject
to a 70 percent increase in the cost of the raw material.109 This implies that at least some
portion of the increase has led to an increase in profit (or at least a smaller deficit).
The question is how much the price of pellets can increase before it starts to have negative
effects. Here, other types of fuel enter the equation. Generally, large-scale pellet
consumers have more options than small-scale consumers, including a wider range of biofuels. Considering that alternative fuels are more expensive for households, they are more
likely to accept higher pellet prices, while the same cannot be said about large-scale
consumers. The alternative options for households, oil, and electricity are more expensive
than pellets, while large-scale consumers have cheaper options, such as chips, sawdust,
briquettes, and peat. Small-scale consumers have thus paid about twice as much for their
pellets compared to large-scale consumers (see Appendix 1.8). Before the increase in the
price of pellets, households paid 26-32 öre per kWh,110 while large-scale consumers paid
14-17 öre per kWh.111
In order for householders to feel that an investment is worthwhile they, as any other
investor, must feel they will gain something, and the low cost of pellets is one of the main
arguments used to market this product. The increase in the price of pellets means a
smaller price difference between oil/electricity and pellets. Mr. Nilsson believes that the
higher price will, at least initially, negatively affect the demand of households for pellets,
perhaps for a year or two. The fall in demand is expected to be temporary and only last
until people become accustomed to the new price level. Mr. Nilsson explained that, “It is
important to point out and to remember that a householder can still save up to SEK 2,000
for every cubic meter of oil [that is replaced by pellets]. The price difference is still
considerable.” He also pointed out that the difference in price today between oil and
pellets is the same as it was four years ago. More about the situation of large-scale
consumers and households regarding prices will follow below in the sections about these
consumer categories.
Effects of the sudden increase in demand - the supply of pellets
The demand for pellets increased as the prices of oil and electricity increased, and the
colder weather created a greater demand for fuel. The supply of raw material is limited
and this in turn meant that as the demand for pellets increased, pellets became in short
supply. As Nils Erik Westermark at Skellefteå Kraft explained it, “Contracts for raw
material are negotiated a year in advance and once the raw material has been exhausted
there’s not much one can do.” Furthermore, according to Håkan Nilsson at Svensk
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Brikettenergi, pellet producers generally decide how much to produce during the coming
year in March/April. Considering that production is planned a year ahead, it is perhaps
understandable that the sudden increase in demand took the producers by surprise.
Mr. Nilsson continued to explain that stores of pellets are built up between April and
December. By October/November, the stocks are full and are depleted by next April. Mr.
Nilsson explained that, in effect, the supply cannot be changed at short notice and an
increase in production in the fall for example, will only have a marginal effect.112
However, the SBBA seems to feel that the pellet producers should have been somewhat
better prepared, in part because there has been continuous co-operation and informationsharing between the pellet industry and the pellet burner industry, but also because each
pellet producer should have a fairly good idea of how many households it supplies. This
in turn means they, at least to a certain degree, should have been able to foresee the
increase in demand or, as Anders Östergren at SBBA said, ”They should have had their
own tools for forecasting.”
Mr. Nilsson admits that the situation during the winter of 2001/2002 made it clear that
pellet producers need to become better at planning their production. He said that today
there is greater co-operation between PIR and SBBA and it is hoped that this will make it
possible for pellet producers to gain access to sales statistics and prognoses of future sales
of burners, which in turn would allow pellet producers to estimate the market’s need more
accurately. Skellefteå Kraft was also aware of this co-operation but, as Nils Erik
Westermark put it, “The SBBA is mainly interested in making sure their members are
supplied and SBBA’s figures do not include large-scale consumers… but sure, it helps the
planning.”
According to Mr. Östergren, the SBBA has provided the pellet industry with detailed
forecasts of the market’s estimated demand for 2002, in time for this year’s purchasing of
raw material, and it is hoped that this will assist the producers’ own forecasting. The
SBBA’s prognosis for this year was that they would sell the same amount of household
burners as last year, which means that an additional 12,000 households will be demanding
pellets by the end of 2002.
The future of the pellet industry seems to be brighter with higher prices, increased
demand, and the expected continued increase in demand due to the forecasted sales of
household pellet burners. According to Mr. Nilsson, today many in the pellet industry are
expecting to break even or show a profit. Investments that will increase pellet production
