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Preface

This report is a part of the Sustainable Bioenergy Solutions for Tomorrow (BEST)
research program coordinated by FIBIC Ltd, and CLEEN Ltd. with funding from the
Finnish Funding Agency for Technology and Innovation, Tekes.
The report in hand belongs to BEST research program’s Working Package 1 (WP1)
“Bioenergy Scenarios and Strategies in Global and Local Scales”, and its Task 1.1
“Critical Synthesis of Existing Bioenergy Scenarios 2010–2050” and Subtask 1.1.1
“Critical Synthesis of Model Studies”. The purpose of this report is to give a critical
literature review of some of the most relevant and mainstream scenario analyses
concerning the use and assessments of biomass in industry and energy sectors, and
its development up to 2050. The main focus is in forest biomass but also the field and
other potential bioenergy raw materials are highlighted. The outcomes and
observations of this report can be utilised in further model building and reassessment
scenarios of forest bioenergy use.
The authors are professionals and experts in forest economics and forest bioenergy
representing Finnish Forest Research Institute (Riitta Hänninen, Antti Mutanen and
Jari Viitanen), European Forest Institute (Lauri Hetemäki, Elias Hurmekoski),
University of Eastern Finland (Annukka Näyhä) and VTT Technical Research Centre
of Finland (Juha Forsström and Tiina Koljonen).

Name of the report: European Forest Industry and Forest
Bioenergy Outlook up to 2050: A Synthesis
Key words: Bioenergy, Forest sector, Forest Industry, Scenarios

Summary
The use of bioenergy is expected to grow in future. For example, the EU has set
ambitious strategies and targets for promoting bioenergy and other renewables.
The expected growing demand has raised the question, whether biomass can be
procured sufficiently and sustainably. The availability, future demand for, and
supply of bioenergy have been addressed in several reports and studies with
differing scopes, assumptions, and modelling techniques.
The present report aims to construct a systematic and critical review of the existing
scenarios for the demand for and supply of biomass for energy production. The
focus is on forest bioenergy and on identifying the major gaps in knowledge and
needs for further assessments.
The main drivers of future demand for bioenergy are the policy measure related to
climate change mitigation and energy security. For example in Europe, the EU 2020-20 targets are impacting the demand for forest and other biobased energy until
2020 and beyond. According to the Member State’s National Renewable Energy
Plans bioenergy is the major contributor to reach the renewable 2020 energy
targets. The widely cited EUwood study suggests a shortage of forest biomass
within the EU until 2030, when the EU targets are assumed to be fulfilled and forest
industry production continues the historical growth trend. This result has been
criticised in later studies, and it seems necessary to discuss further the reasons for
differencing estimates provided in the studies.
The future supply of forest bioenergy is closely linked with forest industry due to the
synergies between forest products and bioenergy production. However, the links
and impacts of pulp and paper industry on one hand, and the wood products
industry on the other hand, on the forest bioenergy potential differ to some extent.
The decline in the paper industry’s production especially in Western Europe will
reduce the future demand for pulp and pulpwood in Europe as a whole, but the net
effect of this development on European bioenergy production would need a
profound research. However, it is clear, that the companies operating in bioenergy
related business should be prepared for the possibility of the declining European
pulp production and its impacts to forest bioenergy outlook. For further research,
interesting questions are also the outlooks for dissolving pulp and pulp mill based
energy production in Europe.
The volume of sawlog removals determines to a significant extent the supply and
availability of both industrial residues and forest residues for forest bioenergy
production. Therefore, the critical issues in wood products markets in terms of

bioenergy potential culminate to the volume of sawnwood markets, the indirect
multiplier effects of sawlog harvesting, and the emerging possibilities to integrate
bioenergy production to sawnwood production. For future sawnwood demand, the
reviewed outlook studies indicate a rather stagnated growth in Europe. However,
the reviewed studies do not take into account the possible structural changes that
could strongly decrease or increase the use of wood, for example, in construction,
in future.
Although forest biorefineries (i.e. 2nd and 3rd generation biofuel production and
high value-added products) are often considered a new business opportunity,
information related to current development, future prospects, and challenges is
scarce and scattered. For example, more information is needed about how to
choose the most promising business portfolios (i.e. services/high value-added
products/large-scale manufacturing) and what policies would be effective.
Important information needs are also related to the sustainability, availability, and
price of forest-based biomass.
Several studies have focused on scrutinising the amount of woody biomass that
could be harvested for energy production, but different assessments and scenarios
leaves the reader puzzled. Comparison of the results of different studies is
challenging due to varying definitions, constraints, assumptions, biomass types,
time horizons, approaches, and methodologies employed. Thus, direct comparison
of point estimates between the studies is in many cases inadvisable, and insight
into the procedures by which the estimates were obtained and the related
uncertainties is needed in order to avoid misleading conclusion.
A few important topics are not addressed as adequately as one would expect in the
existing forest bioenergy assessments and scenarios. For example, the role of
new, innovative products or the carbon neutrality of wood in energy production is
hardly considered. The changes in policies related to bioenergy subsidies or
biodiversity and water protection create uncertainties in the supply of biomass for
bioenergy. The possibility of increasing forest biomass trade would have important
impacts on the markets. Demand for wood based energy is affected by the policy
targets and prices of competing energy sources. Overall, the general acceptability
and competitiveness of wood and other biobased raw materials in energy and
biofuel production should be discussed more elaborately, as these issues are
surely defining the future of forest bioenergy.

Helsinki, 6th June 2014
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1. Introduction
Renewable energy and it’s environmentally, economically, and socially sustainable
production and use are amongst the most important factors affecting the prosperity and
wellbeing of the humankind in the near future. Along with the population growth,
urbanisation, and increasing standard of living, the global energy consumption is estimated
to grow significantly during the following decades. In order to decrease the global
dependency on fossil fuels and to mitigate greenhouse gas emissions, renewable energy
sources are often seen as the main solution. Thus, the main drivers of future demand for
renewable energy are the policy targets and related measures aiming at greenhouse gas
mitigation and improving energy security.
Currently, about 13 percent of world’s primary energy consumption is based on renewable
sources, and of the consumption of renewable energy, 80 percent rests upon biomass.
According to speeches and political declarations, the role of bioenergy is envisaged to be
enhanced in many regions in future. Bioenergy is produced from wide variety of feedstocks
of biological origin and by numerous conversion technologies to produce heat, power,
liquid biofuels, and gaseous biofuels. The “traditional domestic” use of fuelwood, charcoal,
and agricultural residues in developing countries for household cooking, lighting and
space-heating is the dominant source of world’s bioenergy. The industrial use of biomass
for production of pulp, paper, tobacco, pig iron, etc. produces side streams (i.e. bark, wood
chips, black liquor, agricultural residues, etc.), which may be converted to bioenergy.
Chemical conversion technologies (i.e. Fisher-Tropsh synthesis and other chemical
routes) are used to produce liquid and gaseous fuels, and biological conversion
technologies to produce biogas (i.e. anaerobic digestion) and alcohols (i.e. fermentation).
In the long term, also bio-photochemical routes (i.e. algae, hydrogen, etc.) may offer new
bioenergy resources.
According to the IEA Statistics, the share of bioenergy has been about 10 percent of global
Total Primary Energy Supply (TPES) since 1990 even though TPES has been increasing
at an average annual rate of 2.0 percent. Between 1990 and 2010 bioenergy supply has
increased from 38 to 52 EJ as a result of increasing energy demand in non-OECD
countries and, on the other hand, new policies to increase the share of renewable and
indigenous energy sources especially in many OECD and but also in non-OECDcountries. Solid biofuels, mainly wood, are the largest renewable energy source,
representing 69 percent of world renewable energy supply. Solid biofuels are mainly used
in developing countries, especially in South Asia and sub-saharan Africa. Liquid biofuels
for transport provide about 4 percent of world renewable energy supply and 0.5 percent of
global TPES. The share of biogases in world renewable energy supply is only 1.5 percent
but it had the highest growth rate since 1990 (about 15 percent per year) compared to
other biofuels. Liquid biofuels also had remarkable growth rate (11 percent per year) while
the growth rate of solid biofuels was moderate (1percent per year) (IEA 2012).
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In 2010, the largest bioenergy producers were China and India, who produced 20 percent
and 17 percent of the world’s bioenergy respectively (IEA 2012). In China, the share of
bioenergy is less than 10 percent of its TPES while in India it is almost 25 percent. In the
third and fourth largest bioenergy producers, Nigeria and United States, the share of
bioenergy of TPES was above 80 percent and below 4 percent respectively in 2010, which
clearly shows the difference between developing and industrialized countries: in
developing non-OECD countries bioenergy is typically the major energy source while in
the OECD-countries bioenergy typically covers minor share of TPES.
In future, the use of bioenergy, especially the use of so called modern bioenergy, is
projected to grow, and for example, in the EU, ambitious targets on the use of bioenergy
have been set. The expected growing demand for bioenergy has raised the question,
whether biomass can be procured from forests sufficiently and sustainably. However,
despite the growing demand for bioenergy, its share of the global TPES, is not expected to
grow substantially. The reason is that the total energy consumption is projected to grow at
the same or even at higher rate than the use of bioenergy.
The future availability of bioenergy is closely related to the question of land availability for
biomass production for different uses, as well as how economical it is to exploit the
biomass available. However, as on one hand, energy use of biomass can be considered
competing with, for example, food production, on the other hand, energy use of biomass
may offer new markets for those fractions that were earlier regarded as waste, and hence
it benefits and complements conventional forms of biomass production and use. Thus,
production and use of bioenergy interacts with food, fodder and fibre production as well as
with conventional forest products in complex ways.
The literature on the assessment of biomass1 in energy production is abundant. However,
the estimates of future bioenergy availability, supply, and demand vary remarkably. For
example, depending on the study, the global potential deployment levels of biomass for
energy by 2050 range from 50 to 300 EJ/a. Obviously, the direct comparison of estimates
for future availability, supply of, or demand for bioenergy is challenging, due to the different
definitions, concepts, and methods applied.
In this study, the focus is on forest bioenergy, the future availability of which depends on
the other uses of forest biomass and functions of forests, such as raw material for industry,
biodiversity protection, carbon store, recreation, landscape, social sustainability, etc.
Especially, the future availability of forest bioenergy is closely related to the forest industry

1

In literature, biomass in energy production is defined in many different ways, e.g. traditional biomass,
modern biomass, highly efficient bioenergy, etc. which makes it difficult to compare future demand and
supply scenarios between the different literature sources. The definitions are discussed in more detail in
Chapter 4.
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production, due to the potential synergies between forest products and bioenergy
production. Thus, in the assessment of future forest bioenergy potential or demand,
several factors and their possible development have to be considered, which in turn,
increases variation and uncertainty of the estimates.
This study provides a systematic and critical review of existing forest bioenergy
assessments and scenarios. The aim is to give the reader insight into the most important
factors affecting supply of and demand for forest bioenergy and the procedures by which
the assessments and scenarios of forest bioenergy are created. The issue of differencing
terms, assumptions, approaches, and methodology as well as sources of uncertainty
related to the estimates are also discussed. Critical questions and important issues that
have not received enough attention in forest bioenergy assessments and more widely in
forest sector outlooks are pointed out. The regional focus of the present study is in the
Europe, but also global issues are also considered.
The study is organised as follows. As the demand for forest bioenergy, and energy in
general, as well as the consumption of forest industry products are closely related to
economic development, Chapter 2 shortly summarises the recent GDP and population
growth projections together with demographic changes up to 2050, and compares how
these projections differ from those made before the global economic slowdown in 2008.
Chapter 3 summarises the linkages between forest products markets and forest bioenergy
with the implications to the existing bioenergy system projections. In Chapter 4, demand
and supply scenarios of forest bioenergy in Europe, North America, and Russia are
summarised and evaluated. Differences and possible weaknesses of the assessments and
scenarios, such as definitions, underlying assumptions, missing factors, and the role of
uncertainty, are discussed. Finally, Chapter 5 presents the synthesis and conclusions of
the study.
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2. Global Economic Outlook
According to the OECD (2012) and PwC Economics (2013), the world economy as total is
assessed to grow about 3 percent on an average per annum up to 2050 as measured by
Gross Domestic Product (GDP). The Conference Board (2013) projects emerging and
developing countries2 to grow at 3.2 percent annually during the time period 2020–2025.
The global growth, however, is distributed rather unevenly between continents, regions,
and individual countries. As depicted in Table 2.1, the main projection is that in the
emerging economies, such as in China, India, Brazil, South Africa, and Indonesia some to
mention, the economic growth over the next decades is much faster than in G7 countries.
PwC Economics (2013) estimates that for the oncoming decades the annual average
growth rate for emerging economies is about 4 percent while advanced economies tend to
grow at about 2 percent or even less. The OECD (2012), on the other hand, projects that
the average annual growth rate for the non-OECD countries will be around 5 percent with
respect to around 2 percent trend growth in the OECD countries. When comparing the
continents, Asia, Latin, and Mid-America as well as Africa to some extent are the areas
which are growing fastest. Europe is assessed to regress as a slow growth region and
gradually to lose its relative relevance in the world economy. The USA is evaluated to
maintain its strong position also during the oncoming decades.
Technically, the faster economic growth in emerging countries with respect to standard
industrialised countries means an economic convergence across the countries and
regions. It should be noted, however, that in general, the annual average economic growth
as measured by GDP is gradually assessed to decline both in emerging and industrial
countries over the oncoming decades.
Despite the economic convergence between the countries and regions measured by GDP
growth, the OECD (2012) emphasises that the large cross-country differences in living
standards still persist in 2060. In the poorest economies, the income per capita may
quadruple and in China and India, even become sevenfold. Still, the living standards in
these countries as well as in other emerging economies can be only 25–60 percent of the
level of the leading countries. The Russian Federation is an exception and essentially can
catch up the poorer G7 economies in terms of per capita income by 2050.

2

The terminology is rich and sometimes confusing. In general, emerging economies or markets means
areas or nations where the economic outcome (typically measured by GDP or GDP/capita) has been low,
and the business activity and industrialisation is in the process of rapid growth. Industrialised, mature,
developed and advanced economies or markets are areas or nations where the industrialisation has started
decades or even centuries ago and where economic growth has been strong. BRIC-countries are Brazil,
Russia, India and China. BRICS-countries include also South Africa. MINT-countries are Mexico, Indonesia,
Nigeria and Turkey. G7 countries are the USA, the UK, Germany, France, Italy, Canada and Japan (G6
countries consist of G7 without Canada) while E7 countries refers to China, India, Brazil, Russia, Indonesia,
Mexico and Turkey. CIVETS- countries include Columbia, Indonesia, Vietnam, Egypt, Turkey and South
Africa. Next 11 group (N-11) consists of Bangladesh, Egypt, Indonesia, Iran, South Korea, Mexico, Nigeria,
Pakistan, Philippines, Vietnam and Turkey.
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Table 2.1 Average Annual Growth Rate of GDP in Some Selected Countries.
1985–2011

2011–2030

2030–2060

2011–2060

Argentina

3.6

3.6

2.2

2.7

Australia

3.3

3.1

2.2

2.6

Brazil

3.3

4.1

2.0

2.8

Canada

2.6

2.1

2.3

2.2

China

10.0

6.6

2.3

4.0

Finland

2.5

2.1

1.6

1.8

France

1.7

2.0

1.4

1.6

Germany

1.4

1.3

1.0

1.1

Indonesia

4.4

5.3

3.4

4.1

India

7.5

6.7

4.0

5.1

Italy

1.0

1.3

1.5

1.4

Japan

0.9

1.2

1.4

1.3

Korea

4.6

2.7

1.0

1.6

Mexico

2.6

3.4

2.7

3.0

Netherlands

2.2

1.8

1.6

1.7

Poland

4.3

2.6

1.0

1.6

Russia

5.1

3.0

1.3

1.9

Spain

2.9

2.0

1.4

1.7

South Africa

3.4

3.9

2.5

3.0

Sweden

2.5

2.4

1.8

2.0

Turkey

4.2

4.5

1.9

2.9

United Kingdom

2.3

1.9

2.2

2.1

United States

2.5

2.3

2.0

2.1

The figures are evaluated as USD 2005 PPPs. Source: OECD (2012).

As the development of bioenergy use, demand, and supply are highly dependent on
national level as well as global economic activity, among others, it is fertile to shortly
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review, how the projections of the economic growth rates in different areas have changed
over time. Especially, it is interesting to find out whether the projections and forecasts
before the beginning of the global economic crises and recession in 2008 differ
substantially from the most recent estimates when there are already some budding signs
of recovery of economies. While the estimates for GDP growth in Intergovernmental Panel
on Climate Change (IPCC) special reports of emissions scenarios (SRES) are most cited
also in other bioenergy calculations and scenarios, it is also of special interest to find out
whether these estimates are out-of-date and if they require reassessment and updating.
Thus, technically the comparison reveals if the economic activity after the recession is
estimated to recover back to its average trend growth rate or whether the slopes of trend
growth of economic regions or individual countries are reassessed.
When comparing the most recent projections of economic growth rates with respect to
those made before the recession and IPCC scenarios, the main findings can be
summarised as follows. First, the comparison is not straightforward and the figures are
even somewhat contradictory3 as can be seen in Tables 2.2–2.4. The general observation,
however, is that the projections concerning the growth for some traditional industrialised
countries before the beginning of the economic slowdown in 2008 were slightly more
positive with respect to reassessments after 2008 (see also Table 2.1). Similar inference
can be drawn when comparing the recent projections with respect to those of IPCC’s
assumptions4, even though the GDP growth assumptions themselves vary between the
different SRES scenarios.

3

Technically, the direct comparison of the different studies is difficult. The time spans typically differ
substantially between the studies and the studied regions are not directly comparable. In some studies, the
projected average annual growth rates, for example, consist of the whole Asia, while in other studies, the
projections concern only industrialised Asia and the difference between these projections can be as much as
several percentage points. Typically, most of the studied are concentrating on the BRICS countries,
emerging markets or individual countries. Similar difficulties are encountered later in Chapter 4, when
comparing the assumptions and outcomes of the recent forest bioenergy scenarios.
4
With a few exceptions, the IPCC does not give separate growth estimates for individual countries. Rather,
the projections are given for large economic regions such as developing Asia. The GDP growth estimates for
individual countries within the regions have all the same value.
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Table 2.2 Average Annual Growth Rates of GDP Used by IPCC’s SRES Calculations.
1990–2030

1990–2050

A1

A2

B1

B2

A1

A2

B1

B2

OECD90

2.1

1.7

2.1

1.8

2.0

1.6

1.9

1.4

EU27

2.2

1.7

2.1

1.7

2.1

1.6

1.9

1.4

REF

4.1

2.1

2.7

2.4

4.1

2.3

3.1

3.0

2.2

1.6

1.9

1.6

IND
ASIA

7.3

4.4

6.1

6.8

6.3

4.0

5.6

5.7

ALM

6.0

4.1

5.4

3.9

5.6

3.8

5.2

4.2

5.9

3.8

5.2

4.9

DEV
WORLD

3.6

2.4

3.2

2.9

3.6

2.3

3.2

2.8

United States

2.4

2.0

2.3

2.1

2.2

1.9

2.0

1.8

China

8.7

4.8

5.9

8.2

7.2

4.3

5.3

6.5

India

6.5

4.2

6.8

5.0

5.9

3.9

6.5

5.3

Japan

1.7

1.4

2.0

1.3

1.7

1.2

1.7

1.0

Germany

2.1

1.7

2.1

1.7

2.0

1.6

1.8

1.3

UK

2.1

1.7

2.1

1.7

2.0

1.6

1.8

1.3

Italy

2.1

1.7

2.1

1.7

2.0

1.6

1.8

1.3

Turkey

2.1

1.7

5.1

1.7

2.0

1.6

4.9

1.3

France

2.1

1.7

2.1

1.7

2.0

1.6

1.8

1.3

Russia

4.1

2.1

2.4

2.2

4.1

2.3

3.1

3.0

Indonesia

6.5

4.2

5.7

6.3

5.9

3.9

5.0

5.0

South Korea

6.5

4.2

5.7

6.3

5.9

3.9

5.0

5.0

Argentina

6.1

3.7

5.1

3.9

5.1

3.4

4.6

3.9

Brazil

6.1

3.7

5.1

3.9

5.1

3.4

4.6

3.9

Vietnam

8.7

4.8

5.9

8.2

7.2

4.3

5.3

6.5

Mexico

6.1

3.7

5.1

3.9

5.1

3.4

4.6

3.9

OECD90 region groups together all member countries of the Organization for Economic Cooperation and
Development as of 1990, REF region consists of countries undergoing economic reform and groups together
the East and Central European countries and the Newly Independent States of the former Soviet Union,
ASIA region stands for all developing countries in Asia (excluding the Middle East), ALM region stands for
the rest of the world and corresponds to developing countries in Africa, Latin America, and Middle East.
OECD90 and REF regions together roughly correspond to industrialised (developed) countries (IND), while
the ASIA and ALM regions together roughly correspond to the developing countries (DEV). Source: Gaffin et
al. (2002).
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Table 2.3 Projected Average Annual Growth Rates of GDP for Individual Countries before
the Economic Recession in 2008.
EIU (2006)

CEPII (2006)

PwC (2008)

OECD (2009)

OECD (2009)

2006–2020

2005–2050

2007–2050

2006–2025

2025–2050

United
States

2.9

2.8

2.4

2.4

2.2

China

6.0

5.4

4.7

6.6

3.2

India

5.9

4.8

5.8

7.6

5.6

Japan

0.7

1.7

1.5

1.5

0.8

Germany

1.9

2.0

1.6

UK

2.3

2.4

2.3

Italy

1.0

1.5

1.9

Turkey

4.4

2.3

4.1

France

1.9

1.8

2.3

Russia

3.3

4.1

2.5

3.4

1.8

Indonesia

5.2

5.1

4.5

South
Korea

4.0

4.9

2.2

Argentina

3.6

2.4

Brazil

3.2

1.4

3.8

4.0

3.9

Vietnam

5.4

Mexico

2.9

2.4

3.7

EIU (2006), CEPII (2006) and OECD (2009) refer to the reports by The Economist Intelligence Unit (2006),
Poncet (2006) and Duval and Maisonneuve (2009), respectively.

Even though the conclusion is again not unambiguously, the recent forecasts concerning
the annual growth of GDP in Table 2.1 seem slightly revised downwards with respect to
those in the IPCC scenarios. In other words, the forecasts have converged towards the
IPCC’s most pessimistic scenarios. For example, the estimates for Latin America, China,
and the majority of European countries are lower in the OECD’s (2012) report than in the
IPCC’s scenarios, whereas the recent estimates for the USA and India are roughly in line
with the IPCC scenarios. The estimates in Table 2.3 just before the economic slowdown
confirm the view of reassessments of GDP growth after the worldwide debt crises. For
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example, the annual growth rate estimates for the USA, the Russian Federation, the UK,
and other Western European countries are typically evaluated as slower. In contrast, the
studies after 2008 typically projects BRICS and MINT countries and industrialised Asia to
grow slightly faster with respect to assessments before the start of recession. Second,
studies both before and after 2008 project that the worldwide economic growth is gradually
slowing until 2050. Third, the projections of the relative and rank position of the economic
regions and countries after 2030 have not changed substantially over time.

Table 2.4 Projected Average Annual Growth Rates of GDP before and after the Economic
Recession in 2008.
Projections before the Economic Crises in 2008
EIU (2006)

CEPII (2006)

OECD (2009)

OECD (2009)

2006–2020

2005–2050

2006–2025

2025–2050

World

3.5

2.6

3.2

3.0

EU15

2.0

EU25/EU27

2.1

1.9

2.4

1.7

Asia

4.9

Latin America

3.2

M. East/N. Afr.

4.0

1.4

Projections after the Economic Crises in 2008

World

HSBC (2012)

IMF (2013)

CB (2013)

PwC (2013)

2010–2050

2015–2018

2020–2025

2012–2050

1.9*

5.4**

2.4

3.1

EU15

1.2

EU25/EU27

1.3

Asia

5,0

6.7***

Latin America

4.3

3.7

2.9

M. East/N. Afr.

3,8

4.2

2.3/4.1

CB (2013) refers to the report by The Conference Board (2013). * denotes to developed countries while **
refers to emerging and developing economies and *** refers to developing Asia.

11

The main determinants and drivers behind the economic growth are demographic changes
and growth of population, technical progress and structural changes in labour markets,
migration and human capital together with level of education. Also, the adapted national or
union level policies are likely to affect prospects for economic growth.

Table 2.5 Population of the World in 1980, 2013 and 2050, Billions of Inhabitants.
Area

1980

2013

2050

World

4.449

7.162

9.551

More developed regions

1.083

1.253

1.303

Less developed regions

3.366

5.909

8.248

Least developed countries

0.393

0.898

1.811

Other less developed countries

2.973

5.011

6.437

Africa

0.478

1.111

2.393

Asia

2.634

4.299

5.164

Europe

0.695

0.742

0.709

Latin America and Caribbean

0.364

0.617

0.782

Northern America

0.255

0.355

0.446

Oceania

0.023

0.038

0.057

Source: United Nations (2013). The figures present the medium-variant projections of UN scenarios.

The growth of population and demographic changes are particularly important
determinants for economic growth. First, the amount of population is closely related to
demand and consumption, which are essential fundaments of the GDP. In industrialised
countries, private consumption typically accounts for about half of GDP. In the USA, the
share is as much as 70 percent, while in emerging economies the share is considerably
lower than half of the GDP. In China, the share of private consumption is only about one
third of the GDP. Second, the demographic changes are highly related to the share of
working-age population as well as the structure of consumption (senior citizens and young
cohorts typically demand for different kinds of consumption goods and services).
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Over the next forty years, the global labour force will grow rapidly, but it is estimated to
distribute rather unevenly in the world. According to the United Nations (2013) recent
report, the world population of 7.2 billion in July 2013 is projected to increase to 8.1 billion
in 2025 and further to 9.6 billion by 2050. As shown in Table 2.5, the population will grow
especially in developing countries.5 In Europe, the number of inhabitants is expected to
decrease slightly. The USA is an exception among advanced economies, as the
population is still growing until 2050. By 2030, the population of India is assessed to
surpass that of China and together these two counties will account for about 35 percent of
the whole world population.
The demographic change - the declining fertility rate and increasing life expectancy - has
significant effect on economic growth as it leads to declining share of the working age
population (15–64 years) which can be either supported by immigration or embedded by
emigration. The OECD (2012) assesses that ageing over 50 years will be particularly rapid
in Asia, Eastern Europe, and Southern European countries with old-age dependency ratios
more than doubling, and even quadrupling in China. In parallel, the share of the workingage population in most countries is projected to decline over the half century building up
pressure to finance the pension system, among others. However, there are some
exceptions such as South Africa and India which will experience an increase in their
shares of working-age population. Typically, in most countries the effect of net migration is
not sufficient to offset the consequences of population ageing on the labour force.

5

More detailed projections by countries can be found in United Nations (2013) report. Also, the World Bank
gives detailed figures concerning individual countries and areas in their web page
http://go.worldbank.org/KZHE1CQFA0
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3. Forest Industry Market Outlook
3.1 Background
Forest products markets play in many ways a central role in the forest biomass supply for
bioenergy purposes. Therefore, when assessing the potential future biomass supply for
bioenergy production, it is essential also to provide an outlook for forest industry and its
markets, and the implications of this to biomass supply to bioenergy purposes.
The links and impacts of pulp and paper industry on the one hand, and the wood products
industry on the other hand, to the forest biomass potential for bioenergy purpose, differ to
some extent. As a result, it is useful to address these industry sectors separately. In the
Table 3.1 below, we have summarised some of major channels through which the forest
products markets may impact the forest biomass markets for bioenergy purposes.

Table 3.1 The Interaction between Forest Products Markets and Forest Biomass.

Sector

Pulp and paper

Impact

Changes in the volume of pulp production impact the demand and prices of forest
biomass (roundwood, chips, forest residues, tal oil, black liquore) that can be used also
for bioenergy production
Forest residues that end up to bioenergy production are often the side product of
pulpwood harvests.
Pulp mills are significant bioenergy producers (e.g. energy for paper mills and district
heating).
Harvesting and selling sawlogs generate the single largest source of income for forest
owners, and thereby the largest motivation for selling wood to the industries.

Sawnwood and
plywood

The volume of sawlog removals determines to a significant extent the mobilisation
(supply) of forest biomass; roundwood, forest residues (branches, tops, stumps), and in
the end, also industrial residues (bark, chips, sawdust).

Particleboard

Volume of wood-based panel markets (excl. plywood) determines also the availability of
sawmilling residues for bioenergy production, because it competes from the same raw
material, especially in Central Europe.

Biorefineries
related to forest
industry

The energy production (like biofuels) of forest industry biorefineries is partly dependent
of the synergies with the forest products production. The better the prospects for forest
products, the better the prospects for forest industry integrated biorefineries.
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The forest products markets long-term outlook studies are rarely published in scientific
journals. They tend to be published regularly by private companies and they are expensive
(many thousand euros), such as RISI and International Wood Markets Group Inc. Outlook
studies. FAO and United Nations Economic Commission for Europe (UNECE) produce
forest sector outlook studies, typically every 5 years or so. Some researchers produce
occasionally research studies, or commissioned assignment studies, on the forest industry
market outlook, typically focusing in one particular product category or regional area.
Here, we consider some critical questions, or important issues that have not received
enough attention when considering forest sector outlook studies and their potential
implication to bioenergy markets. These questions should be studied more carefully, when
considering the long-term development of forest biomass for bioenergy purposes. The
views, or critical questions, are based mainly on reviewing and synthesising of the studies
shown as references (see the reference list).
From reviewing the literature, and taking into account more recent information about the
market developments, and the data that was not yet available for many of the studies
reviewed, the critical questions shown below are raised. Note that there are number of
other issues as well, but these are considered to be the three most important questions:
1. Updated analysis of the impact of European wood products industry’s impacts to
forest biomass supply for bioenergy purposes. For example, the volume of
sawnwood production is critical factor determining the mobilisation of forest
biomass, both in terms of the level of harvests, and the supply of residues (chips,
pellets) for bioenergy purposes. The financial crises and has potential impacts also
for the structure of wood products industry (not only short term business-cycle
impacts) in many countries. These, in turn, may have important implications to
forest biomass supply, and they have not yet been analysed in detail. For example,
the extensively cited EUwood study (Mantau et al. 2010) do not consider these.
2. The structural changes in global pulp and paper markets, such as the declining
communication paper consumption in many OECD-countries, and the resulting
impacts to paper and pulp production. This, in turn, has important implications to
bioenergy production, as well as pulpwood consumption. These have not been
analysed in detail. For example, the EUwood study (Mantau et al. 2010) is likely to
overestimate significantly the EU pulpwood demand up to 2030, and also the
bioenergy production in pulp mills. New updated and more realistic analyses are
needed. This will have also significant impact on the forest bioenergy markets.
(Note that the EUwood study neither analysed the impact of international trade in
biomass, or the impact of market (price) adjustment for the demand and supply of
biomass).
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3. Many economic studies indicate that services are an important megatrend in the
21st Century, and they are changing the competitive advantages of OECD
countries. To simplify, if in the 20th Century many of the OECD countries still had
strong industrial sectors, with large volumes of manufacturing production located in
the countries, the situation is different in this Century in many ways. The emerging
economies, like the BRIC countries, are the manufacturing powerhouses of 21st
Century, and a significant degree of assembly and actual industrial production has
moved from OECD countries to these countries. At the same time, the OECD
economies have become more focused on the services related to manufacturing. In
practice, this means head quarter functions, such as, management, immaterial
rights (patents, licensing), engineering and software development, monitoring,
planning and servicing, marketing, etc.
4. One critical question that the above development poses to forest biomass based
bioenergy production is: To what extent the OECD countries have competitive
advantages in the actual manufacturing (production) of bioenergy, and to what
extent they will instead be the service providers for this production? For example, to
what extent the large scale manufacturing of biofuels is going to take place e.g., in
BRIC countries, and to what extent Western Europe will be more focused in
managing and servicing this production (through global companies)? This question
has not really been studied so far, but it will have significant implications to
bioenergy outlook assessments.

3.2 Pulp and Paper Markets
3.2.1 Introduction
The global and the European Union pulp and paper markets are undergoing more
significant structural changes than for decades. First, for the last 7 years, in many OECD
countries the paper and paperboard production and consumption has been either
stagnating or declining. This is longer than any time during the last half a century. The
reasons behind the regressive development are both cyclical ones related to economic
downturn, and structural ones related to digital media replacing the need for
communication or graphics papers.6 In addition, there has been major movement of

6

Paper grades used for communication purposes are called communication papers or graphics papers.
They consist of two main paper grade types, printing and writing papers and newsprint. Printing and writing
papers is often disaggregated into four major grades: coated woodfree (freesheet), uncoated woodfree
(freesheet), coated mechanical and uncoated mechanical papers. In terms of world consumption of graphics
papers, the most significant grade is the uncoated woodfree, accounting for over 37 percent of the total
graphics paper consumption, followed by newsprint (23 percent).
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production capacity from West (mainly OECD-countries) to East (Non-OECD countries).
This change is illustrated in the Figure 3.1.
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Figure 3.1 Market Shares of World Total Paper and Paperboard Production in 1990–2012.

European Union graphics paper consumption and production has been declining from the
maximum levels in 2006–2007 by 25 to 27 percent in 2013, respectively. The total paper
and paperboard production and consumption decline from 2007 to 2012 has been 10 to 13
percent, respectively. The pulp production has declined by 11 percent in the same period.
In line with the stagnating or declining consumption and production levels, the real prices
of paper products have continued to decline. The structural changes are enhancing this
trend (Hetemäki et al. 2013). However, the significant exception from this in the 21 st
Century been the increasing pulp prices. The pulp price trend reflects particularly the
increasing demand for wood fibre in emerging economies, which has also impacted the
world prices.
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Figure 3.2 EU Graphics Paper Consumption and Production in 1990–2013.
For many experts, these changes in the global and EU pulp and paper markets have
become as a surprise. For example, the extensively cited recent projections by e.g.
UNECE-FAO (2011) European forest sector outlook study (EFSOS II), the Mantau et al.
(2010) EUwood study, and Buongiorno et al. (2012) global and North American outlook
studies project increasing consumption and production of paper products to 2030 or even
2060. In essence, the past trends are more or less projected to continue, and no structural
changes are expected (Hetemäki et al. 2013, Hurmekoski and Hetemäki 2013).
On the other hand, some experts and studies have been projecting structural changes and
stagnating or declining graphics paper markets already for some time, such as Boston
Consulting Company (1999, 2007), Hetemäki (1999, 2005), Hetemäki et al. 2013 and RISI
projections in the past 6 years or so. The development is not only impacting the graphics
paper sector, which has experienced the most significant changes amongst the different
paper grades. Also, the packaging and paperboard market growth has been stagnating in
USA and Western Europe in 21st Century, both due to the economic downturn and
structural factors. The latter relate to the development of consumer and industrial goods
manufacturing increasingly moving to emerging economies, such as China. As the
production has moved there, so has the packaging of the goods.
Whether we assume the OECD countries pulp and paper markets follow the trends from
the 20th Century also in the future, or instead project the future development to reflect the
patterns from the last 10 years or so, make a significant difference for many forest sector
related factors. They do not only have impacts to income, employment, and industrial
roundwood consumption, but also to bioenergy markets. The latter relate e.g. to changes
in roundwood and sawnwood chips demand and supply, pulp mill energy generation, and
possibilities to integrate new biorefineries to pulp and paper mills.
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In this chapter, we will review and analyse in more detail the recent outlook studies for
global and European pulp and paper markets, the impact of different scenarios, and raise
the questions needing further analysis.

