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Preface
The work resulting in this report was initiated under the IEA Bioenergy Agreement,
Task XII, Activity: System Studies. The financing of the work was partly by IEA,
partly by the SIMS Department at the Swedish University of Agricultural Sciences.

The scope of the report is to describe and analyse bioenergy activities that are carried
out under market conditions. The reasons for that focus were observations that the
actual performance of bioenergy project deviate substantially from what was assumed
in the pre-planning of the projects, especially in cases when the projects were operating
under competitive market conditions. The difference is due to the flexibility in the
performance activities that are possible to apply in practice in a market, but which
normally is far beyond the imagination of planners at the pre-planning stage.

As most planning models for bioenergy deal with pre-planning of projects, it was felt
that also experience from market performance of bioenergy activities should be
analysed systematically. In practice, the method applied was to draw conclusions out
of case studies. Five markets were identified, two in the USA, two in Sweden, and one
in Austria.

The author, Anders Roos at SIMS, and the members of the IEA Activity XII:4, Robin
L. Graham, Bo Hektor and Christian Rakos hope that the distribution of this report will
contribute to widen the planning paradigms with regard to bioenergy.

Uppsala, June 22 1998
Bo Hektor
Research Leader Bioenergy, SIMS



Contents

1 Introduction 9
1.1 Background and Objective 9
1.2 Theory and Method 10
1.3 Acknowledgement 11

2 Bioenergy technology implementation 13
2.1 Barriers and Drivers 13
2.2 Market Structure 17
2.3 Energy Policy 17

3 The energy sectors in the United States, Sweden and Austria 21
3.1 The Energy Sector in the United States 21
3.2 The Energy Sector in Sweden 31
3.3 The Energy Sector in Austria 40

4 The case studies 47
4.1 Pellets in New Hampshire - 47
4.2 Biomass Power in Maine 55
4.3 Pellets in Goteborg, Sweden 66
4.4 District Heating in Enkoping, Sweden 73
4.5 Biomass District Heating in Austria 77

5 Discussion 81
5.1 Critical Factors to Bioenergy Market Development 81
5.2 The Framework 81
5.3 Application of the Framework in Cases Studies of Existing Bioenergy

Markets 85
5.4 Recommendations 91

Literature 95



Abstract

This report analyses the driving forces of, and barriers to, biomass energy technology
implementation with the objectives of defining the most important factors behind the
growth of bioenergy markets and suggesting strategies for policymakers and investors.
The approach is to describe the important factors for the development of real bio-
energy markets at two levels: (1) Institutional, primarily policy, and (2) market struc-
ture. Concepts from economic theory, primarily transaction cost theory and industrial
organization, are used in a qualitative way. The report is based on literature studies and
field studies of bioenergy markets in three countries: the United States of America,
Austria, and Sweden. It is divided into five sections. After the introduction in section
one, literature with relevance for this study is reviewed in section two. In section three
the energy policy and energy sectors of each country are described. The descriptions
include an overview of the biomass energy sectors. Five cases of developed bioenergy
markets in the three countries are presented in section four. The cases are residential
heating with wood pellets in New Hampshire, United States, biomass power
production in Maine, residential heating with pellets in Sweden, biomass district
heating in Sweden, and biomass district heating in Austria. All markets are described
in terms of the historical development, technical issues, economics, market structure
and local policy influences. In the discussion in section five a number of key factors
behind the success or failure of bioenergy are presented. Six factors are most
important: 1) Complementarities between the bioenergy operations and another
activity (for instance when the bioenergy production uses biomass waste products from
another industry); (2) economies of scale within the bioenergy business through larger
production series, standards, specialization etc.; (3) a competitive bioenergy market
(Many sellers and buyers operate in the market and prices and contracting practices are
allowed to vary) (4) competition from other energy forms, fossil, nuclear, electric (The
features of this competition are also important whether through cost reductions,
quality, the execution of market power, or influence on energy policy); (5) a positive
treatment by the national government that means that a market is created, and a
technological "pull" situation appears, and 6) the attitude from local governments and
local opinion can play an important role by promoting the industry and introducing
regulations and control mechanisms that prevent negative side-effects of the activity.
Analysis of these six factors helps policymakers or investors to make realistic
assumptions about a bioenergy market potential and to make sound investment
decisions for public or private money.
Key words: Bioenergy markets, nontechnical barriers, driving forces, energy policy.



1 Introduction
1.1 Background and Objective
The biomass energy industry has great growth potential. The fuel is often cheap and
abundant; many known and proven bioenergy technologies have been developed; and
the idea of using wood and other biomass for energy is well known to the public at
large. Compared with some fossil energy technologies (e.g. coal) biomass energy
produces small emissions to the air and is almost CO2-neutral. Bioenergy industries
can also bring jobs and economic activity to local communities.

However, bioenergy technologies often have problems establishing themselves the
energy market. Lately an awareness of "nontechnical barriers" to bioenergy
implementation has increased. The issue has been addressed in several workshops,
conferences and projects (for examples see AFB-Nett 1995, Medhurst et al. 1997, and
special sections of the, 7th National Bioenergy Conference in Nashville, Anon. 1996,
and Proceedings from the 9th European Bioenergy Conference in Copenhagen 1996,
Chartier et al. 1996) and a wide spectrum of different nontechnical barriers has been
presented. Studies have also been conducted in order to identify the common features
of successful bioenergy projects (Sanderson et al. 1996, Muehlenfeld et al. 1996).
Important factors for energy investments by energy consumers have been investigated
in a series of papers (Sutherland 1991, Berry 1993, Howarth and Anderson 1993,
Nichols 1994). However, it is hard to find studies that present a structured framework
of different nontechnical barriers for bioenergy market growth and focus on policy and
management implications. There are also few examples of empirical investigations of
the existing bioenergy markets.

A focused and comparative study of existing bioenergy markets could help to identify
the general driving forces and barriers to the deployment of bioenergy technologies.
More of this knowledge would help policymakers, professionals, and investors localize
and, in some instances, remove these nontechnical barriers. It would increase under-
standing of the critical requirements for a bioenergy market to grow and thereby
prevent expensive bioenergy programmes where there is little chance of success. Such
knowledge could guide decision makers in putting money and effort where they are
most productive, be it for resource inventories, market surveys, information collection
or information to consumers. In order to meet all these needs and requirements, the
study should be general in scope covering different aspects of the bioenergy business.
It should also be structured and based on a comprehensive theory of markets and



production. And finally, it should provide a useful tool to analyse different bioenergy
markets.

In order to study the critical factors, drivers and barriers, behind bioenergy market
development, a number of cases of developed bionenergy markets in the United States,
Sweden, and Austria were studied. We have chosen to analyse some bioenergy sectors
that have reached a size that allows examination of both the "triggering factors" and
the barriers to the development of bioenergy markets.

1.2 Theory and Method
Several factors complicate the study of emerging bioenergy industries. Information is
normally asymmetric. There are significant transaction costs for market search,
measurement, and contracting, and the market is far from perfect. This motivates us to
use theoretical models of information economics, transaction cost economics, new
institutional economics, and industrial organization in this study. However, as the
objective is not to be formal and rigorous but rather to contribute to a broader
understanding of the problem area for policymakers and others, the theories are used in
a qualitative way. Formal presentations on these models can be found in economic
textbooks. What we have done is to describe some real bioenergy sectors in different
countries using economic theories to pinpoint some especially critical factors for their
growth and competitiveness. The focus has been to present a consistent and useful
model for decision makers.

Explanations on nontechnical barriers to bioenergy technology implementation
originating from the fields of psychology, sociology, or decision theory are not
frequently used in this work, mainly because they are special aspects of bioenergy
market growth that provide good explanations only to some special aspects of the
issue. It is recognized, though, that in some instances these models can be of great
importance. This is especially the case when peoples' perceptions and basic values
explain their energy choices. However, these questions merit separate and focused
research efforts.

The report is divided into the following sections:

A review of some earlier works that have relevance for this study. This section is
rather a sample than a comprehensive literature review.
A description of the general energy and bioenergy sectors of the three countries, the
United States, Sweden and Austria.
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• Description of case studies.
• Discussion.

1.3 Acknowledgement
The project has been financed by IEA-Bioenergy Agreement.
A special thanks to Robin L. Graham, Christian Rakos, and Bo Hektor who have
followed my work and provided valuable input at various stages. This study could not
have been finished without the help from people in the bioenergy sectors in the three
countries; Eddi Johansson, Norwood H. Keeney, James F. Connors, N. Michael
Voorhies, and many more.
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2 Bioenergy technology implementation

This section gives some short descriptions of earlier works that have inspired this
report. They are structured in three parts dealing with barriers and drivers, market
structure, and energy policy.

2.1 Barriers and Drivers
2.1.1 AFB-Nett
The European Agriculture and Forestry Biomass Network (AFB-Nett 1995) is a
European Union (EU) project under the Altener program with the task of finding
solutions to existing problems for bioenergy in Europe. One part of this task was to
identify barriers to the deployment of bioenergy systems. AFB-Nett presents a large
number of barriers to biomass technology implementation. The most important
barriers are:

• A lack of understanding: Key persons (e.g., creditors, local policymakers, and
investors) often know little about bioenergy and show a low interest in these
technologies. This means that misconceptions about bioenergy systems can prevail
and fair assessments of the technologies' advantages and disadvantages are never
conducted.

• Uncertainty regarding availability of biomass resources: Before a market emerges it
is often hard to predict if sufficient feedstock production will take place. This risk
aspect may often prevent bioenergy market growth at an early stage.

• Risk for fanners: Farmers and other producers of biomass feedstock may, on the
other hand, doubt whether there will be a stable biofuel market in the future.

• Utilities prefer status quo: Utilities often have the responsibility of providing energy
to all inhabitants and industrial facilities in the area for reasonable prices. Therefore
they are often risk-averse and prefer to make long-term contracts for standard
energy technologies.

• Positive externalities are not accounted for: The negative environmental
externalities for fossil technologies are difficult to assess correctly. Therefore such
comparisons are often left out, to the disadvantage of biomass technology.

• Low fossil prices: Low and decreasing fossil prices constitute the fundamental
barrier to the large-scale introduction of biomass energy systems.

• Environmental risks: Some biomass production systems may contain real or
perceived environmental risks
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• Financial and regulatory mechanisms: Institutional factors or regulatory rules may
stop expansion of bioenergy technologies into new markets.

• Inconsistence in policy: Policy instruments are not synchronized.

Many of these barriers are institutional factors that could be removed if the policies
were stable, farsighted, and consistent. According to the AFB-Nett report, however, it
is not possible to prescribe one particular policy measure to remove all these barriers.
Efforts have to be adapted to the situation and stage of development in each country or
region.

2.1.2 International Energy Agency (IEA) Bioenergy Agreement: Tackling the
Non-Technical Barriers to the Production and Use of Bioenergy (IEA
Bioenergy Agreement, 1993)

The objectives of this workshop were to identify the principal non-technical barriers to
the development and implementation of bioenergy and to compare different
approaches to these problems. Furthermore, the aim was to propose a role for the IEA
to tackle these barriers. The types of barriers that were discussed are essentially similar
to those that were identified in the AFB-Nett documentation, lack of knowledge and
understanding at different levels, risk, regulations, inconsistent policies etc.

The IEA workshop participants noted in particular that bioenergy systems generally
include a long chain of stages from the initial growing of the stock to the final energy
customer. There are also long time scales associated with activities necessary to
growing a bioenergy crop, harvesting, and operating a plant. These time lags make this
type of investment extra sensitive to changing policies.

2.1.3 Common elements of successful biomass projects
In Muehlenfeld et al.(1996) the authors identify some common elements of successful
individual biomass operations. The success factors the authors find are:

• Access to Low-Cost Biomass Fuels: The fuels are in some instances produced as by-
products on site. Other operations have large quantities of material accessible from
local forestry and logging operations.

• Continous On-Site Thermal Energy Requirements: The operations are big industries
or institutions with substantial on-site thermal requirements.

• Access to Special Financing Arrangements: Some of the cases that was studied by
the authors could be financed internally and some had a natural special financing
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party. Generally, however, it is hard to find financing by banking institutions for
bioenergy investments.

• Special Circumstances That Precipitate Conversion to Biomass: Very often there are
triggering factors that help the managers decide to invest in bioenergy (e.g., oil
chocks or the introduction of favourable tax treatments, etc.).

• Aggressive Farsighted Management: Biomass investments were often associated
with an active management style.

The paper by Muehlenfeld et al. has an approach similar to that of our report. The
difference is that they have focused on individual bioenergy projects whereas our study
treats the properties of whole bioenergy markets.

2.1.4 Successful Strategies for Biomass Energy Projects
Sanderson et al. (1996) present some practical considerations for successful biomass
energy projects. The factors that the authors find most important for successful
bioenergy implementations correspond to some degree to the list given by
Muehlenfeld et al. The recipe for successful bioenergy projects includes the following
aspects:

• Feedstock Supply: The feedstock supply should be abundant and of low cost.
• Captive Energy Customer: It is an advantage if there is a captive customer for the

heat or steam.
• Equipment Specifications: The equipment should have a proven track record.
• Tax incentives: The tax structure may also influence the technology choice.
• Permitting: Permitting can be time-consuming and applications should be submitted

as early as possible in the planning process.
• Operational Considerations: Trained and qualified personnel should be employed.
• Joint Venture Considerations: Joint ventures may help to satisfy various needs of a

project. This help may include parties representing the feedstock supplier, energy
customer, equipment vendor or operator, or financing and energy trading parties.

As can be seen from the lists by Muehlenfeld et al. and by Sanderson et al., integra-
tion, co-production, and know-how aspects are important success factors for bioenergy
projects.
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2.1.4 Biofuels for Electricity and Heat and Local Bioenergy Projects
Two Swedish studies by Hjalmarsson et al.(1996a, and 1996b) identify the following
principal reasons behind the successful examples of biomass energy in local energy
planning in Sweden:
• A high degree of interest and engagement exists among policymakers and techni-

cians in the energy companies.
• There is a consensus among technicians and policy makers to the goals of escape

from the oil dependence and from its insecure price development.
• Few alternatives to oil, other than biofuel, are available.
• The main players (municipalities, utilities, and industry) manage to coordinate their

efforts.
• There is a local ambition to create employment in the region.
• Energy and environmental taxes on fossil fuels increase competitiveness for bio-

energy.
• Subsidies and credit loans from the state have promoted the change towards more

bioenergy.

However, local environmental planning in Sweden (e.g., Agenda 21 plans) has not had
time to influence local energy policy, including bioenergy efforts. The main con-
clusion in the Swedish reports would be that supportive policies and local policy-
makers and technicians who are positive towards biofuels are crucial to the success of
bioenergy investments.

2.1.5 Biomass Power Industry, Assessment of Key Players and Approaches
for DOE and Industry Interaction

This report, (NREL 1994) contains the assessment and recommendations of a 50-
member review team in 1992,1993 concerning the biomass power industry in the
United States. The team observed that the major share of the power that was supplied
by biomass to the domestic grid came from the forest industry or forestry wood
residues. Some conclusions concerning barriers and opportunities for bioenergy power
were the following:

• Information and education are needed to correct common misconceptions among the
public and decision makers.

• Environmental assessment and valuation should be conducted for biomass energy as
for all the alternative power-generating technologies.

• Measures should be taken to fully implement policies to encourage bioenergy.
Intermediate technologies (e.g., co-firing) should be promoted as well.
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• Co-firing is said to be the best near-term opportunity to increase the use of biomass
fuels among American utilities.

• The availability of low-cost biofuels must be expanded.
• Old biomass power plants should be repowered to the maximum efficiency.
• The international technology market, especially in the developing world, is one

important field for the American bioenergy industry.

The proposals aim at a more positive policy treatment of bioenergy, and towards hori-
zontal and vertical integration of the industry. There are also proposals to focus more
on equipment export efforts.

2.2 Market Structure
2.2.1 Integration and Innovation in the Energy markets
Teece (1979) investigates the economic rationale for integration of the energy industry,
the bioenergy branches not included. He finds out that vertical and horizontal
integration provide several cost advantages for energy industries and that vertical
integration also has a positive effect on R&D performance. He concludes that
integration by an energy enterprise is not only a strategy to maintain hegemony but
rather a means to decrease transaction costs and to pool resources for research and
development.

Although Teece does not discuss the bioenergy sector, a comparison shows that the
bioenergy industries of today are fragmented with several contracting problems at
different levels (e.g., between feedstock producers and plant owners). When the
bioenergy industry grows, however, more integrated dedicated bioenergy technologies
would probably be developed.

One conclusion drawn from the paper by Teece could be that the production
technology of bioenergy and the fact that it has been developed after the fossil energy
systems gives bioenergy a disadvantage on the market.

2.3 Energy Policy
2.3.1 "U.S. energy policy at a crossroads?"
Eikeland (1993) analyses the American energy policy, particularly the policy process,
when the Energy Policy Act of 1992 was elaborated and debated in the House of
Representatives. Eikeland uses four dimensions when he explains the final outcome of
this policy process.
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• The relative bargaining strength of the interest groups: A variety of associations and
interest groups have a vital interest in how the American policy on energy is shaped,
and therefore spend many resources to lobby in Washington DC. Powerful
associations defend the interests of each of the fossil fuel types; others work for the
biomass industry, consumers, utilities, and for environmental issues.

• The institutional framework: Institutions define the framework for how fast, and
how much, policy can change. In the American case, lawmaking is complicated and
gridlocks between the President and the House of Representatives often occur when
controversial legislation is proposed. The political system in the United States
therefore favours the status quo.

• Ideology: Eikeland observes that a strong ideological current in the United States, is
that of non-involvement by the government and that it is for the market to decide
which energy sources should be used. This view was a particularly strong ideolo-
gical belief of the Reagan administration. Nevertheless, the energy sector is still
very regulated in the United States and to a high degree shaped by political
decisions.