capacity are under way, according to PIR. This further illustrates the optimism within the
industry today. Both Skellefteå Kraft and Svensk Brikettenergi, which are major Swedish
pellet producers, producing around 110,000 and 140,000 tons of pellets respectively, have
confirmed that they are planning to increase their production capacity.
In the case of Svensk Brikettenergi, however, the investment plans will not lead to any
new plants in Sweden. Instead, the company has decided to look abroad for their future
investments. The company already has a plant in Latvia, which today produces pellets for
the Swedish market, but is now planning to open additional plants in other countries. The
company has no plan to invest in new plants in Sweden and, according to Mr. Nilsson,
“One of the reasons is the battle for the raw material.”
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Large-scale consumers
In order to elucidate the experiences of large-scale consumers the following five
companies were contacted: Birka Energi, Mälarenergi, Sandviken Energi, Sydkraft and
Öresundskraft. Their combined consumption in 2001 amounted to approximately 722,000
tons of pellets. If PIR’s estimate of the total consumption is correct (see above, section
"the pellets industry"), the consumption of these five companies’ accounted for 90 percent
of the domestic consumption in 2001. Among the studied companies Birka Energi and
Mälarenergi were by far the largest consumers, consuming 300,000 tons of pellets,
respectively. Öresundskraft is also one of the larger consumers and their annual demand is
100,000 tons of pellets. Sandviken Energi and Sydkraft consumed 18,000 and 4000 tons
of pellets, respectively, and were thus the smallest consumers among the companies
studied.
Sudden increases in prices and shortage of supply will naturally cause uncertainty,
especially when large investments are involved. One way of insuring oneself against such
sudden changes is to buy pellets (and other goods) through contract. In the case of pellets,
a contract guarantees a certain amount of pellets at a given price for a certain period of
time. It can be viewed as a form of insurance against sudden changes and helps companies
to plan their future production and investments.
All pellet consuming companies that were included in this study testified that they had
contracts for pellets. The length of the contracts varied, from seasonal contracts to those
that lasted several years. Furthermore, the companies had been relatively pleased with the
prices up until 2001 and most stated that prices only increased to compensate for inflation.
The companies generally had contracts for the amount of pellets they expected to use, and
in the event of a shortage they bought the necessary extra pellets on the spot market. Birka
Energi also stated that they had contracts that took into account possible variation in
demand due to changing weather conditions. Despite the considerations expressed by
Öresundskraft regarding the supply (see above, section "uncertain supply"), other
companies stated that they had not found it difficult to acquire pellets before 2001.
Before continuing we will take a closer look at what the companies had to say, and as we
will see their concerns and experiences revealed a number of differences. Sydkraft mainly
uses what they call “moist bio-fuel”, i.e. chips, by-products and waste wood, but also uses
4,000 tons of pellets, 22,000 tons of briquettes, oil, liquefied petroleum gas (LPG), natural
gas and limited amounts of coal to produce heat. Although the supply of pellets was
considered a problem, the issue of greatest concern in Sydkraft’s case was the price of
pellets, and according to Mr. Hammar the price had increased by 60 percent in only one
season. The reason for the price increase, as he had understood it, was that the price of the
raw material had increased by 60 percent. The pellet price was perceived as very unstable
and as Mr. Hammar said, “You make your estimates and assessments based on being able
to predict prices. The current instability creates great uncertainty regarding investments.
Well, you forget about it, you just don’t make any [investments]!” He further stated that at
today’s prices their use of pellets would decrease and, as he said, “Pellets compete with
other fuels and we often have alternatives.” Mr. Hammar stated that natural gas was one
option they had considered.
Mälarenergi is one of the largest consumers in the Swedish market, consuming 300,000
tons of both domestic and imported pellets during its first year test run with pellets in
2001. They had been supplied with what was promised, but as their one-year test run
ended, their contracts expired and the company faced 40 to 50 percent higher prices. The
price was too high in the opinion of the company and they chose to use other fuels; and
thus their use of pellets fell significantly. Anders Ericsson declared that, ”Our
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[Mälarenergi’s] consumption today is below 100,000 and we are actively looking for
alternatives… There is no reason to use pellets if they are expensive.”
Birka Energi had contracts spanning over several years, this meant that they were better
insured against the sudden price increase than, for example, Mälarenergi, but the
company was still subject to a 20 percent price increase. According to Per Ytterberg,
“Often the prices you are offered are so incredibly high you can hardly believe it and you