3.2.2 The Outlook of the Global Paper and Paperboard Sector
The pulp and paper industry is highly diversified in terms of products, raw materials,
product qualities, distribution channels, and end-uses. For instance, tissue, cartonboard
and newsprint have very little in common, apart from their basic production processes and
being capital intensive. Pulp, paper and packaging boards are typically intermediate
products, used as inputs in the production of other value-added products while some
products, such as tissue and office papers, are generally distributed to consumers without
further conversion.
In 2010, the world total quantity of paper and paperboard products produced was 400 Mt,
with an estimated value of U.S. $ 360 billion (using the 2010 average export unit value as
a basis of valuation).7 In terms of the quantity produced or consumed, packaging and
board products are the largest paper product sector. They accounted for 52 percent of the
total paper and paperboard production in 2010; whereas the share of printing and writing
paper and newsprint together was 45 percent (Figure 3.3). However, the pattern of export
value of these products is reversed; communication papers accounted for 53 percent,
while packaging and board just under 40 percent in 2010.
At the global level, aggregate paper and paperboard production has continued to grow an
average of approximately 2 percent per annum during this Century. If this trend continues
in the current decade, global production will increase by 83 Mt from 2010 to 2020, i.e.
about the same amount as North American consumption was in 2010 (81.5 Mt). However,
this growth pace is unlikely to continue in the future. As indicated by the 5-year moving
average annual per cent change of the paper production growth rate, the trend has been
declining since the end of 1980s (Figure 3.4). In the 1980s, the average growth rate of
world paper and paperboard consumption was 4.4 percent in 1990, but it has slowed to
0.4 percent in 2012. Clearly, this is a significant change in the growth rate, with many
implications.

7

According to FAO, the average world export value of paper and paperboard in 2010 was US$ 902 per t
(FAOSTAT). The world production of paper and paperboard in 2010 was 400 Mt. If we value this production
by the export value, the total world paper and paperboard value was 902 x 400 = 360 800 million US dollars
or 360.8 billion. All the data related to forest industry given in this chapter is either from FAOSTAT or RISI.
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Figure 3.3 The Production Quantity and Export Value Shares (%) of Paper Product
Groups in 2010 (computed as percentage of the total world paper and paperboard
production and export value in 2010. Data: FAOSTAT).
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Figure 3.4 World Paper and Paperboard Production and 5-year Moving Average (MA)
(percent change) in 1980–2012 (Data: FAO).
The major reason behind declining overall global growth appears to be driven by saturated
or declining consumption of some major paper products in high-income OECD8 countries.
If global paper and paperboard markets were divided into two regions, industrialised high-

8

The mission of the OECD is to promote policies that will improve the economic and social well-being of
people around the world.” (www.oecd.org). It has 34 member countries in North and South America, Europe,
and the Asia-Pacific region.

20

income regions/countries, and primarily lower-income countries, the differences in
consumption patterns become more striking. We define high-income regions/countries to
be North-America, Western-Europe9, Japan, Australia and New Zealand, and the lowincome countries are all others.
An interesting observation is that in 2000 paper and paperboard consumption in the highincome region/countries was twice that of low-income countries; but already in 2010,
aggregate consumption was higher in the low-income countries. Thus, within a decade,
there has been a striking change in these markets. A second observation is that, at the
turn of this century, consumption has become saturated and even declined in high-income
countries. If consumption trends of the last decade were to continue in the coming decade,
consumption in the high-income regions/countries would decline by 2020 to the level it was
in late 1980s, while in the low-income countries, consumption would be over 50 percent
higher than it was in 2010.
One of the major factors influencing growth in low-income countries has been the
extraordinary development in China. Between 2000 and 2010, Chinese paper and
paperboard consumption grew by 143 percent. However, this was outstripped by a 182
percent increase in Chinese production. This dramatic influence has global implications for
the paper and wood fibre markets.
This global paper consumption perspective does not reveal large differences between
major regions and various paper grades. What are these differences, and the factors
behind the different patterns? Moreover, what is the outlook for the next 10–20 years?
These are the questions we next analyse in more detail. Before doing this, a short
description of the approach used for the analysis is helpful. The market outlook prospects
are described by use of simple trend models which can be viewed as “base scenarios”
where markets and market structures are assumed to follow the same patterns for the next
20 years as they have over the 2000–2010 period. The year 2000 was been chosen for
the base year for the trend analyses, because for many paper grades and regions data
from 20th Century reflect a different structure than what has been experience in the past
decade in the global paper markets.
However, the longer to the future we project, the more likely it is that even the most recent
trend patterns will neither continue as such. Inevitably, there will be new structural
changes emerging that will create dislocations for the trend of the past decade. Still, the
trend projection is a helpful baseline against which we can reflect and speculate possible
structural changes, and how they would change the projections.

9

Western Europe is here defined to consist of Austria, Belgium, Denmark, Finland, France, Germany,
Greece, Iceland, Ireland, Italy, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, and United
Kingdom.
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3.2.3 Regional Pulp and Paper Markets and Trade
There are large regional differences in the pulp and paper consumption and production
patterns, as seen in Table 3.2. Asia is clearly the largest region in terms of paper
consumption and production, about twice as big as the next region, i.e., North America.
Perhaps the most striking fact is that Africa’s consumption and production are so
extremely low compared to other regions. Africa’s population (one billion) is roughly equal
to that of the total of North America and Europe, but its consumption of paper and
paperboard is only about 4 percent of consumption in these continents.
In examining global development of paper markets between 2000 and 2012, the highest
consumption growth has been in Asia, both in absolute volumes and in terms of the rate of
growth. Latin America and Eastern Europe also show high growth rates, but in absolute
volume they are below Western Europe and North America consumption.
Table 3.2 also provides trend projections to 2020 and 2030. The projections show that
clearly the most significant paper consumption and production growth would take place in
Asia, doubling by 2030 from 2010 levels. Although this is clearly a possibility, as
mentioned earlier, this projection has a high level of uncertainty. Paper consumption and
production is quite likely to increase in the emerging economies of Asia (but stagnate or
decline in Japan) up to around 2015–2020. However, the further the time horizon, the
more likely it is that consumption growth will face market saturation and consumption may
decline.
The other important message of Table 3.2 is that North American paper consumption and
production have declined significantly during the past decade, and logically, the trend
projection forecasts this pattern to continue to 2030 barring a shock to the supply/demand
system. Similarly, Western European consumption has started to decline during the past
decade, but at a slower rate than North America. Although Western European production
has increased from 2000 to 2010, one should be cautious to expect this trend to continue.
This is because there have been significant fluctuations (ups and downs) in the production
during this period, and also recent data (since 2007) indicates that production has been
declining. Many Western European companies have been reducing capacity, which
appears to be continuing in near term.
The share of international trade in paper and paperboard markets relative to global
production has increased slightly in the last decade. Globally, the share of exports to
production was on average 27 percent in the 1990s, and increased to 30 percent on
average in the 2000s. Regionally, there are significant differences in trade, as seen by the
regional net import figures in Table 3.2. North America and Western Europe are the only
regions that have been, and are projected to be, net exporters of paper products.
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Table 3.2 Paper and Paperboard Consumption, Production and Net Imports
in 2000 and 2012, and Projections to 2020 and 2030. (Data: RISI. M t).
2000

2012

2020

2030

2030 vs. 2012

Asia

Consumption
Production
Net Imports

109.4
96.0
13.4

177.2
175.2
2.0

234.2
236.4
-2.2

303.1
309.3
-6.2

125.9
134.1
-8.2

North
America

Consumption
Production
Net Imports

100.7
106.8
-6.1

77.8
85.1
-7.3

62.7
72.7
-10.0

42.5
55.3
-12.8

-35.3
-29.8
-5.5

Western
Europe

Consumption
Production
Net Imports

81.4
88.6
-7.2

72.8
86.9
-14.1

70.9
90.2
-19.3

65.4
89.6
-24.2

-7.4
2.7
-10.1

Eastern
Europe

Consumption
Production
Net Imports

13.1
12.8
0.3

25.0
19.9
5.1

34.8
24.9
9.9

45.3
30.6
14.7

20.3
10.7
9.6

Latin
America

Consumption
Production
Net Imports

19.4
14.9
4.5

28.3
21.0
7.3

35.1
25.7
9.4

43.4
31.1
12.3

15.1
10.1
5.0

Africa

Consumption
Production
Net Imports

4.8
3.3
1.6

8.8
4.2
4.6

11.3
5.3
6.0

14.6
6.2
8.4

5.8
2.0
3.8

Consumption
& Production

328.7

401.5

464.7

533.4

131.9

World

Projections based on trend from 2000-2012.

Historically, Asia has been the biggest global importer of paper, and this trend is likely to
continue in the coming decade. However, in China, paper production has expanded in
recent years more rapidly than consumption. As a result, Chinese exports of paper and
paperboard almost tripled from 2005 to 2010 as exports increased by nearly 2 Mt.
According to China's 12th Five-Year Plan for the pulp and paper industry, the country
targets total paper and board consumption and production to grow at an annual rate of 4.6
percent to 2015 (Yao 2012). As there are significant already ongoing projects or
investment plans for paper and paperboard capacity increases in China, the balanced
growth of production and consumption may require closure of outdated production facilities
(Ou 2011, Yao 2012).
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Assuming that the trend of the recent decade continues, Africa, Eastern Europe and South
America will continue to increase their imports of paper and paperboard. The most
significant importer in 2030 is projected to be Eastern Europe. North America and Western
Europe will most likely remain the main global exporter of paper and paperboard.
However, these trends may be altered by a continuing global economic slowdown, which
has significantly reduced paper consumption and production both in North America and
Western Europe. In addition, large global paper companies are redirecting investment to
emerging Asian and South American regions.

3.2.4 The Impact of Digital Media in the Graphics Paper Sector Background
Paper grades used for communication purposes are called communication papers or
graphics papers. They consist of two main paper grade types, printing and writing papers
and newsprint. Printing and writing papers is often disaggregated into four major grades:
coated woodfree (freesheet), uncoated woodfree (freesheet), coated mechanical and
uncoated mechanical papers. 10 In terms of world consumption of graphics papers, the
most significant grade is the uncoated woodfree, accounting for over 37 percent of the
total graphics paper consumption, followed by newsprint (23 percent).11
One of the most significant features of global graphics paper markets during the past
decade have been the significant rise of low-income emerging economies as consumers
and producers of paper products, and the simultaneous decline of many of the highincome OECD countries. As a result, a shift from West to the East has taken place in the
global forest products markets. For example, in 2000, the consumption of graphics papers
was 2.5 times as high in high-income countries compared to the low-income countries,
while levels are almost equal now, and in 2014 the latter countries are projected to have a
higher consumption level (Figure 3.3).

10

Uncoated free-sheet papers are used e.g. for office and business printing (copiers, computer printers,
facsimiles), business forms and envelopes, and commercial printing and writing (stationery). Coated
woodfree and coated mechanical papers are used e.g. for magazines and catalogues. The uncoated
mechanical papers are used e.g. for inserts, flyers, directories, and books.
11
Coated woodfree papers accounted for 19.1, coated mechanical for 11.5, and uncoated mechanical for 9.2
percent from the total world graphics paper consumption in 2010.

24

mill. t.

120
High-Income
Countries

100

Trend
projec tions

100

80

80

60
40

120

60
Low-Income
Countries

40

20
1995

2000

2005

2010

2015

2020

2025

20
2030

Figure 3.5 World Graphics Paper Consumption in High-Income and Low-Income
Countries 1992–2010, and Trend (2000–2010) Projections to 2030 (Data: RISI).
Although the Figure 3.5 provides projection up to 2030, it is unlikely that the trends would
continue without any changes for the next 20 years or so. For example, it could very well
be possible that, say after 10 years, emerging paper consuming economies, such as India,
China, Brazil, and Russia, could hit the saturation point in communication paper
consumption (e.g. due to consumers adopting increasingly digital media), and
consumption would start to stagnate, and even decline. Thus, the trend projection has a
high degree of uncertainty, but is still useful as a baseline.

3.2.4.1 Drivers of Market Changes
The basic structure of the models used to project forest products demand has not changed
significantly over time (see e.g., McKillop 1983; Uutela 1987; FAO 1999, Zhang and
Buongiorno 1997, Buongiorno et al. 2003, Hetemäki 2005). Typically, these are empirical
models, such as the Global Forest Products Model (Buongiorno et al. 2003), in which
paper consumption is a function of economic activity (usually GDP or GDP per capita),
paper demand in the previous year, and the price of the paper commodity. One of the
central assumptions behind these models and projections is that per capita consumption of
paper products is directly and positively related to per capita income (GDP), and
negatively related to the price of the paper product. These assumptions are assumed to be
valid across countries and over time. Researchers, industry firms, analysts, government
agencies, etc. typically use these drivers when considering the long-term outlook for
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market development (see, e.g., FAO 1999, Zhang and Buongiorno 1997, Buongiorno et al.
2003, Hetemäki 2005, UNECE 2011).
Looking at recent developments in low-income countries, these assumptions appear to be
valid. In many “emerging” economies, rapid economic growth, along with increasing
urbanisation and educational levels, are generating increasing demand also for
communication papers. For example, in China, India, Indonesia, Poland, Russia and
Turkey, all populous countries, communication paper consumption grew from 60 to 100
percent between 2000 and 2010, depending on the country (FAOSTAT). On basis of longterm economic growth projections (e.g. Consensus Economics 2012), and the population
projections by United Nations (World Population Prospects: The 2010 Revision), we would
expect this trend to continue, at least in the coming decade (Figure 3.5).
However, in case of the high-income countries, it is much more difficult to use economic
growth as a primary driver for communication paper consumption (UNECE 2011). For
example, for North America and Western Europe, it would be problematic to project
communication paper consumption to grow as GDP grows, except during the short-run
business cycles (Hetemäki and Obersteiner 2001; Hetemäki 2005, 2008; Gordon et al.
2007, Soirinsuo 2010, Hujala 2012).
Figure 3.6 is illustrative of this situation. It shows U.S. newsprint consumption, real GDP,
and population data from 1939 to 2010. All these variables were increasing until 1987,
after which newsprint consumption started first to stagnate, and later, to decline rapidly.
The market behaved before 1987 very much in a way that forest economists and industry
analysts expected (McKillop 1983, Uutela 1987, FAO 1999, Zhang and Buongiorno 1997,
Buongiorno et al. 2003). Using this type of “classical” model, in 1999, the FAO (1999)
projected that the U.S. newsprint consumption would continuously increase up to 2010,
when it would have been 16.4 million tons. However, as Figure 3.6 shows, there has been
a drastic drop in consumption, and, according to FAO statistics, it had dropped to 4.6
million tons in 2010. That is, almost 12 million tons less than projected by FAO (1999).
Viewing this “projection error” from the industry perspective, it equals the annual
production of approximately 79 newsprint machines in North America (average size of a
newsprint machine being 150,000 tons). Also, the “official” U.S. RPA projection in 2002
forecasted that the consumption in 2010 would be over 11 million tons, about 2.5-times
higher than the actual figure (see, Haynes 2002).
The drastic structural change is also reflected in the correlation coefficient between
newsprint consumption and GDP: the correlation for period 1939–1987 was +0.97, but for
period 1988–2010 it was -0.73. The positive relationship between economic growth and
newsprint consumption has ended, and turned to a negative one.
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Figure 3.6 U.S. Newsprint consumption, population, and real GDP in 1939-2010 (values
are scaled by normalising the data series around zero).
Clearly, there are many reasons behind the structural change that resulted in widely
different projections relative to actual consumption figures.
For example, many
commercial printers have switched from newsprint to other paper grades (SC paper); the
weight of newsprint has declined from 60 mg to 48 mg; and there have been changes from
broadsheet to tabloid newspaper formats (Hetemäki 2005). Yet, the most important factor
has been the fact that fewer people are reading newspapers, and newspaper circulation
has thus started to declined markedly, as the Newspaper Association of America (NAA)
statistics have shown. But, in addition, due to the declining circulation, both business and
classified advertisements began to abandon newspapers for digital venues. Thus, fewer
pages were needed, and therefore, also less newsprint.
The major reasons for declining circulation and newspaper readership appear to be
twofold: first, people increasingly are reading the news on the Internet; and secondly, an
increasing number of people do not read newspapers at all. The latter may be a result of
many things, but one important factor, as household media surveys point out, is that they
spend more time on electronic media (Internet, TV, videogames, mobile phones, tablets,
etc.), and have less time and interest for reading newspapers.
It appears, that the U.S. newsprint market development is an anticipatory example what is
expected to happen to other communication paper grades, and in other regions. For
example, according to RISI (2012) projections for U.S. paper consumption up to 2027, the
consumption of magazine paper is projected to decline on average 4.6 percent per year.
This is combined with a 2 percent per year loss in magazine circulation and a 3 percent
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per year loss in ad pages. At this rate, paper usage will be cut in half from 3.0 million tons
in 2011 to 1.4 million tons by 2027, a net loss of 1.6 million tons of demand.
Moreover, the impacts of digital media on print media and the paper industry are universal.
Electronic communication supersedes print media in New York, Moscow, Peking, or
Nairobi in exactly the same way (Hetemäki 2010, PricewaterCoopers 2011, Hujala 2012).
However, in emerging economies, due to rapid economic growth and urbanisation, there is
still a clear net increase in communication paper consumption. In addition, digital media
impacts all printed communication forms, such as magazines and companies’ annual
reports (mainly coated mechanical and woodfree papers), business and office forms
(uncoated woodfree paper), and home delivered advertisements (mainly uncoated
mechanical paper).
However, there are large differences in the timing and magnitude of the impacts between
countries and paper grades, as shown in the differences in the two biggest Western
Europe communication paper markets, Germany and the United Kingdom. According to
RISI data, newsprint consumption in Germany has declined only slightly from 2000, and
printing and writing paper consumption is practically equal (although clearly lower than at
the height of 2007). In contrast, in the United Kingdom, newsprint consumption and
printing and writing paper consumption have declined 24 and 22 percent from 2000 to
2010, respectively.
If high-income countries consumption follows the trend of 2000–2010 into the next decade,
consumption would decline by 38 percent in 2020 from its maximum level in 2000. In
contrast, in the same period, in low-income countries, it would increase by 128 percent.
The world net increase would therefore be 9 percent from 2000.
One significant unknown is when and to what extent electronic media will start to replace
print media in the low-income region? In 2010, the low-income region population weighted
average Internet penetration rate was still only 17 percent, which is what it was in U.S. in
1997. But in some major low-income countries change is taking place rapidly, as in China.
According to Internet World Stats, in China there were 538 million Internet users in June
2012, which is the largest number for any country. However, the Internet penetration rate
is still only about 40 percent, whereas in U.S. it is estimated to be 78 percent. But the
Internet penetration in China grows very rapidly – if the trend of last five years continue,
China’s penetration rate will reach in 2018 the same level U.S. has currently.
In summary, given the rapid spread of Internet and electronic media also in the low-income
countries, it may be that the current rapid consumption growth may weaken already in the
coming decade. Indeed, there are already indications of this happening. For example, the
Chinese newsprint consumption growth rate has already started to decline: in 1995–2004,
the consumption grew on average by 15.9 percent per annum, whereas in 2005 to 2011
this figure was only 3.6 percent (RISI data).
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3.2.4.2 Declining Price Trend
The discussion of the impacts of digital media on the graphics paper sector is very much
focused on what happens to paper consumption. However, from the perspective of paper
industry company profitability, it is important to draw attention to the potential price impacts
that arise from changes in the marketplace. The increasing competition between print and
digital media has led to a reduction in pricing power for the paper sector. Companies in the
paper industry are not simply competing against other paper companies, but increasingly
they are also competing against digital media companies, who provide alternative
platforms for information dissemination and publishing (Hetemäki 2008, Green 2012). In
the face of this increasing competition between print and electronic media, publishers of
print products seek to cut operating, materials, and other costs, which is intended to lead
to lower, more competitive prices of their paper products. In short, communication paper
prices are also increasingly determined by digital media development. Indeed, the real
price of communication papers has been declining in the past decade. In recent years, the
average real price has been around 30 percent lower than in the beginning of the
century.12
As a result of the competition from digital media, the pulp and paper industry needs to
implement strategies to adjust to structural changes in communication paper markets.
First, the industry can continue cutting production costs and increase productivity through
investment in modernisation. Another pathway to competitiveness is the application of
information technology for intra-company business processes and inter-company
connectivity with exchange partners. Third, companies can reduce capacity (close mills
and paper machines) in order to maintain the supply-demand balance, and maintain/gain
pricing power within the markets they serve. This is what companies have been doing in
recent years in North America and Western Europe and has been an essential tactic to
keep their current businesses profitable. Of course, for some companies the capacity
closures may not be a result of well-planned strategic decision making, but simply a force
majeure, in that they have no other possibility. Also, companies merge to increase market
share and gain market and pricing power. Finally, the paper industry can innovate new
products for which there will also be growing markets in the high-income industrialised
countries (see section 5.5).

12

Based on FAOSTAT data, and computing the world price as an average of the export and import unit
prices, and deflating it with world commodity input price index from IMF.
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3.2.5 Packaging Sector Increases Paperboard Consumption
3.2.5.1 Overview of Packaging and Paperboard Products
In the previous section it was shown how the development of information technology and
digital media is resulting in substitution impacts and declining consumption and price
trends for graphics paper products. In contrast, information technology is not expected to
have such a negative effect on paperboard consumption. For example, a rapidly growing
consumer Internet trade increases the need for packaging, which translates to growth in
paper products used for packaging. In this section, we focus on the current state and
outlook of the global paperboard and packaging markets.
One of the most important driving forces in determining the success of paperboard is how
well it can compete against other packaging materials. Currently packaging paper and
paperboard are the most important packaging materials in terms of market share. Their
value share of the total global packaging products is 38 percent, while the second largest
is plastics with a 34 percent share (WPO 2008). As these two product groups dominate
global packaging, their relative competitiveness determines how the paperboard sector will
develop in the future.
Global consumption growth of packaging paper and paperboard has been stable during
the last two decades with an average annual growth rate of 3.4 percent (based on the RISI
data). Although packaging markets are affected by global economic changes, economic
recessions have generally had smaller negative impacts on paperboard markets than on
graphics papers markets (Finnish Forest Sector Economic Outlook 2011). Global growth of
paperboard production is mainly correlated to the rapid consumption growth of
containerboard that is used for bulk packaging of industrial commodities. According to the
RISI data, cartonboard consumption has been growing slower, but the growth rate has
increased during the end of the 2000s. The cartonboard product group includes folding
boxboard, liquid packaging board, solid bleached sulphate board and white lined
chipboard. These grades are used for many kinds of consumer packaging such as food,
liquor, light industrial products, medicine, health care products, cosmetics, and electronics.
The World Packaging Organization (WPO 2008) expects, that growth opportunities exist
for packaging in such areas as fresh food and ready-to-eat meals especially in emerging
markets in developing countries. Additional opportunities exist for suppliers in beer and
mineral water consumption especially in Eastern Europe, the Middle East and Asia.
Healthcare and cosmetics are also fast growing end-use areas for cartonboard. Despite
the significant growth possibilities for cartonboard, plastic packaging is a challenging
competitor. For example, according to WPO (2008) rigid plastics have been, and will be in
the future, the fastest growing packaging material.
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3.2.5.2 Regional Developments in Paperboard Markets
The largest consumer and producer countries of paperboard are the U.S., China and
Japan. With declining production, Japan has become more dependent on paperboard
imports during the last decade. An important structural change that has affected the global
paperboard markets is the remarkable consumption and production growth in Asia
resulting from the rapid economic development of China (Table 3.3). In contrast,
consumption has declined in the U.S. and in Western Europe. An important reason for this
was that production of consumer and industrial goods have increasingly been transferred
from OECD-countries to emerging economies, such as China. As a result, packaging also
has migrated to these regions. However, a significant portion of packaging board produced
and “consumed” in China actually ends up in the U.S. and Western Europe through
Chinese exporters (Hetemäki & Hänninen 2009). North America and Western Europe
clearly produce more paperboard than they consume, and have been important exporters
(Table 3.3). The production growth in China and overall decline in demand during the
recession of 2008-2010 has led to capacity cuts in the paperboard industry in North
America and Western Europe. Africa, Eastern Europe and Latin America are net importers
of paperboard. In particular, Africa’s consumption and production volumes are very low
compared to the other regions.
Table 3.3 Paperboard Consumption and Production by Regions (in million metric tons).
Region

Africa
Asia
North
America
Latin
America
Eastern
Europe
Western
Europe

Consumption
1992 2000

2012

Production
1992
2000

2012

2
26

2
41

4
84

1
24

2
39

2
82

37

44

40

41

48

46

5

9

14

5

7

10

4

6

12

5

6

10

23

30

30

24

31

34

Source: RISI, includes containerboard and carton board

International trade of paperboard in terms of export and import volumes doubled between
1992 and 2010. However, the volume of trade relative to production has been rather
stable: the share of exports to production has been around 20 percent on average during
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this period. A number of important changes have occurred in the regional net trade
(exports–imports), of which the most important is the volume growth of West European net
exports between 1992 and 2010. In 2010, Western European exports were 4.6 million
tons larger than imports. North America is the other region where exports have increased
in relation to imports. Western Europe and North America will continue to be important
exporters of paperboard in future, due to the stagnating consumption in these regions.
Eastern Europe, Latin America and Africa have become more dependent on imports. In
Eastern Europe, the development of the Russian market is important, as it covers about
one-third of Eastern European production and consumption. Russia’s paperboard imports
have risen quickly boosted by domestic consumption. Import growth will continue in
Eastern Europe (particularly Russia), Latin America and Africa. Asia will continue
investing in new capacity in order to meet rapidly growing demand in the region.

3.2.5.3 Changes in Paperboard Prices
The rapid increase in the production of paperboard in the low-cost emerging countries
(e.g. China) in the past decade seems to have changed the paperboard world price pattern
(Figure 3.7).13 In the 1990s, there was significant cyclical variation in paperboard prices,
but no clear declining trend. However, during the last decade, when rapid production
enlargements started in new Asian low-cost countries, a clear declining price trend is
evident. This changing world price pattern has been a particular challenge for the
profitability of the North American and Western European producers.

13

The price development of paperboard is described by the average of world import and export unit values in
US dollars (Faostat). Prices were transformed to real prices by deflating nominal prices by world commodity
industrial inputs price index (IMF). Prices are for wrapping and packaging paper and paperboard (Faostat
code 1681).
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Figure 3.7 Production of Wrapping and Packaging Paper and Board in High-Income
Countries and World Real Price, 1992–2010 (Sources: IMF and Faostat).

3.5.2.4 Drivers of Paperboard and Packaging Markets
What are the main drivers that help to explain past developments and anticipate the future
of the paperboard and packaging sector? These are questions that have not been
thoroughly addressed by academic researchers. Previous studies on the paper industry
have focused mainly on graphics papers (e.g. Zhang and Buongiorno 1997, Laaksonen
1998, Hänninen and Toppinen 1999, Hetemäki 1999 and 2008, Hetemäki and Obersteiner
2001, Bolkesjö et al. 2003). On the other hand, academic research on paperboard markets
has been relatively scarce.
The studies that do exist have focused on different aspects of the paperboard sector. For
example, Li and Luo (2008) examined consolidation of the paperboard industry. Their
results for the U.S. linerboard industry suggested that consolidation has not necessarily
resulted in higher market prices. One reason for this was suggested to be a low
concentration ratio. In another study, Löfgren and Witell (2005), suggest that quality
attributes of packaging, such as recyclability, influence the decisions to buy and use
packaging products. Also, the findings of Rokka and Uusitalo (2008) emphasise the
increasing importance of environmental dimensions of packaging in product choices. In
contrast to the scarce academic research on paperboard sector, there are many empirical
surveys and reports made in industry organisations and consulting companies working in
the packaging sector. According to the World Packaging Organization study (WPO 2008),
the most important demand drivers of packaging and packaging materials are economic
development, population growth, consumption habits, Internet trade and technological
development.
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Table 3.4 Consumption of Paperboard Per Capita and Projections for Population Growth
by Regions.
Apparent consumption of paperboard,
and population

Asia

Western
Europe

Eastern
Europe

Latin
America

North
America

2010: consumption kg/per capita

2.2

7.3

3.5

2.0

11.6

2010:population, millions

4164.3

189.1

294.8

590.1

344.5

0.99

0.15

-0.17

1.07

0.86

2015–2020,%

0.85

0.16

-0.21

0.93

0.80

2020–2025,%

0.71

0.12

-0.29

0.80

0.74

2025–2030,%

0.57

0.08

-0.38

0.66

0.67

Average annual growth rate
population by 5 year periods
2010-2015,%

of

Sources: Faostat and the United Nation (UN) (2011), population growth, medium-fertility variant
2010–2100.

In the following section, we present two alternative trend projections for paperboard
consumption in five regions. Consumption is analysed based on the figures for total
consumption volumes as well as for volumes per capita (consumption/inhabitant).
According to the United Nations estimates (UN 2011), population growth has been
shrinking gradually in all the five regions during the 1990s and the 2000s and anticipated
to continue to 2030 (Table 3.4). For Eastern Europe, the UN (2011) estimates indicate
negative population growth also in future.
In the first projection, we keep the consumption/per capita at 2010 levels and assume that
only population growth (UN 2011) will determine future total paperboard consumption.
Figure 3.8 indicates growth rate changes for paperboard consumption in different regions
based on this scenario.
For emerging markets, Asia, Eastern Europe and Latin America, the projections probably
underestimate future development. In these regions, current consumption of paperboard
per capita is clearly lower than in North America or Western Europe (Table 3.4). The
increasing trend in industrial investments and production of industrial commodities in
emerging countries will probably increase their packaging demand and consumption of
containerboard and carton board per capita. WPO (2008) estimates that the emerging
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markets are also areas where especially food and fresh products packaging is growing,
which are possible new geographical markets for the carton board industry. For North
America, the projection shows continued growth in consumption in future, but is premised
on sluggish growth observed in the 2000s.
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Figure 3.8 Paperboard Consumption by Regions in 1992–2010 and Projections Based on
Population Growth for 2011–2030 (dotted trend line is for Latin America).
The second projections are based on linear trends calculated for consumption per capita
for the period 2000–2010. As mentioned earlier, globalisation has rapidly changed the
structure of the global forest industry and product markets during the 2000s. Paperboard
consumption per capita started to decrease in North America, and to stagnate in West
Europe. In the other areas, where consumption per capita is clearly lower than in the last
mentioned regions, the figures show steady growth: The fastest growing area is Eastern
Europe. Even small changes in consumption per capita will have a very large effect on the
total absolute volume of consumption. The second projection (Figure 3.9) indicates 77
percent lower paperboard consumption for North America than the first projection in 2030.
For Eastern Europe, the second projection indicates consumption levels that are two times
larger and for Asia the forecast is three times larger than the first projection.
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Figure 3.9 Regional Packaging and Paperboard Consumption and Trend Projections (per
capita).
In summary, the two projections differ considerably, but they may help in assessing
possible future developments in the paperboard sector. Industrial production and export
packaging will continue to grow in Asia with a concurrent relatively lower consumption of
paperboard for packaging in traditionally large producer regions in North America and
Western Europe in the future.
An important source of uncertainty in global paperboard markets is China’s rapid economic
growth rate and concurrent packaging consumption. This is an issue which is very difficult
to project. Another important source of uncertainty and potential opportunity relates to the
development of new packaging materials and the ability to innovate new packaging
products in reaction to changing needs and habits of consumers. Substitution from
alternative materials, particularly plastic, will influence the development of new woodbased packaging materials. An example of an emerging product/market is intelligent
packaging which combines wood fibres with modern digital information technology, such
as interactive pharmaceutical packages that remind people to take their pills with a
programmed frequency. Another example is incorporating new technology in packaging,
providing information about food spoilage, which could prevent huge volumes of food
waste in the chain of food retailers, wholesalers or consumers.
Although currently of paperboard products are decreasing in West Europe and North
America, the growth of food packaging may offset this decline. Larger production volumes
will be needed also to satisfy the growing consumption of tissue paper.
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Packaging materials and tissue paper are typically the most profitable to produce near
their end use and final customers, because of high unit transportation costs. For example,
carton board production for food packaging is typically based on coniferous virgin fibre that
is available in the traditional producer countries of North America and Western Europe. On
the other hand, tissue products are relatively expensive to transport, and therefore, they
tend to be produced near the consuming markets.
Finally, environmental concerns are likely to be an important determinant of packaging
sector development in the future. This is positive for the paperboard sector which uses
renewable raw materials relative to the main competing fossil -based plastic products.

3.2.6 Implications of Paper Markets on the Wood Fibre Demand
3.2.6.1 Global Development
What would be the implications of trends and outlooks for paper and paperboard
consumption and production on the markets and trade flows for wood fibre raw material
(wood pulp, recycled paper, and pulpwood)? In order to shed light on this question, we first
start by analysing the recovered paper and wood pulp inputs at the global level. Then, we
analyse the recycled paper recovery and utilisation trends at the regional level. Finally, we
discuss the outlook for pulpwood demand.
Recovered paper (Figure 3.10) has become by far the largest fibre type used in paper
making.14 Its input share in paper making has grown from below 40 percent in the
beginning of 1990, to 57 percent in 2010, while wood pulp share has declined from 60 to
43 percent. Amongst the different wood pulp grades, bleached hardwood kraft pulp
(BHKP) has increased substantially in absolute volume, and has also gained input share
marginally from 14 percent in 1992 to 15 percent in 2010. All other grades of wood pulp
show decline in absolute volumes except unbleached kraft pulp, which has been relatively
stable during last 20 years.
Western European paper recovery rate has recently reached 75 percent of the paper
consumed, which is assumed to be close to the practical limit for the region. 15 The
recovery rate in Germany was 80 percent in 2010; however, a more conservative
assumption was applied for 2010–2030 period for the region as a whole. The North
American paper recovery rate is second highest at around 63 percent in 2010. It is
projected that North American paper recovery rate will increase following the trend from
the past decade until reaching 70 percent soon after 2015, and then remain stable. In

14

The statistics used in this section are based on RISI data.
Paper recovery rate is the same as paper recycling rate, and it can be defined as the total amount of paper
and paperboard recovered (collected) as a percentage of the total amount of paper and paperboard
consumed.
15
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Millions tons

Asia, the paper recovery rate has been steadily increasing, and was 53 percent in 2010,
the third highest rate after Western Europe and North America. It’s assumed that the Asian
recovery rate will increase until it reaches 65 percent near 2025.
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Figure 3.10 Global Paper and Paperboard Fibre Input, 1992–2010 (Data: RISI).
It is also expected that some regional differences in paper recovery rate will remain in the
medium term. Eastern European and Latin American recovery rates are assumed to be
increasing more gradually, but in line with the last decade’s linear trend. African paper
recovery rate remains stagnant at around 30 percent.
Recovered paper utilisation rates are projected in a similar way – based on the last
decade’s regional trends.16 Asia has reached the highest recovered paper utilisation rate
of around 69 percent in 2010. That is, out of the total fibre used for paper making, 69
percent was based on recovered paper, and 31 percent on pulp. It is expected that this
utilisation rate is close to its upper limit, and it will grow only slightly from this level in the
future.
Based on the projected regional recovered paper utilisation rates, and the projected
regional paper production volumes, we projected the use of recovered paper in paper
making up to 2030 (results not shown here). According to the projections, Asia’s use of

16

Recovered paper utilisation rate can be defined as the share of recovered paper in the total fibre input in
paper production.
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recycled paper would double from 2010 to 2030. In Western Europe, Eastern Europe,
Latin America and Africa recycled paper usage is projected to grow moderately. Only in
North America would the recovered paper usage decline in the coming decades. Given
these trend projections, in 2030 Asia’s share of the global recovered paper use would
reach nearly two-thirds.