• Cognitional changes: Finally Eikeland claims that cognitional changes are important
to the way policy is shaped. One example is the increasing knowledge and aware-
ness about the environmental effects of fossil fuel combustion. Eikeland means that
this new knowledge, and most recently the concern about global climate change, are
influencing peoples' priorities and also energy policy.

Although the model by Eikeland is applied to a specific American situation, i.e. how
the final Energy Policy Act document was designed, it may be relevant to use in other
situations as well. The paper describes how non-technical barriers to bioenergy can be
the outcome of the policy process where powerful interests lobby for policy measures
and allocations according to their agendas.

2.3.2 A Theory of Competition Among Pressure Groups for Political Influence
Becker (1983) uses here a more formalized economic model to present how pressure
groups and taxpayers influence a vote-maximizing policymaker in shaping the tax
schedule and offering favours to specific groups. The outcome of the policy process
would be a structure of taxes, subsidies, and political favours that depends, partly on
the deadweight loss the tax- and subsidy-structure is creating, and partly on the success
of the interest groups influencing policy and repressing free-riding within the group.

The model is general and applicable on any economic sector. However, it shows how
the energy policy process could be described and how it may influence the bioenergy
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sector. For instance, as long as the biomass industry is fragmented and free-riding
between different individuals within the industry is likely, the policy influence of the
biomass industry is low. On the other hand, large homogenous industries, like the
nuclear and oil industries, do have the potential to influence more policies in their
favour because they can punish free-riding and they have a common agenda for
lobbying. With this model in mind, the priority task for the bioenergy organizations
would be to create a more homogenous and united lobby association, such that nobody
in the industry would be allowed or have an interest in remaining outside.

2.3.3 Bioenergy policy: Predictable Problems from the Public Sector
The implementation issue of energy policies in the United States is also discussed in a
paper by by Smith and Montjoy (1996). According to the authors, costs, lobbying, and
fragmentation of bioenergy business could be a part of the answer to why there is no
clear direction to the energy policy concerning renewables in the United States. The
insufficient implementation of the energy policy may have different reasons. It can
depend on a lack of resources accompanying the decision. There may also be
confusion about who is the responsible for the new task, and new conflicts within the
administration may emerge as the new policy measure is being introduced. The
underlying problem, however, is often that the energy policy includes vague mandates
and provides little new funds. The authors also conclude that the interdependency
among the different agencies leads to poor coordination and a competition for funds.

This weakness may be because bioenergy often is connected to other issues (e.g.,
employment, regional development, environmental questions). This may lead to an
inconsistent policy that is partly the result of the low degree of understanding of the
whole situation of the business by policymakers. Subsidies may be granted but with
unnecessary requirements. Some examples are the closed-loop tax reduction in the
United States that fail to support realistic bioenergy projects that do not meet the very
strict requirements, and the support system for biomass district heating in Austria that
favoured farmers as managers/owners over other operators, with no regard for who
would be best suited to run the plant most efficiently.

2.3.4 Government Intervention and Innovation in Industry: A Policy Framework
How do governments stimulate a business to grow? How do they support the success-
ful implementation and commercial use of new tachnologies? The two options are
either to apply "push" intervention in the form of technology creation actions or to
"pull" effects (e.g. by creating a market). The push actions may consist of basic re-
search, R&D programs, sponsoring of demonstration programs, or even the complete
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responsibility of production. Technology pull actions can be deployed by direct pro-
duct intervention through information and persuasion, product performance standards,
or technical product standards. Alternatively, the market may be modified by manda-
tory eco-labeling, selective taxing or government purchases. The two approaches ~
pull or push — may also be used in combination in varying degrees and with variable
funding.

Abernathy and Chakravarthy (1979) compare the experience of the alternative
approaches to promoting new technologies. Their main conclusion is that an indirect
technology "pull" approach (where, first, a market for the new technology is created)
combined with moderate push investment (e.g. financing R&D) generally leads to
successful innovation and implementation of new technologies. On the other extreme,
high-intensity technology push actions have a more high-risk profile with a high
failure rate.

Because many bioenergy technologies are fully developed, the implications of the
study would be that the incremental technology pull method promotes bioenergy
market growth the most. It is important here that the learning process and incremental
improvements and innovations have the time to spread and create the cost-reductions
that are needed. Experiences from the biomass energy markets in the United States
(Maine) and in Sweden demonstrate that there are important sucessive improvements
to achieve.
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3 The energy sectors in the United States,
Sweden and Austria

3.1 The Energy Sector in the United States
3.1.1 Energy supply
The United States consumes the most energy in the world, 85 400 PJ (Total Primary
Energy Supply TPES,1994) and 727 GJ per person and year.

Energy use in the United States since 1994 is shown in Table 1.

Table 1. Energy use in the United States

TPES, PJ 85 400

TPES/population, GJ 327

Electricity use, TWh 3392

Electricity/population, MWh 131)

Source: IEA 1996

The electricity percentage of total fuel consumption is 17.2%.

The contribution of different primary energy sources in the total energy supply for
1973 and 1994 are shown in Table 2.
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Table 2. Primary energy sources in the United States (per cent ofTPES).

1973 1994

38.8

24.1

23.3

8.7

1.1

4.0

100

Fossil fuels still represent the major source of energy supply in the United States; They
accounted for 95% of the total supply in 1973 and still represent 86% in 1994. Oil has,
however, decreased its percentage share in the total energy mix, whereas coal are
increasing. The share of natural gas has decreased slightly. Table 2 also shows that the
United States experienced a relative increase in the use of the nuclear power and
"other" fuels (e.g. renewables) in the 1970s and 1980s.

The TPES in The United States has increased by 29% since 1973, whereas energy use
per capita has remained almost constant. Energy efficiency in the whole energy sector
has increased, which is illustrated by figure 1 below of the consumption figures in
relation to Gross Domestic Product (GDP).

Oil

Gas

Coal

Nuclear

Hydro

Other

Total

Source: ffiA 1996.

47.0

29.9

18.1

1.3

1.3

2.4

100
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Figure 1 Electricity Consumption/GDP and Energy Supply/GDP
Source: BEA/OECD 1996

In the United States, TPES per GDP has decreased by 29% as the production successi-
vely includes more technological knowledge and services. The development of electri-
city use per GDP, however, is increasing, reflecting the fact that many new industrial
processes and activities within the residential sector are becoming electrified.

Much energy is used for transport in The United States, mainly domestic road
transport, as shown in Table 3.

Table 3: Energy consumption 1994, per cent

1973 1995

Industry 38 34

Transport 30 36

Other: Commercial, residential, and non-energy 32 30

Total 100 100

Total Final Consumption (TFC) after transfers and losses.
Source: IEA 1996.

Export and import shares of the different energy types of total TPES are included in
Table 4.
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Table 4. Import/Export percentage of total primary energy supply (TPES*) 1994

Coal 1/9

Crude oil 52/0

Natural gas 13/1

Electricity* 2/0

* For electricity, in relation to total consumption (TFC) after transformation and
losses. Source: IEA 1996

The American dependence on imported oil will continue to grow because of limited
domestic reserves and environmental restrictions. Natural gas has 24% of the total
energy supply in the United States (1994), and its share is projected to increase by
1.6% annually until 2015 as it is regarded as a cheap and clean energy for the future
(EIA 1996a). A considerable part of this quantity will be imported from Canada and
Mexico as the pipeline systems in the three countries are being integrated.

Coal production in the United States was 19800 PJ (1994) and it is mainly used in the
domestic consumption. The reserves are considerable, the present estimate being 258
years of use at today's levels. Most of the coal (83%) is used for the production of
about half of the electricity production of the country.

The hydropower potential in the United States is limited, and projections include only
slight increases because of a shortage of new, large sites and because of restrictions
against further development.

Nuclear power accounted for more than 20% of total U.S. power in the beginning of
the 1990s. At the end of 1992 there were 111 reactors with a total capacity of 99 GW.
The number of reactors has thereafter decreased slightly and no new orders for nuclear
plants have been signed since 1978. In the forecasts by the Energy Information
Administration (EIA), 40 per cent of the Nation's current nuclear generation capacity
will reach the end of their 40-year operating lives by 2015 and most of the retirements
of nuclear plants are expected to occur between 2010 and 2015 (EIA, 1996a).

In 1994 renewable energy accounted for 7 per cent of total energy consumption in the
US (IEA/OECD 1996). The renewable energy contribution by source are seen in Table
5.
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Table 5. Renewable energy contribution by source 1994

Electricity
produced

(GWh)

Heat (TJ)

Hydroelectric power

Geothermal Energy

Biomass (not wastes)

Wastes

Solar Energy

Wind Energy

Total renewable energy

262768

17479

45129

17839

784

3791

347790

629478

2365300

405673

2823

2997575

Source: (IEA, 1996)

Hydroelectric and biomass constitute 93% of the total renewable contribution in the
United States. Hydroelectric power constitutes the bulk (77%) of the renewable
electricity quantity, and biomass (wood and wastes) contributes with only 18%. The
waste-to-energy industry grew rapidly during the late 1980s and early 1990s.
Geothermal electricity generating plants operate in California, Nevada, Utah, and
Hawaii. Although geothermal energy is a minor energy source, it is growing at a 2.2 %
annualized rate. Wind energy increased 50% from 1990 to 1994 as a result of techno-
logical improvements and cost reductions. Photovoltaics has also become cheaper over
the years and 85 utilities in the United States were testing grid-connected photovoltaic
systems in 1995.

3.1.2 The biomass energy sector
Bioenergy accounts for 63% of the renewable total in the TPES and 3.2% of the whole
energy supply (IEA 1996). Electricity generation from biomass increased by 7% per
year from 1990 to 1994. The biomass fuel consists of 79% wood, 17% wastes, and 3%
alcoholic fuels. The consumption of the different bioenergy sources in the United
States are presented in the Table 6.
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103

103

567

47

2280

12

103

3009

Table 6. Biomass energy consumption in the United States by sector 1994 (PJ)

Wood Waste Ethanol Total

Residential 567

Commercial 47

Industrial 1765 515

Electric utility 12

Transport

Total 2391 515

Source: EIA, 1995.

Table 6 shows that the industrial sector accounts for two quarters of the total biomass
energy consumption. This consumption consists of both in-house wood consumption
in the forest industries and power production by independent power producers.

The geographical distribution of this consumption follows forest industry location,
which explains why over 60% of wood energy consumption occurred in the south.

In 1994, 567 PJ of wood energy was used in the residential sector. This activity
increased after the first oil crisis in 1973 but has since then been decreasing as people
are leaving wood heating for more convenient alternatives.

Pellets manufactured from finely ground wood fibre is a growing biomass niche in the
residential sector. Pellet stoves benefit from good combustion efficiency and emission
characteristics in comparison with ordinary woodstoves. Estimated wood fuel sales are
presently 600 000 tons per year. Approximately 350 000 pellet stoves have been sold
in the United States (Pickering 1996). Presently the expansion is levelling off in the
west and is instead expanding in the east around the Great Lakes and in New England.

Many woody and herbaceous crops for energy use have been identified and tested in
the United States during the latest 10 to 15 years. The tests have shown that Short
Rotation Woody Crops (SRWC) can yield 2 to 5 times the normal production of
natural forest stands and conifer pulpwood plantations (Wright 1994). Even though the
costs in dedicated SRWC plantations of today are excessively high, production is
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feasible and may become economical when the production costs are shared with a
higher valued use (e.g. wood production for pulp and paper industries).

Municipal solid waste (MSW) is an important energy source that mainly has an
organic origin. It includes total waste excluding industrial waste, agricultural waste,
and sewage sludge. In October 1995, 116 Waste to Energy (WTE) facilities operated
in the United States with a total capacity of more than 100 thousand tons per day. In
the late 1980s the industry grew rapidly as a result of increasing concerns over
landfilling as a safe disposal method, rising tipping fees, Public Utility Regulatory
Policies Act (PURPA), and soon-to-expire investment tax credits. During the early
1990s, however, the WTE industry encountered more difficulties. Several states and
the Environmental Protection Agency (EPA) promoted recycling rather than
combustion, and flow control legislation by several states came under review by the
U.S. Supreme Court.

Ethanol is consumed in a fuel blend with gasoline. It allows a more complete
combustion of the gasoline which limits the risk of carbon monoxide pollution.
Ethanol receives a reduction of the Federal motor fuel excise tax rate.

The most serious barrier to further expansion of biomass energy in the United States is
the cost. Biomass cannot be competitive with homogenous and energy-rich energy
carriers like oil and natural gas. New technologies for gas and oil exploration are
depressing their prices, and power production in combined-cycle power plants fuelled
by gas represents an important technological advantage for this fuel compared with
biomass. Biofuels are bulky, which automatically makes them sensitive to storage and
transportation costs. They are furthermore diverse, variable and site-specific. Bio-
energy therefore has less potential for the economies of scale that normally emerge in a
large market through technical standards and as large production reduces unit-costs.
Both the technological characteristics and the market structure will, therefore, result in
relatively high capital costs for bioenergy systems. However, few alternative uses of
biofuel will keep the prices on the feedstock low. Biofuels can therefore be
competitive in specific energy sectors, such as in the forest industry or as heating
systems for rural households.

3.1.3 Policy
An example of early legislation that influenced the energy sector was the Public Utility
Holding Company Act 1935 (PUHCA, Public Law 74-333) regulating power supply
and utility rules. The PUHCA gave the Securities and Exchange Commission (SEC)
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the authority to break up trusts, and to limit the operation of utilities in many states.
Because of the PUHCA law utilities not only have franchise rights of distribution but
also an obligation to serve an area with gas and electricity.

The oil embargo of 1973 - 74, which caused an inflation in the economy, also triggered
the adoption of permanent mechanisms for developing and implementing a national
energy policy in the United States. The general objectives of the new laws were to
develop renewable and domestic energy sources and to reduce dependency on foreign
oil.

The Public Utility Regulatory Policies Act of 1979 (PURPA, PL 95-617) had the aim
of encouraging the efficient use of fossil fuels in electric production through
cogeneration, and of helping to increase the use of renewables among small power
producers. The new legislation opened a window for independent power producers and
for renewables. The power producers had to meet certain ownership, operating, and
efficiency criteria etsblished by the Federal Energy Regulatory Commission (FERC),
an independent organisation within the Department of Energy (DOE) responsible for
certain regulatory functions in relation to electricity, natural gas, and, to a lesser extent,
oil. The PURPA actually required that the utilities purchased power from any facility
meeting the criteria for a Qualifying Facility (QF). Furthermore, it required that the
price of the power should be the utility's own incremental, or avoided, cost of
production. This meant that Congress ensured the QFs a guaranteed market for their
power at a price equal to the avoided cost. These prices were the first in most states to
be decided administratively. But in 1984, the Maine Public Service Commission
became the first Public Utility Commission (PUC) to put competitive bidding into
practice. PURPA allowed a certain degree of competition in the power market, and
nonutility power production in the United States increased from 3% in 1985 to 9% in
1991.

Other important laws for the bioenergy business include the National Energy Act of
1978, which materialized the authorities' increased concern with the energy sector, the
National Energy Conservation policy Act (PL 95-619), the Powerplant and Industrial
Fuel Use Act (PL 95-620), and the National Gas policy Act (PL 95-621).

Public spending on bioenergy reached a maximum during the late 1970s. With the new
Reagan administration in 1980, the focus was changed towards a more market-oriented
approach which meant that new technologies had to prove their advantages in an open
market. Federal price and allocation controls on oil were also eliminated. The staff at
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the DOE working with renewables was reduced from 217 to 132 employed and the
DOE's R&D funding on renewables decreased by 91% between 1979 and 1990. The
general view in the administration was also more in favour of fossil and nuclear power.

In general, the Reagan administration reduced policy involvement dramatically. No
important energy policy declarations or policy goals were presented and spendings
were cut. The Tax Reform Act of 1986 also reduced the financial incentives for
investments in municipal solid waste energy plants.

In 1992, however, comprehensive new energy legislation was introduced with the
Energy Policy Act (EPACT, PL102-486). The act covers many different aspects of the
energy sector, but the major objectives are to reduce oil imports by about 4.7 million
bbl/d and total energy demand by more than 7% by 2010. Important components of the
new legislation include tax credits for renewables and waste energy:
• Tax credits and support for research development and demonstration (RD&D) and

commercialization of biomass energy systems
• Tax incentives for ethanol-gasoline blenders
• Tax credits for closed-loop biomass facilities
• Extended subsidies for non-waste biomass power generation to utilities and coope-

ratives
• Extended fuel tax credit qualifying period for biomass gasification facilities
• A five-year program for government, private-enterprise commercialization of renew-

able energy projects.

Maybe the most important change that occurred with the Energy Policy Act is that it
initiated the deregulation of electricity markets in the United States. Production of
electricity is now becoming less regulated and production for the wholesale market
will become more competitive as the individual states begin the transition. The FERC
will possess more authority to compel utilities to admit wheeling of wholesale power.
For the moment, the process of restructuring the power markets is under way in the
individual states, and the difficult issues are consideration of a utility's so-called
"stranded costs," how misuse of a utily's market power should be prevented, and also
how policies towards renewable technologies should be designed under the new
institutional framework.

There are big differences in energy policy between the states in the United States.
Individual states can apply laws differently or introduce their own support schemes for
biomass energy. On the state level, several tax incentives and subsidies for biomass
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and other renewable energy investments can include income tax credits, alternative
fuels vehicle deductions, tax-exempt financing for biomass projects, etc.

The examples above of energy policy measures do not cover the whole spectrum of
institutional aspects on the bioenergy sector. The DOE also mentions a number of
other programs that could help the growth of biomass technologies: Information and
education, external environmental valuation promotion of co-firing partnerships with
the industry, and repowering.

Other types of legislation that directly or indirectly influence energy projects include
forestry policies, land use and agricultural policies, utility regulation, and air emission
policy.