just don’t accept them. So you end up saying, ‘No, thank you’ to a lot of offers.”
The shortage of supply in 2001 had caused problems for the company and in their case
contracts were broken. They did not receive as much pellets as they had been promised
and the reason given for the shortage was that problems in the production process had
resulted in a lower production than expected. According to Mr. Ytterberg, the company
had found imports, if anything, even harder to come by than domestic pellets, and because
of the general shortage throughout the whole market, both domestic and abroad, they had
not been able to replace the shortfall and had been forced to use oil instead.
According to Mr. Ytterberg the price increase and the vulnerability of the pellet market
that became evident in 2001, made it clear that they needed to diversify their fuel options
in order to become more flexible, and to secure both their short- and long-term needs. One
short-term solution for the coming winter has so far been to buy more pellets than
required in order to make sure they have an excess supply, in case a similar situation to
that in 2001 should occur. However, as Mr. Ytterberg said, this is not a sustainable longterm solution since the company is also obliged to take what they have ordered and must
thus be able to store and handle the delivered pellets.
Another issue that Mr. Ytterberg pointed out was that many of their plants are located in
housing areas and that this poses a problem with fuels such as chips and peat. He
concluded that, for areas such as Stockholm, pellets are an ideal fuel and that they are
likely to continue to be a very important fuel source for Birka Energi also in the future.
Göran Panth, at Sandviken Energi, explained that due to long contracts the main issue of
concern had not been the price but the short supply. In the latter part of 2001, they found
themselves in an awkward situation where they needed to increase their use of pellets
considerably at short notice due to construction delays at their new plant that was to use
sawdust and peat, which are normally their main sources of energy. This meant that the
company ended up consuming around 18,000 tons of pellets, compared to their normal
consumption of 10,000 to 12,000 tons, but had wanted considerably more. According to
Mr. Panth, from the company’s point of view the contracts were broken since they claim
that the contracted 12,000 tons was a minimum requirement. In effect, the company was
forced into a last-minute countrywide hunt for pellets, during which it made it very clear
that it wanted pellets, and had been prepared to pay almost any price since the company’s
other options were oil and LPG. Mr. Panth explained the situation as follows, ”But it was
totally impossible! We even searched abroad by contacting some importers but they only
laughed at us.” Instead of pellets, which the company had hoped to use, it was forced to
use the considerably more expensive oil and LPG and as Mr. Panth said, “It caused us
great annoyance that the supply was limited since it cost us a lot of money… sawdust and
peat are a whole lot cheaper.”
Öresundskraft stated, as mentioned earlier, that it had been concerned about the pellet
supply already before the winter of 2001. The fact that two thirds of their production
relies on pellets may perhaps explain their concern. Bengt Jönsson at Öresundskraft, felt
that the larger production in Sweden today is encouraging and that, despite the recent
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turbulence, the market is now more stable. If it is possible to negotiate a contract,
Öresundskraft may well more than double their current consumption of domestic pellets,
but this still means that half of their consumption will be supplied by imports despite a
stronger dollar.
Mr. Jönsson continued: “So far, if you wanted to use bio-fuel there were not that many
options to choose between. Up until now we have mainly used pellets, but we have started
to shift over to briquettes so we can burn those as well.” The shift has meant considerable
investments for the company since major changes were necessary in order to be able to
use briquettes. The investments were seen foremost as a way of spreading their risks and,
as Mr. Jönsson pointed out, briquettes are around 20 percent cheaper than pellets.
As can be seen from the statements above, the situation on the market affected the
companies differently. All, however, declared that they found the shortage of supply and
the unstable price worrying, despite their contracts and their ability to use other fuels. One
factor that was of great importance was the companies’ contracts. The price increase
affected the companies to varying degrees, depending on the length of their contracts.
This in turn affected their reactions and perceptions of the future. Those who were most
affected by the price increase and reacted most, were those who did not have long-term
contracts, and the direct effect was a decrease in their use of pellets. In the case of
Mälarenergi, their consumption of pellets fell by 200,000 tons, which is a considerable
amount by any standard. Sydkraft was also affected by the higher prices and although
their consumption still is unchanged, they were quite clear about the fact that their
consumption would decrease at the current price level. Others, who were more affected by