Millions tons

On the basis of the projected recovered paper utilisation rates, regional paper production
volumes, and the projected paper consumption (Table 3.1), regional supplies of recovered
paper were estimated. The balance of recovered paper used for paper production and
recovered paper supply results in the regional net trade of recovered paper (Figure 3.11).
Therefore, in contrast to previous projections, the recovered paper net trade projection is
not purely a trend projection. Asia has been the largest and the fastest growing importer of
recovered paper, but this trend cannot continue much longer, given that Western
European and North American exports of recovered paper are not likely to increase in the
long-run. The reasons for this are the declining Western European and North American
paper consumption and paper recovery rates (they can increase only by a relatively small
margin without a resulting very high price level). On the other hand, growing paper
consumption and paper recovery rates in Asia will increase the overall supply of Asian
recovered paper.
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Figure 3.11 Recovered Paper Net Trade in 1992–2010 and Projections to 2030 (Data:
RISI).
The wood pulp production trends for the next two decades are linearly projected from the
past decade (Table 3.5). Given these projections, Asian and Latin American wood pulp
production will exceed North American production, which will decline substantially from its
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current level. In order to supply pulp wood for increasing pulp production in Asia and Latin
America, new plantations would need to be established at the same rate as has been
observed over the past two decades (FAO, 2006). In addition to the need to maintain the
rate of new plantations established, plantation productivity would have to improve in Asia.
One interesting implication from Table 3.5 is that the global demand for pulp wood will
grow only marginally due to higher efficiency of using tropical hardwood for pulping
compared to using softwood fibre from the Northern Hemisphere. To a large extent, an
increase of wood fibre use in Asia and Latin America is offset by a significant reduction in
North America due to a decline of wood pulp production. Wood fibre deficits could exist
regionally. Should Asia or Latin America fail with plans for expected growth of wood pulp
production and increasing wood fibre supply, North America may try to reverse the
declining trend for wood pulping.

Table 3.5 Change in Wood Pulp Production and Pulpwood Consumption

Wood Pulp Production
million t

Pulpwood
Consumption
3
million m

2010

2030

Change
2010-2030

Change
2010-2030

Africa

1.8

1.7

-0.1

0

Asia & Oceania

32.1

51.0

19.0

57

Latin America

20.6

45.1

24.6

74

North America

67.8

42.2

-25.5

-115

Western Europe

36.0

34.6

-1.3

-6

Eastern Europe

10.4

12.2

1.8

8

World

168.6

186.9

18.3
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Table 3.5 shows what the projected changes could imply for regional wood pulp production
and pulpwood consumption during 2010–2030.17 The most important projected changes
are significant increases in pulp production in Asia and Latin America, and the decline of
pulpwood production in North America by 38 percent from 2010 to 2030. In Western
Europe the projection anticipates a slight decline in pulp production in the coming
decades. If the projected wood pulp production trends were to realise, Asia would become
the largest and fastest growing net importer of wood pulp, and Latin America the largest
and fastest growing net exporter of pulp.
These changes in pulpwood production would naturally impact regional pulpwood
consumption. Table 3.5 shows that pulpwood consumption would increase from 2010 to
2030 in Latin America and Asia roughly 131 million m 3 accompanied by a decrease in
North America and Western Europe of 121 million m 3. However, demand increases in
Latin America and Asia would be mostly in hardwood pulpwood, whereas the decline in
North America and Western Europe would be mainly softwood pulpwood.
The projections would most likely imply that Asia and Latin America would need to
increase their wood pulp production significantly from present levels. This could be
achieved by increasing the volume of fast growing plantations, as well as increasing
productivity. According to Carle and Holmgren (2008), in their “Higher productivity
scenario” (assuming 2 percent annual productivity increase for planted forests), Asia will
be able to increase pulpwood supply by 63 million m 3 over 2005–2030 period. This would
be sufficient to sustain Asian wood pulp production growth. However, questions remain as
to whether newly established plantations and associated productivity increases will be
realised to the extent required for the projected levels of growth to take place. On the other
hand, if Asia can achieve higher than assumed paper recovery rates, the region can
potentially sustain the same level of paper production with lower use of wood pulp. Clearly,
if plantation forest productivity growth is not achieved, and the paper recovery rates do not
increase, Asia would need to import more pulp wood or wood pulp from other regions.
Another possible option is to attract more investments to the Russian Siberian forest
sector. In terms of potential large raw material supply to global pulp and paper industry,
there is particular uncertainty with regard to such development in Russia. Russia has the
largest coniferous forest resource in the world, but currently the utilisation rate of this
resource is low. For example, the annual allowable cut utilisation rate has typically been
under 25 percent (UNECE 2003). There are many obstacles related to the utilisation of this
resource, such as poor infrastructure (logistics, forest roads), ambiguous forest ownership
legislation and security of wood supplies. However, if the global demand for pulpwood

17

It was assumed that to produce one metric ton of wood pulp in Asia, Africa and Latin America, three cubic
meters of hardwood pulpwood is required. In North America and Western and Eastern Europe, where
pulpwood is largely softwood coniferous requiring higher input, this figure was assumed to be 4.5 cubic
meters.
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resources increases markedly, the potential pulpwood supply that exists in Russia could
start to materialise to a much greater extent than today.

3.2.6.2 EU Pulp and Paper Market Projections
The EUwood study (Mantau et al. 2010) medium scenario projects forest products (or
material use) growth of 35 percent from 2010 to 2030, or, an average growth rate of 1.8
percent per annum. That means that the past historical trends are assumed more or less
to continue the next two decades. However, given the structural changes in the EU paper
and paperboard consumption and production, such a development seems rather unlikely.
Figure 3.12 below shows the EU forest products consumption from 1990 to 2012. The
forest products production trend (not shown) is about the same as the consumption. The
Figure shows that graphics paper consumption started first to stagnate in 2000, and then
to decline from 2006 onwards. The other paper and paperboards consumption has a
similar pattern, but not as significant drop. Sawnwood consumption growth rate has
slowed down after 2000, but started to decline in absolute terms only after 2007, i.e. one
year before the economic slump. The important question is to what extent the production
pattern changes in the 21st century have been a result of structural factors and of cyclical
factors related to the financial crises.
If we compare the pattern of the paper consumption to the GDP pattern in Figure 3.12 we
see a clear change from 2000 onwards, indicating that the paper consumption does not
anymore grow as clearly along with the GDP. In fact, for graphics paper the relationship
has turned negative. This is also indicated by the simple correlation coefficient between
GDP and graphics paper consumption, which was +0.96 for the period 1990–1999, and 0.53 for the period 2000–2012. Thus it seems apparent that part of the paper consumption
change is due to structural factors (see also Hurmekoski and Hetemäki 2013; Hetemäki et
al. 2013). This is indeed a historically significant change, since over 100 years the
graphics paper consumption (production) has been increasing in Western Europe,
whereas in this century it does not seem to do so anymore.
Let us assume that EU paper and paperboard consumption would develop on average as
it has done in the past 10 years (2003–2012 trend). This period consists of six years
before the economic slump, and five years after, as the EU GDP bar in the Figure also
indicates. The five slump years are of course lower than average growth periods.
However, the structural change in the EU paper consumption seems to be accelerating
(due to e.g. digital media impacts), and we may expect this impact to increase over time.
Thus, maybe on average the 2003–2012 trend in Figure 3.12 is not that bad estimate for
future pattern, despite the five slump years. Using this trend in future projections implies
that graphics paper consumption would decline from its historical maximum level of 92 Mt
in 2007 to 69 Mt in 2030. Thus, it would decline by almost 23 Mt or by 25 percent, instead
of increasing by 35 percent as projected by the EUwood study.
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A similar trend projection for the EU paper and paperboard production would imply that
paper production in EU would decline from its historical maximum level of 101 Mt in 2007
to 81 Mt in 2030. Thus, the total paper production would decline by 21 Mt or by 21 percent.
In addition to the declining paper consumption, the EU producers are facing increasing
competition from the Asian producers (and South American in pulp). This is indicated e.g.
by Figure 3.1 which shows the markets shares of paper and paperboard production in Asia
(excluding Japan), EU, and North America.
Using the 2003–2012 trend to project EU wood based pulp consumption, and calculating
the associated pulpwood consumption required by using a simple multiplier (see the
footnote 2 for technical explanation), we get the projections shown in Figure 3.13
According to these results, wood pulp consumption in the EU would decline from 47.5 Mt
in 2007 to 30.3 Mt in 203018. Correspondingly (using the multiplier), the demand for
pulpwood would decline from 142 million m 3 to 90 million m3. In contrast, the EUwood
study projects this to increase to 200 million m3. That is, if the markets would behave in the
coming 17 years as they have on average in the past 10 years, the pulpwood consumption
would be 110 Mm3 lower in 2030 compared to what the EUwood study projects.
The lower paper consumption and production would have many impacts for the EU wood
balance. First, the demand for paper, pulp and pulpwood will be significantly lower than
what EUwood study projects. By reducing the demand for pulpwood, it tends to lower the
price of pulpwood (ceteris paribus), and therefore, lowering the costs to bioenergy
producers. However, by reducing the pulpwood demand, it also reduces the forest
residues generation, and tall oil production in pulp mills, both of which could be used for
bioenergy production. Pulp mills are significant producers of bioenergy in EU, and if their
production declines, so will also their bioenergy production. For example, in the EUwood
study, energy generation from pulp process (black liquor) is expected in scenario A1 to
increase from 60 million m³ solid wood equivalents in 2010 to 66 million m³ in 2020 and 85
million m³ in 2030 (67 and 72 million m³ in scenario B2). The net impacts of these factors
can be either positive or negative for bioenergy production.

18

In 2011, about 75 percent of the EU total pulp consumption was chemical pulp (wood utilisation multiplier
3
3
for coniferous pulp is 5.5 m /t, for hardwood pulp it is 4.2 m /t), and 25 percent was mechanical pulp (wood
3
utilisation multiplier for mechanical pulp is 2.8 m /t). Assuming multiplier 5 for chemical pulp (most of this
pulp is based on coniferous pulpwood), and 2.8 for mechanical pulp, the average multiplier is 0.75*5 +
0.25*2.8 = 4.45. However, typically, about 33 percent of the total wood pulp consumed in EU is imported
from outside EU, so we here simply assume that the impact to EU pulpwood demand would similarly be 33
percent lower.
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Figure 3.12 European Pulp and Paper & Paperboard 2000-2012 and Forecasts to 2030.
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Figure 3.13 EU Woodpulp and Pulpwood Consumption in 1990–2012 and Trend
Projection to 2030.19

19

P = preliminary data for 2012; TP = trend projection based on the last 10 years, i.e., 2003–2012 trend;
EUwood = Mantau et al. (2010) projection. *Mantau et al. 2010 do not report these figures as such. However,
the study reports the wood demand increase by sawnwood, pulp sector, and for the material uses from 2010
to 2030; these increases in demand are 25.6, 39.7 and 35.3 percent, respectively. We have made a simple
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It should be noted that in the future, the pulp production does not necessarily decline
exactly in line with the decline in fine (woodfree) paper production.20 First, the EU countries
can export more softwood pulp (probably not hardwood pulp, due to competition from
South America and Asia). Secondly, some of the old “paper pulp” plants can be
transformed to produce dissolving pulp for textile industries, as is already taking place e.g.
in some plants in Finland and Sweden. Moreover, some pulp plants may start to produce
only energy, such as gas (e.g. Joutseno pulp mill in Finland is planning to start to do this
for the city of Helsinki). However, despite these possibilities, it is very likely that these
factors will not be of important magnitude for many reasons, and there will be significant
decline in pulp production in EU along with graphics paper consumption.

3.2.7 Comparison of the Projections to 2030
In recent years, there has actually been very little research on pulp and paper markets
long term outlook. It is not a popular topic amongst academic researchers. Most of the
outlook studies for the industry are published by consulting companies, which also tend to
follow more systematically and in more detail the market developments. Here, we
summarize the most well-known recent outlook studies for Europe by forest economists
and consulting companies, and compare them to our own assessments. The studies
analysed are the extensively cited EFSOS II (UN-ECE/FAO 2011) and Buongiorno et al.
(2012) studies, and the RISI (2013b) consulting company study. Tables 3.6–3.8
summarise the main quantitative results of the projections at the European level.
The EFSOS II study does not actually provide data for pulp consumption and production
projections to 2030. However, here we have assumed that they increase along the EFSOS
II paper and paperboard production and consumption, i.e. 26 percent and 19 percent
respectively. Buongiorno et al. (2012) provide four different scenarios, and the Table 3.8
shows scale of these scenarios. The Trend Forecast in Table 3.8. was based on data from
2005-2012. However, since year 2009 was exceptional slump year, the value for this year
was replaced by the average of 2008 and 2010 values. If the actual 2009 value had been
used instead, the trend projection would show lower consumption and production for 2030.
The Forecast Model in Table 3.8. is based on using paper & paperboard production as an
explanatory variable for pulp production. It actually tracks and explains very well the
changes in the past pulp production (we tested this also by computing out-of-sample
forecasts). However, this does not necessarily mean that it will be as good in explaining

assumption in this Figure, that this demand is reflected in an equal percentage increase in end product
demand from 2010 to 2030.
20

The mechanical pulp production is likely to decline in line with the mechanical paper production decline.
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the future pulp production. This is due to the fact that pulp mill production may in the future
be increasingly used also for textile industry (dissolving pulp) and energy purposes, and
not only for paper.
The most striking result is that the data from 21st Century, the forecasts of this study, and
the RISI (2013 a) projections indicate very different projections than the EFOS II (UNECE/FAO 2011) and Buongiorno et al. (2012) studies. Moreover, the analysis of this study
indicates that it is unlikely that the market structures and trends from the 20 th Century will
continue in this Century. Basically, there are strong arguments indicating that EFOS II and
Buongiorno et al. may overestimate significantly the European paper consumption and
production up to 2030. The projections from this study indicate that the European paper
and paperboard production could decline from the 2010 level of 106 Mt, to 87 by 2030 (-19
m.t.). EFSOS II and Buongiorno et al. would instead project an increase of 25–45 Mt.
In line with the above projections, also the pulp consumption and production projections for
2030 differ significantly. According to this study, the European pulp consumption and
production would be in 2030 about 20–30 Mt less than EFSOS II or Buongiorno et al.
projects. This would, in turn, imply approximately over 100 million cubic meters less
pulpwood demand.
The projections of this study are of course only one possibility, and unlikely to realize as
such. However, they main message they communicate is that the forest industry and
forest biomass based bioenergy industry should seriously assess the possibility of a very
different scenario than the EFOS II and Buongiorno et al. suggest. The markets may
decline instead of growing.

Table 3.6 European Paper and Paperboard Consumption and Production in 2010 and
Projections to 2030
In million tons
Actual
EFSOS II
Buongiorno et
Trend Forecast
2005-2012 trend
2010
(2011)
al. (2012)
1
2030
2030
2030

Consumption

94

112

113 - 128

93

Production

106

134

131- 151

87
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Table 3.7 RISI (2013a) Projections for European Graphics Paper Consumption and
Production in 2010 and Projections to 202821
In million tons
Actual
Western
Rest of
Total
Europe
Europe
Europe
Europe
Europe
2028 vs 2010
1
2010
2030
2030
2028
Consumption

37.8

17

10.8

27.8

-10.0

Production

46.6

24.3

10.4

34.7

-11.9

Table 3.8 European Pulp Consumption and Production in 2010 and Projections to 2030
In million tons
Actual EFSOS II Buongiorno Trend Forecast
Forecast
(2011)
et al. (2012) 2005-2012 trend
Model
2010
20301
20302
2030
Consumption

52

62

55 - 67

33

Production

46

58

53 - 64

33

34

3.2.8 Implications to Bioenergy Markets and Critical Questions
How would the above global and European pulp and paper market outlook impact the
possibilities of forest biomass based bioenergy development? What are the critical
questions it raises in terms of future bioenergy market developments in Europe?
First, the paper industry’s production stagnation or decline specifically in Western Europe,
North America and Japan will reduce the demand for pulp and pulpwood in Europe as
whole. However, there will be regional differences, and in some Eastern European
countries there could still be an increase in pulp production (e.g. Estonia, Poland). The net
effect of this development for European forest biomass based bioenergy production is not
clear, due to partly offsetting impacts.

21

Graphics paper share of total European paper & paperboard production in 2010 was 44 %.
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First, pulp plants are also major energy producers, e.g. for district heating and paper
industry. Declining pulp production will therefore also decrease this type of energy
production. Secondly, the synergy and profitability gains achieved in forest biorefinery
bioenergy production would be reduced. For example, the second generation biofuel
production in an integrated pulp and paper mill would most likely not be attractive without
the paper and pulp production. Thirdly, the procurement of pulpwood for pulp production
also generates forest chips for energy production. Moreover, the income from pulpwood
mobilizes forest owners to supply forest biomass to markets. Thus, many of the impacts of
declining pulp production will have negative impact for forest biomass based bioenergy
outlook in Europe.
On the other hand, reduced pulp production also reduces the demand and competition of
forest biomass. This would tend to improve the possibilities and profitability for forest
biomass based bioenergy production, for example, in the energy industry.
The possibility of declining pulp production in Europe, and its impacts to forest biomass
based bionergy outlook in Europe, have not really been addressed in research. Given the
above considerations, it would be important to provide a more detailed analysis of the
many impacts of possibly declining pulp production for bionergy development in Europe.
Also, the regional differences in the development should be addressed. Finally, scenarios
of the non-paper based pulp production outlook in Europe should be carried out. In
particular, what are the outlooks for dissolving pulp and pulp mill based energy production
in Europe?
The new research results will take their time, but the companies need to act already now.
The most important message is that the companies should be prepared in their strategies
also for the possibility of the declining European pulp production.

3.3 Wood Products Markets
3.3.1 Introduction
3.3.1.1 Background and Scope of the Analysis
The wood products industry is very heterogeneous and fragmented, compared to for
example the pulp and paper industry. The wood products industry consists of three main
sub-markets, i.e. sawnwood, secondary processed products, and wood-based panels
(see, Figure 3.14). In terms of the implications for bioenergy availability, the sawnwood
industry and the plywood industry are the most significant sectors, while especially the
particle board sector competes from the same raw material as bioenergy production. Due
to issues with data quality and availability, the small volumes of secondary processed
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products and furniture (see, Pahkasalo et al. 2013), and the significance of the sawnwood
sector in the by-product flows for energy production and other forest-based industries (incl.
wood-based panels), this analysis is focused on the global sawnwood markets. While the
emphasis of the analysis is on Europe, global sawnwood trends and the most significant
markets outside Europe are also considered.

Wood Products Industry (excl. furniture)
SECONDARY
PROCESSED
PRODUCTS

SAWNWOOD

 Unmodified
 Modified
o mechanically
o chemically







Joinery/carpentry
Profiled wood
Engineered
Wood Products
(incl. e.g. glulam,
I-beams, LVL)
Wood
composites

WOOD-BASED
PANELS







Veneer sheets
Plywood
Particle board
(incl. OSB)
Fibre board (incl.
MDF)
Other



Figure 3.14 The Main Product Groups of the Woodworking Industry (excl. furniture).
The global production of sawnwood was 411 Mm 3 in 2012, corresponding to more than
half of the total industrial roundwood use (Faostat 2013). Industrial roundwood for
sawmilling provides the vast majority of the forest owners’ income, and the developments
of the sawnwood markets thereby largely determine the roundwood prices and supply
flows for all the forest-based industries (pulp and paper, wood panels, and energy)
(Lundmark 2007). The energy sector uses the slash, stumps, and small wood left over
from industrial loggings and the wood chips, saw dust, and bark left over from sawmilling.
The energy sector also increasingly competes from the same raw material as the pulp and
wood-based panel industry, and the increasing demand for biomass for energy has
already created significant price pressure for wood chips (Aguilar et al. 2013). Therefore,
the wood products market development also clearly affects the prospects of the energy
sector and has links to climate and energy policies. As a result of the energy policies
favoring renewable resources and biomass, the wood products industry may have
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increasing opportunities in refining energy products to be sold to the markets by its own as
well.

3.3.1.2 Global Sawnwood Markets
North-America, the EU, and Asia account for 75 percent of the production and 80 percent
of consumption in the global sawnwood markets (Faostat 2013). The sawnwood markets
are largely dominated by coniferous sawnwood in Europe and North-America (91 and 84
percent of production, respectively). Production of tropical sawnwood in the world (AsiaPacific, Latin America/Caribbean and Africa) totalled 42.7 Mm3 in 2011 (ITTO 2012).
However, these markets are out of the scope of the following analysis, as tropical
sawnwood imports by EU-27 countries are very minor, around one million m 3 annually, in
large contrast to Asia.
As the construction sector largely profiles the demand for sawnwood, the demand shifters
are generally linked to population growth, household size, and general economic activity.
The European sawnwood markets have seen relatively few major changes over the past
decades. They have on an average been following population growth and business cycles
of the construction sector (Faostat 2013). There are few exceptions to this sluggish growth
trend. The most significant one was when the USSR ceased to exist in 1991, resulting in a
sudden plummet in the sawnwood supply from Eastern Europe. As a reaction to this
institutional change, the markets in the EU started to grow faster compared to the period of
1960 to 1990. However, the lengthened financial crisis that started in 2008 and the
resulting low demand for new construction has kept the demand for sawnwood well below
the pre-crisis levels in the recent years.

3.3.1.3 Objectives
Despite the relevance of wood products markets for the material flows of the whole forest
sector, long-term outlook studies focusing on wood products markets appear to be rare.
The objective of this chapter is to analyse the current state and the possible future
developments of the global sawnwood markets. The analysis aims to contribute to defining
the implications of the recent and prospective forest sector market trends in terms of the
forest bioenergy potential.
The chapter is structured as follows. First, we briefly summarise some of the most recent
outlook studies for the wood products industry, with an emphasis on coniferous sawnwood
in Europe (incl. Russia), North-America, and Asia. Second, we produce trend forecasts
based on the most recent data (Faostat 2013), and compare them to the summarised
outlook publications. Third, we discuss the validity of the projections and the prospects of
possible future structural changes in the wood products markets. Next, we produce simple
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“what if” scenarios for the sawnwood markets and discuss the implications to the wood
chip availability and bioenergy production in Europe. Finally, we draw conclusions from the
analysis and summarise the critical uncertainties related to the wood products market
development.

3.3.2 Methods and Data
The methodology consists of a literature review, trend analysis, and scenario analysis. In
the literature review, the sawnwood market prospects for Europe, North-America, and Asia
are summarised based on the most recent regional outlook studies, provided by e.g.
UNECE/FAO.
The trend projections were carried out using a simple linear forecast function. The trend
analysis aims to provide baseline scenarios, against which different future developments
can be mirrored. The trend projections are also compared to the projections of
UNECE/FAO (2011).The wood-based panel production in Europe is also briefly discussed,
as it could have an effect on the industrial residue prices and availability on a more general
level.
The scenario analysis follows the Trend Impact Analysis approach (see, Gordon 2009), in
which we have historical trends as a basis and assume different possible growth rates in
future. We make assumptions on the population and consumption per capita
developments to 2050, but do not consider in detail, how they could be achieved or
whether it seems likely. The approach to the ‘what if’ –scenarios is very similar to
Hänninen (2009), i.e. we assume three trend scenarios and one structural change
scenario, and briefly discuss their possible implications and compare the scenario
outcomes to prior qualitative information.
The results are only very suggestive, due to many uncertainties and oversimplifications.
Also, the implications of the scenarios for the bioenergy production and by-product
availability appear difficult to determine precisely. As a result, only an approximate
quantitative estimate for the implications for the by-product availability and for the
bioenergy production is given, while the emphasis of the analysis is on discussing the
critical factors affecting the future volume of the sawnwood production and consumption.
The statistical data is based on Faostat (2013) database, unless otherwise specified. The
forecasts in section 3 are taken from the background documents of recent outlook studies.
The calculations regarding the implications of the scenario analysis for the bioenergy
production are based on unofficial statistics and simplifying assumptions (e.g. Mantau
2012, Keränen and Alakangas 2013).
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3.3.3 Summary of Global Wood Products Markets Outlook Studies
This section summarises the most recent market reviews and long-term outlook studies for
wood products markets. The focus is on sawnwood markets, but the demand patterns are
similar also for structural panels (e.g. OSB and plywood) and for non-structural panels
(MDF and particle board), i.e. they are all dependent on housing starts and general
economic activity.
The sawnwood markets are characteristically very cyclical. Much of the cycles are
explained by the fluctuations in the main demand determinant for sawnwood, i.e.
construction activity (see, Figure 3.15). Even though large fluctuations are not unusual in
the construction markets, the current slump in housing starts appears to be exceptionally
severe and long-lasting in the historical context. The housing starts in the US were as low
as currently last time in the 1940’s (US Census Bureau 2014). A recession this severe is
very likely to have also consequences for the long-term prospects of the sawnwood
markets, and may also affect the industry structure. Most of the recent outlook studies
have not considered the latest economic downturn, i.e. their base year of analysis is prior
to the most notable effects of the crisis.

Figure 3.15 Historical Housing Starts in EU28 and USA (Eurostat 2013, US Census
Bureau 2013).
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3.3.3.1 Europe (incl. Russia)
The reference scenario of UNECE/FAO (2011) suggests that the consumption of woodbased products in Europe would increase only slightly, by 2–8 percent by 2030 (see, Table
3.9). In contrast, the consumption of wood-based energy is projected to increase by 35
percent. Moreover, according to Mantau et al. (2010a), the policy targets for bioenergy
would translate into more than doubling demand for energy wood by 2020. Also, according
to Jessup and Walkiewicz (2013), it appears that wood demand for energy use will
overtake wood demand for other, non‐energy use by 2020. If the strong growth scenarios
for wood energy demand would realise, trade-offs between different uses could possibly
arise. The outcomes for European markets would depend on for example international
trade in forest biomass and market adjustments, and the technical efficiency of the
bioenergy production process. The increase in the price of wood and wood products is
expected to be steady and moderate. Europe is projected to remain a net exporter of
forest products in all scenarios.
Compared to the other three major regions (Europe, North America, Asia), Russian
sawnwood market is a big question mark. The sawnwood production in the former USSR
was on average almost four times higher than the current production in Russia (Faostat
2013). However, the production in Russia has been increasing in the recent years from the
level of 20 Mm3 in 2000 to 32 Mm3 in 2012. Yet a large share of the production capacity is
old and inefficient and so far there has not been strong push for increasing or renewing the
sawnwood capacity. Nevertheless, it is important to note that the sawnwood production in
Russia has already by 2007 exceeded the reference scenario forecast to 2030 by
UNECE/FAO (2011). In this sense, the FAO (2012) projections that anticipate a significant
growth of sawnwood production in Russia, by over 10 Mm 3 by 2030 even according to the
lowest scenario, seem reasonable in the light of recent trends (see, Table 3.10). However,
according to FAO (2012), measures on the following factors would be needed to ensure
the sawnwood industry development: Transition from worn-out sawmilling to new
technologies, increase in non-coniferous sawnwood, increase in the share of sawnwood
with normative humidity, switch to certified production, increase in modern high-quality
products and materials, and increased use of sawmilling waste for the manufacturing of
wood composite materials and bioenergy.
In Russia, the measures for attracting investments for the ageing equipment and
infrastructure have previously been based on restrictions such as roundwood export tariffs
(Indufor 2013). However, measures that aim to facilitate making investments, such as
Russia’s WTO accession in 2012, may provide better possibilities for achieving this end in
the long-run.
In the joinery and furniture industries, the European producers are under severe cost
pressure from China and other Far East countries, where the growth in production has
been rather explosive (Wahl 2008). In addition to the increased competition in export
markets, the imports to Europe have also significantly increased. With the increased price
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competition, hardwood processing capacity is gradually shifting from the Western Europe
to Eastern Europe.
Table 3.9 EFSOS II Reference Scenarios (IPCC B2) for the Most Important European
Producer and Consumer Regions of Wood Products (Jonsson 2012).
Sawnwood production (Mm3 RWE)

Sawnwood consumption (Mm3 RWE)

2007

2010

2015

2020

2025

2030

2007

2010

2015

2020

2025

2030

Finland

12.5

12.9

13.3

13.6

13.9

14.1

6.0

5.7

5.9

6.2

6.4

6.5

Austria

11.3

11.0

11.2

11.5

11.7

11.9

5.1

5.4

5.4

5.5

5.5

5.6

France

10.2

9.9

10.0

10.2

10.3

10.5

13.3

12.4

12.5

12.6

12.6

12.7

Germany

25.2

21.8

22.7

23.6

24.2

25.0

19.8

19.3

19.3

19.4

19.4

19.5

Italy

1.7

1.6

1.7

1.7

1.7

1.7

9.3

9.0

9.4

9.8

10.1

10.4

Netherlands

0.3

0.3

0.3

0.3

0.3

0.3

3.1

3.1

3.1

3.1

3.0

3.0

Spain

3.3

3.7

3.7

3.7

3.7

3.8

7.2

7.2

7.3

7.4

7.5

7.6

Sweden

18.6

17.7

17.8

18.0

18.1

18.3

7.7

6.3

6.4

6.6

6.7

6.7

the UK

3.1

2.9

2.9

2.9

2.9

2.9

11.2

10.9

10.8

10.8

10.6

10.7

Total Europe (excl.
Russia)

132.4

127.4

131.0

135.0

138.2

142.6

125.9

121.0

123.7

126.7

129.5

133.3

Russia

23.2

22.9

24.1

25.4

27.1

29.4

5.9

8.0

8.5

9.0

9.6

10.5

Wood-based panel production (Mm3 RWE)

Wood-based panel consumption (Mm3 RWE)

2007

2010

2015

2020

2025

2030

2007

2010

2015

2020

2025

2030

Finland

2.0

2.0

2.2

2.3

2.3

2.3

0.9

0.8

0.8

0.8

0.8

0.9

Austria

3.7

3.5

3.6

3.8

3.8

3.9

1.0

1.5

1.5

1.6

1.6

1.6

France

6.7

6.4

6.7

7.0

7.2

7.5

5.4

5.0

5.1

5.3

5.3

5.4

Germany

18.2

16.8

17.5

18.3

18.4

19.0

16.0

14.1

14.7

15.4

15.7

16.2

Italy

5.7

5.5

5.8

6.1

6.2

6.4

7.1

6.6

7.0

7.4

7.5

7.8

Netherlands

0.0

0.0

0.0

0.0

0.0

0.0

1.5

1.6

1.7

1.7

1.7

1.8

Spain

5.4

5.2

5.6

6.0

6.2

6.5

5.3

5.4

5.8

6.1

6.3

6.5

Sweden

0.9

0.8

0.9

0.9

0.9

0.9

1.2

1.3

1.4

1.5

1.5

1.5

the UK

3.5

3.5

3.6

3.7

3.8

3.9

6.9

6.8

7.1

7.4

7.5

7.7

Total Europe (excl.
Russia)

79.4

74.5

78.6

83.2

85.9

90.8

78.0

73.2

77.1

81.4

84.6

89.5

Russia

9.8

8.7

9.4

10.1

11.2

12.9

9.0

7.9

8.6

9.3

10.5

12.1

54

Table 3.10 Alternative Developments for the Russian Sawnwood Industry According to the
Scenarios by FAO (2012).
2010

2015

2020

2025

2030

Innovation

24.7

42.0

55.0

59.5

66.2

Moderate

24.7

35.8

43.4

47.0

51.5

Inertial

24.7

29.6

31.7

34.4

36.8

Innovation

17.7

18.6

21.1

22.6

26.3

Moderate

17.7

19.0

19.9

22.4

24.9

Inertial

17.7

19.5

20.8

22.8

24.5

Innovation

7.1

23.5

34.0

37.0

40.0

Moderate

7.1

16.9

23.6

24.7

26.7

Inertial

7.1

10.2

11.0

11.7

12.4

Production

Export

Consumption

According to UNECE/FAO (2011), sawnwood residues constitute around 10 percent of
total wood supply in Northern and Central Europe. Given the sluggish growth trends of the
sawnwood markets, the share is not seen to grow significantly towards 2030. The supply
growth for forest energy is seen to come mainly from stumps, harvest residues (incl.
thinnings), landscape care wood, and postconsumer wood (recovered wood). Based on
the UNECE/FAO (2011) baseline scenario, the production and consumption of woodbased panels would also be increasing in Europe, thereby increasing competition of the
woodchips produced in sawmilling as a side product.

3.3.3.2 North America
UNECE/FAO (2012) assumes that the markets for wood products in North-America will
recover from the housing market decline by 2015. According to a high economy growth
scenario, the sawnwood markets are expected to double from 60 Mm 3 in 2010 to 120 Mm3
in 2030 in the US (long term average 80 million), after which the production would start to
decline again. However, in Canada, the sawnwood output is expected to remain at the
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2010 level (35 Mm3) until 2030, even though the production peaked in 2005 at 60 Mm 3,
due to declining domestic demand. The US is seen to remain a net importer of sawnwood
(domestic demand grows and exports decrease), and Canada would further increase its
exports to the US (Buongiorno et al. 2012, McCusker et al. 2012, UNECE/FAO 2012).
UNECE/FAO (2012) suggests huge growth in the bioenergy markets in North America.
The production of bioenergy is forecast to increase from 50 Mm3 in 2010 to 200 Mm3 by
2030. However, the growth in the use of woody biomass for energy is seen to significantly
influence the sawnwood markets only near 2030. Until then, the prices for most forest
products (including sawnwood) are expected to trend downwards, unlike what e.g. Taylor
et al. (2013) suggest.

3.3.3.3 Asia
The Asian markets seem to have been rather unaffected by the recession in the Western
markets. However, according to IWMG (2012), the demand for sawnwood in China slowed
during 2011 and 2012 after a few years period of very strong increase, following the same
trend in the housing markets. Coniferous sawnwood consumption would therefore remain
at around 30 Mm3. Even if the strong growth would not continue as such, China would still
hold its place as one of the most significant sawnwood markets globally.
In Japan, the housing markets have been facing a downward trend already for decades,
which has resulted in a similar trend also in the sawnwood markets. The housing starts
peaked in the 1980s at 1.7 million, from where they have declined to the current level of
0.8 million. According to IWMG (2012), there are no prospects for strong recovery from the
1990s recession that has continued to the present day, due to e.g. ageing population and
near zero population growth. However, there might be some slow recovery in the housing
markets driven by e.g. the reconstruction work required after major earthquakes and
tsunamis. Also, Japan has set monetary subsidies and other incentives to increase the
rate of self-sufficiency in sawnwood consumption from 30 to 50 percent by 2015, which
could affect the imports (IWMG 2013). Therefore, it would be more plausible to assume
the Japanese wood products markets to stay at the level of recent years, rather than to
continue to decline substantially.

3.3.3.4 Summary of Outlook Studies
According to IWMG (2012), the global coniferous sawnwood markets are expected to grow
very modestly in the following years. The only market that is seen to grow (recover to the
pre-crisis levels) in a significant scale would be the USA. A “super-cycle” of elevated
sawnwood prices in North America, driven by tightening Canadian and Russian timber
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supplies and strong growth in the US (and Chinese) demand, is expected to occur after
2015, if the recovery from the financial crisis achieves full pace (Taylor et al. 2013).
There are only few global long-term outlook studies for sawnwood markets available. One
of them, Buongiorno et al. (2012), suggests that North-America would remain the world’s
largest consumer of sawnwood for the whole 21st century, and Asia would take Europe’s
place as the world’s second largest consumer only towards 2045. However, these
projections towards 2060 were outdated already at the time of publishing, as the
consumption in these three regions was on the exact same level already in 2008 and the
roles of Asia and North America have interchanged since then (Faostat 2013).
In general, it is not the objective of outlook studies to predict the future levels of
consumption, but rather to study the consequences of certain possible market trends or
policy choices. Therefore, the main conclusions of Buongiorno et al. (2012) may still be
indicative, even though the projections would be largely outdated. They conclude that
according to a strong economic growth scenario, the global consumption of wood fuel
would grow more than five times by 2060, which would lead to a rapid growth of real prices
for fuel wood which would converge with the real price of industrial roundwood by around
2030, having strong effects on the whole forest products markets (most notably woodbased panels and the pulp and paper industry, and possibly new wood-based products
and services).