The environmental question is becoming more highlighted in policy-making. The most
important policy measure for the environmental effects of energy production is the
Clean Air Act Amendments of 1990. Its goal is to reduce sulfur dioxide (SO2) emis-
sions from electric generating units, and the controlling agency is the Environment
Protection Agency (EPA). The bill introduced allowances for emissions that can be
traded in the private market. The Acid Rain Program sets targets for future emissions
of SOX and NOX by the year 2000 compared with 1980 of 50% and 30%. The program
contains incentives for utilities to adopt efficiency measures. EPA also provides
support and advice to utilities, state public utility commissions, and others on pollution
prevention, energy efficiency, and renewable energy.

On 19 October 1993 President Clinton signed the Climate Change Action Plan. The
United States and over 160 other states negotiated the Kyoto Protocol about green-
house gas reductions on December 11 1997.

3.1.4 The policy process
Within the federal government, lead responsibility for energy policy rests with the
Secretary for Energy. Energy policies are administered through the Department of
Energy (DOE). The Federal Energy Regulatory Commission (FERC) is an indepen-
dent organisation within the DOE responsible for the regulation of the electricity,
natural gas, and oil markets. The Nuclear Regulatory Commission (NRC) is respon-
sible for licensing nuclear power plants. Other departments with responsibilities for
energy matters are the Department of State for international energy matters; the
Department of the Interior which controls exploration of mineral resources on federal
land and on the Outer Continental Shelf; the Department of Justice which monitors the
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energy industries regarding anti-trust laws and finally the Environmental Protection
Agency which sets environmental standards for the energy industries. Agencies and
sub-agencies that are involved in bioenergy are also National Renewable Energy
Laboratory (NREL), Oak Ridge National Laboratory (ORNL), the U.S. Department of
Agriculture (USDA), the National Resource Conservation Service (NRCS), and the
Tennessee Valley Authority (TVA).

Energy policy is also shaped by the different interest groups, energy producers, utili-
ties, consumers, environmental organizations. The biomass energy industry - although
fragmented - is organized in different associations. The National Independent Energy
Producers (NIEP) represent many bioenergy members but their main goal is to protect
all the independent non-utility power producers' interests against the utilities during
the deregulation process. The Biomass Energy Alliance is "a broadbased coalition of
industry, utilities, agriculture, and environmental groups." It cooperates with other or-
ganisations like the National Resources Defense Council and the Union of Concerned
Scientists. The National BioEnergy Industries Association includes members from the
bioenergy industry, equipment developers, consultants, and other players in the
bioenergy sector. Another potential supporter of the bioenergy industry is the
American farmer. On the other hand, there are important local interests supporting the
coal industry in the mining states of the South and the Midwest. Traditionally, and
considering their contributions to the nation's economy, the energy lobbies for coal,
oil, gas, and nuclear power are very powerful. The oil and gas companies are often
integrated and coordinate to protect the fossil fuels' interest when regulations are
debated and they oppose increased use of alternatives in vehicles and environmental
restrictions against oil and gas exploitation.

Environmental issues have important representatives in American society (e.g., the
Sierra Club and the Audubon Society). These organisations often support renewable
energy, including bioenergy. Although their financial power is rather limited in
comparison to that of the fossil fuel industries, they have a large membership base, that
helps them have an impact.

3.2 The Energy Sector in Sweden
3.2.1 The energy sector
In total figures, Swedish energy consumption, 2106 PJ (TPES 1994), is only 2.5% of
the American total. Per person the Swedish figure is 239 GJ in 1994.

Energy use in Sweden since 1994 is shown in Table 7.
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Table 7. Energy use in Sweden

TPES,PJ 2106

TPES/population, GJ 239

Electricity use, TWh 3 452

Electricity/population, MWh 16.2

The average Swede actually consumes more electricity than the average American,
16.2 MWh, compared with 13.2 MWh in the United States (IEA 1996). Electricity
accounts for a higher percentage of total fuel consumption in Sweden, 31% compared
to 17.2% in the United States. This circumstance is the result of a traditionally cheap
hydropower resource in Sweden and, since the 1970s, a fast expansion of low-price
nuclear power for heating purposes. Between 1970 and 1985 electricity use for heating
increased fivefold.

The contribution in Sweden of different primary energy sources in the total energy
supply for 1973 and 1994 can be seen in Table 8.

Table 8. Primary energy sources in Sweden (per cent ofTPES).

1973 1994

Oil 72.3 31.7

Gas 0 1.3

Coal 4.1 5.5

Nuclear 1.4 38.2

Hydro • 13.1 10.2

Other 9.0 13.2

Total 100 100

In contrast to the trend for electricity, the fossil proportion in Swedish energy con-
sumption has decreased over the years, from 76% in 1973 to 38% in 1994. Fossil fuels
have been replaced by nuclear power and renewables whereas hydro has decreased its
share.
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Because of poor environmental performance and tight environmental and climate
policies in Sweden, the importance of coal in the energy system is low and it will pro-
bably continue to be so in the future.

Since 1979 oil consumption has been almost halved in Sweden. Most of the decline
has taken place in the use of oil for heating. The change is partly the result of energy
efficiency measures and NOX and SOx restrictions. At the same time gasoline con-
sumption has increased by about 15%. The transport sector consumes one-half of the
oil while industry and other sectors use the other half. Most of the oil comes from the
North Sea and has a low sulfur content.

Natural gas accounts for 1.3% of the TPES in Sweden. The network of gas pipelines is
restricted to the south and southwest of Sweden, including the big cities of Malmo and
Goteborg. Industry consumes 35% of the natural gas imports while Combined Heat
and Power (CHP) plants use 44%. Natural gas is seen as a potential competitor to
biofuels in power and CHP production.

Electricity consumption and TPES per GDP is shown in Figure 2.

Figure 2 Electricity Consumption/GDP and Energy Supply/GDP
Source: ffiA/OECD 1996

From Figure 2 it can be seen that the electricity consumption/GDP has increased by
38% between 1971 and 1994 while total energy production/GDP has been stable. Total
energy use per capita has increased 27% in Sweden. The distribution of the energy
consumption from 1973 to 1995 in the different sectors is illustrated in Table 9.
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Table 9. Energy consumption 1994, per cent

Industry

Transport

Other: Commercial, residential and non-energy

Total

1973

45

15

40

100

1995

40

22

38

100

Sweden does not have fossil resources of its own — almost all is imported. Electricity
foreign trade is low, partly depending on the regulated European electricity market.
The main exchange of electricity takes place between Sweden, Norway, and Finland.

Twelve nuclear units are in operation at four different sites built between 1972 and
1985. Total installed nuclear capacity in Sweden amounts to 10GW, and nuclear
power contributes now about 50% of the electric production (in 1994, 70TWh), the
other half is mainly provided by hydropower. This means that fossil fuels are rarely
used for electricity production in Sweden.

As a result of an agreement between the Social Democratic, Centre, and Left parties in
February 1997, the two reactors in Barseback are planned to be phased out before
2001. The agreement also includes that the continued transformation of the Swedish
energy system, away from nuclear power towards more renewables, especially
biomass.

In 1994 renewable energy accounted for 23 per cent of total energy consumption in
Sweden. The distribution of the renewable quantity is described in Table 10.
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59 039

2 240

90

6

72

61447

260 910

15 042

22

13 273

289 250

Table 10. Renewable energy contribution by source 1994

Electricityproduced (GWh) Heat (TJ)

Hydroelectric power

Biomass (not wastes)

Wastes

Solar Energy

Wind Energy

Heat pumps

Total Renewable Energy

Source: Energy Balances of the OECD Countries 1993-1994, EIA, Paris.

Renewable sources in Sweden are in principle hydropower, biomass energy for the
forest industry, biomass use for district heating and, finally, fuelwood for residential
heating. There are small solar, wind, and liquid fuel consumption components and no
geothermal energy is produced in Sweden.

Despite the high energy intensity in Sweden, emissions are low compared with
countries with a similar GDP and level of industrial development. Serious acidification
problems have motivated the country to reduce its emissions of SO2 by 80% since
1980. Nitrogen emissions, which are mainly caused by traffic, are still high in the
country. However only 10% of Sweden's sulphur and nitrogen precipitation originate
from sources within the country.

The Swedish emissions of CO2 have been reduced by 23% between 1970 and the
1990s, mainly because of the development of nuclear power, but also because of the
increased use of biofuels. Parliament approved a Climate Bill in 1993 that includes a
target of stabilising CO2 emissions from fossil fuels at 1990 levels by 2000, with the
aim of reducing them thereafter.

3.2.2 The biomass energy sector
In Sweden the biomass energy sector accounts for 56% of the renewable total in the
TPES and 13% of the whole energy supply (IEA 1996). An overview of energy
consumption in Sweden indicates that biofuels provide 284 PJ of energy. Digester
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liquors remaining after chemical processing provides 108 PJ of energy. The cellulose
industry also uses other wood by-products in internal production of heat and energy,
amounting to 30.6 PJ in 1994, and sawmills use an additional 26.6 PJ of wood energy
biomass. The recorded total consumption of biomass in electricity or combined heat
and power production is small in Sweden: only 2.4 TWh in 1995. However, these
recorded values are misleading as they emanate from values submitted in tax
declarations. As fossil fuel use for electricity generation is tax free, fossil fuels tend to
be allocated to electricity generation. Most of this fossil fuel use took place in
combined heat and power (CHP) plants in the forest industry although the electricity
production in district heating has increased from 0.3 TWh in 1992 to 1.0 TWh in 1995.

The district heating sector is a very important biomass consumer in Sweden. Because
of administrative classification, district heating plants pay taxes for fossil but not for
biofuels. This rule and a high potential for forest fuels in Sweden explains why this
sector is an important biofuels consumer. Although biofuels consumption has
increased for a long time, the policies regulating the district heating sector have been
volatile, and fuel use has shifted from oil to coal, peat, electricity, and in the latest five
years to biomass. Municipal solid waste has been used for district heating since 1970
with a current heat production around 14 PJ.

The residential sector uses 43 PJ of wood energy for heating single-family houses,
predominantly in the rural areas. The pellet industry represent a new wood heating
system in Sweden.

Presently about 17 thousand hectares in Sweden are planted with willows for fuel
production. The production is taking place on set-aside land and has been promoted by
special subsidies and agricultural policy measures. However, its role in the whole
Swedish energy balance is still small.

The import flow of biofuels involves mainly wood residues and demolition wood from
continental Europe (the Baltic states, Germany, and the Netherlands). This trade is
supported both by deposition fees in the case of Germany and by the fact that fossil,
but not biomass, energy is taxed in Sweden. The annual import amounts to 800
thousand cubic meters, which corresponds to 7% of the heating plants' total biofuel
consumption.

The estimates of potential biomass resources in Sweden also vary considerably. In
Hektor et al. (1995) the total potential of wood fuel amounts to 468 PJ of energy per
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year, an increase compared with the 1995 quantity of 324 PJ. The greatest potential is
the volume of unused logging residues, amounting to 202 - 259 PJ.

As the biomass industry emerged in Sweden, there was resistence by the forest
industry to allowing this market to grow as a result of a fear of increased competition
for wood. Another obstacle for the growth of the business was the fact that wood fuels
were aimed at a completely new market for the forest industry - the energy market.
The forest sector lacked knowledge about this market and the idea of fuel production
had not influenced forestry thinking since world war II.

Today this picture is changing. The harvesting and trading of forest biofuels is
nowadays managed by the forest industry, and the trading organizations for forest fuels
normally belong to the timber trade organizations of the forest companies and the
forest owners' associations. In this way the new flows can use the existing field
organization and infrastructure that serves the timber trade and a high degree of
integration exists between the forest sector and the new bioenergy industry.

Heating plants are normally natural monopolies owned by municipal utilities. Some
restructuring is now taking place in this sector as a result of the deregulation of the
power market, and big power companies have bought some district heating companies
in order to control existing or potential co-production capacity. Although the local
markets are different in different parts of Sweden, little is known about the impact of
geographical monopolies or monopsonies on the biofuels market, nor about positive
network effects and economies of scale as the market grows and technology improve.

3.2.3 Policy
The first energy policy was issued in 1975 and focused on support to reduce energy
consumption. Biomass energy was at this time not of significant weight in the general
energy picture except for forest fuels, which were already consumed in the forest
industry and in the residential sector. A further expansion was not considered likely
because the general view was that wood fuels were in short supply. Some support for
biomass energy was however provided as one possible way to diversify the national
energy mix.

In 1981 increased subsidies were introduced for the commercialization of technologies
that could reduce the oil dependency. Very firm actions were also implemented to
switch from oil import to other fuels. The Fastbranslelagen, ("Solid fuels Act," SFS
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1981:599) compelled the owner of a new energy plant to design the boiler for solid
fuels e.g., coal, peat, or biofuels.

Energy policy in Sweden has to an increasing degree used taxes to shape the energy
system. It is mainly fossils fuels that have been taxed and the most radical increase
concerned coal in the 1990s. Coal was almost untaxed in 1983 and is now taxed with
about 0.071 ECU /MJ. Tax percentages on other fossil fuels have also increased during
the late 1980s and early 1990s - while world market prices for these fuels have
followed an opposite direction. Industrial energy consumer pays a considerably lower
tax on energy than do other categories in order to maintain industry's international
competitiveness in the world market. Biofuels are untaxed in the Swedish system
which gives them an advantage compared to fossils.

In order to promote biofuels for electricity production an investment support program
was introduced in 1991 (SFS 1992:1099). This incentive will help to increase the
biomass percentage in co-production of heat and electricity.

One regulation that directly influences biofuel use is the advice and regulations about
the removal of forest residues for energy purposes (SKSFS 1986:1). The text
prescribes when and where it is possible to extract forest biomass and which soils and
forest types should be left out of such activities.

Other laws that may have influenced biomass energy investments in the 1980s were
the laws and regulations on waste streams and siting laws. In the early 1970s the
search for domestic alternatives to fossil fuels (e.g., forest fuels) happened
simultaneously with a strong expansion of the forest industry sector. In 1975 an
amendment (SFS 1975:1321) was added stating that the siting approval of an
installation also could consider the supply situation of wood fibre. The underlying
reason was concern that an excess demand for wood fibre would damage the forest
industry sector. The paragraph remained until 1987 when it was replaced by the Wood
Fibre Act (SFS 1987:589). On the first of July 1993 the Wood Fibre Act was removed.
Different restrictions on the siting of fossil installations, however, improve the
conditions for biomass plants in comparison to their competitors. The Building Act
(SFS 147:385) includes regulations about the authorities' approval of big building
projects (Hillring 1996).

Swedish energy research has been performed under different research programs. The
total amount for energy research occupies 5.5% of the country's total R&D-budget.

38



Different demonstration projects have also been implemented, especially in the early
1980s. Some examples of these research incentives are the Project and Demonstration
Support (SFS 1980:1085, SFS 1982:1230), Energy Technology Fund (SFA: 1988:805),
the Oil Substitution Fund (SFS 1980:1085, SFS 1982:1230).

3.2.4 The policy process
The energy sector in Sweden is much influenced by government intervention. The
dominating official objective of the energy policy has been to create an efficient and
secure energy supply. Since the 1980s, the issue has been to achieve environmental
goals, and at the same time consider the needs of the energy-consuming industries.
Energy policies, especially the nuclear power issue, have been often debated in the
parliament and by political parties since the 1980s.

Sweden can be characterized as a country with a high degree of coordination between
the political and industrial spheres. In the energy sector this has been shown by joint
ownership of energy enterprises by private and public sectors. Energy policies in
Sweden have been developed by the central government usually on the basis of
consensus between the major parties. The main policies and programmes are approved
by the Parliament. Responsibility rests with the Minister of Industry and Commerce
but the Minister of Environment is often also mvolved. The Swedish National Energy
Administration (established in 1998 former NUTEK) is concerend with R&D and
energy policy implementation issues.

The history of Swedish policy implementation is from subsidies to taxes. Historically
the energy sector was dominated by monopolies, and this fact may have caused early
energy policies to include mainy aspects of planning and regulations. Today the price
system and market mechanisms are used to a greater extent. There is furthermore a
greater willingness to use taxes to promote renewables in the energy system than in the
United States. The advantage with taxes is that they are easy to administer and that
they have environmental rationales.

The biomass energy association SVEBIO is the main organization for the business.
Many biomass energy producers furthermore belong to other organizations, e.g. forest
industries' and district heating associations. There are also organizations for specific
bioenergy interests.

The Swedish environmental debate is animated by several powerful environmental
organizations - Swedish Association for Natural Conservation, Greenpeace, and the
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World Wildlife Fund. Their claims are reflected in increasingly tighter restrictions on
air emissions.

3.3 The Energy Sector in Austria
3.3.1 The energy sector
Austrian energy use is less intensive than that of the United States and Sweden, both in
total figures and per person. Energy use in Austria is shown in Table 11.

Table 11. Energy use in Austria

TPES, PJ 1 089

TPES/population, GJ 138

Electricity use, TWh 52

Electricity/population, MWh 5.9

The contribution of different primary energy sources in the total energy supply in 1973
and 1994 can be seen in the Table 12.

Table 12. Primary energy sources in Austria (per cent of TPES).

1973 1994

Oil 56.0 43.2

Gas 15.2 22.0

Coal 18.1 11.3

Nuclear 0 0

Hydro 7.4 11.6

Other 3.3 11.9

Total 100 100

Natural gas, hydro, and renewables have increased during the period while oil and coal
have reduced their shares of the TPES. Total energy use has increased steadily in
Austria between 1971 and 1994.

40



The energy intensity is also illustrated by Figure 3 showing the energy figures in
relation to GDP.

Figure 3 Electricity Consumption/GDP and Energy Supply/GDP
Source: IEA/OECD 1996

Energy use per GDP output is decreasing, as in most other industrial countries, as
production successively includes more technological knowledge and services. In
Austria TPES per GDP has decreased from 1973 to 1994 by 27%, while electricity
consumption intensily is slowly increasing.

The distribution of energy consumption from 1973 to 1995, after transfers and losses
(Total Final Consumption, TFC), on the different sectors is illustrated in the Table 13.