the short supply, expressed their concern about how to spread the future risk. Both Birka
Energi and Öresundskraft stated that they would spread their risks by using a wider range
of fuels, which would make them less dependent on one type of fuel. How this will affect
their demand for pellets is still unclear at the moment and may well depend on how the
situation in the pellet market develops in the near future. Continued instability in price
and supply will no doubt have negative effects on the demand for pellets.
Furthermore, although Sandviken Energi had also been mainly concerned about the
supply, as in the cases described above, their concerns were to a great extent related to the
delay in the opening of their new plant and the resulting increase in costs due to the
shortage of pellets. Sandviken Energi’s lesser concern, spreading the future risk, can
probably be explained by the fact that their production mainly relies on sawdust and peat,
while both Birka Energi and Öresundskraft rely mainly on pellets.
Of those studied, Sandviken Energi was the only company to state that their demand
exceeded that expected in 2001. This company’s normal annual consumption is around
10,000 to 12,000 tons of pellets. The increased demand in their case was, however, not
due to the colder weather. This seems to indicate that the increased demand for pellets
was in fact attributable to increased interest in pellets from the small-scale market.
Small-scale consumers
Households are much more vulnerable than large-scale consumers. Firstly, they seldom
have contracts for pellets,113 and secondly they are far less flexible and cannot easily
switch to other types of fuel. It is probably safe to assume that most families do not, and
cannot be expected to, have several types of burners and/or boilers installed that would
enable them to use various types of fuel in order to spread their risks. Furthermore,
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household pellet burners require high-quality pellets, and burning chips, sawdust or even
briquettes instead is not possible.
The contracts held by large-scale consumers suggest that as pellets became scarce, they
were the first ones to be supplied. This in turn implies that the small-scale consumers in
comparison are much more vulnerable to sudden shortages or price increases, not only
because they lack contracts but they are also dependent on one type of fuel and are more
dependent on high quality. The pellet industry was aware of this situation and it
supposedly played a significant role in the pellet producers’ decision, or at least claim, to
have prioritised the small-scale sector’s needs over those of the large-scale sector during
the acute shortage in the winter of 2001/2002.
In an article, Kent Nyström at SVEBIO, wrote that the situation in 2001 led to cooperation among producers, in an attempt to make sure that nobody was left in the cold.114
Mr. Nyström was contacted and according to him, the co-operation was initiated by the
PIR and meant that producers helped each other to supply the market and also rationed
their supply to make sure everybody got some but perhaps not as much as they would
have wished. He also said that the pellet producers had been successful and nobody had to
freeze.
According to Mr. Nyström, contracts were broken with large-scale consumers and that
these consumers received less than had been agreed, but as he explained, large-scale
consumers have other options, which the householders do not. He continued saying that
the pellet industry had decided it was better to pay damages to contract holders than to
lose the confidence of the small-scale market. It was obvious that had the small-scale
market ended up with no pellets, this was likely to have led to a considerable amount of
bad publicity.
The pellet producers’ joint attempt to salvage the situation shows that they realized that
the situation was critical and it demonstrates the importance of the small-scale market.
Large-scale consumers were perceived as better equipped to handle a shortage, while such
an event in the small-scale market would have been devastating, both for the consumers
and for the pellet industry. However, as Mr. Westermark at Skellefteå Kraft said, ”Such
co-operation is not unusual and we do it all the time. Of course, we help each other out –
if we can. If someone has an excess supply of pellets, they’ll sell it at the market price to
those producers who have a deficit but at that time [the winter of 2001/2002] there was no
such room to manoeuvre. You take care of your own customers first.” Although this cooperation at first appears to be a drastic measure, Mr. Westermark’s comment put it in a
somewhat more realistic perspective.
Although it is difficult to assess the effects and the success of the co-operation, it is a fact
that contracts were broken with large-scale consumers. It is, however, unclear if these
breeches were deliberate and were directly caused by the alleged co-operation between
the producers. In the case of Sandviken Energi, the formulation of the contract makes it
unclear whether the contract was broken or if it was simply a misunderstanding.
In the case of Birka Energi, contracts were broken but it was blamed on production
stoppages, which after all are not unusual. Per Ytterberg at Birka Energi admitted that
perhaps there was an unusually number of production stoppages that year and said, “one
does wonder where the pellets went, considering all the talk about the growth of the