3.3.4 Sawnwood Trend Projections to 2030
In the following, we present simple trend projections for the sawnwood and wood-based
panel markets, based on the most recent data from FAOSTAT (2013). The assumptions
for the trends are kept the same for every market, i.e. “Trend 1” refers to the estimation
period of 1992–2012, and “Trend 2” refers to the estimation period of 2000–2012. For
comparison, the estimation period in UNECE/FAO (2011) is 1961–2007, so that those
estimates give more weight on more distant observations and long-term trends, and do not
include data of the more recent developments.

3.3.4.1 Sawnwood
Even though the financial crisis is to some extent considered in the EFSOS II projections,
the reference scenario projection of UNECE/FAO (2011) appears rather optimistic from
today’s perspective. The production and consumption of sawnwood in Europe plummeted
by nearly 30 Mm3 from 2007 to 2009 and have not significantly recovered since then
(Faostat 2013).
The growth rate of the sawnwood production in Europe suggested by UNECE/FAO (2011)
is between Trend 1 and Trend 2, i.e. it suggests relatively slow growth (Figure 3.16). The
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consumption is seen to grow in a similar manner, in line with Trend 1 (Figure 3.17).
However, Trend 2 would suggest a remarkable decline in the European sawnwood
consumption. When considering the steep decline in the previous five years, even the
production would seem to hardly reach the 2007 peak level by 2030, not to say much
above it.

Figure 3.16 Sawnwood Production in Europe (excl. Russia).

Figure 3.17 Sawnwood Consumption in Europe (excl. Russia).
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In the global scale, by comparing the trend projections it seems that the production in Asia
and North America and the consumption in Asia seem to be the most significant question
marks for the following decades, while the sawnwood markets in Europe seem to remain
comparatively stable, irrespective of the estimation period (Figure 3.18).

Figure 3.18 Global Sawnwood Market Trends (FAOSTAT 2013).

3.3.4.2 Wood-Based Panels
Both of the trend projections, and also the EFSOS II reference scenario show a growing
trend for wood-based panel production in Europe (Figure 3.19). The growth in panel
production has exceeded the growth rate of sawnwood remarkably, and based on these
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projections the growth would continue, even though the level of wood-based panel
production was also severely affected by the financial crisis. The trends would suggest
increasing competition for the users of industrial wood residues, in line with the
UNECE/FAO (2011) baseline scenario, where the relatively fast increasing production and
consumption of wood-based panels imply increasing competition from woodchips.

Figure 3.19 Wood-Based Panels Production in Europe (excl. Russia).

3.3.5 Validity of Projections and Prospects for Structural Changes
3.3.5.1 Validity of Projections
The trend projections can only serve as a basis for further analysis, as they only
extrapolate the direction of the past trends as such for decades ahead, and may become
outdated very quickly, as has happened to most of the studies synthesised above. For
example, UNECE/FAO (2011) was unable to consider the severity of the financial crisis
and its consequences. As a result, the sawnwood consumption projections are even tens
of millions of cubic meters higher than the trend projections based on the latest available
data. Consequently, there is a clear need to update the assessments on the long-term
development of the wood products markets in Europe to consider the effects of the longlasting weak financial situation.
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Table 3.11 Factors Affecting the Volume of Sawnwood Industry.
Business cycle factor
(short-run)

Structural factor (long-run)

Factors
determining
overall demand
for construction

Economy
Economic activity
(GDP)
Prices
Interest rates
Construction activity
New construction
Repair & remodelling

Economy
Available income (GDP/capita)
Unemployment
Housing
Size of households
Size of homes constructed
Demography
Population
Urbanisation
Ageing

Factor of material
substitution in
the construction
markets

Prices

Relative prices
Raw material availability
Traditions and culture
Attitudes, awareness, preferences, etc.
Policies, promotion, platforms, etc.

The demand estimates in the forest sector outlook studies are often based on prices and
different assumptions on the GDP growth rate. In reducing the operational environment to
the GDP growth and prices alone, the scenarios tend to overlook other affecting factors
that could be significant in shaping the future direction of the markets. More specifically,
the projections often consider only the general activity of the economy, and do not
explicitly discuss the possibility of structural changes or substitution trends in the markets.
However, the longer the time scale of analysis, the more important it is to also consider
changes in market shares caused by factors unrelated to the general economic activity,
such as ICT-development, advances in technology, and policies and regulations. Table
3.11 presents such a classification of the drivers of demand for sawnwood that makes a
distinction between short-term cyclical and long-term structural factors on one hand, and
between factors of total demand for markets (economic activity and demographics), and
factors causing substitution in the markets (changes in market shares) on the other hand.
Added to the issues with the validity of methods and indicators for long-term outlook
studies, there are also many issues with the reliability, relevance, and availability of data.
The FAO statistics may be largely underestimated, even in a scale of tens of millions of
cubic meters (cf. Chinese Academy of Forestry 2012).
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3.3.5.2 Prospects for Structural Changes in the Wood Product Markets in Europe
Historical trends and major demographic and economic indicators do not seem to support
strong growth for housing demand in Europe. That is, the number of inhabitants in Europe
is projected to stagnate, while the population is rapidly ageing and urbanising towards
2030 (UN 2012, 2013). Moreover, the economic growth seems to be sluggish for the next
decades (OECD 2012). It follows from these demographic and socio-economic trends that
the increase in the use of wood in the long-run seems possible mainly through an increase
in the consumption per capita. Therefore, the main interest in the long-term prospects for
the European sawnwood markets culminates to the substitution between different
materials in the construction markets, as opposed to the growth rate of economy.

Figure 3.20 Consumption per capita for Coniferous Sawnwood in Selected Countries and
Regions (Faostat 2013).

The construction markets have changed very slowly in the past, and there have been few
changes away from the traditional building practices. Correspondingly, the consumption
per capita figures suggest that there are large persisting regional differences in the
construction markets (see, Figure 3.20). However, major structural changes have indeed
also occurred, although only on a national level and not in the aggregate statistics. It
seems that while most of the modest increase in the sawnwood consumption per capita
could be explained by economic growth, the exceptionally large increases in the

62

consumption per capita of sawnwood observed in certain regions could be due to
promotion campaigns, driven by e.g. climate change mitigation and sustainability
arguments. Instead of assuming the aggregate level trends to continue, it is important to
ask, whether such changes could happen also elsewhere and in a larger scale.
The observed increase in the use of wood in construction in certain countries has occurred
mainly in the low-rise residential construction sector. However, a recent trend has been a
shift from on-site construction towards industrial prefabrication and multi-storey element
systems that improve the efficiency and cost competitiveness of wood against other
materials in the other sectors as well, i.e. in multi-storey and non-residential sectors (see,
e.g. Kristof et al. 2008, Tekes 2011). In the wood products markets, the industrial
prefabrication trend is still in its infancy, but the market potential for the concept is large, as
in most countries the share of wood frame in multi-storey and non-residential buildings is
fairly small. The success of the already completed projects and the approval of the general
public of the ongoing and prospective experimental wood construction initiatives may
largely determine, whether the industrial prefabrication of wood element systems will begin
to follow a typical logistic S-growth curve of technology substitution.
There has been a lot of discussion on the need to increase the value-added of the wood
products industry, as the strategy of reducing costs and improving technological efficiency
of production for improving competitiveness is increasingly difficult, especially in countries
of high unit costs. Engineered wood products and especially CLT-based element systems
provide a good opportunity for achieving this end, as they require less wood per unit output
and more knowledge-intensive services that produce value-added to the end product. In
an extreme case, it would not make much difference in terms of the profits for the
company or revenues for the country, where the elements would be produced, if the head
quarter functions, education and consulting, patents and licenses, R&D, planning,
engineering and programming, financing and insurance (incl. warranty), logistics,
commissioning and maintenance, surveying and remodelling, demolition, recycling (partly
as energy), and other expert services would be provided within a single country (e.g.
Makkonen et al. 2013). However, this would require the current wood products producers
to take steps towards acting as a construction company instead of being only a supplier of
products.

3.3.6 What if Scenarios for Sawnwood Consumption per capita to 2050
3.3.6.1 Assumptions of the Scenario Analysis
The assumptions for the growth rates of sawnwood consumption are summarised as
follows. The first two scenarios assume the consumption per capita to continue to develop
according to the trends based on the same reference periods as in section 3.4, i.e. 1)
Trend 1 (the period of 1992–2012), and 2) Trend 2 (the period of 2000–2012). The third
scenario assumes that the consumption level 3) remains at the level of the 2007–2012
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period average. Added to these trend scenarios, we finally assume a structural change
scenario, where the average consumption per capita 4) doubles from the 2007–2012
period average level by 2030 and triples by 2050. Each scenario follows the middle fertility
projections of the UN (2013) and assumes a constant market structure, competitive
advantage, and operating environment. Holding other factors constant improves the
comparability of the scenarios on one hand, but reduces the plausibility of the results as a
downside. However, the purpose of the scenario analysis is not to predict the future levels
of demand, but only to assess the possible implications of the scenarios, if they would be
fulfilled.
The implications of the scenario analysis are given from two perspectives, namely, the
sawnwood market balance and roundwood consumption in the EU, and the by-product
availability and bioenergy production from sawmilling residues in Europe.

3.3.6.2 Implications for Sawnwood Market Balance and Roundwood Consumption in the
EU
Table 3.12 presents the implications of the scenario analysis for the EU, in relation to the
corresponding production trends. The production trends show a 60 Mm 3 difference
towards 2050, depending on the assumption on the length of the estimation period, i.e.
Trend 1 (1992–2012) versus Trend 2 (2000–2012). According to the production Trend 1,
the Scenario 2 would imply an excess production of 125 Mm 3 in Europe that would have to
be exported. In contrast, Scenario 4 would require imports of the exact same magnitude.
Scenarios 1 and 3 imply an excess production of 40–60 Mm3. The production Trend 2
would imply more balanced markets in terms of supply and demand in the EU, with the
exception of the structural change consumption scenario (scenario 4). In short, the effect
of the financial crisis on sawnwood production and consumption reduces the estimates for
the market gap, compared to the longer run trends.
According to Mantau (2012), the annual potential from forests available for wood supply in
the EU27 is 713 M m³. In 2010, the removals corresponded to around 75 percent of the
available potential, so that around 170 M m³ remains available sustainably. According to
Verkerk et al. (2011), the realisable raw wood potential in the EU would be around 600
Mm3 annually, considering e.g. ecological and technological constraints. For comparison,
the wood use for sawnwood production in the EU was around 200 Mm 3 in 2012. With the
exception of the structural change scenario (scenario 4), none of the projections would
seem to significantly threaten the sustainable logging potential. The wood use in Scenario
4 (around 580 Mm3) is already close to the total realisable raw wood potential, if the
demand could not be satisfied by imports and it would not be restricted by rising prices.
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Table 3.12 Synthesis of Apparent Net Trade (market imbalances) for Sawnwood Markets
in the EU.
2012

2030

2050

503.4

516.1

511.9

Production - Trend1

122.7

152.0

Production - Trend2

94.9

91.5

Production - Trend1

257.8

319.4

Production - Trend2

199.4

192.3

Scenario 1

0.20

0.22

Scenario 2

0.12

0.05

Scenario 3

0.18

0.18

Scenario 4

0.36

0.54

Scenario 1

105.1

110.4

Scenario 2

60.0

26.7

Scenario 3

93.2

92.5

Scenario 4

186.5

277.5

Scenario 1

17.5

41.6

Scenario 2

62.6

125.3

Scenario 3

29.4

59.5

Scenario 4

-63.8

-125.5

Scenario 1

-10.3

-18.9

Scenario 2

34.8

64.9

Scenario 3

1.6

-1.0

Scenario 4

-91.6

-186.0

Population
3

Production (Mm )

97.7

3

Wood use (Mm RWE)

205.4

3

Consumption per Capita (m /capita/a)

0.17

3

Consumption (Mm )

84.7

3

Apparent net trade (Mm ) - Production Trend 1

3

Apparent net trade (Mm ) - Production Trend 2
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13.0

13.0

3.2.6.3 Implications for By-Product Availability and Bioenergy Production from Sawmilling
Residues in Europe
The by-product availability and bioenergy production implications follow the same pattern
as the sawnwood production and consumption trends and scenarios. However, deriving
accurate estimates for the implications is not straightforward, because statistics for this
purpose appear to be rare. While statistics do exist on the total wood material flows (e.g.
Mantau 2012, Keränen and Alakangas 2013), the input and output estimates for single
sectors do not match, so that it cannot be inferred, which part of the input flow is converted
into which product. This is due to trade, and more importantly, due to the double counting
resulting from many cascading uses, i.e. using residues and recycled and recovered
resources (e.g. Indufor 2013). Nevertheless, an approximate estimate for the implications
for the by-product availability and for the bioenergy potential is created. We assume that
the bioenergy production from sawmilling residues corresponds to around 50 percent of
total sawnwood production, while the availability of sawmilling residues for cascading uses
corresponds to the amount of sawnwood produced.22
The combined implications of the production trends and consumption scenarios (the
apparent market imbalance) cannot be meaningfully calculated without considering net
trade effects. Therefore, the implications of the production trends and consumption
scenarios are given separately, i.e. by simply assuming that the European production
could meet the demand in each scenario, without need for imports. Table 3.13
summarises the implications of the trend and scenario analysis. For comparison, the
sawnwood production in the EU was around 98 Mm 3 in 2012, which would translate into
bioenergy production of around 50 Mm3 and by-product availability of around 100 Mm 3, if
assuming the same multipliers as for the scenarios.
The production trend for the period 1992-2012 would imply a 50 percent increase in the
residue availability from the 2012 level by 2050. Instead, the trend for the period of 2000–
2012 (Trend 2) would show no changes to the situation in 2012 towards 2050.

22

3

3

According to Keränen and Alakangas (2013), the production of 100 m of sawn timber creates 37 m solid
biofuels. Added to that are the chips left over from sawmilling which are used for secondary processing. The
3
amount of by-products is slightly more than the amount of finished sawnwood products (112 m ). From that
3
amount of residues, around 17 m would be directed to energy use as by-products from mechanical pulping
3
and wood-based panel production. Chemical pulping would produce another 50 m of black liquor, but the
raw material does not come (only) from sawmilling by-products, so that it is ignored in this context.
Therefore, we simply assume that each unit of sawnwood produced leads to around 1/3 of that amount for
direct bioenergy production, and a 1/6 of that amount to bioenergy production through the cascading uses of
the by-products, i.e. around 50 percent of total sawnwood production in total (and 25 percent of total wood
use in sawnwood production). The availability of by-products for cascading uses approximately corresponds
to the amount of sawnwood produced, since the wood use coefficient for sawnwood production is around
2.1.
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Scenario 4 suggests a massive increase for the wood chip availability compared to the
level of 2012, i.e. a 180 Mm3 increase in the by-product flow and a 90 Mm3 increase in the
bioenergy production from sawmilling residues. In contrast, scenarios 1 and 3 suggest no
change to the level of 2012, while the scenario 2 suggests a 75 percent decline compared
to the level of 2012.
Table 3.13 Implications of the Trend and Scenario Analysis for the Cascading Uses and
Bioenergy Potential.
2012

2030

2050

Trend 1

135

167

Trend 2

105

101

Trend 1

68

84

Trend 2

52

50

Scenario 1

105

110

Scenario 2

60

27

Scenario 3

93

93

Scenario 4

187

278

Scenario 1

53

55

Scenario 2

30

13

Scenario 3

47

46

Scenario 4

93

139

Reference
3

By-product availability (Mm RWE) - estimate

100

3

Bioenergy production (Mm RWE) - estimate

50

Production - trend projections
3

By-product availability (Mm RWE)

3

Bioenergy production (Mm RWE)

Consumption - scenarios
3

By-product availability (Mm RWE)

3

Bioenergy production (Mm RWE)
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In short, it would be more beneficial from the point of view of raw material availability for
cascading uses and bioenergy production, if the sawnwood production and consumption
would continue the trend of the period 1992–2012 (Trend 1), compared to the trend for the
period of 2000–2012 (Trend 2). The largest effect would be caused by Scenario 4, where it
is assumed that the sawnwood consumption per capita would triple by 2050 and the
production is able to meet the demand. In this rather extreme case, the bioenergy
production from sawmilling residues in the EU27 would increase by around 90 Mm 3 from
the level of 2012 (50 Mm3) by 2050.
However, the figures are subject to many simplifying assumptions and explicit
contradictions, so that differing views can certainly be raised. Some sources argue that the
competing uses of the sawmilling by-products consume most of the potential already (e.g.
Saal 2010), and the future potential for bioenergy from sawmilling residues therefore
depends on the market developments especially in the pulp, paper, and wood-based panel
industries. Also, the importance of the sawmilling residues in terms of bioenergy
production varies greatly from one region to another. For example, in Finland the primary
source of forest bioenergy is small wood (and black liquor) rather than residues from the
wood products industry. Consequently, it may be that considering the indirect multiplier
impacts of sawlog harvesting on the small tree harvesting would be even more important
than calculating the sawmill by-product flows. However, the incentives and expectations of
the forest owners are very difficult to quantify for this context. Also, producing simple trend
projections for decades ahead may be a questionable premise for deriving implications for
the bioenergy potential, as it is possible that the current industry structures are already
vanished by 2050.

3.2.7 Summary - Critical Factors Affecting the Sawnwood Markets
The construction sector in Europe and North America is experiencing an exceptionally
severe recession, which has also been mirrored to the sawnwood markets. However, in
Europe the recovery is seen to take much longer compared to North-America, due to for
example overbuilding prior to the crisis, chronic regional unemployment, consumer
sentiment remaining low, and modest economic growth in the EU (Taylor et al. 2013). The
capacity utilisation rate will recover towards the pre-crisis levels once the construction
activity returns to the long-term averages, but it remains to be seen whether the lost
capacity will be added back to the markets, or if there will be structural consequences.
According to Taylor et al. (2013), the total capacity in Europe has not decreased despite
many capacity closures, partly due to municipalities being willing to refinance the sawmill
industry that provides employment and partly because of the fragmented structure and the
relatively low capital intensiveness of the industry. However, the overcapacity problems
have led to low or negative profitability, and without very significant restructuring of the
industry, it is unlikely to improve significantly.
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The synthesised outlook studies and also the trend projections suggest that the slowly
growing or even declining sawnwood production and the more vigorously growing woodbased panel production would imply increasing competition on the sawmilling residues,
which is likely to induce upward pressure on the price of forest biomass. However, the gap
between earlier assessments on the European sawnwood consumption and the trend
projections based on the latest available data corresponds to tens of millions of cubic
meters by 2030. It follows that the long-term trend projections for the global sawnwood
markets need to be updated.
Even though the period of low economic activity is expected to come to an end at some
point in Europe as well, the historical trends and the main demographic and economic
indicators of demand in Europe do not seem to support strong growth for sawnwood
demand in the long-run. Realising the high growth prospects would require changes in the
consumption per capita, i.e. changes in the market share of sawnwood in the construction
markets. For example, prefabricated wooden multi-storey element systems could
substitute concrete element systems. This kind of a development would probably translate
into higher value added for the industry and less wood use, implying reduced availability of
sawdust and chips, but better theoretical raw wood availability (apart from logging
residues).
Most of the sawmilling by-products (woodchips and sawdust) are currently used for woodbased panel production and pulping. Based on the trend and scenario analysis, massive
direct effects of sawnwood consumption patterns on the bioenergy production potential
appear unlikely, although possible. However, the indirect effects related to wood
mobilisation from the forest are very important, yet difficult to quantify.
The critical factors affecting the volume of sawnwood production and thereby the
bioenergy potential could be argued to include the following points.

1. The demographic and economic development in Europe and the export markets:
 How much time will the recovery from the financial crisis take in Europe?
 Will the recession affect the industry structure (capacity vs. utilisation rate)?
2. Structural changes (substitution) in the construction markets:
 There are large regional differences in the consumption per capita of
sawnwood across Europe: Are there opportunities for increased wood-frame
construction, either in the traditional low-rise construction, or e.g. in nonresidential and multi-storey sectors?
 Will the emphasis in future be more towards industrial practices with smaller
volumes, and the high-end of the value chain (the role of a builder), rather
than staying as a producer of basic products?
3. Competitiveness of sawnwood producers:
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 What will be the level of investments in Eastern Europe, Russia, and the
rising giants (China, India, where also a huge bioenergy potential in byproducts)?
 Is the potential for integrated bioenergy production in the forest industries
significant enough to boost sawnwood production (significant effect on
profitability)?

3.4 Forest Biorefinery Development
3.4.1 Background and Motivation
The bio-based economy is expected to grow significantly in coming next decades, and
biorefining will be one of the pillars of this development. Forest biorefineries play a role in
this transition, particularly in the countries with high-quality research and development,
mature state in the forest-based industries, and abundant lignocellulosic biomass
resources.
A forest biorefinery can be understood as a multi-product factory that integrates biomass
conversion processes and equipment in order to produce bioenergy and bioproducts from
wood-based (lignocellulosic) biomass (e.g. NREL 2012). An important goal of a forest
biorefinery is to more efficiently utilise the entire potential of raw materials and by-streams
of the forest-based sector for a broad range of products (Mensink et al. 2007). However,
there are no nation- or industry-wide solutions for how a forest biorefinery should be
developed and implemented. In the literature, three different generations of biorefineries
have been identified. In general, first generation biorefineries are based on direct utilisation
of classical forms of agricultural biomass (conversion of sugar-rich biomass by
fermentation to bio-ethanol or conversion of oil-rich biomass by transesterification to biodiesel). Second generation biorefineries are defined as facilities that utilise lignocellulosic
biomass as a raw material, one of the biggest advantages being that this reduces
dependence on food crops required for first generation biorefineries. Third generation
biorefineries have the advantage of utilising agricultural, forestry, petrochemical, and urban
wastes (e.g. CRIP 2012, Naik et al. 2010). The conversion technologies can be classified
into three different pathways: bio-chemical, thermo-chemical, and physical-chemical. In
addition, the different processes can be to some extent combined. Some of the conversion
technologies are already mature and commercial, whereas others require development to
move to commercial applications. Overall, within the forest biorefinery context, there are a
number of different product and technological possibilities.
As biorefining business continues to take shape, it is important to have understanding of
potential, different options, and drivers related to biorefineries. Although challenges related
to biorefineries should neither be seen as purely technical problems nor as issues
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unconnected to society, the studies related to forest biorefineries have largely been
technologically focused until recent years (e.g. Wising and Stuart 2006, Söderholm and
Lundmark 2009). Many studies have discussed about developing processes and
technologies for the conversion of biomass into various types of bio-products (e.g. van
Heiningen 2006, Saxena et al. 2009). However, it seems that during the last few years the
perceptions of academics, politicians and the involved industries themselves have
widened from an exploration of biorefineries from a purely technical perspective to more
holistic approaches, and issues such as socio-economic and political aspects,
sustainability, company strategies and evaluation of whole value chain have been taken
into consideration. (e.g. Söderholm and Lundmark 2009, Kangas et al. 2011, MateosEspejel et al. 2011, Melin and Hurme 2011, Pätäri et al. 2011, Turriff 2011, Kretschmer, et
al. 2013). In this chapter the aim is to give an overview about the potential forest
biorefinery concepts, current state and future prospects of biorefinery business
development. This synthesis aims also to describe the key drivers and challenges for the
biorefineries as well as implications to other forest products markets. Most importantly, the
objective here is to summarize the critical questions that should be taken into account by
the companies that are transforming their business models towards biorefining business.
The findings of this chapter are based on a literature review on forest-based sector outlook
studies, biorefinery-related studies and research papers. The emphasis is given to the
developments in Europe and North America.

3.4.2 Biorefinery Concepts
3.4.2.1 Routes, Raw Materials and Products
Many studies and reports indicate that forest biorefineries cannot be limited to one raw
material, process or product. Instead, the case-specific circumstances, such as raw
material availability and prices, energy prices, regulatory conditions and the specific
features of the facility with which biorefinery can be integrated will define the biorefinery
model that is ultimately chosen. (e.g. Chambost et. al. 2008, Unece/FAO 2011, Star-Colibri
2011, IEA 2012, Brown and Brown 2013, Moshkelani 2013).
Conversion technologies vary notably both in terms of feedstock preference and in terms
of the end products they produce. Prominent distinguishing factors of the different
technologies are their cost, their complexity as well as their development status. The
choice of conversion technology has impact on the quality of the final products derived,
which in turn influences on their marketing potential and cost. (Kretschmer et al. 2013)
Following the IEA World Energy Outlook, EUwood study assumes that the biochemical
conversion and the production of cellulosic ethanol from wood fibres will represent 80
percent of liquid biofuels production in future, whereas the thermo-chemical (biomass to
liquid - Btl) conversion will only represent 20 percent of future liquid biofuels production
(Mantau et al. 2010a). For example, Brown and Brown (2013) evaluated that in the U.S.
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cellulosic ethanol via enzymatic hydrolysis will represent the largest pathway in 2014 by
volume (28 percent of total). However, they also indicated that one possible benefit for the
future commercialisation of cellulosic biofuel pathways is the notably larger capacity of the
thermo-chemical facilities relative to the biochemical facilities (Brown and Brown 2013).

In the recent three-phase Delphi study on forest biorefinery diffusion in Scandinavia
and North America (conducted in 2008–2011), the most potential forest biorefinery
concept for the studied countries was defined by the representatives of forest,
bioenergy and bioproducts sectors (Näyhä 2012). As a basic future biorefinery
concept, respondents of the study indicated facilities with 100,000–200,000 to
300,000 or even 500,000 tons per year of biofuel production capacity. FischerTropsch diesel was assumed to be a principal product. Forest residues (logging
tops, pre-commercial thinnings and stumps) and mill residues were considered to be
the most significant wood-based biomass sources in future biofuel production (see
also e.g. Browne 2011). There were also country-specific biomass sources that were
believed to have potential: peat in Finland, black liquor in Sweden and disease-killed
timber in Canada. Experts in the study also highlighted the evaluation of feasibility
and the potential of various feedstocks in addition to forest residues, and urban
organic waste in particular was believed to have future potential. In addition to highvolume bulk products the significance of various low-volume, high-value bioproducts, such as synthetic polymers, viscose fibre derivatives, nanotechnology
products, intelligent paper and packaging, and composite materials, were seen as
crucial for economic competitiveness. Value-based business models instead of
volume-based business models were highlighted particularly during the last research
phase of the study. Likewise, flexibility in raw material and end products, (meaning
that the portfolio could be adjusted according to prevailing market situation) was
increasingly emphasised during the last research round.

Companies have difficulties to identify the most promising biorefinery product portfolio with
the most interesting economic potential because many framework conditions must be
considered (IEA 2013a). Modeling and optimisation is necessary, for example, when
evaluating the trade-off between the amount of transportation biofuel produced versus
deriving economic benefits from the co-products. Also, the optimal product portfolio can
change over time as the product markets can change, policies evolve, and new
technologies will be developed (IEA 2013a). Näyhä and Pesonen (2013) found that the
most prominent factor when selecting a product portfolio in forest biorefineries is the
market price of the end product. Chambost et al. (2008) highlight in their study that product
portfolio changes should be carefully designed as a driver of company profits, but must
also be able to meet other goals, such as addressing customer expectations relative to
existing and new products. It also appears that, before the most optimal biorefinery models
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and products are found, there will be plenty of fluctuation and many start-ups that will not
be successful in the long term (Näyhä and Pesonen 2013).
Many studies increasingly highlight the importance of diverse raw material sources and the
production of high-value, low-volume co-products in addition to comparably low-value
biofuels. (e.g. Cohen et al. 2009, IEA 2011, Näyhä 2012) In general, considerable
potential is seen in advanced, third generation biofuels and innovative bio-based pathways
that are based on wastes and residues (e.g. IEA 2013c, Kretschmer et al. 2013). Seeing
biorefineries even as more versatile facilities with a diversified product portfolio is
understandable as biorefinery development progresses: increasing knowledge with rising
availability of the results and experiences from research and demonstration projects
provide the basis for wider understanding.

3.4.2.2 Integration and Location
There has been plenty of interest in biorefineries integrated into the pulp and paper
industry, especially in the traditionally big forest industry countries in North America and
Western Europe, where the forest-based sector companies are seeking to re-innovate
their strategies, products and business models (e.g. van Heiningen 2006, Toland 2007)
Many documents suggest that incorporating a biorefinery unit within an operating pulp and
paper mill has prominent technological, economic and social advantages over the
construction of a grass root biorefinery (e.g. Thorp 2005, van Heiningen 2006, Näyhä
2012, Star-Colibri 2011, Moshkelani et al. 2013). In fact, this is already happening as the
pulp and paper industry is steering its strategies more towards energy and biorefining
businesses.
The location of biorefinery facilities and the transporting of biomass will be one of the key
issues when planning and implementing forest biorefinery facilities. It appears that logistics
of cellulosic feedstock that has low bulk density is a prominent technical and economical
challenge for cellulosic biorefineries (e.g. Hess et al. 2007, Stephen et al. 2013,
Kretschmer et al. 2013). Additional negative effects of raw material exporting could include
reducing the national employment rate, stunting growth of national products and adversely
affecting the security of the energy supply. On the other hand, another major factor will be
labour costs, and it is possible that it is economically feasible to export biomass for
processing to countries where labour costs are lower. Here, one of the key questions is if
the biorefineries will eventually be located in areas with plenty of affordable biomass and
low labour costs, even if the first pilot and demonstration facilities are built in Scandinavia
and North America. It also needs to be taken into an account that according to many
estimations forest biorefineries are not economically attractive without the integration with
pulp and paper mills, and thus, success of biorefineries is dependent on future prosperity
and location of pulp and paper mills. Therefore, identification of national strengths and the
roles of companies in the biorefinery value chains are crucial in order to succeed in the
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long term. For example, Asikainen et al. (2012) state that although local biofuel production
has some cost benefits in domestic markets, it is still unclear how much resource should
be invested in large-scale, export-oriented biofuel production in Finland.
Overall, it appears that in future there will be a range of biorefineries in different size
scales utilising several types of biomass feedstock and various technology options.
Different technologies, e.g. thermo-chemical, physical-chemical and biochemical
conversion processes, will be used to provide optimal process concepts for each feedstock
and product. (e.g. Mäkinen et al. 2011, Koljonen and Similä 2012, Brown and Brown
2013).

3.4.3 Transport Biofuel Production and Biorefinery Facilities: from Visions to
Operating Facilities
It seems that the hype and overly optimistic estimations that was related to renewables in
general, and to the biorefinery business has passed, and at all the levels of the business
environment more realistic plans and approaches are being made today. The biorefinery
industry is at the critical stage of making the shift from pilot demonstration to successful
commercial activity (Kretschmer et al. 2013).

3.4.3.1 Biofuel Production and Consumption: Goals and Visions
The goal of the European Biorefinery Vision 2030 is that 25 percent of Europe’s transport
energy needs are supplied by biofuels, with advanced fuels taking an increasing share,
and that 30 percent of overall chemicals productions is bio-based (Star-Colibri 2011). All
the Nordic countries in EU must comply with the EU target of 10 percent renewable energy
in the transport sector by 2020. Finland and Sweden aim to surpass the minimum 10
percent EU target. Finland has set the biofuel distribution obligation as high as 20 percent
in 2020 (Heinimö and Alakangas 2011). In Finland, around 30 percent of renewables in the
transport sector are expected to be produced from second generation biofuels (IEA
2013b).
According to World Energy Outlook Study (IEA 2013c) global consumption of biofuels
increases from 1.3 M barrels of oil equivalent per day (mboe/d) in 2011 to 4.1 mboe/d in
2035, to meet 8 percent of road-transport fuel demand in 2035. It is believed that
advanced biofuels gain market share after 2020, reaching 20 percent of biofuels supply in
2035. Ethanol remains the dominant biofuel, making up almost 80 percent of global
biofuels use throughout the period. The USA, Brazil, the EU, China and India account for
about 90 percent of world biofuels demand throughout the studied period, with government
policies driving the expansion in these regions. The U.S. remains the largest biofuels
market, whereas Brazil will be the second-largest market and continues to have a larger
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share of biofuels in its transport fuel consumption than any other country. Biofuels use in
the EU more than triples over the period, representing 15 percent of road-transport energy
consumption in 2035 (IEA 2013c).
According to recent IEA report (IEA 2013b) biofuels will play a significant role in the future
transport sector in all the Nordic countries. The share of biofuels of total fuels used for
transport by 2050 varies from some 25 to 70 percent in different scenarios. The study
indicates that in addition to biodiesel production from wood raw materials, there is also a
remarkable bio-ethanol production. About 60 percent of Nordic biofuel demand in
transportation is covered by domestic sources in all the presented scenarios.
In VTT’s low-carbon scenarios (Koljonen and Similä 2012), the demand for transport
biofuels in Finland would account for up to about 40 percent of the total final energy in the
transport sector by 2050. Domestic production in Finland is not projected to be able to
meet such a high demand, and a large part of it would have to be met by imports. The
results indicate that a domestic production of 30–35 PJ (petajoule) could be achieved by
2050, accounting for 50–65 percent of the demand in Finland (Koljonen and Similä 2012).

3.4.3.2 Biorefinery Facilities
While a few commercial-scale units and about 100 plants at pilot or demonstration scale
already exist, widespread business deployment of biorefinery facilities have not taken
place by so far (IEA 2013d). Nevertheless, several commercial plants are close to
operationalisation, both in Europe and rest of the world. Fortum’s bio-oil facility (production
capacity of 50 000/y), which uses fast pyrolysis technology and forest-based biomass, got
started very recently in Joensuu, Finland. Like Joensuu facility, other biorefinery plants that
are close to operationalisation, are all based on the use of wastes and residues
(Kretschmer et al. 2013) It is particularly noticeable that the vast majority of current and
planned plants at the pilot, demonstration and commercial scale, both in the EU and
worldwide are for the production of lignocellulosic bioethanol. (Kretschmer et al. 2013).
Because of the lack of commercial scale production of advanced biofuels, the supply
mandate for cellulosic biofuels under the RFS in the United States was reduced again in
2013 (IEA 2013c). However, nine biorefinery facilities with a capacity of 25 MGY or greater
are expected to commence operations in 2013 and 2014. Thus, total US cellulosic biofuel
capacity in 2014 will be 266 MGY on a volumetric basis (215 million gallons on a gasolineequivalent basis). While this capacity will place the cellulosic biofuel mandate of the RFS2
more than three years behind schedule (the unrevised mandate required 250 MGY of
production in 2011), the production of commercial-scale volumes of cellulosic biofuel will
represent a significant breakthrough for the cellulosic biofuels industry. These facilities will
employ six different pathways; three pathways producing hydrocarbon-based biofuels and
three producing cellulosic ethanol. Cellulosic ethanol via enzymatic hydrolysis will
represent the largest pathway in 2014 by volume (28 percent of total). The role of these
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facilities is considered important in determining the future composition of the industry,
because they will provide data regarding the technical and economic feasibility of various
cellulosic biofuel pathways on a commercial scale. (Brown and Brown 2013).
Several countries in Europe, particularly in Western Europe, are active in the
commercialisation of advanced biofuels both from thermo-chemical and biochemical
conversion. As of October 2013, there were 30 biorefinery facilities in operation or under
construction. Majority of these were pilot or demonstration facilities using lignocellulosic
biomass as raw material. Eight of those utilise thermo-chemical conversion route and 18
biochemical conversion technologies. (IEA 2013e).
In Finland, the VTT’s detailed baseline scenario contains an assumption that there will be
2–6 new biodiesel production facilities in Finland by 2030, with combined production
capacity of 500 000 tonnes. According to this scenario there will be also four bio-oil
production plants (2–3 facilities producing 140 000 tonnes/years bio-oil by 2020 and 2–3
facilities producing 180 000 tonnes/year by 2030). In addition of these there will be one
syngas production facility (1.5 TWh/year) that feeds syngas into natural gas grid by 2020.
According to this study Finland would be a net exporter of biofuels by 2030 (Pursiheimo et
al. 2013). Compared to this detailed basic scenario, the experts in the recent Delphi study
on biorefinery diffusion were less optimistic: Although many respondents expected to see
several biorefinery projects started in a three- to-five-year time frame, it was believed that
in ten years’ time (by 2020) there will be only three large-scale biorefinery facilities
operating in Finland (Näyhä 2012). In addition of Fortum facility in Joensuu, the step
towards fulfilling the scenarios in the form of commercial scale biorefinery is UPM facility in
Lappeenranta, which is currently under construction. The biorefinery will produce annually
approximately 100 000 tonnes of advanced second generation biodiesel from crude tall oil
for transport. There are also several other initiatives ongoing in Finland (e.g. Green Fuel
Nordic, ST1).