Table 13. Energy consumption inAustria!994, per cent

Industry

Transport

Other: Commercial, residential and non-energy

Total

1973

41

22

37

100

1995

32

26

42

100

Industry use in Austria is decreasing as a result of the closure of energy-consuming
units. In Austria, as in the United States and Sweden, transport has increased its
relative share most over the 22 years.
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The export and import shares of the different energy types of total TPES are presented
in Table 14.

Table 14. Import/Export percentage of total primary energy supply (TPES) 1994

Coal 84/0

Crude oil 88/0

Natural gas 73/0

Electricity* 18/20
* In relation to total consumption (TFC) after transformation and losses.

Austria imports about two-thirds of its energy needs. There is a domestic production
for most energy carriers: coal, oil, natural gas, hydro, and biomass. The domestic
hydropower production is considerable amounting to about 36 TWh. Austrian energy
export is marginal including primarily some hydropower export to neighbouring
countries. Major import fuels are oil, coal, and natural gas.

The Austrian state owns all the rights to the oil in the ground. Licenses can however be
granted to private enterprises for exploration and production. OMV Aktiengesellschaft,
which is owned by the state to 70%, holds 80% of the country's oil production. The
bulk of the Austrian oil (about 90%) is, however, imported. Exploration and develop-
ment of Austrian oil is declining and OMV is restructuring and privatizing its opera-
tions.

The domestic production of natural gas is expected to decline. OMV is responsible for
most indigenous production and imports, and it owns and operates the principal trans-
mission lines and most storage facilities. Local distribution is conducted by utilities
owned by the individual Lander1. Most import quantities today come from Russia and
a smaller volume is imported from the Norwegian Troll fields. The natural gas industry
displays a structure similar to that of the oil sector when it comes to exploration and
production. Gas use is now increasing in Austria since the system of pipelines are
expanding in Europe, connecting the large continental market with the big existing
sources in the North Sea, Russia, and Northern Africa. The gas distribution system in

1 Austria has nine Bundeslander each with their own government and far-
reaching rights to form their own policies.
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Austria is currently being built and promoted by the gas industry for increased gas
consumption.

Brown coal is extracted from three mines in Austria and the industry is presently
receiving financial support. Production is, however, declining and by the year 2000
only one mine is expected to still be in operation. The electricity sector in Austria is
controlled by the Osterrichische Elektrizitatswirtschafts AG (National Company),
partially privatized in 1988. The hydropower stations, providing 65 to 70% of total
electricity production are operated by Sondergesellschaften, Landergesellschaften and
by private and municipal utilities. There is a small external trade of electricity, both
export and import. The energy produced is distributed to the nine regional utilities,
Austrian Railways, and to some large industrial customers and there is also a small
internal consumption.

Many towns have district heating systems. The plants, operated by electric utilities,
produce both heat and power for the grid. The district heating companies are owned by
municipalities, oil companies, and private investors. Prices and production are regu-
lated by the state and by the individual Lander governments.

The distribution of the renewable quantity is shown in Table 15.

Table 15. Renewable energy contribution in Austria by source 1994

Hydroelectric power

Biomass (not wastes)

Wastes

Heat pumps

Total Renewable Energy

Electricity produced
(GWh)

35 706

201

1284

37 191

Heat (TJ)

124 691

5111

2 515

132 320

Source: Energy Balances of the OECD Countries 1993-1994, El A, Paris.

The aim of Austrian energy policy is to increase the share of domestic renewables in
energy production. Renewables supply 27% of the country's total energy consumption
making Austria together with Sweden and Finland the top countries in Europe in their
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renewable shares. The corresponding figure for the EU15 is only 5%. During the latest
years, renewable energy sources have grown in importance and are now dominating
domestic Austrian energy production. The percentage of biomass in the TPES has
increased from 3.3% in 1973 to 11% in 1992 and 12 % in 1995. The biggest increase
has been recorded for the use of firewood for residential heating, but industrial wastes
and wood waste also constitute important energy sources.

Standards exist for emissions from power plants of SO2, NOX, and particulate matter as
well as the most dangerous air pollutants. However, over 90% of the SO2 deposition in
Austria originates from outside the country and pollution-reducing programmes in the
Czech Republic, Slovakia, Hungary, Poland, and Slovenia, are therefore being funded
partly by the Austrian government. Programs are also being implemented to reduce the
emissions of ozone and volatile organic compounds (VOC).

Austria has signed the Framework Convention on Climate Change and the Kyoto
protocol. A target has also been set to reduce the CO2 emissions to 8% below 1990
levels by by 20% of 1988 levels in 2012.

3.3.2 The biomass energy sector
Subsidies are used by the federal government and by the Lander to support the
increased use of biomass for energy production. Investments in biomass district
heating and biogas facilities are subsidised and other programmes have regional
objectives to provide additional incomes in less favoured agricultural areas.

The District Heating Promotion programme, sponsored by the federal government and
the Lander, has supported almost 1000 projects of renewable-based district-heating
projects fueled with biomass, waste, geothermal energy, or industrial waste heat. Since
the early 1980s there has been spectacular growth in the number of small district
heating plants in Austria.

The composition of the different biomass energy sources in 1994 are shown in Table
16.
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Table 16. Biomass energy in Austria 1994

Wood 99%

Waste 1%

Alcoholic fuels 0

Total 100%

Biomass constitutes 12% of the total Austrian energy consumption. Austria has large
supplies of wood for bioenergy as 46% of the country's total area is forested. Wood,
wood chips, and sawdust are used for heating and also in power and district heating
plants. The third important use of biomass is within the pulp and paper industry where
black liquour is combusted and used in industry processes. In total, a substantial share
of Austrian timber is used as fuelwood. About 25% of the annual cut is used as
fuel wood while the other 75% goes to the forest industry. Woodfuel is mainly used in
the industrial sector (18%), the agricultural sector, including farming households
(35%) and ordinary households (47%). Wood and wood waste is heating 19% of the
homes in Austria. Other biomass energy sources are biogas, straw and rape-seed
methylester.

3.3.3 Policy
The nine Lander have significant responsibilities and opportunities in the design of
local energy policies. At the national level the Ministry of Economic Affairs has the
responsibility for energy matters at close contacts with other concerned departments at
times. Most energy industries are owned by Federal and Lander governments and by
municipal authorities.

The Austrian energy policy is defined in the 1993 Energy Report. The goals are to
provide a stable energy supply and to consider environmental and social concerns. The
prescribed means include energy conservation, reducing oil consumption and imports,
increasing the use of renewables, reducing government intervention, and increasing the
use of market forces. In Austria the Dwelling Improvement Act and the Housing
Promotion Act promote bioenergy heating.

Subsidies are offered to biomass district heating plants from both from federal
government and the Lander governments. Economic incentives are also directed to
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smaller wood-fired furnaces for heating and to enterprises that will invest in biomass
systems.

The government acknowledges the positive effects of biomass energy: That it is a
domestic energy source, that it contributes less to global climate change than fossil
fuels, and that it provides employment and economic benefits to local communities.
Therefore the government intends to support bioenergy by administrative and econo-
mic incentives. Most Lander also implement their own schemes for promotion of
biomass energy. In many cities the local utility that runs the district heating facility is
owned by the municipality. The municipalities also design local energy plans where
environmental concerns often are very important.

Austrian research about biomass energy is mainly conducted with short-term applica-
bility. Interest is focused on direct combustion technologies and small- and medium-
scale applications. Non-technical questions are also investigated. Considerable advan-
ces have been achieved with this research, primarily in the areas of combustion techno-
logy and the reduction of emissions.
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4 The case studies
4.1 Pellets in New Hampshire
4.1.1 Starting point
New Hampshire is a small state. It covers only 24,200 square kilometres and has 1.1
million inhabitants. The capital Concord has 37 thousand inhabitants. The state econo-
my consists of mainly small enterprises in the electronic industry and in the production
of paper, plastic, rubber, and metal. Forestry and tourism are also part of the economy
of the state.

The biggest energy consumers in New Hampshire are within the transportation sector
(31.3%) whereas 29.1% is consumed in the residential sector, 22.6% in the industrial
sector, and 17% in the commercial sector. In New Hampshire primary energy use
increased by 30% between 1980 and 1993. Electricity increased the most while
petroleum, coal, and natural gas are increasing more moderately.

People in the state are aware that New Hampshire is very dependent on oil and the
general perception is that New England is at the "end of the pipeline," and that
increases in oil prices could have strong negative effects in the state. The risk of real
oil shortages over the winter are sometimes expressed. The background is the oil crisis
in 1979 and 1980 when the price boomed from $ 0.50 per gallon to almost $ 1.30 a
gallon. A short peak in the oil price was also noted during the Kuwait crisis in 1990,
when the price quickly reached $ 1.50 from $ 0.80 a gallon. Despite these peaks and
the slight price increase that normally happens in the beginning of each winter, the real
retail price of heating oil has actually been decreasing since the early 1980s. The most
frequently used heating fuel is oil. It has 56% of the market, less households use
natural gas, propane, wood, or electric heating according to the New Hamspshire
Energy Data and Wood Heating survey of the Governor's office (figure 4).

The annual residential wood heat survey of New Hampshire shows that 9.5% of the
households used wood as their primary heating fuel during the 1995/1996 heating
season. An additional 15.6% used wood as a secondary heating source. The total sum
of households in New Hampshire using wood would then amount to about 112
thousand, mostly in single-family dwellings. However, the potential for increased
wood-fuel use is much larger because 38% of those who said they normally did not use
wood to heat their homes had access to a wood burning appliance if they needed it.
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Electric heating

Wood
10%

7%

Propane
10%

Natural gas
13%

Figure 4 Heating methods in New Hampshire
Source: New Hampshire energy survey

The use of wood as a primary source for heating is slowly decreasing in the state
because wood-handling takes too much time and that it is inconvenient. The increasing
heating methods are natural gas and oil, because of decreasing oil and gas prices and
convenience. Over 50% of the families who use wood purchase their fuelwood, 26%
cut their own wood, and the remainder combine purchased and personally cut wood.
For water heating electricity becomes more important, 39% used electricity for this
purpose in 1994/1995, whereas 34% used oil. Electricity for cooking was used by 75%
of the households. Almost half of the wood burners (44.7%) said that they had heard of
wood pellet stoves.

A comparison of heating fuel prices show that electricity is the most expensive of the
heating alternatives (in 1995), 3.35 ECU per GJ. Propane costed 1.34 ECU and oil and
wood were the cheapest alternatives with costs of 0.65 and 0.67 ECU per GJ,
respectively.

4.1.2 The story
A pellet industry in the United States existed already in the 1970s. The pellets were
normally sold to large customers (e.g., institutions and schools). This first-generation
pellet industry, however, did not "take off and some factories had to close.
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The first pellet stoves for the residential market came in 1981-1982 and the business
grew rapidly in the western states, Washington, Oregon, and Colorado. This expansion
was partly the result of the technical development of the stove and partly because local
emission-restrictions in the mountain area favoured the clean pellet- burning
techniques. Since the mid 1980s the pellet market has been growing and expanding
towards the east, and today the fastest growth of the market is to be seen in New
England and around the Great Lakes, whereas it is slowing down in the northwest. In
total, there are now about 350 thousand pellet stoves all over the United States
(Pickering 1996).

The current interest for pellet stoves in New Hampshire is noticeable although they
have only a limited share of the market when compared with alternatives. Furthermore,
when pellets are introduced in the state the hen-and-egg problem occurs. People do not
buy the stoves when there are no pellet factories nearby. And factories need a big
consumer base to invest in production capacity. However, the market gradually
expanded into neighbouring states and the stove became more quiet and reliable. And
the increased consumer base reduced pellet production and distribution costs.

The only pellet producer in New Hampshire started production in 1995. There is
another factory in Massachusetts and one big producer in Quebec, just across the
Canadian border. The manager/owner of the new pellet factory in New Hampshire is a
technician and a typical entrepreneur with no particular experience in the energy or
forestry businesses. He buys wood residues from many small secondary forest pro-
ducts plants in the area. The feedstock is transported by a truck-owner in the same
village. About 2 to 3 people work in the factory. The wood pellets are then transported
in sacks to stove dealers in the area.

The pellet stove market is expanding in New Hampshire, Vermont, and Massachusetts,
although reliable statistics are difficult to obtain. The stoves are demonstrated at
agricultural fairs and advertised in newspapers and TV ads. The marketing arguments
are more about "convenience" and "ambience" rather than about an environmentally
friendly product. People in New Hampshire - a very Republican state - are not too con-
cerned about the greenhouse effect and they do certainly not expect any carbon tax in
their state. Nor are there any local regulations about wood-burning stoves.

So what is the future for pellets in New Hampshire and in New England? Right now
there are 20 to 30 thousand pellet stove owners in New England. There is still a need
in the industry to increase this figure in order to have the infrastructure well esta-
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blished and to get the product better known among the public. The toughest com-
petition comes from gas stoves, which are more convenient. The pellet business in
New England is therefore now trying to coordinate its efforts to get pellet stoves better
known. This is a necessary step for a "niche-within-a-niche" industry, like the pellet
business with many small players with limited resources.

4.1.3 Technology
The pellet stove is a more convenient and clean bioenergy appliance than the wood
stove. It has an automated fuel delivery. In the typical appliance the operator adjusts
the desired heating level which controls an auger that delivers fuel from the hopper to
the fire. In top-feed stoves the pellets are delivered from a tube or a chute above the
fire, and bottom-feed stoves deliver pellets from behind or beside the burn pot directly
to the fire. A fan delivers air into the fire and blows the exhaust by-products out of a
vent pipe that is typically less expensive than a regular chimney.

There are different types and sizes of pellet appliances in The United States. The free-
standing pellet stove is supported by a pedestal or legs and is placed on a noncom-
bustible floor protector. The vent pipe leads the exhaust gases to the outside. This type
of stove is flexible because it can be placed in almost any living area of the house as
long it is at a specified distance from combustible surfaces. Another pellet appliance is
the fireplace insert, which is placed in an existing, working fireplace. Pellet furnaces
do exist but are not common in the United States

Naturally there is a wide range of sizes of stoves to choose from depending on the
purpose of the stove, house size, and house characteristics. Other qualities that differ
between different brands and price levels are hopper capacity, adjusting controls, fuel
compatibility (whether many pellet types and qualities can be burned with minimal
adjustments) and ash-handling system. Some stoves also have such convenience
features as automatic ignition, remote thermostatic control, and large glass view. An
important extra is the backup power source, which automatically switches on at power
outages. Another quality of the stove is the blower quietness. The noise-level has
decreased with the newer brands and is highly and negatively correlated with price.
Because the stove normally is placed in a living area the design of the appliance is yet
another important selling issue.

The installation of the stove is often made by the seller. Operation and maintenance -
check of burn pot, emptying of ash drawer, cleaning of ash traps, and glass, and
inspection of hopper - are generally done by the owner. Pellets are often bought in sacs
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from the local stove dealer or sometimes from big discount houses ( e.g., Wal-Mart).
Official rules and standards have been developed for the safety and performance of
pellet equipment and installations.

When the business experienced its first increase in the western states in the mid-1980s,
technical development was rapid. The stoves became more robust and quieter, and
self-igniters became standard. Sometimes, however, research, development, and
testing were not thorough and the products were introduced too quickly. Another
problem during this period was the bad coordination between the stove manufacturers
and the pellet producers. However, after some years cooperation has improved. People
in the business have realized the need for joint efforts to communicate with customers,
both to educate and increase awareness. Awareness of the product among the public is
however still low today. The success of the business depend very much on the dealers,
and on their interest and efforts in marketing the stove. Where the dealer is dynamic
and likes to display the pellet stove, one can see a growth in pellet consumption.

This description illustrates the rather local and fragmented nature of the business.
There are efforts to increase cooperation and coordination in the industry, although
interest is still low from small and local players. The Pellet Fuels Institute do,
however, monitor market development and standards have been established for the
pellet qualities which shows that the market is becoming more integrated.

The pellet producer generally works on a local basis producing pellets from wood
residues from different primary and secondary wood processors within a certain radius
(about 80 kilometres) of the plant. The feedstock can be both dried and fresh (it needs
drying down to 12% moisture content). The pellets are made mainly of sawdust that is
ground, dried, compressed, and delivered in bags. The pressing of the sawdust through
small holes in a steel die heats and bonds the newly formed pellets. The lignin pre-
sence holds the material together so there is generally no need for an additive. The
Pellet Fuels Institute has set quality aspects pellets concerning density, dimensions,
fines, chlorides, and ash content. The standard-grade pellet contains up to 3% ash con-
tent while premium grade fuel has less than 1 % ash content.

The production of a pellet plant is from 0.75 tons per hour (TPH) to 15 TPH. The
major investment costs include the pellet mill itself, the dryer, the grinding system, and
the boiler heater. The biggest operation costs of the plant are the costs for feedstock,
labour, electric power, and bagging (pellets and bags).
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4.1.4 Market
Pellet stoves are more expensive than woodstoves. However, the pellet stove saves
time and effort and the heat is clean and comfortable. The important factors about the
economy and satisfaction of the pellet stove that the presumptive customer normally
will ask are: price of stove and pellets, security of supply of pellets, maintenance,
comfort, and available alternatives.

It is important to consider alternative heating options as well. Heating with natural gas,
oil, and wood is generally cheaper than heating with pellets. This means that the pellet
industry cannot always provide the most cost-effective heating option and that other
arguments must be employed to boost sales figures, such as convenience when com-
pared with wood stoves; or environmental issues and protection of the atmosphere
when compared with oil heating.

One special feature of the pellet business, compared with other biomass energy sectors,
is that it is relatively independent of policy actions and represents a new bioenergy
technology in a rather established consumer market. It is therefore interesting to
analyse the different stages in the market introduction of pellet heating and how the
different important players think and behave.