114
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172
small-scale market”, but in the end he was not aware of the supply problems being the
result of any deliberate action by any producer.
In order to be able to determine the full extent of the pellet producer’s alleged cooperation a more thorough investigation regarding large-scale and small-scale consumers
is necessary. This is, however, beyond the scope of this paper. In the end, there were no
headlines claiming that households were left to freeze, and this does suggest that the
producers, as claimed by both PIR and SVEBIO, were successful in the delivery of
pellets.115
Considering that the small-scale market is an important market, it is understandable that
the pellet industry would not want to loose their confidence and with it the newborn
interest in pellets. The small-scale market is not only important due to its potential size
but also because it offers the producers an opportunity to spread their risks. Small-scale
consumers are likely to be more loyal customers than large-scale consumers, because they
are both less flexible and less prone to turn to imports.
The increase in demand for pellets was correlated with the increase in the price of
competing fuels. As the margins created by the price increases of the competing fuels
diminished due to the recent increases in pellet prices, there is concern that pellets once
again will become a less interesting option. Mr. Östergren agreed that this is of concern
but at the same time says that it does not have to be a significant issue. He explained:
“People invest 120,000 to 150,000 crowns in a heat pump, which will not have paid for
itself for perhaps seven or eight years. Even with the current pellet price a pellet burner
will pay for itself much, much faster. We feel that the pellet industry, in their marketing of
pellets, has perhaps been too focused on the costs of pellets and burners, and the time it
takes for an investment to pay for itself, as these factors certainly do not explain why a
householder will buy a heat pump for 150,000 crowns.”
Statistics for this year’s sales of pellet burners to households (2002) are not available and
it is not possible to say how the household market has actually reacted to the higher price
and the shortage of pellets. SBBA expects to sell pellet burners to 12,000 households this
year, as in they did in 2001, and it will be of great interest to see if their expectations are
realized. If they are, it will support Mr. Östergren’s point that inexperience and lack of
networks have been the major reasons for the sluggish development of the small-scale
market. If they are not, it may well prove that a greater price difference between pellets
and other fuels is crucial for the penetration of this market.
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Appendix 1: Statistics & various estimates