3.4.4 Key Drivers and Challenges for the Forest Biorefinery Development
3.4.4.1 Macro-Scale Factors
It appears that incentives that promote the biorefinery business must stem from several
sources. There needs to be encouraging signals from the macro-scale environment: the
high price of oil, national security of the fuel supply, availability of public and private
financing, demand for bioenergy and bioproducts as well as long-term and predicable
energy and environmental policies (e.g. IEA 2009, IEA 2013b, Näyhä 2012, Kretschmer et
al. 2013). For example, the global recession and related drop in oil price in 2008-2009
were seen as temporary negative factors for the development of biorefineries and
lignocellulosic biofuels (Näyhä and Pesonen 2012).
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More support for the investments for the first demonstration and pilot plants are needed to
bring these developments to full-scale operations (IEA 2011, Näyhä 2012, Pursinheimo et
al. 2013, Kretschmer et al. 2013). The European bio-based sector is active in investing in
piloting and demonstration, but the large investments in commercial-scale plants are
concentrated in Asia and North and South America (WEF 2010, Carus 2012). Particularly
governments are expected to accelerate development through public RD&D and to reduce
risks associated with large investments when technologies are immature (IEA 2013b). The
outlook for biofuels is strongly dependent on changes in government subsidies and
blending mandates, which appears to remain the main incentive for biofuels use (IEA
2013c). However, it has also been suggested that while governmental incentives can
quicken and encourage start-ups, businesses develop without governmental intervention
in a more economically sustainable manner (Näyhä 2012). In addition, one potential threat
to the development of bio-based product routes is the unbalanced encouragement of some
production pathways at the expense of others (Carus et al. 2011, CEPI 2011).
The European Union has defined its renewable policy until 2020, but it is not clear how the
policy will develop after that. To decrease the risk of investing in the first biorefineries longterm energy and climate policies that would also ensure the demand for biofuels in future,
are needed (IEA 2013b, Kretschmer et al. 2013). Also national level coordination and
strategies are needed to promote emerging biorefineries (e.g. Mäkinen et al. 2011, StarColibri 2011, Browne 2012, Näyhä, 2012).

3.4.4.2 Raw Material
The estimates of woody biomass potential stem from variety of assumptions regarding the
economic, technical and environmental constraints that limit what could be mobilised in an
otherwise unrestricted circumstances (Kretschmer et al. 2013). The high price of raw
material is one of the biggest threats to new biorefinery business, particularly from the
perspective of the involved industries (Thorp and Akhtar 2009, Näyhä 2012). Many studies
indicate that along with the increasing demand there will be more pressure on prices. On
the other hand, reduced pulp and paper production will decrease competition for forestbased biomass (as described in the previous chapters), thus improving possibilities for
other forms of biomass utilization, such as forest biorefineries. Overall, it is obvious that
successful implementation of the biorefinery business is dependent on raw material
availability and price, and requires the efficient exploitation of existing wood biomass
resources. (e.g. Cohen et al. 2009, Näyhä 2012).
Also the evaluation of the potential of various feedstocks in addition to forest based
biomass will be important (Cohen et al. 2009, Rättö 2009, Mäkinen et al. 2011, Star-Colibri
2011, Näyhä 2012) and many documents indicate that the range of raw materials
processed by future biorefineries (even if operated by the forest-based industries) will be
broadened to include agro-materials and various recycled materials (“urban biorefinery”)
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(FTP 2013). Flexible technologies that could process variety of feedstocks are thus
expected to be important (e.g. Cohen et al. 2009). Many documents also present
scenarios about circular use/economy of wood (also concept of “cascading” is brought up
in this context), meaning recycling wooden materials through various processes and
purposes before finally generating energy (e.g. Mantau 2012, IEA 2013a, Näyhä and
Pesonen 2013, Kretschmer et al. 2013).

3.4.4.3 Sustainability
There are both prominent opportunities and threats related to the wood raw material used
in the biorefinery business. Often use of wood is considered environmentally sustainable,
given its intrinsic status as a renewable natural resource, and in general, environmental
sustainability is an important driver for the forest biorefinery business. Accordingly, having
an environmentally sustainable image can also be a competitive advantage for companies.
(e.g. Näyhä and Horn 2012). However, in addition to price challenges related to raw
material, using wood as raw material is also seen as a threat from the environmental
perspective, and the environmental challenges related to forest biorefinery activities are
widely recognised by many studies (e.g. Buchholz et al. 2009, Soimakallio et al. 2009a,
Uihlein and Schebek 2009, Mäkinen et al. 2011, Kretschmer et al. 2013). According to
Näyhä and Horn (2012) from the perspective of environmental sustainability, harvesting
feedstock will be the most challenging part of the biorefinery value chain to manage. One
significant sustainability consideration relates to the impact of residue removal on soils and
in particular soil carbon stocks, given that bio-based fuels and products are commonly
indicated as a way to mitigate GHG emissions. Thus, it is important to note that bio-based
products of any form should not be considered automatically sustainable per se (Buchholz
et al. 2009, Näyhä and Horn 2012, Kretschmer et al. 2013).
At the same time, discussion of an environmental assessment of bioenergy and
bioproducts clearly indicates that there is a lack of systematic approaches to assessing the
environmental impacts of forest biorefineries (e.g. Soimakallio et al. 2009a, Uihlein and
Schebek 2009, IEA 2013b). Currently, criteria that do not consider sector-specific features
and variation (such as location, raw material, end products) are used. However, using nonspecific criteria in assessments can create many problems, e.g. the most relevant
concerns do not emerge in evaluations. It is indicated that even though bio-based systems
have been approached mainly from the life-cycle perspective (e.g. Soimakallio et al.
2009b, Uihlein and Schebek 2009, van Vliet et al. 2009, Cherubini and Stromman 2011,
Gonzalez-Garcia et al. 2011), this alone is not a comprehensive approach for forest
biorefinery evaluation (Cherubini and Stromman 2011) rather, a more particular approach
would be applicable. In their recent study Näyhä and Horn (2012) found out that raw
material availability and its sustainability were the most important criteria in the
environmental sustainability assessment of forest biorefinery value chain companies. It is
also important to realise that the use of wastes and residues is not sustainable per se. For
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many of the commonly proposed residue sources there is a range of existing uses, which
will be displaced. This means that potential indirect effects must be taken into an account.
(Kretschmer et al. 2013).
Introducing appropriate sustainability criteria should be seen as a long-term benefit rather
than a barrier or retard to the development of the biorefinery sector. Overall, increased
public awareness could facilitate use of biomass and biorefining business in general,
whereas uncertainty about the sustainability of bio-based products may create a barrier to
the biorefining sector’s development, particularly in light of the on-going discussion on
conventional biofuels and challenges related to those (Kretschmer et al. 2013).

3.4.4.4 Collaboration and Partners in Biorefinery Consortia
There is need for collaboration between all value chain actors in the biorefinery value
chain. There is plenty of biorefinery research in Europe, but it is often fragmented, and
there are only few commitments to combine resources and knowledge (Elvnert 2012).
Thus, the research community and industry should aim at establishing a consensus how to
proceed with different biorefinery possibilities, and public and private partnerships should
be formed in order to bring technologies to full scale operation (IEA 2011, Elvnert 2012).
Collaboration between industry, the knowledge infrastructure (institutes and universities),
government, and NGOs to identify appropriate R&D priorities as well as commercialisation
strategies are required (IEA 2009, Näyhä 2012). There is also a need for international
networking, and from the perspective of Finland, establishing stronger collaboration
between Nordic countries (Mäkinen et al. 2011, Näyhä 2012, IEA 2013b).
Chambost et al. (2008) suggest that biorefinery partners should be identified early on in
the biorefinery development phase. It also appears that value creation through
collaboration has become increasingly important as a means of filling the resource gap in
the energy and forest sectors in the bioenergy business (Pätäri 2009). Firms can obtain
knowledge through patents and other immaterial rights or they can acquire companies with
the relevant competitive knowledge and technologies. These companies can also come
from outside the traditional forest sector (Pätäri 2009, Eloranta 2010, Hetemäki et al.
2011). Forest biorefinery consortia also offer small companies a possibility to enter new,
larger markets, and small companies should be encouraged to be more active in RD&D
(particularly in developing new high value-added products) and collaborate with larger
companies (Mäkinen et al. 2011, Näyhä and Pesonen 2012). Näyhä (2012) found in her
study that the forest industry was considered the most potential dominant actor in a forest
biorefinery consortium following the importance of the petrochemical and energy industries
in the first Delphi round in 2008. However, in the last phase of the study (in 2011) the
dominance of the petrochemical and energy industries was highlighted, whereas the forest
industry’s role was seen rather as a biomass provider, which manages raw material
harvesting and logistics.
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Overall, it appears that success in the forest biorefinery business will be based on
partnerships through which the right set of skills can be achieved. However, collaborative
management in the consortia brings also challenges, for example sharing profits and
responsibilities between partners can be challenging (e.g. Janssen et al. 2008, Näyhä and
Pesonen 2013).

3.4.4.5 Change Management and Required New Skills
Transitioning to the forest biorefinery business and changing the direction of an
organisation in general present great challenges for leadership and management in
involved industries. Operating a commercial-scale forest biorefinery facility requires both
new managerial and operational-level skills. Establishing biorefinery business requires
understanding of new markets and management of change as well as the development
and implementation of economic and reliable technologies with related innovations and
process expertise. (Thorp 2005, Näyhä and Pesonen 2013).
Näyhä and Pesonen (2013) explored strategic change in the forest sector towards
biorefinery business, and according to their study both the need for change and key
drivers for change are widely recognised within the forest industry, but actions and
pathways largely still need to be created. The study shows that the renewal of the forest
industry is not possible without a readiness for change and a resilient attitude, which are
embedded in the organisational culture and management (see, Casti et al. 2011). The
study also indicated that the forest industry needs leaders and managers who have – and
are able to encourage – vision and strategic knowledge, as well as innovativeness, an
enthusiastic attitude, willingness to seize new opportunities and open dialogue with
stakeholders (see, Hansen et al. 2010). At the same time, the previously mentioned issues
were seen as the most needed capabilities in the companies.
Overall, it appears that many countries have potential for success in the forest biorefinery
business. It also seems that countries interested in biorefinery business have many
common issues that they consider in their particular strengths: technological knowledge,
biomass availability, existing infrastructure and biomass logistics. Therefore, realistic
identification of individual, unique strengths and continuous development of competencies
would be crucial at the national level, as well as the ability to market the national knowhow through international networks would be important in order to succeed in the global
biorefinery business.
Like mentioned before, it is possible that the biorefineries will eventually be mainly located
in areas with plenty of affordable biomass and low labor costs, even if the first facilities will
be built in Scandinavia and North America. This further highlights the need of countries
and organisations to carefully consider their roles in the biorefinery value chains and their
long-term potential in the biorefinery business.
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3.4.5 Implications to Other Forest Products and Bioenergy Markets
Increased demand for lignocellulosic biomass is one of the key questions that arises in the
context of forest biorefineries. This in turn has effect on the other forms of forest utilisation,
wood raw materials markets and the national economy (e.g. Kallio et al. 2011, Jonsson
2013, Kraxner et al. 2013).
Pursinheimo et al. (2013) state that investments on biorefineries have greater impacts
compared to some other investments because biorefineries arouse higher demand for
forestry, and therefore, has a greater impact on income of private households as well on
national product. Biorefineries will also increase investments in the other sectors.
In addition, biorefineries also make a notable contribution by bringing opportunities for
social and economic development particularly in rural communities by providing “green”
jobs (CEPI 2011).

3.4.6 Conclusions and Summary of Critical Issues
Forest biorefineries are considered an environmentally and economically sustainable new
business opportunity in many studies, and it appears that biorefineries will be part of the
future bioeconomies in one way or another. It appears that the hype that was related to the
biorefinery business has largely passed, and more realistic approaches and goals are
currently planned.
Nevertheless, in addition to considerable opportunities, there are also many risks related
to biorefinery implementation. Now, when many technologies are close to the stage of
commercial applications, there is a need for a synthesis of current knowledge and
estimations, as well as for analytical assessment of presented future prospects, potential
and challenges. What are the critical questions that should be paid emphasis, first, by the
society in general, and particularly by the companies that could transform their business
models towards biorefining? Critical questions and challenges can be summarised as
follows:

1. Visions and goals:
 Challenge: Availability of reliable and practical information about
biorefinery development, e.g. can current lignocellulosic biofuel
production goals considered realistic?
2. Competitive advantages and focus at company, sector and national levels:
 How to choose the most promising portfolios in biorefineries
(Services/high value-added products/large-scale manufacturing)?
 Challenge: Recognising long-term competitiveness and strengths.
3. Environmental and energy policies:
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 Creating effective support and subsidies mechanisms for the first
biorefinery facilities.
 Challenge: Uncertainty of policies.
4. Forest-based biomass availability and price development:
 Recognising linkages with other forest-based industries (integration, byproducts/waste streams/forest residues).
5. Sustainability:
 How to find environmentally/socially sustainable business models to
realise forest biorefineries?
 Challenge: Lack of systematic approaches to assess environmental
impacts of forest biorefineries.
6. Readiness for change and management of biorefinery consortia:
 How to manage strategic change towards new biorefinery business
(collaboration, capabilities and resources)?
 Challenge: Sharing responsibilities and profits in consortia.
 Challenge: Recognising the role of SMEs/companies outside the
traditional forest sector/novel opportunities in the interfaces of different
sectors.
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4. Forest Bioenergy Outlook
4.1 Background
All the parts of a tree, i.e. woody biomass, can be used as a source of energy. The
framework is simple: firstly, woody biomass, such as stemwood and branches, is collected,
secondly biomass is refined into a biofuel, such as chips, and thirdly, the biofuel is
converted, for example by combustion, into bioenergy, such as heat and electricity.
However, when exploring the literature related to the use of wood, or generally biomass, in
energy production, one encounters a myriad of terms, classifications, approaches, models,
technologies, conversion factors, underlying restrictions, and assumptions, for example,
which makes the comprehension, interpretation, and comparison of the widely varying
results arising in different studies challenging.
The various concepts and their rather unestablished use hardly alleviates ones struggle
through the multitude of studies, reports, outlooks, political declarations, and pamphlets
pertaining wood based bioenergy. Moreover, uncertainties related to the data, chosen
approaches, methodology, and the numerous assumptions are considerable, yet their
effects on the results are not always critically evaluated. For example, the statistical
sources available provide diverse figures on seemingly identical items. A part of this
problem is related to unambiguous classifications, yet the major issue is that many forms
of the use of wood as energy are not included in the official statistics due to such reasons,
for example, that they are not traded in the markets, such as fuelwood used by
households, or their use has started to grow just recently, such as forest chips. In the
following, firstly, an attempt is made to provide an overview of biomass resource
assessment and then proceed to forest bioenergy resources while discussing some of the
most common concepts featured in literature and uncertainties related to the assessments
in a critical yet accessible way. Secondly, selected major outlook studies of forest
bioenergy are reviewed. The aim is to provide the reader some insight into the reasons
affecting the differencing results and to assist the reader in identifying and evaluating the
uncertainties related to procedures by which the results are obtained.

4.1.1 Resource Potential
Bioenergy production interacts with food, fodder and fibre production as well as with
conventional forest products in complex ways. Bioenergy demand constitutes a benefit to
conventional plant production in agriculture and forestry by offering new markets for
biomass flows that earlier were considered to be waste products. It can also provide
opportunities for cultivating new types of crops and integrating bioenergy production with
food and forestry production to improve overall resource management. However,
bioenergy production can intensify competition for land, water and other production
factors, and can result in overexploitation and degradation of resources. For example, too-
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intensive biomass extraction from the land can lead to soil degradation, and water
diversion to energy plantations can impact downstream and regional ecological functions
and economic services.
As a consequence, the magnitude of the biomass resource potential depends on the
priority given to bioenergy products versus other products obtained from the land - notably
food, fodder, fibre and conventional forest products such as sawn wood and paper - and
on how much total biomass can be harvested in agriculture and forestry. This in turn
depends on natural conditions on agronomic and forestry practices, and on how societies
understand and prioritise nature conservation and soil/water/biodiversity protection and on
how production systems are shaped to reflect these priorities.

4.1.2 Defining the Potentials
Studies quantifying biomass resource potential have assessed the resource base in a
variety of ways. They differ on how the influence of present and future natural conditions is
considered as well as in the extent to which the types and details of important additional
factors, such as socioeconomic considerations, the character and development of
agriculture and forestry, and factors connected to nature conservation, are taken into
account (Berndes et al. 2003). Different types of resource potentials are assessed but the
following are commonly referred to:


Theoretical potential refers to the biomass supply as limited only by biophysical
conditions.



Technical potential considers the limitations of the biomass production practices
assumed to be employed and also takes into account concurrent





demand for food, fodder, fibre, forest products,



area requirements for human infrastructure,



restrictions connected to nature conservation and



soil, water and biodiversity preservation.

Market potential refers to the part of the technical potential that can be produced
given a specified requirement for the level of economic profit in production. This
depends on


cost of production and



price of the biomass feedstock, which is determined by a range of factors
such as
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characteristics of biomass conversion technologies,



price of competing energy technologies and



prevailing policy regime.

Most assessments of the biomass resource potentials are variants of methodology in
which biomass resource potentials are quantified under the condition that global
requirements for food and conventional forest products such as sawn wood and paper are
met with priority.
The biomass categories in Table 4.1 are defined as follows:


Residues form agriculture. By-products associated with food/fodder production
and processing, both primary (e.g. cereal straw from harvesting) and secondary
(e.g., rice husks from rice milling) residues.



Dedicated biomass production on surplus agricultural land. Includes both
conventional agriculture crops and dedicated bioenergy plants including oil crops,
lignocellulosic grasses, short-rotation coppice, and tree plantations. Only land not
required for food, fodder or other agricultural commodities production is assumed to
be available for bioenergy. Large technical potential requires global development
towards high-yielding agricultural production and low demand for grazing land. Zero
technical potential reflects that studies report that food sector development can be
such that no surplus agricultural land will be available.



Dedicated biomass production on marginal lands. Refers to biomass production
on deforested or otherwise degraded or marginal land that is judged unsuitable for
conventional agriculture but suitable for some bioenergy schemes, e.g. via
reforestation. There is no globally established definition of degraded/marginal land
and not all studies make a distinction between such land and other land judged as
suitable for bioenergy.



Forest biomass. There are three classes of residues: (i) Forest sector by-products
including both primary residues from silvicultural thinning and logging and
secondary residues such as sawdust and bark from wood processing. Dead wood
from natural disturbances, such as fires and insect outbreaks; (ii) Biomass growth in
natural/semi-natural forests that is not required for industrial roundwood production
to meet projected biomaterials demand, e.g. sawn wood, paper and board; and (iii)
By-products provide up to about 20 EJ/a. Higher forest biomass technical potentials
that correspond to a much larger forest biomass extraction for energy than what is
presently achieved in industrial wood production. Zero technical potential indicates
that studies report that demand from sectors other than the energy sector can
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become larger than the estimated forest supply capacity. Literature studies range
from zero to around 1,500 EJ (Smeets et al. 2007).


Dung. Animal manure. Population development, diets and character of animal
production systems are critical determinants.



Organic wastes. Biomass associated with materials use, for example, organic
waste from households and restaurants and discarded wood products including
paper, construction and demolition wood. The actual availability depends on
competing uses and implementation of collection systems.

Table 4.1 Global Technical Potential Overview for a Number of Categories of LandBased Biomass Supply for Energy Production (primary energy numbers have been
rounded).

Biomass category

2050 Technical potential [EJ/a]

Residues form agriculture

15–70

Dedicated biomass production on surplus agricultural land

0–700

Dedicated biomass production on marginal lands

0–110

Forest biomass

0–110

Dung

5–50

Organic wastes

5–50

Total

50–1000

The total assessed technical potential can be lower than the present biomass use of about 50 EJ/a in the
case of high future food and fibre demand in combination with slow productivity development in land use,
leading to strong declines in biomass availability for energetic purposes. Source: IPCC (2011).

Global biomass energy use currently amounts to approximately 50 EJ/a and all harvested
biomass for food, fodder, fibre and forest products, when expressed in equivalent heat
content, equals 219 EJ/a (2000 data, Krausmann et al. 2008). The potential range in the
dedicated biomass production on surplus agricultural land has a huge uncertainty as it
shows a range corresponding to the total global primary energy supply today.
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4.1.3 Factors Affecting the Potential
To estimate biomass potentials, one has to integrate various dimensions of the question
affecting to such potentials. One reason for the lack of integration is that the relationships
between the issues are manifold and complex as can be seen in Figure 4.1.
It is not possible to narrow down the technical potentials of the biomass resource to
precise numbers. A number of studies show that between less than 50 and several
hundreds of EJs per year can be provided for energy in future, the latter strongly
conditional on favourable developments. Land quality and availability form the main factors
affecting the potential amount of biomass for energy production (Dornburg et al. 2010) so
all the factors that affect the amount of land available for bioenergy production are in focus
when considering the uncertainties of bioenergy potentials. To these include:


Human dietary trends.



Possibility to use degraded and marginal land areas for biomass production.



Development in agriculture and forestry.



Competition with other sectors for water resources.

Food demand and production depends on agricultural technology development and
economic growth. All scenarios that predict global biomass potentials use food demand
projections compiled by the FAO. The main assumptions consist of population growth and
dietary trends. The largest uncertainties with regard to food demand are consumer
preferences and the possibility to use alternative supply chains for protein: the change
from animal to plant protein has a substantial impact on land use and water requirement.
Such issues as achievable crop yields and feed conversion efficiencies in animal
production are also among the main drivers of land use. Increasing yield in food production
gives more possibilities for bioenergy.
Biodiversity is a word that is usually mentioned as a factor affecting bioenergy potentials.
However, it is difficult to say what the word means in various studies. The practical
consequence of taking biodiversity into account in estimating bioenergy potentials seems
to be the exclusion of nature conservation areas from the land available for biomass
production.
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Figure 4.1 Overview of Key Relationships Relevant to Assessment of Biomass Resource
Potentials. Source: IPCC (2011).
Water availability and use. The large variability in regional climate and hydrology
necessitates detailed regional studies. Water availability has not been analysed on a
sufficiently detailed spatial level to estimate regional biomass potentials in water scarce
areas (Dornburg et al. 2010). The general trend is decreasing water availability in most
regions, with the largest effects in those regions where water is already scarce. But in
contrast to this trend, in high latitudes it is expected that the rainfall will increase. The other
side of the water issue is its demand: Water use efficiency in agriculture can be improved
which increases biomass potentials. The efficiency depends on many variables, such as
crop choice, climate and agricultural practise.
Figure 4.2 shows the impact of technology development on land demand: the second
generation biofuels for transportation are remarkably less land intensive. Change from
conventional to advanced technology can be seen in land use.
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Figure 4.2 Demand for Biofuels (left) and Resulting Land Demand (right) (IEA 2011).

4.1.4 Potential Deployment
4.1.4.1 Current Deployment of Bioenergy
Modern (non-traditional) biomass use already provides a significant contribution of about
11 EJ out of the 2008 Total Primary Energy Supply (TPES) from biomass of 50 EJ.
Traditional biomass use, between 60 and 70 percent of the total, is applied in rural areas
and relates to charcoal, wood, agricultural residues and manure used for cooking, lighting
and space heating, generally by the poorer part of the population in developing countries.
From 1990 to 2008, the average annual growth rate of solid biomass use for bioenergy
was 1.5 percent, while the average annual growth rate of modern liquid and gaseous
biofuels use was 12 and 15 percent, respectively, during the same period (IEA, 2010c). As
a result, biofuels’ share of global road transport fuels was about 2 percent in 2008; and
nearly 3 percent of global road transport fuels in 2009, as oil demand decreased for the
first time since 1980 (IEA, 2010b).
Government policies in various countries fostered increase in global biofuels production
during the last decade. Renewable wastes and biomass fuelled power generation
represented 1 percent of the world’s electricity generation in 2008 amounting to 259 TWh
(0.93 EJ). Modern bioenergy heating applications, including space and hot water heating
systems including district heating, accounted for 3.4 EJ.
International trade in biomass and biofuels has also become much more important over
the recent years, reaching levels of up to 9 percent in 2008 of liquid biofuels traded
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internationally and one-third of pellet production dedicated to energy use in 2009
(Junginger et al. 2010; Lamers et al. 2010; Sikkema et al. 2011). The latter has proven to
be an important facilitating factor in both increased utilisation of biomass in regions where
supplies are constrained and mobilising resources from areas where demand is lacking.
The food versus fuel debate and growing concerns about other conflicts created a strong
push for the development and implementation of sustainability criteria and frameworks and
changes in temporisation of targets for bioenergy and biofuels.

4.1.4.2 Economic Considerations in Biomass Resource Assessments
The deployment of bioenergy is determined in the fuel markets and these are described in
the energy system models used for assessing future energy scenarios. To describe the
functioning of these markets and the role of bioenergy in them bioenergy supply curves
are needed. Economists in wishing to avoid discussing many of the technical intricacies
involved have chosen to construct an abstract model of production. In this model the
relationship between inputs and outputs is formalised by a production function. The
production function is assumed to provide, for any conceivable set of inputs, the solution to
the problem of how best to combine those inputs to get output. For example, the
production function might represent a farmer’s output of bioenergy during one year as
being dependent of the amount of labour used on the farm that year, the quantity of capital
equipment employed during that year, the amount of land under cultivation and so forth.
Supply curves for bioenergy are based on production costs of various biomass resource
categories. Some studies exclude areas where attainable yields are below a certain
minimum level. Other studies exclude biomass resources judged as being too expensive
to mobilise, given a certain biomass price level. Costs models are based on combining
land availability, yield levels and production costs to obtain plant- and region-specific costsupply curves (Walsh 2008). These are based on projections or scenarios for the
development of cost factors, including opportunity cost of land, and can be produced for
different contexts and scales - including feasibility studies of supplying individual bioenergy
plants and estimating the future global cost-supply curve. Studies using this approach at
different scales include Dornburg et al. (2007), Hoogwijk et al. (2009), de Wit et al. (2010),
and van Vuuren et al. (2009).
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Figure 4.3 a) Feedstock Cost Supply Curve for European Countries. Source: de Wit and
Faaij (2010); b) Feedstock Cost Supply Curve for the USA. Source: Walsh (2008), US
DOE (2011). 1st generation biofuel supplies are expensive in Europe compared to the
lignocellulosic feedstocks for the 2nd generation biofuels. USA differs from Europe in this
respect.
Using biomass cost and availability data as exogenously defined input parameters in
scenario-based energy system modelling can provide information about levels of
implementation in relation to a specific energy system context and possible climate and
energy policy targets. Estimated production cost supply curves shown in Figure 4.3a were
subsequently produced including biomass plantations and forest/agriculture residues (de
Wit and Faaij 2010). The key factor determining the size of the market potential was the
development of agricultural land productivity, including animal production. Figure 4.3b
illustrates the delivered price of biomass to the conversion facility under the baseline
conditions for various production levels of lingo-cellulosic feedstock.
If regional supply curves are aggregated to form global supply curves then the biofuel
trade is left out of the analysis. Figure 4.4 shows global supply curves for chosen
bioenergy classes. It would be interesting to see the trade flows needed to fulfil the
bioenergy needs as there are regions of ample resources and those of scarce ones. The
shape of the bioenergy supply curve affects the production level assessment. If the curve
is rather flat for an extended energy range then the bioenergy production level depends
more on fuel demand in general and on the price levels of the competing fuels. In the
flattish supply curve case only a minor change in expected price level may mean a large
change in the materialising amount of bioenergy production. On the other hand, steeper
supply curve narrows down the reasonable price range for a possible production level.
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Figure 4.4 Global Average Cost-Supply Curve for the Production of Bioenergy Plants on
the Two Land Categories ‘Abandoned Land’ (agricultural land not required for food) and
‘Rest Land’ in 2050. The curves are generated based on IMAGE 2.2 modelling of four
SRES scenarios. The cost supply curve for abandoned agricultural land in 2000 (SRES B1
scenario) is also shown. Source: Hoogwijk et al. (2009). The scenarios A1, A2, B1 and B2
correspond to the storylines developed for the IPCC Special Report on Emission
Scenarios (IPCC 2000).

The above curves describe primary energy costs “at the farm gate”. It is a convenient
starting point of a bioenergy supply line. As to the local small-scale use of the product, the
transportation may not add too large a share to this resource cost. But for large-scale
uses, local or otherwise, the whole supply line has to be included, i.e. transportation of the
resource, possible refining and transportation of the refined product to the point of use.
These added production steps may be prohibitively expensive for economic use of the
product no matter how large the raw material potential is.

4.1.4.3 Long-Term Deployment
Dornburg et al. (2010) breaks the potential biomass sources down into three main
categories and estimates the bioenergy potential as follows:


Residues and wastes


Agricultural and forestry residues and organic waste represent a bioenergy
potential of 30-180 EJ/a. A value around 100 EJ/a can be considered as a
relatively certain estimate.
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The surplus forest growth that is likely to be available amounts to approximately
60-100 EJ/a.



Bioenergy cropping systems show a wide range of potential.


A cautious estimate for energy crop production assuming far-reaching
exclusion of areas due to water scarcity, land degradation and expansion of
protected areas 120 EJ/a.



If water-scarce, marginal and degraded lands are not excluded but are
regarded as low-quality land with low biomass yields, the additional
bioenergy amounts to 70 EJ/a.



Improvements in agricultural management could add an additional 140 EJ/a.

Adding these categories together leads to a technical potential of up to about 500 EJ/a in
2050. Figure 4.5 presents modelling results for global primary energy supply from biomass
(a) and global biofuels production in secondary energy terms (b) (IPCC 2012). Between
about 100 and 140 different long-term scenarios underlie Figure 4.5. These scenario
results derive from a diversity of modelling teams and cover a wide range of assumptions
about - among other variables - energy demand growth, the cost and availability of
competing low-carbon technologies and the cost and availability of renewable energy
technologies.

Figure 4.5 a) The Global Primary Energy Supply from Biomass in Long-Term Scenarios;
b) Global Biofuels Production in Long-Term Scenarios Reported in Secondary Energy
Terms of the Delivered Product (median, 25th to 75th percentile range and full range of
scenario results; colour coding is based on categories of atmospheric CO2 concentration
levels in 2100; the number of scenarios underlying the figure is indicated in the right upper
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corner). For comparison, the historic levels in 2008 are indicated by the small black arrows
on the left axis. Source: IPCC (2011).
In Figure 4.5, the results for biomass deployment for energy under these scenarios for
2020, 2030 and 2050 are presented for three GHG stabilisation ranges:



Categories I and II (<440 ppm CO2).



Categories III and IV (440-600 ppm CO2).



Baselines (>600 ppm CO2).

Atmospheric CO2 concentration is defined for the year 2100. Results are presented for the
median scenario, the 25th to 75th percentile range among the scenarios, and the minimum
and maximum scenario results.
Figure 4.5a shows a clear increase in global primary energy supply from biomass over
time in the baseline scenarios, i.e. absent climate policies, reaching about 55, 62, and 77
EJ/a in the median cases by 2020, 2030 and 2050, respectively. At the same time,
traditional use of solid biomass is projected to decline in most scenarios, which means that
modern use of biomass as liquid biofuels, biogas, and electricity and H 2 produced from
biomass tends to increase even more strongly than suggested by the above primary
energy numbers. This trend is also illustrated by the example of liquid biofuels production
shown in the right panel of Figure 4.5b.
Despite these trends, there is by no means an agreement about the precise future role of
bioenergy across the scenarios, leading to fairly wide deployment ranges in the different
GHG stabilisation categories. It should be noted that the net GHG mitigation impact of
bioenergy deployment is not straightforward because different options result in different
GHG savings, and savings depend on how land use is managed, which is a central reason
for the wide ranges in the stabilisation scenarios.
The expected deployment of biomass for energy in the 2020 to 2050 time frame differs
considerably between studies, also due to varying detail in bioenergy system
representation in the relevant models. A key message from the review of available insights
is that large-scale biomass deployment strongly depends on



sustainable development of the resource base,



governance of land use,



development of infrastructure and
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cost reduction of key technologies.

In the new Technology Roadmap – Bioenergy for Heat and Power IEA (2012) presents the
latest views on possible bioenergy development path until 2050. According to IEA
bioenergy supply increases from 50 EJ/a in 2009 to 160 EJ/a in 2050. These figures
correspond to 10 percent of the primary energy supply in 2009 and 24 percent in 2050.
Around 60 EJ of this will be allocated to transportation fuels production. The rest, 100 EJ,
goes to other sectors as follows: 60 EJ for heat production in the residential, industry and
other sectors. The rest or 40 EJ goes to electricity generation. This amount of bioenergy is
transformed to 3100 TWh electricity. IPCC’s view on bioenergy is condensed as in Figure
4.6 as follows:

Figure 4.6 Projections for Bioenergy Use in 2050 (IPCC 2011).

It is worth noting that the bioenergy deployment estimates are substantially lower than the
estimate on the technical potential. This is mainly due to the competition of bioenergy with
other energy sources.
On the left-hand side of the Figure 4.6, the lines represent the 2008 global primary energy
supply from biomass, the total primary energy supply (TPES), and the equivalent energy of
the world’s total harvest for food, fodder and fibre in 2000. A summary of major global
2050 projections of primary energy supply from biomass is shown from left to right:
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1. The global AR4 (IPCC, 2007d) estimates for primary energy supply and technical
potential for primary biomass for energy;
2. The theoretical primary biomass potential for energy and the upper bound of
biomass technical potential based on integrated global assessment studies using
five resource categories indicated on the stacked bar chart and limitations and
criteria with respect to biodiversity protection, water limitations, and soil
degradation, assuming policy frameworks that secure good governance of land use
(Dornburg et al., 2010);
3. From the expert review of available scientific literature, potential deployment levels
of terrestrial biomass for energy by 2050 could be in the range of 100 to 300 EJ;
and
4. The most likely deployment range is from 80 to 190 EJ/a.

From the expert review of available scientific literature in this chapter, potential
deployment levels of biomass for energy by 2050 could be in the range of 50 to 300
EJ/a. In the most stringent mitigation case the median levels of biomass deployment
appears to be 63, 85 and 155 EJ/a by 2020, 2030 and 2050, respectively.
As a comparison, the current total agro-forestry production corresponds to 220 EJ of which
about 50 EJ is used as energy. The world population will increase somewhat by 2050 and
so does food demand. The increasing bioenergy use comes on the top of that. Is there
enough productive land available for all this additional production? And is the infrastructure
in place to make it possible to exploit to resource in an economic way?