The pellets are sold via local stove dealers. The dealers are key persons in the
introduction of pellet stoves in New Hampshire because they have direct and personal
contact with the customer. The dealer can give advice and provide maintenance
instructions and help the customer to find a professional person for the installation.
Buying from a stove dealer often guarantees better customer satisfaction. Pellet
producers do also often prefer to sell the pellets through the specialized stove dealers
than to mass-marketers, such as Wal-Mart or hardware store chains. The latter do not
provide any extra services to customers, and a contract with these mass-marketers
would probably mean a considerably lower profit margin for the pellet producer.

There are very few specialized pellet stove dealers in New Hampshire; the person may
sell all types of stoves and boilers and other hardware as well - or he may combine a
pellet stove business with other activities, e.g. swimming pool installations, etc. In
New Hampshire the degree of market penetration varied in different parts of the state.
There aree examples of very successful dealers who even organize courses and
information evenings for potential stove owners. In other towns, however, the dealer
may endure little interest in the pellet business.
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It is also important for the pellet producer to have a good knowledge about the typical
customer, different types of pellet users, and the competing heating options. One
typical buyer category is a house owner who uses a wood stove and is looking for
something more convenient. But the stove buyer can also be an older couple with a
stable income and the wish to keep some of the atmosphere that the wood stove
provides. There are customers of different types. For some house owners, the direct
electric heating system may be replaced or complemented with a pellet stove for
purely economical reasons. Owners of vacation houses may also prefer the pellet stove
because it is clean and convenient.

From the dealer's point of view some local advertising are sometimes conducted. The
normal way to market the product, however, is to rely on less mass-focused ways for
communication (e.g., local radio commercials, demonstrations at fairs, and communi-
cation with the customer in the shop).

In general, customers are satisfied with the pellet heating system. Some complain
about noise and dust. As pellet heating is entering the northeast, dealers with some
experience claim that the product they are marketing today has improved considerably
over the last ten years. The noise is much lower now and the feeding mechanisms are
improved.

Pellets for heating in New Hampshire is an example of a small but growing business.
The product is beginning to become known among the key players, house owners and
heating appliance dealers.

4.1.5 Policy
In 1993 and 1994 a conference and action plan to promote pellets in the northeast was
initiated. The activities were co-sponsored by the Department of Energy, the North-
eastern Forest Alliance, The Northeast Hearth Products Association, and the Pellet
Fuels Institute. The planned actions included improved cooperation and promotion.

For a period one employed person was employed to promote pellet heating in New
Hampshire. However, no substantial state funds have been directed towards an
increased pellet use. Generally, however, the state does not interfer in the residential
heating sector.
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4.1.6 Local factors
The approach to energy policy in the state of New Hampshire is very market oriented,
and the general ideology is that each system should prove its advantages in a free
market. There is little public support for renewables, and the introduction of environ-
mental taxes is politically impossible. The pellet industry mentions its environmental
friendliness, but this selling argument is not as important as the convenience aspect.
Pellets are marketed as a high-tech version of a cosy wood stove for the modern family
with limited time resources. Furthermore, the advantage of pellets in comparison with
oil is that it reduces dependency on foreign oil and builds on a local resource.

The policy approach within the Northeastern Regional Biomass Program is to inform
the public about a new and promising heating option as one means of improving the
citizen's ability to secure efficient heating. The second argument for program involve-
ment would be that the pellet sector has the potential to draw new employment and
business into the state. One important task for the personnel working on this activity
within the state administration was to persuade and help the pellet manufacturer to
start a production facility in the state. This would mean a higher value use of the forest
industries' waste, some new employment, and more local taxes.

The degree of local competition creates different business opportunities for the pellet
sector in different parts of the state. In the rural parts of the state where wood is cheap
and the distance to a pellet dealer may be long, stove sales figures will probably stay
low. The average income is also generally low in these regions, and therefore it is less
likely that a pellet marketing effort will bring much success. On the other hand, there
are more opportunities in the southern more populated and affluent areas of New
Hampshire. In some locations of these areas, however, an existing gas infrastructure
may make this a less persuasive alternative. Farther south, in Massachusetts, the en-
vironmental arguments may begin to be a more important selling argument for pellets.
Here, where there will be a higher density of pellet users, maintenance can be more
efficiently organized by the local dealer, and in some areas the pellet sacks can even be
distributed on a regular basis to the customers' homes.

Indicators of a potential market in an arae include many users of wood heat, a high
population density, no important competition from natural gas, many households with
good incomes, and down the lane an increased environmental awareness. Other
conditions in New England that can promote the pellet market are that power is rather
expensive and that nuclear power plants are in disrepute for high costs and bad
reliability.
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In brief, the pellet market in New England is fresh, promising but unstable. Some
pellet dealers are enthusiastic and others are more prudent. There is much to gain if the
pellet market would grow because this would reduce risk for the business and it would
become more stable with a reliable fuel supply and network of dealers and service
people. Unit distribution costs would decrease, knowledge about the product would
spread, transaction costs decrease, and other synergy effects of a bigger market would
bring benefits to customers.

4.2 Biomass Power in Maine
4.2.1 Starting point
The population in Maine amounts to 1.2 million inhabitants, and in the capital Augusta
25 thousand. The population is expected to grow only marginally over the next 20
years, according to projections. The state's area is around 80 thousand square kilo-
metres. The forest industry is very important for the state together with the food
industry, fisheries and the tourism business. In the late 1980s and early 1990s the state
suffered a severe economic slowdown. Even during the strong year of 1995 the growth
was only 2% and the jobless rate is 6%, compared with the national average of 5.2%.
The expected annual GDP growth, 2.3%, is below the estimation for the United States
as a whole. Manufacturing employment is decreasing or stable while services are
increasing. Compared with New Hampshire, average incomes are low in the state.

Maine is situated in the Canadian boreal forest. The Northeastern Hardwood Forest
contains birch, sugar maple, and white pine. In Northern Maine the forest mix is 1/3
spruce, 1/3 mixed spruce-fir and hardwoods, and 1/3 hardwoods. The land area is 89%
forests , the highest percentage in the the United States of which 1.1 M acres are public
lands and 16.5 M acres private forest land owned by 180 thousand forest owners. In
the southern parts of the state, the owners are small woodlot owners with an average
parcel size of 40 acres whereas a few large forest companies hold the forest land in the
north.

Primary energy consumption in Maine grew by 37% between 1980 and 1989. Maine is
today in the top in the United States in the use of renewables in the energy mix.
Indigenous hydro and wood supply more than 30% of Maine's primary energy needs.
Nuclear generation of the Maine Yankee Nuclear Plant built in 1971 is also important
in the electric balance. In Maine firewood has always accounted for an important share
of residential energy use for heating, 22%, while oil has 48% and electricity 20%.
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Until the 1970s energy planning in Maine was uncontroversial. "..power supply
planning was accomplished by electric utilities and regulators under the assumption of
little competition, with relative certainty of demand and cost recovery." (Lee and Hill
1995). The change started when the oil prices increased fivefold in the early 1970s
triggering a high activity among policymakers and planners to introduce alternative
fuels. After these price shocks projections expected that the price of energy would
continue to increase, because of continued OPEC sanctions and decreasing oil supplies
in the world.

Power supply decisions had been routinely approved by the Maine Public Utilities
Commission (MPUC). From 1979, however, the state became more involved in the
energy planning process when it rejected a new proposal for a coal-fired power station.
The state wanted instead to investigate other energy alternatives (e.g., biomass power)
before any decision was taken.

4.2.2 The story
After the Public Utility Regulatory Policies Act (PURPA) and the state
implementation legislation, The Maine Small Power Production Act of 1979 (MRS A
33,§3302), the state authority, the Maine Public Utility Commission (MPUC),
demanded that the utilities had to investigate the possibility of contracts with
independent power producers at avoided costs before they invested in any new
conventional technology. Maine developed determined policies to implement the
intentions of PURPA. The rules for how the PURPA should be implemented in the
state were adopted in 1984 stating that the utilities, and not the state, should sign
contracts with the independent power producers. The role of the MPUC would be to
set the rules, establish avoided costs, and guide the utilities in negotiating power
purchase agreements. The new Qualifying Facilities (QFs) were small plants that
either generated and supplied steam in addition to electricity or were fuelled with
renewable resources. These QFs had a rather favoured position because (1) the utility
must purchase all electricity offered; (2) at a price based on full avoided cost; (3)
avoided cost data were public information, available to any QF; and (4) utilities may
not refuse to enter into long-term contracts with QFs.

The utilities started to take bids for new capacity and it became evident that biomass
was very competitive. As a result, many PURPA contracts were signed with different
types of non-utility producers: some pulp and paper industries that could put some
surplus electricity on the grid, small-scale producers of hydro and biomass power and
independently owned biomass power plants.
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The activity grew very fast. In 1982, 0.3 TWh of electricity was produced from
biomass and in 1991 it had grown to 3 TWh. In 1992, 4 million tons of woodfuels
were consumed providing 25% of the state's electricity needs. Together with the hydro
capacity, this makes Maine the state with the highest percentage of renewable energy
in the power production. Since 1980 biomass power generation has increased from a
few steam and co-production units to 18 co-generation and freestanding plants
providing 520 MW; 22.8 MW from agricultural waste, 59.3 MW from municipal solid
waste (MSW) and 437.9 MW from wood (Adams and Connors 1995). Between 1985
and 1990, oil dependency for electricity production in the state dropped from 50% to
10%. The bulk of the contracts were held by the Central Maine Power Company, the
dominating utility in the state. A favourable tax treatment for renewable energy
projects between 1981 and 1987 also helped to create a good environment for the new
energy business. The Economic Recovery Tax Act of 1981 provided investment tax
credits and accelerated depreciation schedules for renewable energy projects.
However, this ended with the Tax Reform Act of 1986.

The independent power plants are owned either by small- or medium-sized specialised
enterprises or they can be joint ventures. In one case, an experienced forest
entrepreneur with good knowledge about forestry operation and timber trade joined
with an investor from Boston. The contracts are long-term, up to 30 years containing
serious penalties if the power producer fails to produce electricity.

The Biomass harvesting is integrated with forest operations. The entrepreneurs are in
several cases ordinary forest loggers who have invested in chippers for biomass
harvesting. The main part of the biomass for the power plants comes from the felling
of trees, that are not demanded by the forest industries, and from wood residues from
forest industries. The trees (and branches) are chipped at the site and directly
transported to the power plant.

In the early 1990s the expansion of biomass power has halted and the debate about the
biomass power producers in Maine can be summarized in the following two aspects:

• High costs: The PURPA contracts were written in the early 1980s. At that time fossil
fuel prices were expected to stay high and even increase at a steady pace. Instead oil
prices have decreased and the price for electricity from biomass is now very high
compared with the price for state-of-the art electricity production from gas. The
buying utilities turned to the state administration and to the media in order to be
released from the contracts. The independent power producers, IPPs, on their side,
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claimed that the contracts must be honoured - that this is a question of principles.
This situation was the background of the demands by the Central Maine Power
Company to the Governor and the Legislature to consider imposing "excess profits"
taxes on the nonutility power producers. Local authorities were trapped in a policy
dilemma "..finding a strategy that reduced the rate impacts of power purchase
agreements, retained existing economic benefits at some level while not foreclosing
future viability of NUGs (Non-Utility Generators)". At the same time, during the late
1980s and early 1990s, the economic recession contributed to a weak demand and
low tolerance towards increased electricity bills.

• Restructuring of the electricity market: One novelty in the Energy Policy Act of
1992 was that a new class of non-utility generators was allowed to operate and that
utilities could be ordered to provide wholesale transmission access. The restructuring
of the electricity sector is now in process in several states in the United States.
California and New York are in the forefront but there are plans to deregulate in
Maine as well. The Maine legislature has required the Maine Public Utility
Commission (MPUC) to make pre-studies of how to design the transition to a more
competitive power sector in Maine. In these discussions the utilities claim that they
must be compensated for investment in infrastructure, so called "stranded costs."
The IPPs however believe that the utilities are exaggerating these "stranded costs."
The IPPs also believe that the outcome must guarantee a fair market and that the
utilities cannot own both production units and the distribution infrastructure. In
principle, however, the IPPs are positive towards the change and towards a more
open electricity market.

Because of the changed conditions of the electricity market some wood-fuelled power
plants were cancelled in the early 1990s and two other dispatchable contracts were
temporarily taken out of production. Other long-term power contracts with small-scale
producers were bought out by the utilities. As a result the small-scale power on line
was reduced from 500MW in 1992 to 450 MW in 1995. However, the most important
biomass power agreements with the paper mills and the independent producers remain.

The answer to this challenge to the policymakers was to design and sign an Electric
Rate Stabilization Act (ERSA), that would provide low-interest loans to utilities to
finance electric rate stabilization projects. The requirements for any project supported
by state funds included that it would provide near-term benefits to the ratepayers and
that it would not result in the discontinuation of the operation of any major power
plant of a capacity of more than 50 MW.
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According to Connors (1995) the important driving forces behind the development of
the wood energy industry in Maine depend on a set of factors:
• Burning wood in Maine is a tradition. This is the case not only in the residential

sector but also in the pulp and paper industries. The use of wood and bark for energy
purposes has always been well known and practised.

• There is an established wood procurement system. The business was not built from
scratch. There was a well-established infrastructure of loggers and transporters that
swiftly could assure the flow of woody biomass from the forests to the power plants.

• Maine naturally provided ample opportunities for cogeneration projects. The scope
for cogeneration was promising in the 16 pulp and paper mills, a dozen large
sawmills, and approximately 500 other wood processing plants.

• The PURPA opportunity appealed to native Maine entrepreneurial experience. The
general experience of wood-based products and the spirit to take advantage of the
opportunities in this business lead to the creation of new independent power
enterprises.

• Maine had a well-developed knowledge of the forest resource. As a result of the
forest industry and logging activities there were adequate data available about the
forest resource. The fuel supply to the new facilities could hence be planned by the
developers.

• Public policy. The public policy strongly supported and assisted the new industry as
an indigenous energy source to start up and develop.

Several of the factors are aspects of the fact that the biomass energy industry in the
state is a good complement to the existing forest industry.

The future of biomass is uncertain. It will be hard to compete on an open market where
price is the most important selling argument. However, the true answer to how com-
petitive the bioenergy option may be in Maine is yet unanswered since the contracts
that were signed with the utilities apparently were too uniform and not flexible enough
to account for a changing environment.

4.2.3 Technology
Table 17 shows the different types of qualifying facilities (QFs)in Maine in 1992,
which was about the time when the biomass power production in Maine peaked.
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Table 17. Biomass power in Maine 1992

Fadlity Type

Small Cogenerators

Large Cogenerators

Small Power

Totals

No. of Plants

5

5

10

20

Contract Capacity

5MW

274 MW

212 MW

491 MW

Source: Connors, 1995.

The greatest contract capacity, is with the cogeneration facilities at the pulp and paper
mills. This situation is not a surprise because these facilities already have a transport
infrastructure in operation. The pulp and paper mills can furthermore provide great
wood fuel resources together with economies of scope combining in-house consump-
tion with contract sales to the grid. The small cogenerators facilities consist of saw-
mills that before the PURPA were unable to sell electricity to the grid because of
utility disinterest. The overall size of this production is insignificant, however.

The contractual capacity is mainly distributed among the three biggest utilities. The
deals with the utilities are generally production contracts with fixed prices and
quantities, and high penalties if these amounts are not delivered. Over the years the
contract prices for the new plants have decreased.

Fuel procurement
The nature of the wood supply reflects the connection with the forest industry. Much
of the wood is harvested as residues from timber fellings and the other major sources
are residues from wood and forest-related industries. The woodfuel is bought from
contractors and the plant managers are eager to maintain stable relations with the
suppliers. Contractors' records are followed concerning accuracy and also according
the environmental considerations.

Important fuel resources are also whole tree chips and mill residues, consisting of
shavings, edgings, trimmings, bark, and chips produced in 500 primary and secondary
wood-processing plants in the state. A survey in 1989 showed that, of a total
production of mill residues of 3.4 million tons, approximately 27% was used for on-
site energy production while 32% were sold for fuel and 32% were sold for some other
use, animal bedding, and horticultural mulch.
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The increased biomass power capacity induced a quick adaptation of the wood fuel
business. The number of chip harvesting firms increased from 5 in 1980 to 74 in 1990.
These contractors normally have evolved from conventional logging firms by adding
biofuel handling equipment (harvesters and chippers) to the machinery. The con-
tractors made these investments in order to diversify and to provide more services to
the forest owners. Some contractors chose to switch completely from forest harvesting
to wood fuel harvesting.

Normally, the trees and branches are transported to a forest road where they are
chipped and transported to the power plant. A total of 80 thousand acres is subjected to
tree biomass harvesting annually, which is approximately 30% of the total harvested
area. The biomass comes from white pine saw log management programs, plantation
thinnings, timber-stand improvement cuttings, and saw log harvesting. Many forest
owners are positive about the new development because they appreciate that low-value
trees and logging residues are removed from the tracts. In adition to income, cull and
poor quality trees are pulled out, and stand quality and regeneration conditions
improves. Some forest owners also appreciate the neat looking result.

Over the years the price for chips has stayed rather stable: $22/green ton.
Mechanization and the growth of the market has increased productivity. There is a
large physical supply and most plants have a sufficient supply within a distance of 50
miles.

The new development opened up new opportunities for silvicultural practices. The
removal of biomass species in thinning and stand-improvement operations can
increase the value of the standing forests. Information and demonstration projects on
wood fuel harvesting can promote the silvicultural benefits from biomass harvesting.
In this way fears of the negative effects on the forest of biomass harvesting can be
partly avoided and appropriate practices can be demonstrated.

The issue of nutrient depletion from bioenergy harvesting have been raised in the state.
Critics have claimed that this threat increases when the nutrient-rich branches and
needles are removed from the site. However, at the present scale this effect has not yet
been detected, and various processes may slow down the process (deposition,
weathering, etc.). The recommendation by researchers is that where there is a poor
nutrient situation, biomass harvesting should not be executed. Moreover, the high level
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of stem damage on remaining trees that occurred during the early 1980s was the result
of poor practices. Good planning and careful operations can reduce these problems
considerably.