1.1 Sales of Domestic Pellets in Sweden 1992-2000
Year

Pellets (tons)

1992
1993
1994
1995
1996
1997
1998
1999 (1)
2000 (2)

4.762
66.667
85.714
190.476
304.762
400.000
476.190
476.190
466.667

1) The value of sales in 1999 was estimated based on a statement made by Ingvar Fernström, PIR, during the
2002 conferens "Bioenergin mot nya rekordnivåer". According to his statement, demand fell by 2 % in 2000.

2) Total consumption in 2000 was 700,000 tons and one third of this was supplied by imports, according the
Swedish Energy Agency. Domestic supply was thus calculated as 700,000/3*2.
Source:Bengtsson, S., 2001, p.23; the Swedish Energy Agency; Fernström, I., 2002

1.2 Import of Waste Wood 1995-2001
Waste wood: briquettes, pellets, and the like
Year

Quantity (1000s of SEK)

Quantity (tons)

Change (%)

1995
1996
1997
1998
1999
2000
2001

8.965
24.571
29.506
76.930
107.592
158.368
179.667

48.189
70.850
93.805
153.540
222.465
285.642
366.597

47
32
64
45
28
28

Source: Nils Eric Persson, National Board of Trade - Kommerskollegium
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1.3 The Swedish Small-Scale Sector's Annual
Demand for Pellets, 2000 and 2001
Table A: Number of Installed Burners and Consumption by April, 2002

No. of Installed Burners

Consumption (tons)
Annul Demand
Per Installed Burner

Pellet burner < 25 kW
Pellet burner 25-300 kW
Pellet heater

29.000
800
5.000

171.000
67.000
15.000

6
84
3

Total

34.800

253.000

7

Note: During 2001, 12,000 household burners (understood to be burners <25kW ) were installed.
Between January and April 2002, 800 household burners were installed.
Source: Anders Östergren, Swedish Heating, burners & Burners

Table B Estimates of Installed Burners and Consumption by Dec. 31, 2001.

No. of Installed Burners

Consumption (tons)
Estimated Annual Demand

Per Installed Burner

Pellet burner < 25 kW
Others*

28.200
5.800

166.283
82.000

6
14

Total

34.000

248.283

7

* Pellet burners (25-300 kW) and heaters. Due to the lack of information, the same figures as in Table A have
been used. Thus, in reality, fewer pellet burners (25-300 kWh) and heaters are likely to have been installed by
the end of 2001. The estimated level of consumption is therefore likely to be exaggerated.
Source: Anders Östergren, Swedish Heating, burners & Burners

Table C: Estimates of Installed Burners and Consumption by Dec. 31, 2000.

No. of Installed Burners
Pellet burner < 25 kW
Others

1)
3)

16.200
3.800

Total

2)

20.000

1)
2)
3)
4)
5)

4)
5)

Consumption (tons)
Estimated Annual Demand
Per Installed Burner
95.524
53.724

6
14

149.248

7

29'-800-12' Based on statements by Anders Östergren, see note to Table A.
Source: Segerstedt, Skog, No. 8, p. 8 and Åbrandt, Energivärlden, 2001, No. 2, p. 17
20'-16,2'
16,2' * 6
Note: This estimate assumes that the relation between the number of pellet
3,8' * 14
burners (25-300 kWh) and heaters are the same as in 2001.

178

1.4 Estimated Total Consumption 1995-2001
1995
Domestic Pellets
Change (%)
Import of Wast Wood
Import of Pellets*
Change (%)
Total Pellet Consumption
Change (%)

1996

1997

1998

1999

2000

2001

190.476

304.762
60

400.000
31

476.190
19

476.190
0

466.667
-2

700.000
50

48.189
38.802

70.850
57.049
47

93.805
75.532
32

153.540
123.631
64

222.465
179.130
45

285.642
230.000
28

366.597
295.185
28

229.278

361.811
58

475.532
31

599.821
26

655.320
9

696.667
6

995.185
43

* In 2000, 230' tons of pellets were imported. This means pellets made up for 81 % (230'/286' = 0.8052) of the import
of waste wood. This figure, together with the waste wood import statistics, were used to estimate the import of pellets

Based on Appendix 1.1 and 1.2. Estimates of pellet import is based on figures published in Energivärlden No. 2,
2002, p. 17, by Gunilla Åbrandt.