4.1.5 Forest Resources
4.1.5.1 Global Forest Area and Growing Stock
Basically, the availability of forest biomass for energy depends on the volume of forest
resources and the other uses of forests, such as industry, biodiversity protection, and
recreation, for example. The world’s total forest area is more than 4 billion hectares
corresponding to about 30 percent of the world’s total land area (Table 4.2). The five
countries most rich in forests are Russia, Brazil, Canada, the USA and China accounting
for more than a half of the global forest area. The global estimated growing stock is about
527 billion m3 (FAO 2010), which represents about 3794 EJ when transformed to energy
units.
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Table 4.2 Estimates for Regional Forest Areas, Growing Forest Stock and Population.
2008
Forest
Region/country area

1000 ha

Forest
area

2010

2008

Growing stock of
forest land

Population

from land
area

from
world

Over bark

%

%

Mill.m

3

Rural
m /ha

3

1000 inh.

% of total

World

4033060 31

100

527203

131

6 750 525

50

Europe

1005001 45

25

112052

111

731805

28

Sweden

28203

69

1

3358

156

9205

16

Finland

22157

73

1

2189

119

5304

37

Germany

11076

32

0

3492

99

82264

..

Austria

3887

47

0

1135

315

8337

..

Netherlands

365

11

0

70

292

16528

18

Russia

809090

49

20

81523

192

141394

27

EU27

156693

38

4

North America

678961

33

17

82941

122

453543

19

USA

304022

33

8

47088

155

311666

18

Canada

310134

34

8

32983

106

33259

20

Asia

592512

19

15

53685

91

4075307

59

Japan

24979

69

1

..

..

127293

34

China

206861

22

5

14684

71

1344919

57

India

68434

23

2

5489

80

1181412

71

South America

864351

49

21

177215

205

384892

17

Brazil

519522

62

13

126221

243

191972

14

Africa

674419

23

17

76951

114

987280

61

101

Source: FAO (2011).
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Forest plantations form an increasing source of raw material for forest industry and they
also may have an important role in carbon sequestration. In 2010 forest plantation
comprised about 7 percent of total forest area (FAO 2011), and the growth rate has been
fastest in South America and Asia (Table 4.3).
Globally, the annual use of wood (including industrial roundwood and wood fuel, Table 4.4)
is estimated to be 3.5 billion m3 (under bark, u.b.). Comparing this figure for global growing
stock, only about 0.6 percent of the growing stock is used for production of wood fuels and
industrial roundwood annually. Naturally, the percentage varies between countries, and it
is the highest (6 percent) in India. According to the Faostat statistics, about the half of the
global wood use, 3.5 billion m3, is used for energy. In the emerging countries, the share is
even higher.

Table 4.3 The Area of Planted Forests.

2010

1990–2000

2000–2010

Area/country

1000 ha

%/a

%/a

World

264084

1,9

2,1

excl. Russia

52327

0,74

0,47

Russia

16991

1,96

1,01

Total Europe

69318

1,01

0,6

North America

37529

4,13

2,46

USA

25363

2,32

1,18

Canada

8963

15,67

4,41

Asia-Pacific

119884

2,02

2,85

South America

13821

1,97

3,23

Africa

15409

1,06

1,75

Europe

Source: FAO (2011).

The figures for industrial roundwood in Table 4.4 reveal the deficiency of wood in Asia and
especially in China, which is a large importer of industrial roundwood. In future, the deficit

98

is to increase especially in India, where the high growth rates of population and economy
will raise demand for forests and wood.
Table 4.4 Estimates for Regional Production and Consumption of Roundwood.
2011
Area/country

World

Wood fuel

Industrial roundwood

Total

Total

Prod.

Cons.

Prod.

Cons.

Prod.

Cons.

Mm3 (u.b.)

Mm3 (u.b.)

Mm3 (u.b.)

Mm3 (u.b.)

Mm3 (u.b.)

Mm3 (u.b.)

1870

1868

1626

1631

3496

3499

0

0

Europe

134

132

508

492

642

624

Excl. Russia

119

117

373

378

492

495

Sweden

6

7

66

72

72

79

Finland

5

5

46

51

51

56

Germany

11

11

45

49

56

60

Austria

5

6

14

20

19

26

Netherlands

0

0

1

1

1

1

Russia

16

15

134

114

150

129

North America

41

41

444

430

485

471

USA

40

40

298

285

338

325

Canada

1

1

147

145

148

147

Asia

758

758

325

384

1083

1142

Japan

0

0

18

23

18

23

China

185

185

144

190

329

375

India

309

309

23

23

332

332

0

0

South America

202

202

212

211

414

413

Brazil

144

144

140

140

284

284

0

0

707

704

Africa

638

638

69

Source: Faostat databank.
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Most academic studies conclude that globally there is enough suitable land available to
satisfy the projected global biomass demand in 2020 sustainably (Biomass for heat and
power 2010). However, the current growth in biomass production in marginal lands is
lower than anticipated, and there is a risk of supply shortages and increasing competition
for land in areas already under intensive use.
In practice, large forest stock of a country does not necessarily indicate a large availability
of wood for industrial or bioenergy use. There may be several obstacles and uncertainties
pertaining to the use and mobilisation of forest resources, i.e. the demand for and supply
of woody biomass, such as the activity, size, and competitiveness of forest industries,
technical issues related to harvest and transport, sustainability issues and other than
material values of forests, ownership structure of forest resources, etc. In the assessments
of forest resource potentials, the constraints related to the actual availability of forest
resources are considered in various differencing ways, a fact that contributes to the
variation in estimates.

Example of Definitions and Uncertainties in Forestry Data
Wood fuel is defined in the Faostat statistics as roundwood including wood from stems,
branches and other parts of trees that will be used as fuel for purposes such as cooking,
heating or power production. Wood chips to be used for fuel that are made directly (i.e. in
the forest) from roundwood are also included in this category. However, wood charcoal
and forest industry by-products are excluded. (Faostat 2014)
When interpreting the Faostat statistics on wood fuel such as in the Table 4.4, it should be
noted that some of the country figures are based on official data reported by national
authorities, whereas some figures are estimates made by the experts in the FAO. A third
group, aggregates, also exists and consists of figures that “may include official, semiofficial and estimated data” (Faostat 2014). In the case of wood fuel, it has been difficult to
obtain the figures from national statistical correspondents, and thus, estimates have been
used extensively (Whiteman et al. 2002). The estimates have been based, for example,
on the copied values of previous years or simple calculations based on population and the
estimate for per capita wood fuel consumption. In addition to the uncertain estimates for
wood fuel use by households especially in developing countries, there have also been
problems to assess the non-household use of wood fuel (Whiteman et al. 2002).
Improvements towards more sophisticated estimates have been executed, yet the
cautiousness is required. For example, the reported wood fuel production in Finland in
2011, 5 Mm3 (under bark, u.b.), which is labelled as Faostat data category aggregate,
corresponds roughly to stemwood used as energy in small-scale housing (5.4 Mm3 over
bark, o.b.) and energy wood (stemwood) felled in commercial fellings (0.7 Mm 3 o.b.)
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(Finnish Forest Research Institute 2013). However, these figures arising in Finnish
national official statistics include only stemwood for energy. Thus, branches and stumps
are not included. Neither is included most of the stemwood from precommercial thinnings.
As to the consumption of wood fuel in 2011, the official Finnish statistics provide a figure
of 12 Mm3 (o.b.), which includes the use of forest chips in heating and power plants and
stemwood for energy in small-scale housing (Finnish Forest Research Institute 2013).
Solid industrial by-products and waste, such as bark, sawdust, and industrial chips as well
as other wood residues are excluded. Also, liquid industrial waste, mainly black liquor, is
excluded. Thus, the 12 Mm3 is made of stemwood, branches, and stumps and
corresponds to the Faostat definition of wood fuel. Yet, the Faostat figure for wood fuel
use in Finland in 2011 is only 5 Mm3 (u.b.). Taking the volume of bark into consideration,
the official Finnish figure of wood fuel use is still twice as high as reported in the Faostat
statistics. Specifically, when including also industrial by-products and waste wood, the
consumption of all the solid wood fuels in heating and power plants and small-scale
housing was over 23 Mm3 in Finland in 2011 (Finnish Forest Research Institute 2013).

4.1.5.2 Wood-based Energy in the World’s Primary Energy Supply
Wood based biofuels or woodfuels, as well as biomasses for energy production in general,
are usually divided into traditional and modern ones. For example, the International Energy
Agency (the IEA) and the Intergovernmental Panel on Climate Change (the IPCC) use
such a division in their statistics and publications. The division is mainly based on the
mode of using biomass. Hence, traditional biomass is primarily used inefficiently by
households in cooking, lightning and heating, whereas modern biomass is used efficiently
and typically in a larger-than-household scale, such as in power plants to provide heat and
electricity for a factory or a community or in bio-refineries to produce transport fuels, for
example.
Despite their inefficiency, the traditional woodfuels provide the majority of primary woodbased energy supply. In 2011, global primary biomass-based energy supply was 1 300
Mtoe/a (54.4 EJ/a) (IEA 2013c). This corresponded about 10 percent of total global
primary energy. The distribution of primary bioenergy into various sources of biomass is
presented in Figure 4.7. The shares in Figure 4.7 are based on a flow chart published
originally in Sims et al. (2007), according to which in 2004, the global primary bioenergy
supply was 44.6 EJ/a and accounting for a bit over 10 percent of global primary energy. Of
the total primary bioenergy, 67 percent accounted for fuelwood (firewood), and with
charcoal making and a part of recovered wood, traditional woodfuels accounted for 78
percent of primary bioenergy (Sims et al. 2007). The share of modern woodfuels, i.e.
combined shares of forest residues, black liquor, wood industry residues and a part of
recovered wood, accounted for about 13 percent of primary bioenergy. Figures provided in
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Sims et al. (2007) are often cited, yet slightly differencing shares for forest residues are
provided. According to Sims et al. (2007), the share of forest residues in bioenergy mix
was 2 percent, whereas in IEA (2009) and Chum et al. (2011), the share of forest residues
is 1 percent. This minor discrepancy does not sweep aside the fact that in 2004 and, as
per an academic guess, probably also currently, the share of modern woodfuels is about 1
percent of the global primary energy supply. Despite the minuscule contribution of modern
woodfuels to energy supply globally, their regional importance, current or future, are or are
envisioned to be substantial.

Figure 4.7 Sources of Biomass for Global Primary Bioenergy Consumption in 2004 (Chum
et al. 2011, IEA 2009, original source Sims et al. 2007).

Sims et al. (2007) note that the above-mentioned biomass sources’ shares in primary
energy supply were based on highly uncertain data. Chum et al. (2011) also point out that
especially the statistics on the traditional use of biomass are underestimates and a
supplement of 20 to 40 percent should be added. This would raise the share of traditional
woodfuels in total primary energy supply even higher than the above-mentioned 78
percent. As the inefficiency of energy conversion in the traditional use of biomass is
obvious, Chum et al. (2011) estimate that in 2008, in terms of secondary energy delivered
to end use, traditional biomass, of which over 80 percent was traditional fuelwood,
accounted for 3.8–8.6 EJ/a (primary energy 37–43 EJ/a) and modern bioenergy 6.6 EJ/a
(primary energy 11.3 EJ/a), of which about half was based on woody biomass.
As modern woodfuels are implicitly linked to efficient use of the energy content of woody
biomass, they are of pronounced interest from the standpoint of climate change mitigation.
Thus, various studies focus on the assessment the supply and demand potentials of
modern woodfuels. Active research is also carried out to develop technology and
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production efficiency at the different stages of bioenergy value chains based on modern
woodfuels.
Definitions Related to Traditional and Modern Woodfuels
The traditional woodfuels, and traditional biomass in general, have strong negative
connotations of inefficiency and underdevelopment. For example, Chum et al. (2011),
who use the same definition as provided in World Energy Outlook 2010 (IEA 2010), define
traditional biomass “as biomass consumption in the residential sector in developing
countries that refers to the often unsustainable use of wood, charcoal, agricultural
residues and animal dung for cooking and heating.” In World Energy Outlook 2011 (IEA
2011), the definition of traditional biomass lacks the direct references to developing
countries and unsustainability as traditional biomass “refers to the use of fuelwood,
charcoal, animal dung and agricultural residues in stoves with very low efficiencies”.
Conversely, modern biomass is defined as biomass that is not traditional biomass. Chum
et al. (2011) divide modern biomass further into modern bioenergy and industrial
bioenergy. Modern bioenergy refers to the high-efficiency use of biomasses to generate
heat, electricity, combined heat and power (CHP) and transport fuels in different sectors.
Efficient use requires that convenient solids, liquids and gases are employed as
secondary energy carriers. Convenient refers, for example, to the use of forest chips in
CHP production. Industrial bioenergy is high efficiency biomass conversion into energy
within industrial processes, such as steam and power generation from bark and black
liquor in a pulp mill. In often cited Sims et al. (2007), woodfuels are divided into traditional
solids, such as fuelwood (firewood) and charcoal, and into modern solids, such as chips
and pellets, modern liquids, such as ethanol, and modern gaseous, such as syngas. The
same four-category classification is also applied to agrofuels and municipal by-products
and waste.
However, as pointed out by Anttila et al. (2009), terminology is not unambiguous and
hence, one should be cautious, for example, when comparing the results from different
studies of wood-based bioenergy. For example, terms forest energy, forest residues,
woodfuel, fuelwood, and energy wood are used to describe woody biomass in energy
production and different components may be included under the same terms. As an
example, Anttila et al. (2009) use the term modern fuelwood to describe the use of woody
biomass in large scale and in a relatively efficient way, while terms forest energy,
woodfuel, and energy wood are used as synonyms for modern fuelwood. The raw
material base of modern fuelwood consists of logging residues from current commercial
cuttings and stemwood as well as logging residues from so called supplementary cuttings.
Thus, this definition does not include industrial by-products, such as bark or black liquor
nor recovered wood from previous uses and it reflects a forestry-oriented approach to
wood based bioenergy particularly suitable in regions that are abundant of forest
resources and have relatively well-developed forest sectors.
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4.1.5.3 Primary, Secondary and Tertiary Forest Residues
The raw material base of modern woodfuels often consists of by-products, such as
residues from logging operations, bark and chips from sawmilling and black liquor from
pulp industry. Three main categories of forest residues, primary, secondary, and tertiary,
are usually identified (e.g. Nabuurs et al. 2007, Anttila et al. 2009, Rettenmaier et al.
2010). Primary forest residues are obtained directly from forests. Thus, primary forest
residues may include, for example, branches, tops, stumps, unmerchantable stemwood,
and whole trees from thinnings and final fellings of merchantable stemwood often
categorised as industrial roundwood. As trees can grow also areas that are not classified
as forests, Rettenmaier et al. (2010) specify primary forest residues to be obtained, in
addition to forest and other wooded land, such as tree plantation, from orchards,
vineyards, public open spaces, and residential gardens. Nabuurs et al. (2007) also include
stemwood from so called additional loggings into primary forest residues’ category when
discussing the assessments of forest biomass potentials. Additional loggings refer to
loggings that could be executed in a particular area in addition to current level of loggings
without compromising, for example, sustainability criteria. However, it seems that usually,
these additional loggings or surplus forest biomass or surplus forestry products that
predominantly pertain to favourable ratio of current annual removals to forest growth are
not aggregated into forest residues’ class. For example, in Chum et al. (2011), the
additional roundwood production or so called surplus forestry products are categorised into
a class of plants that are grown for energy supply and this extended classification is
applied to agro biomasses (energy crops) as well.
Secondary forest residues, such as bark or sawdust, are available after processing wood
into forest industry products. Tertiary forest residues are available after the end use of
wood based products. Tertiary residues include consumer waste and recycled building
materials, for example. Thus, the concept of recovered wood falls into this category.
Research on the availability of secondary and tertiary residues has been much less active
than on primary residues. One reason for this might be that, especially in the case of
secondary residues, their utilisation rate is already high.
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Table 4.5 Example of Categorisation of Forest Bioenergy Sources (Rettenmaier et al.
2010).
Biomass subcategory

Origin

Type of biomass

From forestry

Forests and other wooded land
incl. tree plantations of short
rotation forest (SRF)

Harvest from forests and other
wooded land incl. tree plantations
and SRF, excl. residues

From trees outside forests
(landscape)

Trees outside forests incl.
orchards and vineyards, public
green spaces and private
residential gardens

Harvests from trees outside
forests incl. orchards and
vineyards, excl. residues

Primary residues

Cultivation and harvesting/
logging activities in all of the
above incl. landscape
management

Cultivation and harvesting/
logging residues (twigs, branches,
thinning material), pruning from
fruit trees and grapevines etc.

Secondary residues

Wood processing e.g. industrial
production

Woos processing by-products and
residues (sawdust, bark, black
liquor, etc.)

Woody biomass

Woody residues

The availability of primary and secondary forest residues is dependent on the production
and wood material use of the forest industries. The production level of a sawnwood, for
example, determine the amount of secondary residues, i.e. bark, sawdust, and sawmill
chips available for other uses such as energy production. Production of sawnwood
requires sawlogs, which can be acquired from final felling and thinning sites, from which
primary forest residues, such as branches, tops, and stumps, can be collected and utilised
in energy production. It should be noted that quite often, such as in Mantau et al. (2010a)
and in European Commission (2013b), the term forest residues refers to primary forest
residues only and thus, neither forest industry by-products nor recovered wood are
included in the definition. Then again, in some biomass potential assessments forest
residues of different kinds are aggregated with agricultural crop residues and waste
(Sörensen et al. 1999). An example of the categorisation of the sources of woody biomass
for energy production is presented in Table 4.5. As can be seen, tertiary residues are not
included in the sources, yet trees – or more widely woody plants – in areas classified as
forest and in areas outside forests and their primary and secondary residues, both solid
and liquid, are amongst the potential sources of forest bioenergy. Short rotation forests are
also considered. Thus, the variation in the sources, i.e. biomass types and their origins, of
forest bioenergy can be substantial.
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4.1.5.4 Energy Use of Wood Subordinate to Other Uses
As already stated in Chapter 4.1.2, energy use of biomass is not the priority when
assessing biomass resources. In the case of energy use of wood, and especially modern
woodfuel, the assumption is typically that the raw material needs of traditional forest
industries as well as traditional use of fuelwood, are fulfilled first and after that, the woody
biomass and parts of trees that are left over in the forests, mill sites, or dumps can be used
in energy production and only these parts are counted into the resource potentials. In other
words, stemwood that meet the requirements of industrial roundwood, such as pulpwood
and sawlogs, should not be used in energy production. In the case of so called additional
or supplementary or surplus loggings, industrial roundwood is included into energy
potentials in some studies. The whole concept of forest residues also implicitly
emphasises the idea that the energy use of wood is subordinate to other uses of wood.
The subordination of energy use to other uses of wood is understandable from the
standpoint of climate changes mitigation. If a tree is felled, it is more advantageous to
retain the carbon stocks of wood material in the walls of a building for decades or
centuries, for example, than to release the carbon into atmosphere by combustion shortly
after the felling. Also, economical reasoning is adopted when discussing the relation of
energy use of wood to other uses. In several countries, paper industry has been
suspecting that wood bioenergy production would be competing for pulpwood resources
which would raise pulpwood prices. Accordingly, the Confederation of European Paper
Industries (CEPI), for example, has been campaigning for the view that one cubic meter of
wood in paper production creates multifold value added and workplaces compared to the
energy use of the same cubic meter. For example in Finland, it has been next to a taboo to
consider a possibility to use pulpwood in energy production. However, during the recent
years, paper consumption and prices have shown a downward trend, while energy prices
have been trending upwards. Logically, the straightforward reasoning by the paper
industries has been challenged (e.g. Hetemäki, 2008). In the Finnish case, as wood
consumption by the traditional forest industries have declined, the previous strict attitudes
of interest groups to which parts of a tree can or cannot be used in energy production have
been relaxed and a more all-encompassing approach to optimal use of wood raw material
has emerged. Moreover, in some recent economically oriented studies on the energy use
of wood, competition between energy sector and pulp industry over roundwood has been
considered (e.g. Moiseyev et al. 2011, Moiseyev et al. 2013). However, in the European
level political debate, the strict categorisation of different parts of wood into different uses
and the absolute subordination of energy use of wood to all the other uses continues as
testified by the European Commission’s communication concerning the new EU forest
strategy and the requirement of so called cascading use of wood (European Commission
2013c).
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4.1.6 Assessment of Forest Bioenergy Resources
As to climate changes mitigation and to future sustainable low-carbon economy, forest
bioenergy as well as many other renewable energy sources are loaded with expectations.
It is anticipated that forest biomass would have a great potential to provide a substantial
and yet sustainable source of energy – at least regionally. Ambitious political targets on
the use of renewable energy sources, such as the EU’s legally binding 20–20–20 targets
defined in the EU RES directive (2009/28/EC), have been set based on rather limited
information. In order to assess, whether the targets are feasible and to provide information
for future policy building and for promoting campaigns of different interest group, several
studies and reports have focused on scrutinising the amount of woody biomass that could
be harvested for energy production under different assumptions and restrictions. The
results, the forest energy potentials, are conditional and typically future-oriented
calculations on possible, and - depending on the approach and methodology - in some
specific way the maximum supply of, demand for or market equilibrium of woody biomass
for energy production expressed as energy content (J or toe) or as volume (m3).

4.1.6.1 Forest Bioenergy Potentials
The restrictions related to the calculation of the availability of forest bioenergy, or more
generally bioenergy, define the kind of the potential. As discussed in the Chapter 4.1.2,
three different potentials, namely, theoretical, technical, and economic potential are most
commonly distinguished. In some occasions, market potential is used as synonym for
economic potential (e.g. Chum et al. 2011). In addition to the definitions of potentials
provided in the Chapter 4.1.2, another example of the definitions is presented in Figure
4.8.
Essentially, in the case of forests and forest biomass, the theoretical potential is the
maximum amount of woody biomass production under only the most fundamental biophysical limits, such as rainfall, soil fertility etc. However, common to most forest bioenergy
potential calculations is that the volume of woody biomass available for energy use is what
is left over after the traditional use of wood. Traditional use refers to industrial use of wood
and to traditional woodfuel, i.e. firewood. Also, the competing use forms of land, usually
food production and increasing conservation area, may be included as constraints in the
calculations. Thus, the forest bioenergy potential are dependent on and subordinate to
other uses of woody biomass as well as other land use forms. Moreover, the theoretical
potential of primary and secondary forest residues is typically defined as their total
production which, in turn, is dependent on the level of fellings and production of forest
industry products (Rettenmaier 2010). Also, the use of wood products essentially limits the
availability to tertiary residues. Thus, the calculated theoretical potentials of woody
biomass for energy use are typically and a priori determined and restricted by several
factors - most importantly the competing uses of wood - and thus they are not strictly
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theoretical. Technical potential follows when theoretical potential is subjected to technical
constraints. Economic or market potential is technical potential subjected to economic
criteria, such as production cost, energy prices, and profit margins. Thus, the consecutive
order of potentials reflects the transition from purely theoretical assessments of availability
of forest bioenergy to more realistic ones.

Figure 4.8 Example of Categorisation of Potentials (EUBIA 2013).

Although the naming and the consecutive order of the most common potentials are
established, their exact definitions vary between the studies. For example, sustainably
criteria or socio-political constraints can be integrated into different potentials (Figure 4.9).
Moreover, additional potential categories occur in the literature. For example, EUBIA
(2013) provide a category called ecological potential, yet its relation to the other three
potentials is not unambiguous. In Rettenmaier et al. (2010), a potential called sustainable
implementation potential is introduced. This potential is hypothesised to represent the
most realistic, i.e. all the relevant restrictions considered, potential supply of bioenergy
from different sources. In EEA (2006), a potential labelled as environmentally-compatible
is assessed. In some cases, it is also difficult to draw clear distinctions between the
potentials. As argued in Anttila et al. (2009), in some areas, the manual collection of forest
residues is unprofitable due to high labour costs. Simultaneously, mechanised collection of
residues cannot be integrated into fellings of industrial roundwood due to the lack of
suitable machinery. Hence, in such a case, the level of mechanisation can be considered
both a technical and an economic constraint. Depending on the approach used in the
studies, ecological, environmental and socio-political constraints are or are not applied to
the estimated potentials. Sometimes this is indicated by the naming of the potential, for
example, economic-ecological or environmentally-compatible potential. However, as
indicated in Figure 4.9, in some studies, environmental constraints can be included in the
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technical potential, for example, whereas in some other studies, the environmental
constraints are included in the economic potential only or already in the theoretical
potential.

Figure 4.9 Example of Categorisation of Potentials (Rettenmaier et al. 2010).

Constraints related to different potentials and the way how the constraints are
operationalised in the analyses vary between the studies. Theoretical constraints are
related, for example, to forest growth which is influenced by the characteristics of site,
such as soil type, climatic zone, age classes, density, availability of water, etc. Depending
on the approach, factor affecting the forest growth can be considered at a detailed level,
for example at tree level, or, for example regional averages are employed. In the case of
primary and secondary residues, demand side characteristics, i.e. constraints related to
consumption of forest industry products, such as GDP growth or structural changes in
consumption patterns, which obviously are economic constraints to the material use of
wood are in case of energy use also theoretical constraints. Technical constraints are
related to, for example, soil bearing capacity, recovery rate of residues, energy conversion
efficiency, availability of machinery etc. Environmental constraints used in the
assessments include factors related to water, erosion, and soil protection, such as logging
and residue extraction constraints in groundwater areas, steep slopes, and barren soils,
and to biodiversity conservation, such as logging constraints in different types of
conservation. Social constraints can be related to, for example, the ownership structure of
forests. One may argue that in countries, where the ownership structure is fragmented and
average forest holdings small, it is more difficult to mobilise wood from forests than in
countries, in which the average size of forest holdings is large. Thus, many constraints

109

related to theoretical and technical potentials of forest bioenergy are closely related to the
characteristics of forest resources or the demand side of forest bioenergy. The constraints
related to economic or market potential of forest bionenergy include, harvesting and
transportation costs, the prices of competing sources of energy, the price of CO 2 emission
allowances, subsidies on bioenergy, etc. Economic constraints are thus closely related to
the demand of forest bioenergy and forest biomass’ competitiveness compared to the
other sources of energy.

4.1.6.2 Assessing Forest Biomass Potential
Three different approaches to assessing the forest biomass potentials or biomass
potentials in general, are typically distinguished: resource-focused (supply-driven)
assessment, demand-focused (demand-driven) assessment, and integrated assessment
modelling (e.g. Rettenmaier et al. 2010, Smeets et al. 2010). The approaches differ in the
methodology employed as well as in the types of the potentials being assessed. In the
resource-focused approach, the focus is on the resource base and the competing uses of
the resources, such as the availability of land area for forests, yield of forests, and the
other than energy use of woody biomass. The methodology of resource-focused
assessment includes statistical analysis and spatially explicit analysis. Statistical analysis
is basically based on the estimated yield per hectare and on the assumption of the fraction
of woody biomass available for energy use. Social, environmental, and economic
constraints may be also included in the assessment of the availability of wood for energy.
The potential of forest residues (and waste wood) is based on the estimated production
and use of wood which are multiplied by a residue generation coefficient, such as the
biomass expansion factors (BEFs), and - as not all the residues can be collected - by a
coefficient taking into account the actual recovery rates of residues. Statistically explicit
analysis employs growth models to assess the yield with spatially detailed data on forests,
such as forest growth, climate conditions, soil type, and forest management operations.
Resource-focused approach is typically used in calculation of theoretical and technical
potentials (Smeets et al. 2010).
The demand-focused approach takes into account the forest bioenergy demand side. For
example, the competitiveness of bioenergy-based energy system is compared with other
energy system options. Alternatively, the feasibility of the exogenously set targets on
bioenergy is assessed by comparing the targets with the potential production and use of
bioenergy (Rettenmaier et al. 2010). The methodology includes cost-supply analysis,
economic modelling, and energy system modelling. In the cost-supply analysis, special
attention is typically paid to policy measures, such as tax exemptions, the price of
emission allowances, or increasing of biodiversity protection, for example. As a result, the
cost-supply analysis yields bioenergy supply curves such as in Figure 4.3. The energy
system modelling and economic modelling in general describe the dynamics of both the
demand for and supply of energy, including bioenergy. The models incorporate different
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economic fundamentals, such as population growth and GDP growth, together with
possibilities related to development in energy efficiency, for example. On the demand side,
the actors behave optimally by selecting the least-cost option from different energy
sources, whereas the supply of energy from different sources is typically described by
cost-supply curves. The demand-focused approach produces typically estimates for
economic and implementation potentials (Smeets et al. 2010).
The integrated assessment modelling or integrated approach use integrated assessment
models (IAMs) to address policy questions related to climate change. In a nutshell, the
IAMs describe the linkages between socio-economic drivers, energy use and resulting
emission to atmosphere and other pressure on environment, which cause physical
changes in societies and ecosystems and eventually have a feedback to socio-economic
drivers. Thus, the IAMs integrate information from various sectors, such as economic,
energy, land use, and climate, and produce estimates across different time horizons and
geographical units. The integrated approach typically combines results from various
models and different dimensions of bioenergy are considered in an integrated manner,
which distinguishes the integrated approach form the resource- and supply-driven
approaches. Integrated approach is typically applied in the assessment of economic and
implementation potentials, yet in the literature, also theoretical and technical potentials are
assessed by using this approach. (Smeets et al. 2010).
In addition to the three above-mentioned approaches, Smeets et al. (2010) list two
additional approaches: the feasibility and impact assesment and review assesment. The
aim in resource-focused, demand-focused, and integrated assessments is typically to
evaluate the biomass energy potential under certain constraints and assumptions,
whereas in the feasibility assessment the question is, for example, whether some chosen
policy target is feasible or realisable at all. The term review assessment refers to studies in
which assessment of potentials in based on literature reviews and no detailed own
calculations are made.
As bioenergy is loaded with expectations, a typical forest biomass potential assessment
has the time horizon somewhere in future. Thus, regardless of the approach used in the
assessment, some kind of scenario building and scenario analysis is typically employed.
Depending on the theme of the study, scenarios may focus on the availability of forest
resources under tightening competition for land area, on the response of forest growth to
different climate change estimates, on the effects of various policy measures, such as
binding CO2 emission reductions, share of bioenergy in total energy consumption, price of
emission allowances or on the availability and development of machinery, for example.
The scenarios are typically filled with assumptions about the development of different
drivers and reflect the level of knowledge during their creations and the beliefs of the
makers of the scenarios. Also, aspirations and goals of different interest groups may affect
the scenario building, which challenges the evaluation of plausibility of the scenarios and
the interpretation of the results.
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The different approaches and methodologies applied in bioenergy resource assessments
have their (dis)advantages. In the demand-focused approach, the statistical analysis is
typically simple, transparent, and data requirements are modest, but it ignores economic
mechanisms and the level of details, for example spatially, is limited. The spatially explicit
analysis is detailed spatially and climate data as well as soil characteristics can be
integrated into the model, yet the economic mechanisms are ignored again. Although as a
method, the spatially explicit analysis is transparent, due to the high spatial particularity, it
may be a complex tool to use.
As to the demand-driven approach, the cost supply analysis is a transparent method and
provides results that are typically easy interpret. However, the method ignores economic
mechanisms. The energy system models and other economic models focus on the
economic mechanisms, especially on the interaction of supply and demand. However, as a
downside, spatially detailed results are usually not available, the integration of energy
production and overall economic activity with climate change and the possible feedback to
economic drivers is ignored and as are the soil characteristics and land use forms
contributing to the availability of biomass. Thus, as argued by Smeets et al. (2010), the
energy system models and economic models in general do not typically include bottom-up
validation of bioenergy resources. Moreover, as the models may consist of a myriad of
equations, which all include several parameters, the origin of which is not always known,
the analyses may easily became non-transparent.
Integrated assessment modelling takes account of “all the relevant aspects” related to
bioenergy production and thus, allows a consistent evaluation of scenarios having several
dimensions, such as population growth, food consumption, trade flows, policy measures,
and economic growth etc. A key advantage is the inclusion of feedback mechanisms and
possible trade-offs in the analysis. The IAMs typically combine detailed bottom-up data on
yield and land use forms with energy system models as well as other economic models
and in this respect, provide probably the most appropriate approach to assess the most
realistic potential of bioenergy and to evaluated the effects of bioenergy use on different
sectors. However, the IAMs contain several separate models that are linked together in
such a way that the output of one model is used as an input for another model, which
increases the uncertainty related to inaccurate or missing data and inadequate models. In
addition, as the complexity of modelling system increases, the transparency of the
methodology and results suffers. Smeets et al. (2010) also point out that the results of
integrated assessment modelling are difficult to interpret and the level of details is limited.
Research on the assessment of bioenergy potentials has been active during the last
decade. In Smeets et al. (2010), for example, the number of studies on biomass potential
assessment available for closer reviewing was some 250. However, the variation in
definitions of the potentials and hence, the constraints applied in the calculations is high.
Moreover, inasmuch as the approaches and methodologies used have different focuses
and levels of particularity, and the level of integration of different sectors vary in the
analyses, the comparison of the results between the studies is not unambiguous. The
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constraints, approaches and assumptions related to analyses may reflect the focus of the
study, contemporary political discussion or the aspirations of different interest groups, for
example, or they are simply dictated by the quality of the data available and the
methodology used. Moreover, many of the studies concentrate on the future potentials. As
the time horizons of the calculation grow, assumptions related to growth of GDP, energy
consumption, consumption of forest industry products, price of CO2 emission allowances,
and development of technology, for example, became critical. As an example, some
estimates of forest biomass potentials are presented in Table 4.5.
As can be seen, the variation in the estimates is substantial. Even the estimates for the
identically named potentials for the same region and year can be of different order of
magnitude. For example, depending on the study, world’s technical forest bioenergy
potential originating from primary residues and surplus forest growth is estimated to be in a
range of 0 to over 70 EJ/a in 2050. The most optimistic figure of the technical potential of
forest bioenergy, over 1 500 EJ/a worldwide, would cover world’s current primary energy
consumption roughly three times. The highest figure is mainly based on the assumption
that the surplus agricultural land not needed for food production would be used for growing
high-yield woody bioenergy crops, such as eucalyptus, poplar and willow (Smeets et al.
2007). The figure also includes agricultural by-products and waste and it is calculated
under a scenario, in which the advancement in agricultural technology is assumed to be
very high, which increases the average hectare yield in agriculture multifold and swells up
the availability of agricultural land for energy crops.
Smeets and Faaij (2007) identify four main reasons for the great variation in the estimates
of potentials:
1) Differences in the types of biomass included. For example, surplus forest
growth is taken into account and possibly aggregated with primary residues in some
studies and in some not. Stumps may be included in primary residues or not. All the
types of forest residues as well as agricultural residues may be aggregated into one
group, the naming of which can be misleading at worst.
2) Differences in the theoretical, technical, economical, or ecological constraints
related to the supply of woody biomass for energy use. This problem becomes
emphasised as one moves from the theoretical potential towards the more limited
types of potentials. For example, technical constraints related to rate of
mechanisation and technical development or to characteristics of terrain may be
considered and modelled at a spatially detailed level, or they are taken into account
using some conversion factor that can be labelled as an “educated guess” at best.
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Table 4.6 Examples of Forest Bioenergy Potentials.
Region

Time frame

Potential

Estimate,
EJ/a

Origin of biomass

Smeets et al. (2007)

2050

technical

367–1548

surplus forest growth + primary, secondary,
and tertiary residues + dedicated woody
bioenergy crops on surplus agriculture land

Smeets & Faaij (2007)

2050

theoretical

76.7

surplus forest growth + primary residues

Smeets & Faaij (2007)

2050

technical

70.1

surplus forest growth + primary residues

Smeets & Faaij (2007)

2050

economic

20.8

surplus forest growth + primary residues

Smeets & Faaij (2007)

2050

economicecological

5.1

surplus forest growth + primary residues

Nabuurs et al. (2007)

2020–2050

technical

12–74

primary biomass from forestry

Anttila et al. (2009)

2005

technical

4.7–8.8

modern fuelwood (primary residues + surplus
forest growth)

Chum et al. (2011)

2050

technical

0–110

surplus growth + primary and secondary
residues

West and East Europe:
Smeets & Faaij (2007)

2050

theoretical

3.6

surplus forest growth + primary residues

West and East Europe:
Smeets & Faaij (2007)

2050

technical

3.6

surplus forest growth + primary residues

West and East Europe:
Smeets & Faaij (2007)

2050

economic

2.2

surplus forest growth + primary residues

West and East Europe:
Smeets & Faaij (2007)

2050

economicecological

1.0

surplus forest growth + primary residues

EU27: Asikainen et al.
(2008)

2005

technical

1.5

surplus forest growth + primary residues

EU27: Nilsson et al. (2006)

2010–2050

technical

1.8–2.2

surplus forest growth + primary residues

Alakangas et al. (2007)

2006

technical

0.1

primary residues

Asikainen et al. (2008)

2005

technical

0.2

surplus forest growth + primary residues

Kärkkäinen et al. (2008)

2003–2013

n/a

0.5–0.7

primary residues

World

Europe

Finland
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3) Differences in data. Data on key parameters and variables are uncertain or even
missing. For example, figures for growth of forest, recovery rates of residues,
consumption and production of forest products and woodfuel, vary between the
data sources. As discussed earlier, figures from official national statistics may differ
considerable from those provided in international databases.
4) Differences in scope. Potentials may be calculated by using either demand- or
supply-driven approaches and interaction of supply and demand is ignored. The
time horizons may be different as may be the assumptions related to the
development of key parameters.