Combustion
In the early stages of development, the utilities raised concerns about the reliability of
forest fuel based energy plants. Biomass power has, however, proven to be very
reliable, compared with nuclear and hydro alternatives. The new technology has also
proven to be relatively clean; emission numbers are satisfactory. The biomass power
plants are, furthermore, subject to air emission regulation and license requirements,
and the ashes are used for soil improvement.

The environmental problems cited are connected to air emissions. Wood combustion
releases particulate matter (PM), oxides of nitrogen (NOX), carbon monoxide (CO),
and volatile organic compounds (VOCs). Regulations under the Clean Air Act and
related state laws restrict the emissions of the "criteria" pollutants SOx, NOX, CO, lead,
and VOCs. Air emissions licenses are required for any boiler almost the 10 GJ per
hour range. Monitoring is concerned with opacity, SO2 and, in some cases, CO. At one
plant the regulations included limits of 0.6 pound of CO per MBtu; particulate, opacity
5% or less, since 1995 and NOX must not exceed 0.3 pound/MBtu. Most plants use
multi-cyclone and electrostatic precipitators for emission control. In the future,
emission regulations will probably become even tighter.

Ash is produced both as fly ash from the exhaust steam and as bottom ash from the
combustion chamber. It is used for liming and fertilizing agricultural land. Small
amounts of heavy metals and of cadmium do not cause any particular concern, and the
regulations of the state approve land application of wood ash that has been tested for
heavy metals and cadmium. The Maine legislature has also authorized the creation of
the Sludge and Residuals Utilization Research Foundation in 1988 with the objective
of conducting and funding research on controlled land application of sludge and
residuals.

Biomass power is a reliable energy technology. It is not very sophisticated, and is
mostly based on off-the-shelf hardware. Several equipment producers wanted to
participate in the fast growing business but after some years fewer realistic choices of
equipment were available and few machinery producers remained in the market. Many
plants also faced practical problems in the beginning. As one plant owner put it: "It's
not a science, it's an art" to run a biomass power plant where the fuel may vary with
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charges and in suppliers at different times of the year. Some plant managers are former
mariners from the Maine shipping industry. These persons often appreciate the
opportunity for a job in the state, and they are popular to hire because they are used to
keeping engines working and solving problems quickly.

4.2.4 Economy and Market
The biomass power industry produces electricity for 6 to 13 cents/KWh (1996) and
they generate over two thousand jobs. The power contracts are mostly for 15 to 30
years; 80% of them are signed between power producers and the most powerful utility,
Central Maine Power Company (CMP). Purchased power from independents repre-
sents 46% of the CMP sales (1994). Although the power is produced in an efficient
way, there are cheaper alternatives for power production on the market today,
especially natural gas.

The socioeconomic impacts of the wood power industry can be described in several
ways: they can be direct or indirect, or through taxes. It is very complicated to conduct
a true socioeconomic comparison between different kinds of energy systems. One
estimate in 1990 assessed the direct and indirect employment generated by the biomass
business to 2700 people employed. More than 40% of those jobs were directly linked
to the direct operation of the power plants.

Wood energy extraction and transport is managed by independent logging contractors
and transporters. Chip harvesting contractors typically invest over a million dollars in
felling and skidding equipment, chippers, etc. In 1980 there were five chip harvesting
firms in the state, and in 1990 there were 74 logging contractors active producing
whole tree chips for energy and clean chips for the paper market. Contacts between
power producers and contractors have a long-term character where reliability and
environmental considerations by the contractor are important.

Chip harvesting contractors evolved from conventional logging firms by adding spe-
cialized equipment. Forest owners, contractors, resource management professionals,
and consulting and public foresters are also important players in the business.

The major competitor for the moment is the natural gas industry. "If we don't do
anything, gas will take over" is one statement from the bioenergy sector. The natural
gas market was beginning to get deregulated five years ago, and new pipelines are
presently planned to run through Maine. Because of these developments the fuel will
probably be more aggressively marketed in the coming years.
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4.2.5 Policy
The state policy in Maine was not only essential for the initial growth of the biomass
power industry but policymakers have also implemented measures to avoid the
negative effects of the new industry (e.g., through environmental damage). In 1991 the
Legislature established a Commission on Comprehensive Energy Planning. This
Commission issued a final report in May 1992 that for the first time explicitly included
issues related to environmental impacts in the development of Maine's energy plan-
ning and policy. In 1993 the "Study Group on Energy and the Environment" was
formed. One issue for the group was to look at the full-cycle costs of different energy
options.

In 1987 the environmental law "An Act To Ensure Sound Management of Biomass
Fuel Wood Harvesting Operations" was enacted. This act was later replaced by a
"Forest Practices Act" that applies to all commercial forest product harvesting,
including biomass harvesting. An Act To Prevent Overutilization of Forest Resources
was also passed. This law is an amendment to the Site Location Law and the Land Use
Regulation Commission and adds a wood supply adequacy review-requirement as an
additional criterion of approval.

Laws and regulations in Maine that influence aspects of the siting and operation of
power plants are:
• Site law: Approval for building is required with many aspects, including

environmental, considered.
• Air law: Both federal and state. Licenses limit the discharges.
• Zoning laws
• Shoreland zoning and Natural Resources Protection Act: Limits cuttings on

shoreland and in certain areas.
• Solid Waste regulation: Ashes.
• Transport and Public Safety regulations.
• Municipal Powers: Municipal planning.
• Forest Practices Act: A new law concerning clearcutting and regeneration.

An important policy issue at present is also the future deregulation of the electricity
market discussed above.

4.2.6 Local factors
The fact that the development of the biomass power business was so rapid in Maine is
not a coincidence. Several factors provided the conditions for this independent busi-
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ness to grow. Of course, the PURPA legislation paved the way for the development,
but the thorough implementation of the law in Maine is probably explained by the
great awareness among the policymakers of the potentials of biomass power business
in the state.

One important factor in this development was the tradition of forestry and the presence
of the forest business infrastructure. This meant that there was already a good general
awareness about forest utilization among the local business, population, and policy-
makers of large biomass-based industries. Forestry management and harvesting
methods were known, and the policymakers saw the importance of the forest sector for
the local economy.

The extensive area of forestland in the state and the existing forest sector also meant
that there were significant supplies of wood fuel at a low cost. These quantities are
both in the forms of forest industry wood-waste and logging residues and low-value
species in the forest.

There was furthermore a good infrastructure for biomass business already in place.
The machinery and trucks could quickly be adapted to the new handling systems. Road
networks had been established by the forest owners.

The existing forest sector also provided good know-how about biomass transport and
processing. The logging contractors could easily assimilate the new assortment. And
within the forest industry some initial R&D efforts were conducted before the large
investments were decided upon. The industry possessed basic knowledge about bio-
mass combustion because logging residues had long been burnt in the plants for energy
or disposal. In addition some knowledge of burners and their safe operation originated
in the shipping sector in Maine.

Good knowledge and a positive attitude guided local authorities to apply reasonable
restrictions and investigations on the effects of biomass energy use. Therefore major
environmental problems could be avoided without unnecessary restrictions on the
activity.

The problems with the long-run and expensive contracts with the utility industry were
unlucky for the biomass sector. Biomass power came into disrepute and an inflamed
debate emerged. One explanation for this furor was that there were few buyers - with
the CMP as the dominating one - and therefore contracting practices stayed unflexible
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and uniform. Maybe this problem could have been avoided if there had been more
buyers of the biomass power?

4.3 Pellets in Goteborg, Sweden
4.3.1 Starting point
Goteborg is Sweden's second city after Stockholm and traditionally it has been the
country's most important seaport. With population around 430 thousand, Goteborg is
now an industrial town with important export industries. Trading and shipping are still
important as are banking and insurance.

Goteborg is not a typical city for Sweden in its energy use because the use of biofuels
is low and Goteborg furthermore has access to natural gas. Total consumption of
natural gas is low in Sweden. About 25% of the city's energy use is from electricity of
which half is nuclear and the other half is hydro power; 31% is from oil and oil
products which are mainly used in the transport system. Natural gas and butane
representing 9% of the total energy consumption are used in the residential sector and
in industry. Total energy use in Goteborg amounts to 56.6 PJ (1991) (Johansson 1996).
In the residential sector, the main energy sources are electricity and oil. The use of
natural gas and district heating is much more limited. The renewable share includes the
fuelling with municipal solid waste (MSW) and some use of wood powder and olive
husks in the district heating plants. Some ten wind-power plants are situated along the
shore, and wood is used in some houses for residential heating. No exact account
exists of the total use of wood, or pellets, for residential heating. Most space heating
within this sector is by electricity or with oil furnaces.

The theoretical supply of biofuels within a radius of 150 kilometres from Goteborg is
8907 GWh/year, or 56% of the total energy consumption in 1991, considering
technical and ecological restrictions. Logging residues and short-rotation woody crops
could theoretically constitute the bulk of the biomass quantity (Johansson 1996). In
this scenario pellets and district heating with biomass would represent a high
proportion of the residential heating quantity.

The connection between Goteborg and wood pellet heating lies in the fact that the
market leading firm in pellet equipment technology is situated there. A distribution
system for pellets is also being introduced in the area where the fuel is transported to
the customers from the pellet factories. However, pellet utilization for residential
heating is being developed in different parts of Sweden. Presently, Sweden is the
second pellet producer in the world, after the United States. The production in 1996
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was 500 thousand tons distributed from 16 different factories all over the country. The
most important buyer category for the moment is home-owners who use wood for
heating and want to change to something more convenient. Pellets also need less
storage space and have a better emission performance compared with traditional wood
heating systems.

Pellet heating has many advantages for the Swedish customer, more than that it is
environmentally better than wood heating systems and that it produces less CO2-than
most fossil fuels. In the Swedish environment pellet heating is also economically
advantageous because pellets are exempted from the various taxes placed on other fuel
types. It may very likely pay to switch from electricity or oil to pellets.

In a few seasons, the pellet market in Goteborg has increased manyfold. Pellet systems
do, however, have the image of being a novelty that is mostly purchased by "early-
adopters." In order to reach the larger consumer categories, equipment manufacturers
are making efforts to develop the system and make it more user-friendly.

4.3.2 The story
The pellet users of today are not representative of all home-owners. They are normally
persons who have a certain technical curiosity and a particular reasons to switch to
pellets, in addition to the fact that they have chosen pellet systems for economic
reasons. Most pellet users in the Goteborg area bought their equipment from a local
manufacturer who also is a market-leader. The pellets are produced in factories in
Ulricehamn or Vaggeryd within a 150-kilometre distance.

One example of a pellet user is a retired couple that live in a big house (300 square
metres) in the countryside south of Goteborg. The husband is a carpenter and is
consequently experienced in working with his hands. The couple used oil until the
1970s. Then they started to use wood for heating, combined with electric heating.
However, the work to buy, transport, chop, and store the fuel wood became
successively more strenuous. In 1994, they heard about pellet heating at a local
information meeting and also read about different technical solutions in "Rad och
Ron," a consumer-interest paper. This convinced the couple to buy a pellet burner to
the house. Apparently the husband also had a professional curiosity about the new
technique.

The experience from two winters with pellet heating is mainly positive. However, the
first burner was too weak for the big house and had to be replaced. Some initial
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problems required more supervision in the beginning, and the couple still complains
about dust in the pellets. Heating cost has however been drastically reduced, and the
system works well. Another advantage is that the smoke has become cleaner. In the
beginning, and under bad weather conditions, the smoke could stay for a long time in
the lower areas close to the house. The husband has, however, had to put much work in
building containers for pellet storage and the pellet transport mechanisms. He does not
believe that a person without his practical skills would have managed to solve the
several minor problems without considerably higher costs.

The second pellet system owner is a younger family with small children. They have
repaired an old house with the ambition to make it environmentally sound by using
renewable energy and reducing the use of synthetic materials and paints. The earlier
system, direct electric heating, has been replaced by a new central heating system
heated with wood and pellets. An alternative to pellets would have been to use heat
pumps, but this alternative soon appeared to be too expensive. Sun-energy equipment
for water-heating was also installed. Different housing experts and an advisor at the
local municipality were available with advice during the decision process. The
experience with the new system is mainly positive. Pellet heating works well whereas
the solar heating installation was according to the houseowner not worth the price.
Pellet deliveries and combustion do not cause serious problems. As was the case in the
example of the retired couple, some individual solutions had to be invented for pellet
storage and transport. One more important observation is that the regulating equipment
does not integrate the whole "renewable" system. The solar and pellet systems are
parallel, which makes the whole system more expensive.

A third pellet user is a shop-owner outside Goteborg. He uses oil heating in the shop
and electric central heating in the residence. The decision to use pellets was economic
- the aim was to reduce the energy bills. The pellet burners were installed in the
existing central heating systems simultaneously in the shop and in the residence in
1994.

During the first year there were problems in adjusting the pellet feeding mechanism,
especially when the pellets were dusty and the shopowner had some doubt concerning
the quality of the fuel. The new pellet heating system have, however, saved money.

The general conclusion by the new pellet heating customers is that the pellet systems
are efficient and cost-saving. But the Swedish pellet industry is a business in its in-
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fancy and first-generation buyers have had to invest both time and effort in order to be
able to reap the full advantage of the pellet-heating option.

4.3.3 Technology
Consumer aspects
Compared with wood heating, the pellet system is very convenient. However, once a
day the user should control the combustion and transport function of the burner. In
addition it is recommended that the equipment be cleaned once or twice a week and a
more thorough cleaning is appropriate when the ashes are removed. Finally, the whole
system should be serviced at least once a year. Ashes are disposed of in the forest or in
gardens, but not where edible plants are grown because they can contain heavy metals
and cadmium.

The pellet distribution method varies. The buyer can fetch pellets at the factory or
receive pellets in bulk deliveries. When the number of users increase, the alternative to
use bulk transport becomes more profitable. Pellet producers are testing this
distribution method and are prepared to apply it more generally as soon as the
consumer base is large enough.

In the consumer's house, pellets are stored in special containers that can be bought or,
depending on the space available, the house owner can construct his own container.
One important positive aspect with pellets is that the fuel is too dry to be consumed by
microorganisms.

The pellets can be burned in special furnaces designed for pellets, in burners retrofitted
in existing furnaces, or in pellet stoves. The combustion parameters can be optimized
so that low quantities of emissions are generated and there is little ash left. It is also
possible to burn pellets at a low intensity. Good pellet burning equipment should
include a small intermediate container for pellets, automatic monitoring of operation,
and safety equipment against fire. It should furthermore produce few emissions, be
easy to clean and remove ashes from, and have an automatic starter.

There are currently no specific marketing efforts by the business in cooperation. The
knowledge of pellets is spreading through rumour and official information.

Pellets
Pellets are produced in some 16 pellet factories all over the country with producing
capacities from five to 130 thousand tonnes per year. The total production in Sweden
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is 500 thousand tonnes. The raw material in pellet production is dry wood residues
from sawmills and other forest industries. The pellets are from 5 to 12 mm, with the
biggest diameter for the industrial customers (i.e., district heating plants).

Equipment
The pellet burner market in Goteborg is dominated by one firm. The firm has grown
very fast. The market has now passed through some sort of a pioneer stage and the
industry now has to reach a much broader market, not only persons with special
interest. The system must become more convenient and it is important to attract
customers who now use oil. When the market grows, the needs of buyer groups who
may not be confident with improvised solutions to new problems will have to be met.

Standards
All heating appliances are tested for emissions, efficiency of the burner, and safety
aspects. Tests of performance are also carried out under realistic circumstances.
Technically the pellet burners are already of good quality. Practical problems remain,
however concerning disturbances in the feeding or too much dust. Sometimes the
pellet consumption in the burner is too high.

The producers of pellet burners are discussing voluntary product testing. The aim is to
create a greater confidence in the product among the public and to avoid that low-
quality products will harm market development. There are 12 to 14 manufacturers
participating in this work. Common EU requirements for efficiency, emissions, and
safety are also in progress.

Product control is easy to apply to new products. There is, however, not much that can
be done to improve old products that are already being used. Standards for pellets,
such as those that already exist in the United States, are also being discussed. This
could eventually be coordinated with Austrian and German standards. The quality
variables under consideration are ash content, pellet diameter, length, density, fines,
strength, net calorific value, moisture content, sulphur content, chlorides, and
additives. The applied standards will, however, probably include fewer parameters.
Pellet quality testing will be one means to diversifying the market, where high-
diameter and low-grade fuel go to the big heating plants and higher quality and smaller
dimensions are directed towards the residential market.

70



Emissions
The best available burning technique for pellets performs at least as well as oil burners
regarding emissions. Significant difference can however be suspected between
laboratory tests and the performance of pellet heating systems in field operation. There
are also possibilities to improve pellet appliances further in order to attain a more
combustion and hence less emissions. The conclusions of the tests are that although
the burners perform well at full capacity, they should be more independent of
combustion intensity and of the operator.

4.3.4 Economy
The price of a pellet burner is between $1800 and $2500. The stove is generally more
expensive, between $2500 and 3000. And a new chimney will cost about $120. With
the fuel costs of today this investment will generally pay back after 3 to 10 years. The
fuel costs for pellet heating are now 30% lower than for oil and 50% lower compared
with electric heating.

The price of pellets are stable to slightly decreasing in Sweden. At the retail level the
price for pellets is about $146 per ton or 0.8 0 per MJ. There exists today a network of
about 60 retailers whose number is constantly increasing.

4.3.5 Market structure
The pellet-producing factories are integrated upstream with a sawmill or other forest
industry. One pellet factory 150 kilometers from Goteborg, the Vaggeryd factory, is
owned by the main sawmills in the area which guarantees a stable supply of wood fuel
to the factory. About 90% of the raw material used is sawdust from sawing mills and
the rest is shavings.