1.5 Market Penetration 1995-2001
Market share (%)

1995

1996

1997

1998

1999

2000

2001

Domestic pellets

83

84

84

79

73

67

70

Imported pellets

17

16

16

21

27

33

30

100

100

100

100

100

100

100

Total

Based on Appendix 1.4
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1.6 Average Annual Prices of Heating Fuel in Sweden
1990-2002

Domestic heating gas oil (actually applied net prices on bulk sales).
Nominal Price

Tax

Nominal Consumer Price

Year

(SEK/m3)

(SEK/m3)

(SEK/m3)

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

2.146
2.131
1.790
2.207
2.004
2.205
2.603
1.759
1.457
1.580
2.606
2.563

1.743
2.108
2.022
2.377
2.400
2.500
2.733
2.619
2.616
2.626
2.903
3.410

3.889
4.239
3.812
4.584
4.404
4.705
5.336
4.378
4.073
4.206
5.509
5.973

Real Price
Inflation (%) (SEK/m3) Change(%)
10,38
9,71
2,53
4,73
2,30
2,78
0,82
0,92
0,37
0,33
1,29
2,62

3.486
3.827
3.715
4.367
4.303
4.574
5.292
4.338
4.058
4.192
5.438
5.817

8,79
-2,64
17,10
-1,41
6,16
15,27
-17,89
-6,39
3,30
29,61
6,88

Sources: The Swedish Petroleum Institute (SPI); Statistics Sweden (SCB)
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1.7 Exchange Rate SEK/$US 1995-2002
Year
Month
1
2
3
4
5
6
7
8
9
10
11
12

1995

1996

1997

1998

1999

2000

2001

2002

7,47
7,39
7,27
7,34
7,29
7,26
7,18
7,23
7,14
6,84
6,60
6,63

6,72
6,88
6,73
6,72
6,80
6,68
6,64
6,62
6,64
6,60
6,62
6,81

7,06
7,40
7,65
7,68
7,67
7,74
7,81
8,00
7,70
7,57
7,56
7,78

8,00
8,08
7,97
7,82
7,69
7,91
7,99
8,13
7,91
7,85
7,99
8,05

7,82
7,95
8,22
8,32
8,44
8,51
8,46
8,26
8,22
8,15
8,34
8,48

8,47
8,65
8,69
8,72
9,09
8,74
8,93
9,27
9,66
9,96
10,08
9,66

9,47
9,74
10,03
10,20
10,33
10,78
10,77
10,33
10,61
10,56
10,60
10,56

10,44
10,56
10,34
10,31
10,05
9,56

Annual average
Change (%)

7,14

6,71
-6

7,64
14

7,95
4

8,26
4

9,16
11

10,33
13

10,21
-1

Source: Sveriges Riksbank
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1.8 Some Useful Figures Regarding Pellets
Table A: Pellets in kWh, m3 and Oil
1 ton of pellets = 4,666.67 kWh
1 ton of pellets = 1.67 m3 of pellets
3.33 m3 of pellets = 1 m3 of oil

(1)
(2)
(see Table C, "Annual Consumption")

Table B: Fuel Prices in SEK, 2001 (households)
Fuel
Pellets
Oil
Electricity

SEK per kWh
0.26-0.32
0.6
0.55-0.77

SEK per Ton

SEK per m3

1,213-1,493
-

728-896
6.000
-

(3)
(3)
(3)

Saving per cubic meter of oil that is replaced by pellets:

(3)

2000: 3,010 - 3,570 SEK
2001: 1,820 - 2,600 SEK *

* Calculations are based on a 40 percent price increase in pellets.