It can be argued, that the assumptions of the development of key parameters always
reflect to some extent also the personal attitudes and feelings of the people involved in the
research and the overall ambience (e.g.“hype”) pertaining to bioenergy. Thus, some of the
estimates are implicitly inclining towards the negative, pessimistic or conservative end of
the range while some estimates are more positive or optimistic.

4.1.6.3 Uncertainties Related to the Bioenergy Resource Assessments
Smeets and Faaij (2007) criticise that in several studies, uncertainties in the data and the
effects of the assumptions pertaining to underlying factors are rarely paid sufficient and
critical attention. Quite often, even the most elementary sensitivity analyses are not
executed or if executed, they are not reported. Thus, the assessment of the validity of the
results of a certain study and meaningful comparison of the results between different
studies requires an in-depth analysis of the definitions, assumption, models, parameters,
etc. study by study, which is time consuming and at worst, due to limited information
provided in the articles, next to impossible even for a professional. Also, there exists an
obvious trade-off between the sophistication and transparency of the methodology use.
The inclusion of diversified aspects pertaining to bioenergy in detail requires a wide range
of models describing phenomena stretching from climate change and plants reactions to
changing conditions to consumer behaviour and policy measures. To fully understand the
functioning of the modelling systems and the conveying of effects within several interlinked
models can be demanding even for the users of the models. As the models become more
complex, the number of parameters grows. Notwithstanding whether the parameter values
are based on measurements, econometric analysis, simulation, guestimates etc. they
always include some uncertainty, the level of which is known at best. For example,
uncertainties related to GDP growth or the possible structural break in consumption of
papers is discussed in earlier chapters. Then again, in the case of a simpler approach,
some relevant factor may be excluded from the analysis, which can also lead to erroneous
conclusions.
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Obviously, when the viewpoint is purely theoretical, approaches and models which include
more aspects, effects and linkages are superior to simpler ones. However, as the models
became more complicated data requirements grow. Moreover, validation of the complex
models may become difficult and risks related to erroneous models grow unforeseeably.
For example, in Smeets et al. (2010) a myriad of bioenergy assessments ranging from
simple statistical exercises to complex models encompassing supply, demand, and
sustainability issues are reviewed, yet the conclusion is that “no “ideal” study using an
“ideal” approach that considers all aspects in a highly adequate way has been identified.”
Nevertheless, the results of a study and the “ideality” of the approach used should be
evaluated also in the context of the aim of the study. If the purpose is to provide a rough
estimate for the theoretical potential of primary residues at a national level, for example, a
simple, transparent, and labour-saving statistical analysis using aggregate data could be
preferred to some complex and detailed modelling approach.
The need for harmonisation of bioenergy resource assessment has been recognised
widely. For example, at the European level, the Biomass Energy Europe project focused
on the harmonising of bioenergy resource assessment in order to improve the consistency,
accuracy and reliability of the assessments (BEE 2011). During the BEE project, a
handbook for promoting the harmonisation was produced. The learnings of the BEE
project will be put into practice in the S2Biom –project (Delivery of sustainable supply of
non-food biomass to support a “resource-efficient” Bioeconomy in Europe, S2Biom 2014).
An example of national level development of forest bioenergy assessment is the
ForestEnergy 2020 project by the Finnish Forest Resource Institute and the VTT Technical
Research Centre of Finland (Forest energy 2020 2014). As to improving of the statistical
base of bioenergy resource assessment, the development taking place in the Faostat
databank was already mentioned earlier. At national level, the Finnish Forest Research
Institute is introducing statistics on energy wood trade in Finland. The novelty is that the
statistics will provide detailed price and volume figures from energy wood sales between
the forest owners and the first processor of energy wood. Until recently and apart from
wood pellets, the price data on forest bioenergy has been available only in a few European
countries, and the data has – depending on the country – consisted of only the mill gate
prices of forest chips, sawmill chips, sawdust, and other solid forest industry by-products.
Development is occurring in the availability and quality of data, in modelling, in estimation
techniques, in understanding of the effect of climate change on forests etc. Consequently,
fresh studies of forest bioenergy and its potential will surely keep emerging. However, the
reader is always left with the final responsibility of understanding among other things, what
exactly has been scrutinised (e.g. technical potential of primary residues, projected actual
market volumes of woody biomass for energy use), how credible are the assumptions
made (e.g. development of CO2 emission prices, development of GDP), how and in what
detail the “reality” is described (e.g. the interaction of supply and demand, behaviour of
firms or forest owners), and how sensitive the results might be to the changes in
assumptions and parameter values. Moreover, the uncertainties related to data and
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modelling should bear in mind. Thus, the reader is required to critically evaluate the validity
and plausibility of the presented results and conclusions in the end. In addition to this
paper, insight into the critical evaluation of the assessments can be find in the literature
reviews, such as Smeets et al. (2010) and Solberg et al. (2014).

4.2 Review of Selected Forest Bioenergy Assessments and Scenarios
The political targets in different parts of the world are drivers for the use of energy from
renewable sources. In the European Union (EU), the policy targets for 2020 and beyond
are the main drivers for the future use of renewable energy. The policy targets indicate a
significant increase in the demand for forest based energy in the EU region, which raises
questions on the sufficient availability of forest biomass for energy purposes. Forest
bioenergy sector is dependent on the growing forest stock and various uses of forests and
wood. It interacts with climate change, biodiversity, agriculture and rural development as
well as related markets.
In the following, selected studies related to forest energy are reviewed: the European
(UNECE/FAO 2011), the North American (UNECE/FAO 2012) and the Russian (FAO
2012) forest sector outlook studies and the EUwood study (Mantau et al. 2010b). The
purpose of the studies has been to provide information for politicians and decision makers.
The selected studies have not necessarily the focus on forest bioenergy, but more widely
on forests and the availability and the use of woody biomass. The aim is to provide insight
into the factors contributing to forest bioenergy assessment by using the selected studies
as examples.

4.2.1 Forest Sector Outlook Study for Europe
The European study (UNECE/FAO 2011) includes a reference scenario and four
alternative scenarios emphasising maximising biomass carbon, promoting wood energy,
prioritising biodiversity and fostering innovation. The three last mentioned policy scenarios
commonly apply qualitative judgements.
The study applies quantitative models for different parts of the forest sector. At the first
stage, the forest industry products supply and demand are projected up to the year 2030
by region and these figures are then fitted using Wood Resource Balance (WRB)
calculation (Mantau et al. 2010b). The demand for wood energy is obtained using policy
targets and trend projections (growth of 1.5 percent annually). Wood supply is projected by
the EFISCEN-model (Schelhaas et al. 2007) under assumptions of future wood demand
and forest management regime (rotation length, residue removals, etc.). Because the
WRB-model does not take account of market adjustments, the EFI-GTM model (Kallio et
al. 2004) was applied to calculate market equilibrium. The EFISCEN model was used to
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estimate the effects of the market supply and demand on forestry. The modelling
framework constitutes the whole chain from markets to forests, but in fact, the models are
not explicitly integrated.

Mm3 RWE
700,0
600,0
500,0
400,0
300,0
200,0
100,0
0,0
Sawnwood

Wood-based
panels
2010

Paper and
paperboard

Energy

2030

Figure 4.10 Projections of EFI-GTM for Consumption of Wood Products and Energy in the
Reference Scenario, 2010 and 2030. Source: UNECE/FAO (2011).
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Figure 4.11 Projections for Wood Supply in the Reference Scenario, 2010 and 2030.
Source: UNECE/FAO (2011).
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Based on the increase in GDP, total consumption of wood products using EFI-GTM model,
is projected to increase 15 percent from 2010 to 2030. Projections for different categories
are presented in Figure 4.10. The projected increase in wood based energy is 35 percent.
The net exports of sawnwood is decreasing, while the net exports of paper and
paperboard are projected to double reaching 61 million m 3 RWE in 2030. However, for
forest industry production, the results of the recent studies indicate contradictory
development for paper and paperboard.
The European study assumed that the removals increase to fulfil the increasing demands
for wood products and energy. The potential annual sustainable supply of wood is
projected to increase about 22 per cent from 2010 to 2030. The percentage growth is
projected to be the largest for stemwood and harvest residues (Figure 4.11). The
European study uses different models: stemwood removals, harvest residues and stump
extraction are obtained from EFISCEN-model, landscape care wood and post-consumer
wood from EUwood-method and industrial residues and trade are from the EFI-GTMmodel.

The policy scenarios of the European study are alternatives to the reference scenario
and they focus on exploring how the forest sector could respond to the increasing
demands for carbon sink, forest residues and biodiversity protection and with what
consequences. Maximising biomass carbon scenario indicated that by lengthening
rotations and increasing the share of thinnings in harvest it is possible to accumulate more
carbon in European forests with minor consequences for wood supply. The Promoting
wood energy scenario revealed that an unprecedented mobilisation of all types of wood
would be needed to satisfy the increased energy targets. Priority to biodiversity scenario
indicates no extraction at all of harvest residues, longer rotations and more mixed stands.
The scenario of Fostering innovation and competitiveness was discussed, but no
quantitative projections were made.

The projected growth of residue extraction of the whole European area is 278 percent
indicating a considerable growth of intensity of harvesting methods (e.g. growth in stumps
extraction) over the 2010–2030. In addition, biomass outside forests are needed in
increasing amounts including supply sources such as landscape care wood, postconsumer wood, industrial wood residues (e.g., sawmill by-products, wood residues from
other wood processing industries and black liquor). Estimates of their potential availability
(medium mobilisation) are taken from the EUwood (Mantau et al. 2010a) and adapted for
those countries not included in the EUwood study to cover EFSOS area. Net imports of
wood raw material are projected to decrease from 12.6 million m 3 to 1.3 million during
2010–2030.
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According to the competitiveness analysis results of the EFI-GTM model, the European
countries lost their competition ability with respect to countries outside Europe (e.g., Brazil,
Canada, China, Russia, USA, etc.). The prices during 2010–2030 were projected to rise
steadily driven by increasing demand and emerging scarcities. For sawlogs and pulpwood
the prices increases were from 1.8 to 2.7 percent annually, and for the final products 0.6–
0.7 percent (sawnwood and paper) and 1.3 percent (panels). The result indicates a lower
profit margin for forest industry, but higher income for forest owners.

Uncertainties related to the European study:


The study discusses the uncertainties related to the results of the reference
scenario, but no systematic modelling of uncertainties is presented.



In the reference scenario demand for wood is gradually increasing driven by GDP
growth and increasing production of forest industry products. However, the recent
studies on paper and board industry production indicate decreasing demand for
industrial wood. Supply or demand for wood energy is not modelled. The data are
full of uncertainties. Further, in reality, demand for wood energy is volatile, and is
affected by the prices of fossil energy.



On the forest resource side, the increased demand for wood is met by increasing
harvest from the forest, growing harvest residue extraction, and increase of sources
outside the forest. The increases of landscape care wood and post-consumer wood
are based on a range of assumptions about mobilisation, recovery rates, etc., which
can be concluded very uncertain.



Availability of residues from the industry is derived from the increasing industrial
production, which can be considered very uncertain in the light of decreasing
demand for paper. The supply of wood was interpreted to be sufficient to meet the
demand, with fairly constant trade patterns and consumption rates. However, it was
stated, that the increased demand for wood for energy is likely to lead increasing
wood prices.



The physical possibility to meet all the targets of renewable energy sustainably
requires that energy efficiency targets are obtained and that rapid growth in nonwood renewable energy is met, so that wood’s share of renewable energy in fact
falls significantly. Wood would then account for 40 percent of renewable energy,
compared to about 50 percent in 2010, as non-wood renewable energies, like solar
or wind, many of which are in the phase of rapid expansion, grow faster than wood.
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4.2.2 Forest Sector Outlook Study for North America
The aim of the North American Forest Sector Outlook Study (UNECE/FAO 2012) was to
quantify the implications of the growth in the world’s economy, population, and the
bioenergy sector for the forest sectors of Canada and the United States. For modelling, the
global dynamic and spatial equilibrium model of forest sector (GFPM, Buongiorno et al.
2003, Buongiorno and Chu 2011) was applied. The model takes account for
interdependencies between North America, Europe and the rest of the world, and
projections are made up to the year 2030.
Three IPCC based scenarios are presented (The IPCC Fourth Assessment 2007)
assuming projections for population, economic growth and bioenergy production (including
wood). A1B projects stronger economic and population growth (i.e. stronger growth per
capita) than B2 in both countries. The third, A1B-Low Fuelwood scenario drops off the
assumed growth of the use of wood in the bioenergy sector. Instead, it is assumes, that
fuelwood consumed is used in its historical mix i.e., to generate heat in homes and
electricity and other forms of power used in manufacturing in the forest sector. A1B-Low
Fuelwood scenario therefore quantifies, when compared to the A1B, the net effect of
assuming the high rate of growth in a wood-using bioenergy sector.
The Global Forest Products Model (GFPM) applied in the study is a spatial dynamic
economic model of the forest sector. The model simulates the evolution of competitive
markets for forest products in 180 countries that interact through the trade. In each country
the model simulates the changes in forest area and forest stock, and the consumption,
production, trade, and market-clearing prices for 14 commodity groups. For the USA, the
study uses the GFPM with more disaggregated products. The base year of the model is
2006. In this application, part of the industrial roundwood may be diverted to fuelwood,
then, the increasing biofuel demand raises the price of fuelwood close to that of industrial
roundwood.
The GFPM – model projections suggest that the United States and Canada would, under
all three scenarios, return by 2015 near the peak production levels that were observed in
the early 2000s. Projections suggest that, in spite of declining use of paper for media,
other paper and paperboard for packaging and miscellaneous uses will continue to enjoy
strong global demand. Sawnwood production is projected to continue to grow in the United
States. In wood panels, both countries are projected to increase production that can
partially substitute for solid lumber, in the US building industry. The pulp and paper sector
faces rapid changes: production growth outside North America, rapidly rising consumption
in Asia, declining consumption of newsprint and printing and writing paper, and continued
growth in the use of recycled fibre. The net effect of these changes is to keep the United
States’ wood pulp production from recovering much from the recently low levels. But
Canada’s comparative advantage and the growth of markets especially in Asia, is
projected to lead increasing wood pulp production. The competitiveness of different
regions was projected by applying the revealed comparative advantage index (RCA). The
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RCA index is the ratio of the country’s (region’s) value of net exports to the value of a
country’s (region’s) total domestic production at local prices.
Fuelwood production would increase in A1B scenario by about 5-fold (from 40 million m3 to
205 million m3) in the United States by 2030 (Figure 4.12). In Canada, the rise will be 7fold (from 2.2 to 14.3 million m3). In the B2, the rise is somewhat smaller in both countries.
Under the A1B-Low Fuelwood scenario, the US fuelwood production increases very little,
and somewhat faster in Canada. This indicates that the US production of fuelwood is
highly dependent on the assumed emergence of a wood-based bioenergy sector.
Fuelwood prices under the A1B and B2 scenarios are projected to rise in both countries
from the 2006 levels. Under scenario A1B, prices slightly surpass the price of industrial
roundwood. Under the A1B-Low Fuelwood scenario, where a wood-using bioenergy sector
does not emerge to the degree projected by the IPCC, prices still rise in Canada, but
remain virtually constant in the US.

Figure 4.12 Wood Fuel Production 1961–2009 and Projections to 2030 (Figure obtained
from UNECE/FAO 2012).
Wood based bioenergy is modelled as “fuelwood” in the GFPM. The wood biomass output
(“fuelwood”) increases 6-, 3- and 3-fold in the three scenarios, respectively, from 2006 to
2060 basing on the IPCC projections of biofuels as renewable energy source. To achieve
this, the elasticity of fuelwood demand with respect to GDP was adjusted as a renewable
energy source under the three scenarios. The woody biomass portion of the biofuels
projection is set at a constant share, equal to the estimated 2006 share of bioenergy
output provided by wood, averaged over 1990 and 2000 (Ince et al. 2011). In the
modelling, Europe and North America get 100 percent of their “fuelwood” (which is the
category in which it is modelled) from forests (from the merchantable and nonmerchantable portion of timber removed upon harvest). In other countries, this wood can
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also come from residuals of wood product manufacture (e.g., lumber residuals). Trade
occurs in fuelwood, especially later in the projections.

Uncertainties related to the North American study:


The simulation of the wood-based energy sector missed certain important factors,
such as incentives (taxes or subsidies), the creation of a carbon emissions trading
system, technical innovations, or a possible market-driven changes that could affect
the profitability of wood-based energy. Profitability could rise due to higher energy
prices, but go down due to increased supply of fossil energy (e.g., the effect of the
US shale gas production).



The results show that the sector would be to divert industrial wood currently used in
making sawnwood, panels, and paper, thus leading to higher wood prices and lower
output of products. Wood-based panels would be particularly affected as they would
increase more than the price of lumber.



The increasing consumption of wood-based bioenergy leads to higher prices of
wood raw material (fuelwood and industrial roundwood), but decreasing but
relatively less the price of manufactured products (sawnwood, panels, paper). This
benefits forest owners, but decreases profits of manufacturers.



One critical point in the model results is the assumption of increasing roundwood
use of forest industries.

4.2.3 Forest Sector Outlook Study for Russia
The report presents an expert evaluation of the current state of the Russian forest sector
and its prospects up to 2030. Several aspects are included: forest management, industry,
policy, science, education, the environment, certification and legality of wood origin. Three
scenarios for the forest sector are presented: inertial, moderate, and innovation scenarios.
The conclusion is that the Russian forest sector will continue to increase production under
all scenarios, but only the innovation scenario will ensure the progressive development of
Russian forests based on the principles of sustainable forest management.
The inertial scenario is based on past trends over the years 1990–2010. The global
financial crisis is assumed to continue and tariff increases for gas, electric energy and
railway transportation may occur. No price increases for wood, forest products and
construction of new pulp and paper plants are envisaged. Modernisation and
reconstruction of functioning forest industry enterprises are assumed as well as the
realisation of a few priority investment projects related to construction of sawmills, plywood
and board factories. The moderate scenario presumes moderate economic development
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and represents progress from the inertial to innovation stages. The innovation scenario
assumes relatively high and stable economic growth. The economic lag of the last two
decades is to be overcome.
Methods applied in the Russian study base for the most part on the expert assessments.
Forecasting of Russian forest resources were based on the State Forest Inventory (SFI)
and quantitative modelling using multiple correlation, where forest productivity indicator is
the function of the amount of forestry financing distributed by years and scenarios, climatic
changes and some restrictive factors. The study points out, that it would be necessary to
calculate the economically accessible volumes of wood harvesting, which would exclude
low stock wood stands and remote forests, where exploitation is not possible without
considerable investment in the development of transport infrastructure.
Table 4.7 Forecasts for Russian Roundwood (Million m3) from Different Scenarios by 2030
(FAO 2012).
2010

2030

Change (%)

Innovation

142,9

301,2

111

Moderate

142,9

259,4

82

Inertial

142,9

232,4

63

Innovation

21,2

22,8

8

Moderate

21,2

25,8

22

Inertial

21,2

28,6

35

Innovation

121,7

278,4

129

Moderate

121,7

233,6

92

Inertial

121,7

203,8

67

Production:

Exports:

Consumption:

The results of the scenarios are presented in Table 4.7. For renewable energy, the study
presents the following strategic objectives (drivers): (1) the substitution of mineral fuel; (2)
a reduction in environmental pressures from the fuel and energy sector; (3) the continuous
supply of fuel to public utilities in regions with long-distance and seasonal deliveries; and
(4) a reduction in fuel supply cost. Sources of wood energy are determined to be
“nonstandard wood” and wood-processing residues. The domestic market is assumed to

124

remain the main consumer of wood-based biofuel. Export includes only pellets originating
from regions where production is economically possible. Fuelwood and industrial wood
residue will be mostly utilised as raw and fuel materials in regions with high forest cover
where the availability of mineral energy is complicated. Energy sources of high energy
value will be produced in the form of charcoal, briquettes and pellets, wood chips and
wood-based liquid motor fuel (Table 4.8). An essential increase is assumed in the use of
non-standard wood, fuelwood and wood residues for energy production (Figure 4.13).

Table 4.8 Production of the Main Wood Fuel Products (Table is obtained from FAO 2012).

Figure 4.13 Consumption of Wood Raw Materials for Biofuel by 2030 (Figure is obtained
from FAO 2012).
According to the Russian biotechnology (BIO-2020, 2012) programme, certain priorities
concerning bioenergy are proposed: (1) the manufacture of solid and other biofuels; (2)
technologies for combined generation of heat and power with considerable increase of
electricity output; (3) wood biorefineries with combined production of cellulose, and (4) a
range of new chemical products, in particular, biodegradable polymers, energy and biofuel.
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The BIO-2020 programme predicts an increase in solid biofuel production from 3 million
tonnes in 2010 to 18 million tonnes by 2020.

Conclusions and uncertainties concerning the Russian study:
The study arouses a lot of concerns related to method and basic assumptions. Forecasting
methods and scenarios of the study are based on expert assessments. The inertial
scenario, bases on past trends, projects steady growth in forest area and growing stock,
as well as harvest and consumption of forest products. The innovation scenario assumes
support from all actors (e.g., the Russian state), an increase of roundwood production
between 2010 and 2030, to reach over 300 million m 3 (compared to 230 million m3 in the
inertial scenario). The study expects that wood consumption for biofuels, at present 30
million m3, would increase strongly to about 45 million m3 in the inertial scenario, but to
over 70 million m3 in the innovation scenario. High energy value products, such as
charcoal, pellets and wood based liquid fuels would grow particularly fast. Systematic
calculations on the supply potential or demand developments are missing in the study.
This leaves the scenario results very uncertain.

4.2.4 What Can Be Concluded from the Outlook Studies for Europe, North America
and Russia?
All the studies indicate that it is possible to increase significantly the supply of wood for
energy, and even to reach the ambitious policy targets. The targets for Russia are more
plans than targets and systematic calculations were missing. Also for North America the
targets were not clearly determined and the wood based bioenergy projections were
modelled as “fuelwood” and they followed the IPCC scenarios of biofuels.
The studies indicate that especially Europe and Russia needs significant mobilisations of
wood supplies through political and financial investments, if the high targets are set to
increase the use of wood based energy.
The studies also stressed, that the increased use of biomass (for energy) would have
negative consequences for the forest industries, notably those using small low value wood,
and for biodiversity. The development can also lead to higher roundwood prices which
mean increasing costs of forest industry, but forest owners would benefit higher stumpage
income. Sustainability of the use of forests should be improved resolving, for example, the
problem of illegal logging that is estimated by World Bank to cover about 20 percent of all
the fellings. Changes in international trade of forest products and energy may have
essential effects on the forest and wood based bioenergy markets. In recent years, there
has been a steep increase in European imports of wood energy, in the form of chips and
pellets, from other regions, notably from Canada and Russia.
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This indicates that part of the increase in wood energy supply in Europe may come
from overseas in future.



Criteria for sustainability of these overseas supplies are being put in place by the
EU, to prevent its wood energy supply from being based on unsustainable sources.

An important factor, not taken into account in the studies is the development in the general
energy market. Wood based energy competes with the other energy forms, such as other
renewable energy (wind, water, sun, agroenergy) and fossil fuels. The latest example is
the American shale gas reserves that already have had effects on the European
renewable energy markets. Price relations between charcoal and wood based energy
have favoured the use charcoal substituting wood based energy. In future, the price
relations between different energy forms will apparently have important effects on their
use.
The development of the industries based on wood fibres has effects on the availability of
wood for energy. The Outlook studies discuss the demand and supply changes of paper
industry, but the assumptions on its development and consequently their roundwood
requirements are quite optimistic compared to the already foreseeable decreases in the
demand for certain paper grades (printing and writing paper). High long-term uncertainties
are related to the growth of the present form forest industry.
Further, the technology development related to the use of wood and wood materials for
energy and for new materials and products will have effects on diversification of wood for
different purposes. Increasing production of new wood based materials, e.g. nanofibres,
and biochemicals does not necessarily increase wood consumption. In addition, producing
technologies for wood based energy become more efficient.

4.2.5 EUwood – Real Potential for Changes in Growth and Use of EU Forests
The objective of EUwood-project was to provide a precise and reliable overview of
demand for and supply of wood resources in Europe in future. Especially, the aim was a
detailed and transparent estimate of future wood resource potential in Europe. The results
of the project are presented in the project’s final report (Mantau et al. 2010a) and in the
complementing methodology report (Mantau et al. 2010b) (hereafter the EUwood study).
In sum, the aim of the EUwood study is to estimate the total demand for and supply of
wood in its various forms under two economic scenarios, the A1 and the B2 by the IPCC
and three, namely low, medium, and, high mobilisation scenarios of wood from private
forests. The different uses and sources constitute their own separate analytical modules,
in which methodologies varying from econometrics to literature review and expert
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assessment are employed. The results of separate analyses are presented collectively
using a tool called the Wood Resource Balance, the product of which is essentially a
structured table or “balance sheet” listing the different sources and uses of wood or woody
biomass. A detailed description of Wood Resource Balance and how the demand and
supply potentials were estimated in the EUwood study is presented in the Appendix 2.

Figure 4.14 Wood Resource Balance for EU27 (Mantau et al. 2010a).
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The estimates of potential supply of and demand for wood are presented by using the
Wood Resource Balance tool. An example of the results for the EU27 is provided in Figure
4.14. According to the results, it seems that under IPCC scenario A1 potential energy
demand for wood would exceed the potential material demand between 2015 and 2020.
Moreover, it seems that even in the high mobilisation scenario, the potential supply of
wood is inadequate to meet the potential demand for wood. Between 2010 and 2030, the
material demand of wood is expected to increase by 35 percent, energy demand for wood
by 117 percent in the A1 scenario, whereas supply of wood from forests decreases by 1
percent and supply of wood from other source increases by 31 per cent in the medium
mobilisation scenario. In absolute terms, this development would indicate an annual gap of
316 Mm3 between demand and supply in 2030. This computational gap and the leapt
conclusion that there would not be enough wood in Europe in future is reflected in
European Commissions communication to new EU forest strategy and its requirement of
cascading use of wood (European Commission 2013c).
The estimates of material demand of wood are mainly based on the historical relationship
between GDP growth and consumption of forest industry products and this relationship
have shown signs of structural change especially in the case of paper products.
Moreover, the GDP growth rates assumed in the IPCC scenarios are a bit high compared
to the development since 2008. Thus, the scenarios for material use of wood may be
optimistic. However, simultaneously, the scenarios for forest industry by-products to be
use in energy production are positive as well.
The energy use of wood is purely based on the political decision. It is assumed that EU
RES targets are reached and that wood share of the use of renewables decreases slightly.
Due to the calculation procedure, it is not considered, which sources the woody biomass
needed for energy production comes from. The same applies to scenarios of material uses
of wood.
On the supply side, the potential supply of wood is based on the forest resource, forest
growth, regulation related to fellings, as well as several technical, environmental, and
social constraints. However, economic constraints and forest owners’ reactions to
stumpage prices, for example, are not considered. In fact, the supply of wood from forests
is regarded as an administrative problem. Overall, the interaction of supply of and demand
for wood is not analysed and thus, estimates of demand and supply should be interpreted
separately. According the economic theory, the shifts of market price will eventually clear
the markets in such a way that demand and/or supply will adjust and new equilibrium will
be reached. The trade in woody biomass between the EU27 and the rest of the world is for
some reason not included in the analysis, although the EU27 is a large net importer of
wood. However, in the discussion of policy options, economic incentives for forest owners
and possibility to import wood, for example, from Russia, are mentioned as solutions to
mobilise more wood.
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In the EUwood study, the different supply and demand sectors of wood are addressed and
several different data sources as well as estimation techniques are employed. The
approach is emphasised to be transparent and the assumptions and their effects are often
discussed. However, at some points, most importantly in the case of material use of wood,
sensitivity analyses are not made. The energy use of wood is based on the assumption of
the fulfilment of EU RES directive’s targets, but for example, the development of wood use
in power plants, which is projected to increase notably, is hardly analysed. The interaction
of wood supply and demand is practically completely ignored due to the procedures used
in the calculations. It is mentioned, yet not actively stressed, that the calculations are
describing the potential supply and demand, not the actual market volumes. Nevertheless,
much effort is made to describe the supply of and demand for wood and the subcategories
of supply and demand as realistically as possible. The results should be regarded as
projections of what might be under the multitude of different assumptions of which
probably the most important are that material use of wood develops according to the
historical patterns and that EU RES targets are fulfilled and wood plays an integral role in
reaching the targets.
The results of the EUwood study have gained much attention and they have also been
criticised. Solberg et al. (2014) point out several shortcomings related to, for example, the
assumptions of economic development and its effects on the consumption of forest
industry products and the lacking description of the interaction of supply and demand and
the consequent market clearance. Solberg et al. (2014) contrast the EUwood results with a
few other EU level studies, and point out that such a gap in the demand for and the supply
of wood simply cannot exist in a market economy. The studies included in the comparison
presented in Solberg et al. (2014) employed the market modelling approach and had the
aim at describing the actual volumes of wood transacted under different scenarios of price
of forest chips or CO2 emissions, for example. Critical debate is an integral part of science
and obviously in the EUwood study, the description of market behaviour, for example, is
far from adequate. Then again, the aim of the EUwood project was not to describe market
behaviour, but to map all the relevant supply and demand potentials of woody biomass in
the EU and to assess their volumes under different assumption in future. As a result, some
of projected volumes, i.e. the potentials, such as the demand for material wood, may be
judged as an economic potential, the energy demand for wood could be classified as
something of a theoretical potential, supply of wood from forest could be labelled as
technical-ecological potential, etc. Thus, when the results of EUwood project are
compared with the results of a group of studies employing a rather different market
modelling approach, it is – more or less – like comparing apples and oranges. Hence, a
part of the criticism presented in Solberg et al. (2014) is attributable to the variety of terms,
definitions, approaches, methodologies, and assumption related to the assessment of
forest bioenergy and its potentials, and it points out the uncertainties and difficulties related
to the comparisons of different studies.
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5

Synthesis and Implications
Bioenergy Prospects

to

European

Forest

5.1 Economic Development, Forest Industry Markets and Bioenergy
5.1.1 Economic Growth
The development and growth of the global energy consumption are highly related to
the rate of the economic growth, as measured by GDP, and its distribution in the
world. The economic growth rate in the long run, on the other hand, depends on the
growth of population, demographic changes, migration, technical progress and
structural changes in economies, among others. According to the recent projections
up to 2050, the world economy as total is assessed to grow annually about 3 percent
on average. This global growth, however, is distributed rather unevenly between the
continents, areas and individual countries. The economic growth over the next
decades in emerging economies, such as BRICS, MINT or CIVETS countries, is
projected to be much faster than in mature industrialised countries. When comparing
the continents, Asia, Latin and Mid-America as well as Africa to some extent are the
areas which are growing fastest. Europe is assessed to regress as a slow growth
area and gradually to lose its relative relevance in world economy. USA is evaluated
to maintain its strong possession also in oncoming decades. China, USA, India,
Brazil, Japan and Russia are assessed to be the largest economies in 2050. It is also
noteworthy that the economic growth is projected to slightly slowdown over time both
in emerging and developing countries.
Majority of the studies and scenarios concerning the development of the bioenergy
are based on the assessments of the economic development in future. The demands
of goods, like paper and board, are usually liked to GDP growth, which also defines
the growth rates of industrial sectors. These assumptions, however, rely mostly on
the information which was available before the economic crises in 2008. Therefore, in
order to evaluate the usefulness of these bioenergy scenarios, it is important to first
shortly review if the recent estimates for the economic growth up to 2030 and 2050
differ substantially and significantly from those projections made before the start of
the global debt crises. Secondly, the demand of bioenergy in the scenario
assessments is linked to assumed global climate policy and other regional policies.
Especially, while the estimates for GDP growth in Intergovernmental Panel on
Climate Change (IPCC) special reports of emissions scenarios (SRES) are most
cited also in other bioenergy calculations and scenarios, it was of special interest to
find out if these estimates are out-of-date and if they require reassessment and
updating.
When comparing the most recent projections of economic growth rates with respect
to those made before the recession and IPCC scenarios the main findings can be
summarised as follows. First, the comparison is not straightforward, the results
cannot be unambiguously interpreted and the projections are even somewhat
contradictory. The general observation, however, is that the projections concerning
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the growth in some traditional industrialised countries before the start of the
economic slowdown in 2008 were slightly more positive with respect to
reassessments after 2008. Similar inference can be drawn when comparing the
recent projections with respect to those of IPCC’s assumptions even though the GDP
growth assumptions themselves vary between the different SRES scenarios. The
recent forecasts concerning the annual growth of GDP seem slightly revised
downwards with respect to those in IPCC scenarios. For example, the estimates for
Latin America, China and most European countries are lower in OECD’s (2012)
report than in IPCC’s scenarios. The recent estimates for the United States and India
on the other hand, are in line with the IPCC scenarios. Second, the annual growth
rate estimates for the US, the Russian Federation, the UK and other Western
European countries are generally evaluated as slightly slower with respect to the
estimates before 2008. In contrast, the studies after 2008 typically projects BRICS
and MINT countries and industrialised Asia to grow slightly faster with respect to
assessments before the start of recession. Third, studies both before and after 2008
project that the worldwide economic growth is gradually slowing up to 2050. Finally,
the projections of the relative and rank position of the economic areas and countries
up to 2030 have not changed substantially over time.
It should be noted, however, that the new IPCC emission and energy scenarios are
currently being prepared, which use more recent GDP data.