The Vaggeryd pellet factory collects the raw material within 100 to 150 kilometres
from about 15 big sawmills. Theoretically almost any biomass material could be
transformed into pellets (e.g., green wood as well). The bulk of the production is for
district heating plants and about 25% goes to smaller customers. Single-family houses
represent only 2% of the market. But the small customers are expected to increase their
share whereas the district heating plants maintain their present consumption level. The
factory is also trying to promote pellet use in various ways. They have, for instance, a
toll-free number where would be customers can learn more about the pellet heating
technology.
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The potential future market will diversify and sell high-quality pellets to house-owners
and less expensive and lower quality pellets to the industrial customers. Today the
pellet market is in its infancy, and the volumes and infrastructures for pellet delivery to
individual residential customers are not yet very stable. If tighter environmental
policies are introduced in Denmark, it could become a new large market for the
factory.

The appliance market for the pellet burners is also in its infancy. The market around
Goteborg, and in Sweden, is dominated by one firm and there is not very much
marketing or coordination going on. It appears that the market for heating appliances
in Sweden like that in the United States is built on personal contact and trust. Market
introduction takes time because it concerns one-time investments where the asym-
metric information between the seller and the buyer must be compensated by a trust-
creating strategy by the former.

4.3.6 Policy
There are few regulations in Sweden on pellet use except regarding the installation of a
pellet-burning appliance, safety regulations, and municipal permitting.

In 1997 a law was passed allowing subsidies for the change of heating systems from
electric heating to such alternatives as district heating or pellets. This will improve the
conditions for further growth of the pellet business. The decisive driving factor,
however, is that biofuels are untaxed in the Swedish economy.

4.3.7 Local factors
Goteborg has a favourable situation for pellet market growth. The major equipment
manufacturer is situated in Goteborg, and there is also a high population, many of
whom live in single-family houses. From the inland there is a large supply of forest
fuels from the county of Smaland, which also has a high concentration of forest
industries.

Early adopters play an important role in this early stage of the expansion of pellet
heating technology. They find a satisfaction in learning about the new technology and
at the same time display a good technical competence and a willingness to participate
in the further development of the product. To succeed, the pellet industry must reach
the potential early adopters and maintain good relations with them. If these persons
feel that the equipment producer is interested in their experiences and advice, it is very
possible that the novelty will spread.
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4.4 District Heating in Enkoping, Sweden
4.4.1 Starting point
Enkoping is situated at the lake of Malaren only some 70 kilometres from Stockholm.
Its total area is 1185 square kilometres and the municipality has 36 thousand inhabi-
tants, around 20 thousand of whom live in the town centre. The population is expected
to increase in the coming decades. There is important industrial production of ventila-
tion equipment and tools. Military units are also based in Enkoping and the
surroundings are dominated by agriculture, mainly cereal production, and forestry.

The energy consumption In Enkoping (1995) is shown in figure 5.
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Figure 5 Energy consumption in Enkoping
Source: Municipal energy plan

The total energy consumption in Enkoping is 4.6 PJ. About 30% of this quantity is for
transporting, 35% for heating and 28% for electricity in households and industry.
About 28% of the total energy supply is provided by biofuels, 25% of which comes
from unrefined woodfuels and 3% from pellets. The district heating plant uses biofuels
for 80% of its heat production. Enkoping has a comparatively large biomass energy
sector and plans to keep the fossil share as low as possible. The Energy Plan of
Enkoping states that it is difficult to reach any considerable reductions of CO2

emissions from the present, already low level (see figure 5 on energy use in
Enkoping).
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4.4.2 The story
Enkoping has a long history of district heating. The expansion of the system that took
place from 1969 to 1980 was aiming at a more efficient heating system and an im-
proved emission control. The development followed three stages: First oil-fueled
mobile centrals were established; then a number of stationary stations were added; and
finally, a main power plant was built in 1977. During the expansion, the activity was
transformed into a municipal utility in 1972.

In 1980 the plant started to use biofuels. The initiative came from the military base in
the city as it believed that the use of biofuels would improve fuel supply security.
Later, it was also realized that biofuels could be a reliable and economical energy
source for the plant. During the 1970s and 1980s, policy shifts motivated the plant
managers to change fuel policy many times. A fast nuclear expansion in the 1980s
created an oversupply of power in the country, and in 1985 the Enkoping plant
acquired an electric boiler and electricity began to dominate the energy mix. At other
times different fuels have been used depending on the current energy policy measures
and on the tax structure.

In the late 1980s it was realized that the town of Enkoping had to increase the heat
production and that neighbouring Vasteras (100 thousand inhabitants) also needed
more power. The two towns decided, therefore, to construct a bio-fueled co-production
facility at the site of the heating plant in Enkoping, and a separate power company was
created, EN A Kraft AB, jointly owned by the municipal utilities of Enkoping and
Vasteras. The Swedish state contributed with 9 million ECU. Construction work
started in 1992 and coproduction started in 1995. The unit has a capacity of 22.5 MW
of electricity for Enkoping and Vasteras and 45 MW of heat to Enkoping. The total
investment amounted to 36 million ECU.

Most of the biofuels are bought from the large local fuel-dealing company,
Malarbransle. The manager of the central heat and power plant finds it crucial to have
a large and important counterpart for the supplies because he depends on reliable
biofuel deliveries. On the other hand, he also wishes to have a more diversified market
and more sellers of biofuels in the future.

4.4.3 Technology
Fuel
There is no specific wood energy harvesting technology yet developed in Sweden. The
equipment is mostly modified forest machines, and the operating personnel for biofuel
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collection also come from the forest sector. Special equipment is developing as the
market continues to grow. Most of the wood is taken from final fellings, but in the
future, thinnings may be made for energy purposes, although this quantity is
uneconomical today.

The local forest owners' coop, Malarskog has one person responsible for the logging
operations in Uppland and Vastmanland. The same person also organizes the wood
fuel transports of logging residues and branches. The tops and branches are transported
to the roadside where they are chipped and transported to the power plants. Although
the activity has improved the margins are still small. Low fuel prices and an unstable
political situation are the main problems for the business.

All wood fuel deliveries are made according to plans in the contracts. There are some
local contractors who collect the forest fuels, and the residues from final fellings are in
demand except for those on extremely unaccessible tracts (long distance to road, wet
land etc.). It is important that the deliveries in the contracts are made on schedule
because the buyers are very sensitive to disruptions in the supply.

The percentage of forest owners who offer wood fuels is between 40 and 60%. If
prices increase, more forest owners will start to sell woodfuels and wood will be cut on
marginal land along fields, etc. The entrepreneurs have received education in environ-
mental issues connected to wood fuel collection. And the contracts include sections
about environmental concerns and protection of soil and the trees left standing.

Conversion
The Enkoping plant uses a dedicated furnace for biofuels. Many district heating plants
in Sweden, however, use more flexible fluidized bed furnaces to be prepared for policy
shifts. The manager of the Enkoping plant thinks that in the future more refined forest
fuels pellets will be available which will allow purchases from greater distances.

Theoretically, the city of Enkoping could be self-sufficient in electricity from the co-
production if electric heating in many houses was replaced by by wood pellet heating
or district heating.

There are now plans to expand the district heating system. At the current electricity
prices it is, however, not profitable for many houses without water systems to connect
to the district heating system.
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4.4.4 Economy and Market
Malarbransle AB is the dominating biofuel dealer in the region. The wood fuel comes
both from forest industries and from logging operations. Malarbransle AB buys the
fuel from the forest owners in the region and cooperates with the forest owners'
cooperative, Malarskog. Another important wood fuel source is marginal quantities of
poor quality roundwood that otherwise would be transported to pulp and paper mills.
A small but increasing percentage of the wood fuel quantity is harvested willows.

Initially, the wood fuel market emerged in 1976 when policy efforts were directed
towards an increased use of alternatives to oil. However, the big increase in biofuel
trade came when fossil fuel taxes were levied in 1991. The company was created in
1992 and has grown quickly, from 1.4 PJ in 1992 to 4 PJ in 1996. The office is small
(five people) and their job is to act as middlemen between the forest owners and the
consumers (mainly district heatmg plants).

Competitors in the local wood fuel market are SYDVED, SABI, and STORA, who all
operate in the area and in neighbouring counties.

The margins are thin on the fuel-handling activity of the biofuel market. Prices are
decreasing and there is a constant policy risk e.g., that a tax on biofuels could change
their competitive advantage. Therefore only old machinery is used for collecting forest
wood fuels and reinvestments are low. One contractor on average collects 80 to 90
thousand cubic meters per year. Profits are 0.60 to 0.70 ECU per cubic meter of chips
in 1995/96 and 0.90 ECU in 1996/97. For the landowner wood fuel is of a marginal
economic importance of the total income from a final felling 1 to 2%. Furthermore,
there are risks of damaged roads and trees as a result of the operation. The positive
side of woodfuel collection is that the land will be tidy and easy to regenerate after the
tops and branches have been removed.

One other alternative considered by the heating company is to promote the growth of
willows by farmers. The power plant company in Enkoping is prepared to make long-
term commitments to purchase this fuel in order to start the production. The farmers,
on the other hand, are hesitant to commit to the growth of tree species on their
farmland.
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4.4.5 Policy
Energy policy of Sweden has been very volatile, and as a consequence, fuel choices for
district heating have varied over time. In 1985 an electric boiler was the main choice
for a heating plant because Swedish energy policies had promoted the construction of a
large nuclear capacity. At the same time forest fuels were regulated to be used by the
forest industries. In the late 1980s energy policy promoted coal as one means of
replacing oil. Today, however, coal is heavily taxed and cannot therefore compete with
biofuels. The history of policy changes have created an ambition among the district
heating plants in Sweden to be flexible and to adapt fuel consumption to changing
policy schemes.

The most important policy measures for the Enkoping combined heat and power plant
are the taxes on fossil fuels that have improved biomass competitiveness and the
investment subsidy to the coproduction unit.

4.5 Biomass District Heating in Austria
4.5.1 Starting point
Biomass, primarily wood, has a strong position as an important energy source for
residential heating in Austria. Its importance has increased since the oil crisis in the
1970s, and biomass now accounts for 13% of Austria's primary energy demand. Using
wood for heating has furthermore always been natural in Austria.

The underlying factors behind the development of biomass district heating (BMDH) in
Austria are the good supply of biomass for energy originating from the forest, forest
industry, or agricultural sector; the federal and Lander government's subsidies for
biomass district heating investments; the villages' geographical compactness suitable
for district heating installations; and a social determination in the villages to invest
time and effort for a common district heating project (Rakos 1995).

4.5.2 The story
The first biomass district heating plant was established in 1979. In the beginning,
sawmills ran the plants using wood residue from sawmilling operations. Later
municipalities and farmers' cooperatives became more active, and in some cases, local
utilities started BMDH projects. The development was fast. The rate of growth was on
average 25% since 1987, and in 1997, 300 biomass district heating plants had been
built. The activity was often supported by subsidies from federal authorities and from
the Lander. The activities have been subject to local political situations. In Lander that
have a strong energy utility with strong connections with the political institutions it
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was difficult to assemble political support for BMDHs. In parts of the country where
the utilities did not have a total hegemony of the market and where the farmers'
interest had strong support, the BMDSs gained a more determined support. The natural
gas industry has strongly opposed the support to the BMDHs.

One underlying purpose for supporting BMDHs was to improve economic conditions
for farmers. Therefore agricultural cooperatives had an easier task than others
acquiring favourable financial conditions and subsidies.

4.5.3 Technology
The BMDH plants in Austria are mostly rural installations of a rather small size,
between some hundred KW up to 8 MW. The technology comes from the wood
industries which had been burning wood residues for a long period. Burning
technology was developed by some small enterprises and few public funds has been
directed towards this R&D area.

The government has mainly supported R&D for emmision control and safety. In
today's plants equipment like continuous power control, electronic combustion
control, and flue gas condensation can be found. Less R&D effort has been spent on
improving the overall technical performance of the plants. Heat losses caused by poor
installation and inappropriatene sizes of pipes, vents and electric pumps are often
encountered in the BMDH plants. The problem is largely the result of poor knowledge
among plant managers, planners, and plumbers.

The BMDH plants also display some unexpected technical deficiences. For instance,
the average specific investment costs show clear diseconomies of scale by increasing
costs per installed power effect. Furthermore, there does not seem to have been any
learning within the industry as costs for newer plants are not less compared to the
plants that were built during the first years.

4.5.4 Economy
Important subsidies was one driving force behind the BMDH plants. Plants run by
farmers' cooperatives were the most favoured and could receive up to 50% of costs in
different contributions from local and federal governments. Other operators (e.g.,
sawmills, municipalities, and utilities) usually received 10 to 30% (Rakos 1995).

The economic performance of the plants varies very much. It has been found that
profitability depends on heat sales and heat costs and to a lesser degree on investment
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and fuel prices. It appears that the best recipes for success included recruitment of
many subscribers and avoidance of conflicts in the village during the initial building
phase. Fuel price may be a hidden cost in the calculations because wood fuel is
sometimes extracted at high cost and without proper compensation by some of the
villagers themselves. In other places the fuel is fetched from nearby forest or
agricultural industries and forest wood fuel is only used as a backup fuel. Hence, the
fuelwood is normally supplied locally and not on a national or regional woodfuel
market.

Evaluations of existing projects revealed that heating costs have not generally been
reduced. This was, however, in many cases compensated by greater comfort. A few
BMDHs have had serious economic problems. The underlying reasons may have been
that the site was unsuitable for a BMDH, that the size was incorrect, or that manage-
ment was ineffective. How these almost bankrupt enterprises should be treated by the
authorities is a complicated political issue.

4.5.5 Local factors
The community dimension has been very important in the development of the
BMDHs. The positive local effects of the projects have included the following:

• The BMDH have been perceived as a contributor to the local economic
development.

• The extraction of low-quality wood has been seen as a method to improve forest
conditions.

• The new project has brought economic profits and prestige to the village.

The important motives for the consumers to connect to the district heating plant were
that:

• They have wanted to make a contribution to the environment.
• They wanted to support regional development and local farmers.
• They appreciate the comfort of BMDH: Continuous heat supply and savings in

terms of time and work when compared with the old heating system.

An investigation found that one important driving force behind the development in
individual villages was that there was some type of social cohesion and a willingness
to work for common goals (Rakos 1995).
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The major barrier at local level was that some villagers distrusted the new technology.
This distrust for the novelty did even create conflicts in the village between people
who expected the project to bring new dynamics and hope for the community, and
others who saw the proposed plans as strange and potentially dangerous. In general
conflicts during the planning and establishment of the district heating plant seriously
increased the costs for the project.
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5 Discussion
5.1 Critical Factors to Bioenergy Market Development
It is difficult to list nontechnical barriers to the implementation of bioenergy markets
without, at the same time, discussing the driving forces for the business. These are
rather two complementary perspectives on the same reality. It is, for instance, often
stated that a low potential supply of biomass is identified as one important barrier to a
further development of a bioenergy business. If, however, the nontechnical barrier is
removed (e.g., access to cheap feedstock is arranged) this achievement may become a
driving force for the continuing bioenergy development. Consequently, barriers or
drivers to the implementation of bioenergy could be labelled something more neutral,
like critical factors. These critical factors should not be regarded as a once-for-all
checklist to be used without reflection but rather as a framework for the analysis of
bioenergy potential.

Because bioenergy often creates jobs in the region and activates the local economy,
local authorities have an interest in helping these industries to start up. This help may
include real economic incentives or it can be through information and promotion. It is
also important that local governments have the competence to prevent any negative
side effects from the bioenergy industry. Without a considerable local support, it is
very likely that a bioenergy business will fail.

5.2 The Framework
For a bioenergy enterprise [e.g., a Combined Heat and Power (CHP) plant that
produces heat and power from biomass] the key to achieving competitiveness is, of
course, to increase productivity from all factors of production, to reduce costs, and
succeed in the marketing efforts. A particularly important type of cost at the early
stages, when the business still is defining itself and the market is generally thin, are the
transaction costs (i.e., the costs for market search, measurement, negotiation,
contracting and contract enforcement). As the business grows, innovative technical and
organizational solutions are normally found that increase productivity and reduce
costs, including transaction costs. In the example of the CHP plant, cheap feedstock
may be obtained in the form of biomass waste from some other industry (e.g., a forest
industry); contracting practicies and standards may improve market efficiency;
feedstock deliveries may be better coordinated; innovation will take place; etc. The
success of a bioenergy technology will also depend on the degree and kind of
competition in the production factor markets and in consumer market. Policy
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measures, finally, both on national level and in the regional or local community, may
also influence the final outcome of the bioenergy business.

Table 18 contains the most important barriers and drivers for bioenergy market
growth, according to our focus on production structure and market structure. The
framework of the table must not be seen as a simple checklist but rather as a tool for
structuring an analysis of an existing, or projected, bioenergy activity. Each factor
describes one aspect that influences productivity, production costs, or transaction costs
within the business, and in the end determines whether or not the bioenergy
technology can grow in competition with other energy forms.
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Table 18. Critical factors for bioenergy implementation, drivers and barriers

Factor

Integration

Scale effects

Competition in bioenergy
sector

Competition with other
business

National policy

Local policy and opinion

Description

Bioenergy business cooperates with other activities (e.g., forestry or
agriculture), synergy effects are exploited.
Integration can be vertical or horizontal.
Integration can be formal or informal.
Integration can concern feedstock, equipment, infrastructure,
knowledge, or other production factors.

Larger production series reduce unit costs.
Positive network externalities are acquired.
Standards are introduced that reduce transaction costs.
Specialists (e.g., brokers, and consultants) enter the market and
improve market performance.
Learning and R&D create a growing market which trigger more R&D
etc. (positive loop).

Competition in bioenergy equipment or fuel market improves
innovation and productivity.
Competition requires an unregulated market with several players.

Bioenergy market growth depends on a business's competitive
strength compared with that of other businesses in feedstock,
equipment market, and consumer market.
Competition can be in price, quality, services, or through "barriers to
entry."