Table C: Cost Comparisons (households)
Annual Saving due to a Conversion to Pellets
Fuel

Annual
Consumption

Pellets
in tons
in m3
in SEK (before a price increase)
in SEK (after a 40% price increase)

6
(3)
10
(3)
7,280-8,960
10,190-12,540

Oil
in m3
in SEK
Electricity
in kWh
in SEK

3
20.000

2001

2002*

-

-

11,040 - 12,720

7,460 - 9,810

3,720 - 7,980

-1,544 - 6,750

(4)

20,000 - 22,000 (4)
11,000 - 16940

* Figures a valid assumng the price of pellets increased by 40 %, compared to 2001.

Sources:
1) CADDET Swedish National Team (FORMAS), p. 5

(1,200,000 tons of pellets = 5.6 TWh)

2) According to Åbrandt, 2001, 6 tons of pellets = 10 m3 of pellets. 1 ton = 10/6 = 1.67 m3
3) Åbrandt, 2001, p. 17
4) Statistics Sweden (SCB)
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Appendix 2: List of interviewed people at various companies & organizations

Large-Scale Pellet Consumers
Birka Energi – Per Ytterberg
Mälarenergi – Anders Ericsson
Sandviken Energi Kraft & Värme AB – Göran Panth
Sydkraft – Thomas Hammar
Öresundskraft – Bengt Jönsson
Pellet Producers and PIR
Skellefteå Kraft – Nils Erik Westermark
Svensk Brikettenergi – Håkan Nilsson
Swedish Association of Pellet Producers (PIR) – Fried Lagergren

Other Organizations
Svenska Bioenergiföreningen (SVEBIO) – Kent Nyström
Svenska Fjärrvärmeföreningen – Lars-Olof Linder
Swedish Energy Agency - Gunilla Åbrandt
Swedish Heating Boilers and Burners Association (SBBA) – Anders Östergren
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Appendix 3: Glossary & abbreviations
Bio-fuel

Defined according to Swedish Standard SS 187106 as a fuel
originating from biomass or peat. The fuel may have been chemically
processed, transformed, or undergone previous usage.

Biomass

Defined according to Swedish Standard SS 187106 as material with a
biological origin which has not, or only to a lower degree, been
chemically processed.

CADDET

Centre for Analysis and Dissemination of Demonstrated Energy
Technologies (CADDET Swedish National Team: see FORMAS)

CHP plant

Combined heat and power plant

FORMAS

The Swedish Research Council for Environment, Agricultural
Sciences and Spatial Planning – Forskningsrådet för miljö, areella
näringar och samhällsbyggnad

Large-scale
consumers
of pellets

District heating and combined heat and power (CHP) plants. Also see
Small-scale consumers.

Pellets

Pellets are produced by compressing biomass e.g. sawdust and cutter
shavings, under high pressure into cylinders, typically between six
and twelve millimetres in diameter, which are burned in specific
burners to produce energy, i.e. heat and electricity.

PIR

The Swedish Association of Pellet Producers – Pelletindustrins
Riksförbund

SBBA

The Swedish Heating Boilers and Burners Association

SEK

Swedish crowns (see Appendix 1.7 for exchange rates 1995-2002)

The Swedish
Energy Agency

Statens Energimyndighet

Small-scale
consumers
of pellets

Households, public and commercial buildings and smaller district of
heating systems. Also see Large-scale consumers.

Wood fuels

A form of bio-fuel. The term includes a wide variety of products
originating from the forest, which by definition have not been
chemically processed. By-products from logging, such as branches
and twigs, trees (which have been cut after thinning forests), and bark
are all examples of wood fuels. By-products in the wood and
furniture industry, such as bark, sawdust and recycled wood, are also
examples of wood fuels. Pellets, briquettes and wood powder (≠
sawdust) are classified as processed wood fuels.

Öre

1 Swedish crown (SEK) = 100 öre (see Appendix 1.7 for exchange
rates 1995-2002)