Policy may favour or disfavour bioenergy in competition with other
energy forms.
Policy may be market regulations, R&D funding, subsidies, taxes,
information.
Trade organization and other groups try to influence policy according
to their program (lobbying).

Support from policymakers and public opinion makes the introduction
of bioenergy business easier. This support depends on the general
population's knowledge and awareness about bioenergy systems.

By integration is meant both formal mergers and acquisitions of different businesses
and more informal but stable business relations. Most current bioenergy activities are
integrated with other industries by using the other industry's waste as fuel. This
biofuel may be residues from forest industries, or from agricultural processes or
municipal solid waste. The use of existing structures may also involve machines, forest
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roads, or know-how. Integration can be used both as a means of acquiring cheap input
factors and reducing transaction costs and risk. Actually, where the bioenergy markets
have been able to grow, the positive complementarity effects between businesses (e.g.,
a forest sector and the bioenergy producer are as important as the competition for the
biomass fuel between the sectors, discussed in Sedjo (1997).

The bioenergy industry can also take advantage of scale effects. The growth of a
bioenergy business creates markets for specialists - consultants, fuel dealers, and
brokers - who will improve the market's overall performance. Bigger series of
machinery and equipment and larger volumes of biofuels contribute to reduced
production costs. Growing markets also create incentives for more money being spent
on R&D, standards, and marketing. Therefore, a growing market may lead to reduced
costs at different stages and a positive loop may be created.

For a new bioenergy technology, competition is essential for technical development.
The basic criteria for a competitive market are that there are many sellers and many
buyers and that there are few restrictions to entering the business. If the market is
competitive both in technology and in contracting, a gradual learning and innovation
will take place and a variety of technical solutions and contracting practices will be
tested in the race for shares of the growing market. However, there is a potential
contradiction between the scale effects described above and competition. In order to
exploit certain scale effects (e.g., marketing, standardization, etc.), the market players
have to cooperate and reduce competition in certain areas. Sometimes, however,
especially when a small bioenergy industry with limited resources is threatened by
tough competition from other energy forms - (e.g., oil, natural gas, coal) - , the best
strategy for the individual bioenergy enterprise may instead be to put cooperation with
other bioenergy businesses before internal competition in order to meet the bigger
threat of the competing energy technology.

The two means to improvements, integration and scale effects, may in some situations
represent two incompatible strategies. Integration often requires local adaptation to a
local counterpart. But in order to profit from scale effects, the bioenergy business
needs on the other hand, to create a set of standards that are especially designed for the
industry.

Competition with other business is maybe the most important factor to consider for a
prospective bioenergy investor. This competition may take place both on the market
for inputs, primarily the feedstock market where a bioenergy plant competes with
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another biomass buyer (e.g., a pulp-and-paper plant or a particle board industry), and
in the consumer markets, where competition may come from oil, gas, or electricity.
Competition will, of course, be in price and quality. An established energy industry
could also try to introduce barriers to entry for bioenergy competitors by strategic
moves in the market or by influencing energy policy.

It is not always easy to determine if a country's energy policy favours or disfavours
bioenergy development. Often incentives and disincentives are in place simul-
taneously. It is, however, clear that most bioenergy markets today depend on energy
policy support (e.g., through subsidies, taxes, or other incentives). Key issues in this
respect are whether energy policies can be expected to remain stable and how much
the bioenergy promoters can influence the policy design.

One final factor for the success of the bioenergy industry is the support by local
policymakers and the local population. A favourable attitude in the local community
helps the bioenergy industry in several ways: expediting permits, anhancing public
relations, increasing local demand, etc.

5.3 Application of the Framework in Cases Studies of Existing Bio-
energy Markets

5.3.1 Pellet heating in New Hampshire
The application of Table 18, Critical factors for bioenergy implementation to the pellet
heating sector in New Hampshire is shown in Table 19. Several important criteria for
pellet market growth are highlighted. The sector integrates upstream with the wood
industry, which provides the raw material for the pellet production, and downstream
with the stove dealer network. Cooperation within the business (e.g., for marketmg,
etc.) is an important success factor that is recognized by the industry. Quality standards
for pellets have already been introduced in the United States and efforts are now being
made to increase joint marketing efforts of pellets in the nation with the objective of
increasing the competitive strength of the industry in relation to the other energy
technologies.
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Table 19 Critical Factors for Bioenergy Implementation: Pellets in New Hampshire

Factor

Integration

Scale effects

Competition in bioenergy
sector

Competition with other
business

National policy and policy
influence

Local policy and opinion

Description

Pellet stoves are coproduced with other stoves.
Pellet factories use wood industry residues and contract with local
transporters. Pelletizing equipment is comanufactured with agricultural
equipment.
Pellet and stove dealers also sell other stoves, equipment for swimming pools,
etc.

The stove market is homogenous and integrated all over the United States.
Standards, large market, and national business organization create scale
economies for the whole market.
Learning has taken place and the growing market has supported technical
development.
Joint marketing of the pellet technology is needed to expand the pellet
business.

The market is competitive. Many stove manufacturers, pellet producers,
dealers and consumers are in the market. Competition helps to improve the
stoves and pellets.
It is in principle an unregulated market.

Little competition on feedstock market: some forest industries compete for the
fuel.
Tough competition with natural gas, oil, wood, and electricity in heating
market.

Few regulations for the pellet market.
Small federal support has been given to information and coordination projects
for pellets.

Favourable attitude by local population and by the state authorities but no
subsidies have been given.
Pellets is a local fuel that creates local employment.
Oil is regarded as unreliable and pellet has the advantage of being a local fuel.

Table 19 helps the reader to make some conclusions about the strengths and weak-
nesses of the pellet business. Further success of the pellet sector in New Hampshire
depends on how well the business can perform regarding each of these factors. There
must be a continuing supply of cheap wood residues from the forest industry and may-
be the coordination with the sawmills and secondary wood industries could improve.
One critical issue is whether the business manages to grow and improve cooperation to
be able to reach customers and market pellet heating without disturbing the ongoing
competition between different stove brands and pellet manufacturers. The low
dependency on energy policies makes the pellet heating business less vulnerable to
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policy changes. On the other hand, the pellet sector has not received many benefits and
the members in the industry do not have the experience to influence policymakers.
Finally, the local connection is a strength that could be better used by the wood pellet
business.

5.3.2 Biomass power in Maine
Critical factors for the biomass power industry in Maine is shown in table 20.

Table 20 Critical Factors For Bioenergy Implementation: Biomass Power In Maine

Factor

Integration

Scale effects

Competition in
bioenergy sector

Competition with other
business

National policy and
policy influence

Local policy and opinion

Description

High degree of integration with forest industry regarding logging, forest roads,
contractors, knowledge, infrastructure, equipment.
Forest industries coproduces power for the grid and internal heat in industrial
processes.

Fuel prices are stable or decreasing which indicates a process of learning, and
positive network effects on wood fuel market.

Competition existed between power producers in the initial bidding phase for
contracts - but not afterwards due to long contacts.
Competition exists between equipment manufacturers, between sellers of wood
fuel (forest owners and forest industries), and between contractors.
Imperfect competition between utilities (before the restructuring of the power
market); Central Maine Power has dominated the market.

Little competition for wood residues (e.g. from board industry).
Tough competition from other fuels (oil, natural gas, and coal) in electricity
market. And the competition will increase even more after the deregulation.

Public Utility Regulatory Policies Act of 1979.
Tax subsidies for biomass in the 1980s.
Deregulation of power market from 1995 will mean increased competition for
bioenergy power.

Positive local opinion: Biomass brings employment, business, and silvicultural
benefits.
There is, however, an environmental opinion against biomass power and against
clearcutting.
Consumer complaints of high electricity prices.
The implementation in Maine of PURPA was determined.
The state of Maine has monitored and regulated the bioenergy sector to restrict
negative environmental externalities of bioenergy.
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Bioenergy power production in Maine is successful, in part because it integrates with
the state's forest industry. Furthermore, it managed to exploit scale effects as the
industry grew. In addition biomass power is a cost-efficient reliable energy option with
few competitors on the wood-fuel market. However, the design of the power contracts,
with long time spans, may have reduced the competition and innovation and deve-
lopment activities. The major problem for the industry now is to adapt to an environ-
ment where it is less protected by energy policies and where it must do even more to
demonstrate its usefulness to the local economy. The example of biomass power in
Maine provides a lesson to policymakers on creating a diversity in contracting and
adapting more flexible policy measures to more ressemble real markets.

5.3.3 Pellets in Sweden
Table 21 presents the situation of the residential pellet heating sector in Sweden. The
business is integrated in a natural way with the forest sector as sawdust is used for the
pellet production. The pellet industry is, however, different from the forest industry in
a fundamental way in its focus on the consumer market. Therefore, pellet producers
and equipment manufacturers have to coordinate efforts to compete with other heating
systems. Establishment of standards and testing norms is one way to achieve some of
these benefits. The table also illustrates the most competing energy types and how the
business interacts with policymakers and local opinion.
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Table 21. Critical Factors For Bioenergy Implementation: Pellet Heating in Sweden

Factor

Integration

Scale effects

Competition in bioenergy
sector

Competition with other
business

National policy and policy
influence

Local policy and opinion

Description

Sawmills provide raw material to pellet factories.
Some pellet factories are owned by sawmills.
Most pellet production is for district heating plants. Marginal costs for the
pellets aimed for the residential market are low.
Most equipment dealers sell other types of burners and furnaces.
Pellet burners are often inserts to existing furnaces.

When quality classes for pellets and testing of burners and furnaces have
begun, transaction costs will be reduced.
Fuel properties are even over deliveries and over the years.
The growing market has started an innovation activity for equipment and
pellets.
An increasing pellet market would permit a more efficient distribution.

Competition exists on all levels within the industry: pelletizing equipment,
burners, pellets.

Pellet factories compete with particle board industry and district heating sector
buying sawmill residues.
Competition with oil, electricity, and district heating on heating market.

Taxes on fossil fuels improve competitiveness for pellets.
Subsidies exist for house owners to switch from electric heating to pellets.
The specific lobbying power by the pellet industry is weak but is part of the
larger biomass energy association.

Pellet production meets support from local policy makers and local opinion
because it bring jobs in rural areas with many forest industries.

The Swedish pellet industry is at an earlier stage than in the United States. Some
fundamental standards still have to be introduced and the equipment (burners, feeding
mechanisms, hoppers, etc.) have to be improved. The challenge to the industry is to
maintain a competitive situation between the different manufacturers and at the same
time coordinate standardization, testing, and marketing activities. The pellet business
in Sweden is also more dependent on the policymakers than its American counterparts
because it needs a tax difference to be competitive with fossil energy carrriers.

5.3.4 District heating in Sweden
The most important aspects of the wood fuel market are presented in Table 22. As in
Maine, the bioenergy business uses biofuels originating from the forest sector. It is
also probable that the size of the bioenergy sector has reduced unit fuel costs. In Table
22 policy aspects are also shown.
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Table 22. Critical Factors For Bioenergy Implementation: Biomass District Heating In Sweden

Factor

Integration

Scale effects

Competition in
bioenergy sector

Competition with
other business

National policy
and policy
influence

Local policy and
opinion

Description

Wood fuel comes from forestry and forest industry indicating positive scale effects on
the market.
The fuel dealers are generally connected with forest companies and the biofuels trade is
integrated with roundwood trade.
Biomass is often used together with other fuels (oil, electricity, coal) in the heating
plants.

Fuel prices have decreased as volumes have increased.
Learning and technical development are taking place in the industry.
Large market allows for coordination of deliveries.
Specialized biomass harvesting contractors have appeared in the business.

The degree of competition emong suppliers and buyers varies geographically.
District heating plants are natural monopolies in the area.

The heating plants are competing for wood fuels with the board industry.
There is a competition with oil, electricity, pellets, natural gas, and coal on energy
consumer market.
The competitiveness of district heating is low for single family houses.

Fossil fuels taxes support growth of biomass sector.
Investment subsidies are granted to CHP plants using biomass

Often good local support because biomass energy has a good reputation.
Biomass in general is considered to bring more local jobs than other fuels.

The wood fuel market is very integrated with the forest sector. However, it has also
reached a volume sufficient to allow for positive scale effects. The problem for
bioenergy district heating is that it depends on the implementation of favourable
policies. The bioenergy interests are able to influence both the national and local
policymakers. The industry also has a good reputation at the local level because it
provides jobs and local economic activity.

5.3.5 District Heating in Austria
The most important critical factors for biomass district heating in Austria is shown in
table 23. One important success factor for the village heating plants is that the projects
often have broad support in the village community. The problems include a lack of
positive scale effects and few competitive markets for the inputs, biofuels, equipment,
and services. Table 23 also indicates the high policy dependency of the business.
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Table 23. Critical Factors For Bioenergy Implementation: Biomass District Heating In Austria

Factor

Integration

Scale effects

Competition in
bioenergy sector

Competition with
other business

National policy

Local policy and
opinion

Description

Some district heating equipment can be coproduced with other district heating equipment.
Fuel is often waste from wood or agricultural processing industry.
Local informal fuel supply by forest-owning farmers can be combined with forest
management.
BMDH project is integrated in village community activities.

No positive scale effects for investment and operation.
Small scale effects for the whole sector through learning and network externalities.
Some specialized consultants have entered the market.

Competition ought to exist in equipment market but does not seem to have worked.
Small official biofuel market increases risk.
Little competition in fuel market.

Little competition in the feedstock market - local integration often sought for instead (e.g.,
wastes from nearby factory are bought).
However, some competition is found between heating plants and other buyers of biomass
waste.
Competition with individual oil heating and with natural gas in some places.

National and state subsidies to investments.
Rural and farming interests have political support.
Natural gas industry has a strong lobby.

Biomass district heating is often seen as positive for rural farming interests.
Some villages have strong solidarity and spirit for common projects.
Conflicts in some villages, however.

5.4 Recommendations
In this paper we have presented a framework for the identification of drivers of and
barriers to bioenergy technology implementation particularly concerning commercial
market introduction. The framework is robust and suitable for the analysis of different
types of bioenergy sectors. This advantage is because it is based on recognized
economic concepts. It is general in scope without being too rigid. Table 24 shows the
framework with an extended set of questions that may be relevant for different
projected or existing bioenergy markets.

The framework can be used in many circumstances, mainly when a preliminary
assessment of the potential for bioenergy investments is being investigated. However,
for a final investment decision or before a policy scheme is decided, more elaborate
calculations do of course have to be carried out.
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Table 24. Critical factors for bioenergy implementation

Factor

Integration and
Infrastructure

Scale effects,
(Network
externalities,
Learning,
R&D)

Competition in
bioenergy
sector

Competition
with other
business

National policy
and policy
influence

Local policy
and opinion

Description

How is the bioenergy business integrated upstream to feedstock production or downstream
to consumers?
What is the type of integration: formal or informal?
Is the bioenergy industry integrated with another industry that generates biomass by-
products?
How is the integration concerning fixed assets?
How is the integration concerning knowledge?
How is the integration concerning infrastructure?

Are there scale economies for the whole biomass industry concerning production?
...or R&D?
...or reduction of transaction costs through quality tests, standards, contracting conventions,
etc.?
..or by specialization of certain tasks by brokers, dealers, consultants, etc.?
..or by learning by doing by the market participants?
Has the biofuel potential for positive scale effects - is it homogeneous, is it energy dense?
How is the business taking advantage of this potential?

Are there many sellers?
Are there many buyers?
Are there market imperfections in any market where the biomass industry is operating?
Are there other regulations that influence competition within the bioenergy industry?

Are there competing/hostile industries on the selling market? (Oil, natural gas)
Are there competing/hostile industries on the feedstock market or in other factor market
(Forest industry, ag-industry etc)?
How do the other businesses compete?
The possibilities for the bioenergy sector to compete in technology?
The possibilities for the bioenergy business to compete in contracting?

What are the policy goals concerning bioenergy?
Lobbying strength of competing industries?
Lobbying strength of biomass organizations (membership, money, committment)?
Does the bioenergy industry have coalition partners for lobbying efforts (other renewables,
environmentalists, etc.)?
What are the policy risks? (Likelihood of policy shifts?)
What is the legitimacy of the policy? (Is the policy the sum of pressure group lobbying or a
way to provide common goods?)

Is the local populace knowledgeable about bioenergy?
Are the local policymakers knowledgeable about bioenergy?
What do the local policymakers think about the bioenergy business?
What is the local opinion about the bioenergy business?
Does bioenergy create local conflicts in the local society?
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The application of this framework can provide a first test and a preliminary informa-
tion about the bioenergy market potential in a region. It can be used in the following
contexts:

National policy : When the policymaker wants to find the most promising potential for
bioenergy and has to attain maximum market growth for a certain sum of public
spending.
Choosing policy means: A good appraisal of the bioenergy market can help the
policymaker apply the appropriate policy means (e.g., subsidies, information, or
testing).
Local policy: The characterization of local bioenergy markets can help the local
policymakers spot realistic bioenergy potentials.
Investment: It may help an investor spot the possibilities and threats for an investment.
Credit: The risks and potentials for the technology can be identified. A risk profile can
be described.
Business cooperation: Bioenergy business organizations will find the right issues for
common action, be it lobbying, standardization, or joint marketing.

Further developments of the model would include a higher degree of detail (under the
same principal structure) of aspects that in certain cases could be relevant for the
prospects of a bioenergy business. The advantage of the framework is that it can be
applied for many different purposes and in different environments while still
maintaining theoretical structure of the relationships to be investigated.

Further development could also include use of the framework for the assessment of a
new or emerging bioenergy market. So far the demonstrations of the framework have
only involved the case studies that were used in its development. A proper test would
be to apply the framework in the assessment real problem where actual drivers and
barriers for the future development have to be identified and discussed.

Because large sums may be focused on different support policies for bioenergy
implementation, a quick tool to identify barriers and drivers is needed. This framework
helps people to spot critical factors for bioenergy growth, and it is hoped that, it may
thus save money.
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