5.1.2 Pulp and Paper Markets
The global and the European Union pulp and paper markets are undergoing more
significant structural changes. First, for the last 7 years, in many OECD countries, the
paper and paperboard production and consumption has been either stagnating or
declining. The reasons behind the regressive development are both cyclical ones
related to economic downturn, and structural ones related to digital media replacing
the need for communication or graphics papers. However, during recent years,
research on pulp and paper markets long term outlook has not been a popular topic
amongst academic researchers. Thus, for many experts, the changes in the global
and EU pulp and paper markets have become as a surprise. For example, the
extensively cited recent projections by e.g. UNECE-FAO (2011) European forest
sector outlook study (EFSOS II), Mantau et al. (2010) EUwood study, and
Buongiorno et al. (2012) global and North American outlook studies project
increasing consumption and production of paper products to 2030 or even 2060. In
essence, the past trends are more or less projected to continue, and no structural
changes are expected.
The stagnating or declining paper industry’s production in Western Europe, North
America and Japan will reduce the demand for pulp and pulpwood in Europe as a
whole. This development has several effects on European forest bioenergy markets
as well. Pulp plants are major energy producers, e.g. for district heating and paper
industry. Declining pulp production will therefore decrease this type of energy
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production. Secondly, the synergy and profitability gains achieved in forest
biorefineries would be reduced, as, for example, the second generation biofuel
production in an integrated pulp and paper mill would most likely not be attractive
without the paper and pulp production. Thirdly, the procurement of pulpwood for pulp
production also generates forest chips for energy production. Moreover, the income
from pulpwood mobilizes forest owners to supply forest biomass to markets. Thus,
these effects of declining pulp production are negative for forest bioenergy outlook in
Europe. On the positive side, reduced pulp production reduces the demand and
competition over forest biomass. This would improve the possibilities and profitability
of forest bioenergy production.
The possibility of declining pulp production in Europe, and its impacts to forest
bioenergy production in Europe, have not been addressed in research adequately.
Given the above considerations, it would be important to provide a more detailed
analysis of the many impacts of possibly declining pulp production. As research
requires time, the most important message is currently that the actors in bioenergy
markets should be prepared for the possibility of the declining pulp production in
Europe.

5.1.3 Wood Products Markets
The volume of sawlog removals determines to a significant extent the availability of
both industrial residues (bark, chips, sawdust) and forest residues (crowns,
branches, stumps) to modern forest energy production. Therefore, the critical issues
in wood products markets in terms of bioenergy potential culminate to the volume of
sawnwood markets, the indirect multiplier effects of sawlog harvesting, and the
emerging possibilities to integrate bioenergy production to sawnwood production.
The full effect of the financial crisis from 2008 onwards was not captured by most of
the projections in the forest sector outlook studies, such as the EFSOS II. As a result,
the sawnwood consumption projections are even tens of millions of cubic meters
higher than the trend projections based on the latest available data by 2030,
indicating a need for updating the scenarios.
The trend analysis for the wood products industry suggested that it would be more
beneficial from the point of view of raw material availability for cascading uses and
bioenergy production, if the sawnwood production and consumption would continue
the trend of the period of 1992–2012, compared to the trend for the period of 2000–
2012. The scenario analysis suggests that in the rather extreme case, where the
sawnwood consumption per capita would triple by 2050 and the production would be
able to meet the demand, the bioenergy production from sawmilling residues in the
EU27 could increase by around 90 Mm3 from the level of 2012 (50 Mm3) by 2050.
However, these are only rough estimates based on parsimonious data and many
assumptions that could be challenged.
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It is more important to think about the critical factors affecting the future volume of
sawnwood consumption than producing (unreliable) quantitative estimates.
According to the reviewed outlook studies, the historical trends and major
demographic and economic indicators of demand do not seem to support strong
growth for sawnwood markets in Europe, yet there seem to be no large threats
either. However, the forest sector outlook studies consider mainly factors of general
economic activity, giving less emphasis on structural factors that would affect
material substitution in the construction markets, where the growth potential would be
given the prospects of slow economic growth and stagnating population in Europe.
Increase in the sawnwood consumption per capita would require structural changes,
such as adopting industrial multi-storey construction practices also for wood-frame
construction. This would probably translate into higher value added and less
sawnwood production in Finland, the implications for bioenergy being fewer residues
for bioenergy production on one hand, but better raw wood availability on the other
hand. Some of the critical questions can be summarised as follows:
1) The demographic and economic developments:
a. How much time will the recovery from the financial crisis take in
Europe?
b. Will the recession affect the industry structure (capacity vs. utilisation
rate)?
2) Structural changes (substitution) in the construction markets:
a. There are large regional differences in the consumption per capita of
sawnwood across Europe: Are there opportunities for increased woodframe construction, either in the traditional low-rise construction, or e.g.
in non-residential and multi-storey sectors?
b. Will the emphasis in the future be more towards industrial practices,
and the high-end of the value chain (the role of a builder), rather than
staying as a producer of basic products?
3) The competitiveness of e.g. the Finnish producers against Russia, Sweden,
and Germany:
a. How large will be the investments in Eastern Europe, Russia, and the
rising giants (China, India, where also a huge bioenergy potential in byproducts)?
b. Is the potential for integrated bioenergy production in the forest
industries significant enough to boost sawnwood production (significant
effect on profitability)?
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5.1.4 Forest Biorefinery Development
The bio-based economy is expected to grow significantly in coming next decades,
and forest biorefineries will be part of this development. It seems that the hype that
was related to the biorefinery business few years ago has passed, and at all the
levels of the business environment more realistic plans are being made today. During
the last few years the perceptions have also widened from an exploration of
biorefineries from a purely technical perspective to more holistic approaches, and
issues such as sustainability, socio-economic and political aspects, company
strategies and evaluation of whole value chain have been taken into consideration.
Currently, the biorefinery industry is at the critical stage of making the shift from pilot
demonstration to successful commercial activity.
It appears that in the future there will be a range of biorefineries in different size
scales utilising several types of biomass feedstock and producing variety of products.
Different technologies, e.g. thermo-chemical, physical-chemical and biochemical
conversion processes, will be used to provide optimal process concepts for each
feedstock and product. The case-specific circumstances, such as raw material
availability and prices, energy prices, regulatory conditions and the specific features
of the facility with which biorefinery can be integrated will define the biorefinery model
that is ultimately chosen. However, it is noticeable that the vast majority of current
and planned plants at the pilot, demonstration and commercial scale, both in the EU
and worldwide, are for the production of lignocellulosic bioethanol.
Many countries have potential for success in the forest biorefinery business. It also
seems that countries interested in biorefinery business have many common issues
that they consider in their particular strengths, therefore, realistic identification of
individual, unique strengths and continuous development of competencies would be
crucial at the national level.
Forest biorefineries are considered an environmentally and economically sustainable
new business opportunity in many studies. Nevertheless, in addition to considerable
opportunities, there are also many risks and challenges related to biorefinery
implementation. Now, when many technologies are close to the stage of commercial
applications, there is a need for a synthesis of current knowledge as well as for
assessment of presented future prospects, potential and challenges. What are the
critical questions that should be paid emphasis on, first, by the society in general,
and particularly by the companies that could transform their business models towards
biorefining?
Critical questions and challenges can be summarised as follows:
1) Competitive advantages and focus at company, sector, national and global
levels:
a. How to choose the most promising portfolios in biorefineries
(Services/high value-added products/large-scale manufacturing)?
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b. Challenge: Recognising long-term competitiveness and strengths.
2) Environmental and energy policies:
a. Challenge: Creating effective support and subsidies mechanisms for
the first biorefinery facilities.
b. Challenge: Uncertainty of policies.
3) Forest-based biomass availability and price development:
a. Challenge: Recognising linkages with other forest-based industries
(integration, by-products/waste streams/forest residues).
4) Sustainability:
a. How to find environmentally/socially sustainable business models to
realise forest biorefineries?
b. Challenge: Lack of systematic approaches to assess environmental
impacts of forest biorefineries.
5) Readiness for change and management of biorefinery consortia:
a. How to manage strategic change towards new biorefinery business
(collaboration, capabilities and resources)?
b. Challenge: Sharing responsibilities and profits in consortia.
c. Challenge: Recognising the role of SMEs/companies outside the
traditional forest sector/novel opportunities in the interfaces of different
sectors.

5.1.5 Bioenergy Potentials
Bioenergy production interacts with food, fodder and fibre production as well as with
conventional forest products in complex ways. Bioenergy demand offers new
markets for biomass flows that earlier were considered to be waste products.
Globally biomass energy use currently amounts to approximately 50 EJ/a and all
harvested biomass used for food, fodder, fibre and forest products, when expressed
in equivalent heat content, equals 219 EJ/a.
Most assessments of the biomass resource potentials are variants of methodology in
which biomass resource potentials are quantified under the condition that global
requirements for food and conventional forest products such as sawn wood and
paper are met with priority. The three main classes of biomass in the potential
assessments are the following: (i) residues and wastes from agriculture and forestry;
(ii) the surplus forest growth that is likely to be available; and (iii) specific bioenergy
crops. The bioenergy potential ranges from 50 to 300 EJ/a.
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The main uncertainties affecting bioenergy potentials are connected to food, water
and biodiversity. As to food demand consumer preferences and the possibility to use
alternative supply chains for protein play a major role: the change from animal to
plant protein has a substantial impact on land use and water requirement. Such
issues as achievable crop yields and feed conversion efficiencies in animal
production are also among the main drivers of land use. Increasing yield in food
production gives more possibilities for bioenergy and water scarcity affect to the other
direction. The general trend in water availability is decreasing in most regions, with
the largest effects in those regions where water is already scarce. However, in high
latitudes it is expected that the rainfall will increase. Water demand is the other side
of the water issue: the efficiency of water use in agriculture can be improved which
increases biomass potential. The efficiency depends on many variables, such as
crop choice, climate and agricultural practise. Large uncertainty also relates to the
amount of land dedicated for sustaining the global biodiversity.
The deployment of bioenergy potential is revealed by defining and analysing future
energy scenarios. This is being done quantitatively by using energy system models.
These models describe how to equilibrate future energy supply and demand. The
role bioenergy acquires in these analyses depends on its competitiveness in the
markets.
The median estimates of the bioenergy deployment in 2050 in a comprehensive
IPCC review range between 100–150 EJ/a depending on the GHG stabilisation
target. The deployment range between 50 and 300 EJ/a. In most studies the
deployment level stays below the maximum potential reflecting the partial noncompetitiveness of the potential.

5.1.6 Forest Bioenergy Assessments and Scenarios
Climate change and the consequent policy targets aimed at greenhouse gas
mitigation are the main drivers for future demand and use for energy from renewable
sources. In this context, forest bioenergy is loaded with expectations. Currently,
mainly due to the traditional use of fuelwood, the overwhelming majority of world’s
primary bioenergy consumption is based on wood. In future, the use of bioenergy is
expected to grow, and for example, in the EU, ambitious targets on the use of
bioenergy have been set. The expected growing demand for forest bioenergy has
raised the question, whether biomass can be procured from forests sufficiently and
sustainably. This question has been addressed in several reports and studies.
The assessments and scenarios of the availability and use of forest bioenergy leaves
the reader puzzled. The variation in the estimates of the seemingly identical variable,
such as the technical potential of forest bioenergy in the world in 2050, is exceedingly
wide from the absolute zero to about 110 EJ/a, for example. The wild variation is
attributable to several reasons, due to which the comparison of the results from
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different studies is neither simple nor unambiguous. However, some basic guidelines
to interpret, to categorise, and to evaluate the results can be given.
Typically, in the forest bioenergy assessments, the starting point is that the energy
use of wood is subordinate to other uses of wood. The other uses are often defined
as the use of wood by the forest industry as well as the so called traditional use of
fuelwood. Thus, the availability of forest bioenergy is dependent on and limited by the
other uses of wood and projections related to these. Moreover, in the assessments,
much of the calculated availability of forest bioenergy is due to the primary and
secondary residues, i.e. by-products of other uses of wood. There is, however,
variation between the studies, how so called surplus forest growth or plantations of
woody energy crops on surplus agricultural land are dealt with. For example,
depending on the study, a fraction of surplus forest growth and stemwood that could
be used, for example, in sawmilling, may be allowed to be used in energy production.
Moreover, in some studies due to competition also stemwood that otherwise would
have been consumed, for example, in pulp production can be directed to energy use.
The subordination of energy use of wood to other uses of wood can be justified by
targets of climate change mitigation, for example. However, one may wonder,
whether such an approach with a strict a priori categorisation and allocation of
different parts of wood into different use forms is necessary or even logical when, for
example, dealing with theoretical potentials of forest bioenergy – figures that describe
the purely hypothetical maximum availability of forest biomass for energy production.
The used strict categorisation of different parts of wood into different use forms also
implicitly implies non-competitiveness between energy and other uses of wood,
which seems - not only theoretically but also in reality - hardly plausible.
The terminology and definitions vary between the forest bioenergy assessments. The
different potentials, their exact definition, the approaches, the methodologies, and the
data sets used to calculate the estimates, are to great extent study-specific. As the
time frames of the studies have typically the focus in the future, the assumptions
related to the development of key parameters are usually of vital importance. Work
has been done to harmonise the procedures, yet projections and foresight studies in
general are always essentially reflecting also the beliefs, views, and emphasises of
the people and interest groups involved in the studies. Thus, there is no single,
predetermined right way of conducting such a study, and it remains to the reader to
evaluate how credible the presented assessments and scenarios are.
Depending on the approach and the methodology, forest bioenergy assessment may
include several dozens of models that are employed to calculate starting values for
the next step of models. Each of the models may include several parameters, the
values of which are measured, estimated, guessed, invented etc. In addition, while a
part of the study matter, for example the forests physical ability to produce wood, is
analysed in great detail, but then again, for example important factors affecting the
actual wood supply or demand or their interaction are ignored. Although a trade-off
between the complexity of the model and its transparency exists, more attention
should be paid to explaining the backgrounds of the results in such an extent that at
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least those who are interest could track down the very basics of the presented
estimates. Despite the evident uncertainties related to parameter values and the use
of models, quite often, no sensitivity analysis is executed or, at least, not reported.
The effects of the uncertain parameter values or unsuitable functional forms became
more severe as the time frame of the study becomes longer.
When interpreting the results of forest bioenergy assessments, one should always
ask oneself among other things, what has exactly been assessed, what kind of an
approach has been employed, what are the uncertainties related to the calculations,
and whether these are openly discussed. For example, a calculated value of a
potential, such as a technical potential, should not be interpret as a projection of
actual use or supply of forest bioenergy. In the case of scenarios, projections, and
more widely foresight studies, the critical evaluation of the purpose of the study is
always also needed. However, it should bear in mind that the disconcerting variation
in the results is hardly due to critical errors in the data, inadequate modelling or
intentional manipulation, but as a result of highly complex subject matter, the energy
use of the dynamically developing forest resources that can be used in several
different ways and intensities and these issue can be scrutinised from several
different angles having different focuses and emphasises. Thus, instead of actual
numerical values of the different assessments, one should perhaps concentrate more
on the development patterns and storylines presented and on the understanding how
assessments and scenarios are being produced.

5.2 Conclusions
The assessment of availability, demand for, and supply of forest bioenergy, or
bioenergy in general, is not a simple and unambiguous task. Moreover, when the
scope is in future, the difficulties and uncertainties related to the assessments are
likely to swell. In the case of bioenergy, the uncertainties related to future
development are further emphasised due to fact that the main drivers affecting the
supply and demand are policy measures related to the mitigation of the effects of
climate change, and in policy, priorities and measures are prone to shifts.
This report aimed at providing insight into the critical factors affecting the results
arising from different studies. Especially, the goal was to assist and to encourage the
reader to compare, evaluate, and question the results in a critical way. The variation
in estimates is wide and comparisons between studies demanding. It may seem that
depending on the study, not only the magnitudes but also the signs of development
of forest bioenergy availability and use are different. However, it should bear in mind
that the results are always conditional to the procedures by which they were
obtained. Thus, when interpreting the results, special attention should be paid, for
example, to the terminology, approach, methodology, data, and assumptions
employed.
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In theory, the terminology related to forest bioenergy assessments may be
considered rather established, yet in practise, the exact definitions of the terms vary.
For example, when comparing different existing assessments of technical potential of
woody biomass for energy production in the same geographical region, various
environmental and social constraints may or may not be considered, not to mention
the variation in the types of biomass included or in the recovery rates, for example.
Moreover, one should be attentive while browsing through assessments concerning
different kinds of potentials. By definition, theoretical potential has quite a little to do
with actual market volumes transacted, which, in turn, may or may not be labelled as
economic potentials. Moreover, due to the several differencing constraints,
assumptions, data set, and approaches, the magnitudes of potentials presented in
different studies are not always fully logical. For example, values of theoretical and
technical potentials of forest bioenergy may be estimated to be equal in the same
region and in the same year, despite the fact that by definition, the latter potential
includes more constraints than the former one.
The selection of the approach and methodology is dependent on the focus of the
study. When the aim is to provide as realistic as possible estimates for actual market
volumes of forest residues, for example, more constraints, linkages, and assumptions
have to be considered compared to the situation in which only rough estimate of
theoretical or technical potential is needed. The more realistic description of demand
for, supply of, and trade in forest bioenergy, the more complicated the models and
the larger the data requirements. Although a seemingly sophisticated modelling
approach encompassing as many as possible relevant factors affecting the
phenomenon being scrutinised could be regarded superior to simpler approaches,
the transparency of the approach may be jeopardised and the uncertainties
pertaining to parameter values, unsuitable functional forms, and missing data, for
example, may grow unforeseeable. The situation is hardly alleviated by providing
neither critical discussion of possible uncertainties nor sensitivity analyses. And still,
although the uncertainties could be controlled adequately, the fact remains that even
the most sophisticated models are abstract simplifications that fall always short of
describing the present reality, not to mention the development in future.
An example of the uncertainties related to parameter values is the global economic
crisis and the consequent prolonged slowdown in the GDP growth in Europe. As in
many pre-crisis forest bioenergy assessments, the IPCC A1 scenario was regarded
as baseline for economic development, according to present knowledge, however,
even the more pessimistic B2 scenario that was frequently used as the negative
alternative for economic development may prove to be an overestimation of the GDP
growth rates in Europe. As the projections for future GDP growth rates are sliding
downwards, also the uncertainties related to the historical linkages between the GDP
and the consumptions of forest industry products and energy are apparent. For
example, due to penetration of electronic media, the relation between the
consumption of graphic papers and the GDP growth is currently quite different from
the 80’s and 90’s in many regions.
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As to existing forest bioenergy assessments and scenarios a few topics are often not
addressed as adequately as one would expect. The role of new, innovative products
is hardly considered or regarded as diminutive, yet research on new material and
energy products based on wood is active, expectations are high, and concrete
investment decision have been made. For example, the largely reviewed IEA energy
scenarios mainly expect existing industrial structures with increasing production of
today’s products. The carbon neutrality of wood in energy production is questioned in
several forums, which may be reflected in policy measures in a way that is not
promoting use of forest bioenergy. Overall, the changes in policies related to
biodiversity and water protection as well as prices of competing energy sources and
thus, the general acceptability and competitiveness of wood in energy production
should be discussed more elaborately, as these issues are surely defining the future
of forest bioenergy.
The readers and the users of forest bioenergy assessments and scenarios are
confronted with a task requiring incessant attention. The point estimates, namely the
numerical values, as such are handy to cite, yet without any insight into the
terminology, approaches, and methodology, the numbers may easily be
misinterpreted leading false conclusions. However, there are no short cuts as the use
of wood in energy production is complex issue linked with several critical factors,
such as energy, climate, industrial, and environmental policies, behavioural patterns
of consumers and forest owners, development of technologies, international trade
flows, and forests reaction to climate change.

141

142(173)

References
Aguilar, F., Glavonjić, B., Hartkamp, R., Mabee, W. and Skog, K. 2013. Wood Energy
Markets. In UNECE/FAO, 2013. Forest Products Annual Market Review 2012–
2013. Geneva Timber and Forest Study Paper 33.
Asikainen, A., Liiri, H., Peltola, S., Karjalainen, T. and Laitila, J. 2008. Forest Energy
Potential in Europe (EU 27). Working Papers of the Finnish Forest Research
Institute 69.
Asikainen, A., Ilvesniemi, H., Sievänen, R., Vapaavuori, E. and Muhonen, T. (Eds.).
2012. Bioenergia, ilmastonmuutos ja Suomen metsät. Working Papers of the
Finnish Forest Research Institute 240.
BEE. 2011. Biomass Energy Europe, BEE. Available at:
http://www.eubee.com/default.asp?SivuID=24156.
Berndes, G., Hoogwijk, M. and van den Broek, R. 2003. The Contribution of Biomass
in the Future Global Energy Supply: a Review of 17 Studies. Biomass and
Bioenergy, 25(1), 1–28.
Biomass for Heat and Power. 2010. Biomass for Heat and Power – Opportunity and
Economics. The Report is the Work of a Consortium: the European Climate
Foundation, Sveaskog, Södra, and Vattenfall. The report has supported by
McKinsey & Company, consulted by the WWF, and has been informed by a
large an academic review panel and a large number of other stakeholders.
Bolkesjø, T.F., Obersteiner, M., and Solberg, B. 2003. Information Technology and the
Newsprint Demand in Western Europe: A Bayesian approach, Canadian
Journal of Forest Research, 1644–1652.
Boston Consulting Group. 2007. The Prospect for Graphic Paper. The Impact of
Substitution, the Outlook for Demand. September 2007.
Buchholz, T., Luzadis, V. A. and Volk, T. A. 2009. Sustainability Criteria for
Bioenergy Systems: Results from an Expert Survey. Journal of Cleaner
Production, Vol. 17, S86–S98.
Brown, T. R and Brown, R. C. 2013. A Review of Cellulosic Biofuel Commercial-Scale
Projects in the United States. Biofuels, Bioprod. Bioref, Vol. 7, Iss. 3, 235–245.
Browne, T. J. 2011. Economics of Commodity Chemicals and Fuels from Forest
Biomass: The Biorefinery Option. FOR Vol. 1, Iss. 1, 42–45.
Browne, T. 2012. The Forest Biorefinery: Canadian Drivers and Ongoing Activities.
NWBC, The 4th Nordic Wood Biorefinery Conference.
Buongiorno, J., Zhu, S., Zhang, D., Turner, J. and Tomberlin, D. 2003. The Global
Forest Products Model (GFPM): Structure, Estimation, and Applications.
Academic Press. San Diego.
Buongiorno, J., Zhu, S., Raunikar, R. and Prestemon, J.P. 2012. Outlook to 2060 for
World Forests and Forest Industries: A Technical Document Supporting the
Forest Service 2010 RPA Assessment. U.S. Department of Agriculture Forest
Service, Southern Research Station. Techical Report SRS-151, Asheville, NC.
Carle, J. and Holmgren, P. 2008. Wood from Planted Forests. A Global Outlook 20052030. Forest Products Journal 58(12), 6–18.

142

Carus, M., Carrez, D., Kaeb, H., Ravenstijn, J. and Venus, J. 2011. Level Playing Field
for Bio-Based Chemistry and Materials. Nova-Institute Policy paper on Biobased Economy in the EU, nova-Institutfür politische und ökologische
Innovation GmbH: Hürth.
Carus, M. 2012. Bio-Based Economy in the EU-27: A First Quantitative Assessment of
Biomass Use in the EU Industry, Nova-Institut für politischeund ökologische
Innovation GmbH: Hürth.
Casti, J. and Ilmola, L. 2011. The Game Changers Project. Summary of the Project
Results. In Casti, J., Ilmola, L., Rouvinen, P. and Wilenius, M. (Eds.). Extreme
Events, Unigrafia Oy, Helsinki. Available at: http://xevents.fi/Xevents.pdf.
CEPI. 2007. The European Paper Industry: A Bio-Solution to Climate Change.
Confederation of European Paper Industries, February 2007. Brussels. Available
at: http://www.avih.nl/pdf/CEPI-2.pdf (Cited 29.12.2013)
CEPI. 2011. The Forest Fibre Industry 2050. Roadmap to a Low-Carbon Bio-Economy.
Confederation of European Paper Industries, Brussels, Belgium.
Chum, H., Faaij, A., Moreira, J., Berndes, G., Dhamija, P., Dong, H., Gabrielle, B.,
Goss Eng, A., Lucht, W., Mapako, M., Masera Cerutti, O., McIntyre, T.,
Minowa, T., and Pingoud, K. 2011. Bioenergy. In IPCC Special Report on
Renewable Energy Sources and Climate Change Mitigation [Edenhofer, O.,
Pichs-Madruga, R., Sokona, Y., Seyboth, K., Matschoss, P., Kadner, S., Zwickel,
T., Eickemeier, P., Hansen, G., Schlomer, S., von Stechow C. (eds.)], Cambridge
University Press, Cambridge, United Kingdom and New York, NY, USA.
Chambost, V., McNutt, J. and Stuart, P. R. 2008. Guided Tour: Implementing the
Forest Biorefinery (FBR) at Existing Pulp and Paper Mills. Pulp and Paper
Canada, Vol. 109, No. 7–8, 19–27.
Cherubini. F. and Hammer Stromman, A. 2011. Life Cycle Assessment of Bioenergy
Systems: State of Art and Future Challenges. Bioresource Technology, Vol. 102,
Iss. 2, 437–451.
Chinese Academy of Forestry. 2012. Demand and Supply of Tropical Wood Products
in China Towards 2020. Research Institute of Forestry Policy and Information.
Chum, H., Faaij, A., Moreira, J., Berndes, G., Dhamija, P., Dong, H., Gabrielle, B.,
Goss Eng, A., Lucht, W., Mapako, M., Masera Cerutti, O., McIntyre, T., Minowa,
T., and Pingoud, K. 2011. Bioenergy. In IPCC Special Report on Renewable
Energy Sources and Climate Change Mitigation [Edenhofer, O., Pichs-Madruga,
R., Sokona, Y., Seyboth, K., Matschoss, P., Kadner, S., Zwickel, T., Eickemeier,
P., Hansen, G., Schlomer, S., von Stechow C. (eds.)], Cambridge University
Press, Cambridge, United Kingdom and New York, NY, USA.
Cohen, J., Janssen, M., Chambost, V., and Stuart, P. 2009. Critical Analysis of
Emerging Forest Biorefinery (FBR) Technologies for Ethanol Production. Pulp
and Paper Canada, May/June 2010.
Confederation of European Paper Industries (CEPI). 2011. The Forest Fibre Industry
2050: Roadmap to a low-carbon bio-economy.
Consensus Economics. 2012. Consensus Forecasts Global Outlook 2011–2021.
Available
at:
http://www.consensuseconomics.com/global_economic_outlook.htm
de Wit, M. and Faaij, A. 2010. European Biomass Resource Potential and Costs.
Biomass and Bioenergy, 34(2), 188–202.

143

de Wit, M., Junginger, S., Lensink, M., Londo, M. and Faaij, A. 2010. Competition
between Biofuels: Modeling Technological Learning and Cost Reductions over
Time. Biomass and Bioenergy, 34(2),203–217.
Directive 2009/28/EC of the European Parliament and of the Council of 23 April
2009 on the Promotion of the Use of Energy from Renewable Sources and
Amending and Subsequently Repealing Directives 2001/77/EC and
2003/30/EC.
Dornburg, V., van Vuuren, D., van de Ven, G., Langeveld, H,. Meeusen, M., Banse,
M., van Oorschot, M., Ros, J., van den Born, G.J., Aiking, H., Londo, M.,
Mozaffarian, H., Verweij, P., Lysen, E. and Faaij, A. 2010. Bioenergy Revisited:
Key Factors in Global Potentials of Bioenergy. Energy and Environmental
Science, 3, 258–267.
Dornburg, V., Vandam, J. and Faaij, A. 2007. Estimating GHG Emission Mitigation
Supply Curves of Large-Scale Biomass Use on a Country Level. Biomass and
Bioenergy, 31(1), 46–65.
Duval, R. and Maisonneuve, C. 2009. Long-Run GDP Growth Framework and
Scenarios for the World Economy. OECD Economics Department Working
Papers No. 663. OECD Publishing. Available at: http://www.oecdilibrary.org/docserver/download/5k4ddxpr2fmr.pdf?expires=1390396801&id
=id&accname=guest&checksum=D0FBAD5C5DA345B0BAA7E9577A0D1F4B
Economist Intelligence Unit 2006. Foresight 2020. Economic, Industry and Corporate
Trends.
Available
at:
http://www.cisco.com/web/strategy/docs/energy/foresight_2020.pdf
Eloranta, E., Ranta, J., Salmi, P. and Ylä-Anttila, P. 2010. Teollinen Suomi [Industrial
Finland], Sitra-sarja 287, SITRA and Edita Publishing Oy, Helsinki.
EPA. 2014. Renewable Fuel Standard. Available at: http://www.epa.gov
EUBIA – European Biomass Industry Association. 2013. Biomass Resources and
Production Potential. Available at: http://www.eubia.org/index.php/aboutbiomass/deployment-potential-and-resources/biomass-resources-andproduction-potential.
European Commission, Enterprise and Industry Directorate General. 2013a. A
Blueprint for the EU Forest-Based Industries. Commission Staff Working
Document. Brussels, 20.9.2013, SWD(2013) 343 final.
European Commission. 2013b. Study on the Wood Raw Material Supply and
Demand for the EU Wood-processing Industries. European Commission,
Enterprise and Industry Directorate General.
European Commission. 2013c. Communication from the Commission to the
European parliament, the European economic and social committee and the
committee of the regions. A new EU Forest Strategy: for forests and the forestbased sector. COM(2013) 659, Brussels.
European Environment Agency. 2006. How Much Bioenergy Can Europe Produce
Without Harming the Environment? EEA Report No 7/2006. EEA,
Copenhagen.
FAO. 1999. Global Forest Products Consumption, Production, Trade and Prices:
Global Forest Products Model Projections to 2010, Working Paper
GFPOS/WP/01, Rome.
FAO. 2010. Global Forest Resources Assessment 2010. Main Report. FAO Forestry
Paper 163. Rome, 2010. 340 p.

144

FAO. 2011. State of the World’s Forests 2011. Rome, 2011. 164 p.
FAO. 2012. The Russian Federation Forest Sector Outlook Study to 2030. FAO, Rome.
FAOSTAT.
2013.
Forestry
Database.
Available
at:
http://faostat.fao.org/site/630/Forestry.aspx

Finnish Forest Research Institute. 2013. Finnish Statistical Yearbook of Forestry 2013.
Official Statistics of Finland. Agriculture, Forestry and Fishery. Finnish Forest
Research Institute, Vantaa. 449 p.
ForestEnergy
2020.
2014.
ForestEnergy
2020.
Available
at:
http://www.forestenergy2020.org/en/home/:language/en
FTP (Forest-Based Sector Technology Platform). 2013. Annex to the Strategic
Research
and
Innovation
Agenda.
Available
at:
http://www.forestplatform.org/files/SRA_revision/Renewed_SRA_for_2020_
Annex_.pdf
Gaffin, S.R., X. Xing, and Yetman. G. 2002. Country-Level GDP and Downscaled
Projections Based on the SRES A1, A2, B1, and B2 Marker Scenarios, 1990–2100.
Palisades, NY: NASA Socioeconomic Data and Applications Center (SEDAC).
Available at: http://sedac.ciesin.columbia.edu/data/set/sdp-downscaled-gdpa1a2b1b2-1990-2100
Global Wood and Wood Products Flow. 2007. Trends and Perspectives. Advisory
Committee on Paper and Wood Products. 13 p.
Gnansounou, E., Dauriat, A., Villegas, J. and Panichelli, L. 2009. Life Cycle
Assessment of Biofuels: Energy and Greenhouse Gas Balances. Bioresource
Technology, Vol. 100, Iss. 21, 4919–4930.
Gonzalez-Garcia, S., Teresa Moreira, M., Feijoo, G. and Murphy, R. J. 2011.
Comparative Life Cycle Assessment of Ethanol Production from Fast-Growing
Wood Crops (Black Locust, Eucalyptus and Poplar). Biomass and Bioenergy,
Vol. 39, 378–388.
Gordon, P., Gjerstad, K., Clark, A., Lange, K., Andersson, H. and Eliertsen, P. 2007.
The Prospects for Graphic Paper: The Impact of Substitution, the Outlook for
Demand. Report. Boston Consulting Group Inc.
Gordon, T.J.. 2009. Trend Impact Analysis. In Glenn, J.C. and Gordon, T.J. (Eds.):
Futures Research Methodology: Version 3.0. The Millennium Project, CD-r.
Green, F. 2012. Do Print This e-mail. Pulp and Paper International (PPI), April 2010,
20–22.
van Heiningen, A. 2006. Converting a Kraft Pulp Mill into an Integrated Forest
Products Biorefinery. Pulp and Paper Canada, Vol. 107, No. 6, 38–43.
Hansen, E. 2010. The Role of Innovation in the Forest Products Industry. Journal of
Forestry, Vol. 108, No. 7, 348–353.
Haynes, R.W. 2002, An Analysis of the Timber Situation in the United States: 1952 to
2050, Technical document supporting the 2000 U.S.DA Forest Service RPA
Assessment, Pacific Northwest Research Station.
Heinimö, J. and Alakangas, E. 2011. Market of Biomass Fuels in Finland – an
Overview 2009. IEA Bioenergy Task 40 and EUBIONET III- Country report of
Finland
2011.
Available
at
http://www.vtt.fi/inf/julkaisut/muut/2011/Finnish_country_report_2011.pd
f

145

Hess, J. R., Wright, C. T. and Kenney, K. L. 2007. Cellulosic Biomass Feedstocks and
Logistics for Ethanol Production. Biofuels, Bioprod. Bioref. Vol., 1. No.3, 181–
190.
Hetemäki, L. 1999. Information Technology and Paper Demand Scenarios. In World
Forests, Society and Environment. World Forests, Vol. 1. eds. by Palo, M. and
Uusivuori, J., 31–40. Kluwer Academic Publishers.
Hetemäki, L. 2005. ICT and Communication Paper Markets. In Information
Technology and the Forest Sector, eds. by Hetemäki, L. and Nilsson, S., 76–104.
IUFRO World Series, Vol. 18. Vienna.
Hetemäki, L. 2008. Puu energiaksi vai paperiksi? Bionenergia, 2008:6, 9–11.
Hetemäki, L. 2010. Forest Biorefinery: an Example of Policy Driven Technology. In
Forests and Society – Responding to Global Drivers of Change, eds. by Mery,
G., Katila, P., Galloway, G., Alfaro, R.I., Kanninen, M., Lobovikov, M. and
Varjo, J., 160–161. IUFRO World Series, Volume 25. Vienna.
Hetemäki, L., Hänninen, R. and Moiseyev, A. 2013. Markets and Market Forces for
Pulp and Paper Products, 99–128. In The Global Forest Sector: Changes,
Practices, and Prospects, eds. by Hansen, E., Panwar, R. and Vlosky, R. CRC
Press, Taylor and Francis Group, USA.
Hetemäki, L., Niinistö, S., Seppälä, R. and Uusivuori, J. 2011. Murroksen jälkeen.
Metsien käytön tulevaisuus Suomessa [Utilisation of Finnish Forests in Future].
Metsäkustannus, Karisto Oy, Hämeenlinna.
Hetemäki, L. and Nilsson, S. (eds.). 2005. Information Technology and the Forest
Sector. IUFRO World Series, Vol. 18. Vienna.
Hetemäki, L. and Obersteiner, M. 2001. U.S. Newsprint Demand Forecasts to 2020.
International Institute for Applied Systems Analysis, Interim Report IR-01-070.
Hoogwijk, M., Faaij, A., de Vries, B. and Turkenburg, W. 2009. Exploration of
Regional and Global Cost-Supply Curves of Biomass Energy from ShortRotation Crops at Abandoned Cropland and Rest Land under Four IPCC SRES
Land-Use Scenarios. Biomass and Bioenergy, 33(1), 26–43.
HSBC. 2012. The World in 2050. HSBC Global Research. January 2012. Available at:
http://www.hsbd.com/the-world-in-2050.pdf
Hujala, M. 2012. Structural Dynamics in the Global Pulp and Paper Industry. Ph.D.
Thesis, Lappeenranta University of Technology, School of Business, Business
Economics and Law, Finance.
Hurmekoski, E. and Hetemäki, L. 2013. Studying the Future of the Forest Sector:
Review and Implications for Long-Term Outlook Studies. Forest Policy and
Economics 34, 17–29.
Hänninen, R. 2009. Puutuoteteollisuus 2015 ja 2020. In Hetemäki, L. and Hänninen,
R. (eds.): Arvio Suomen puunjalostuksen tuotannosta ja puunkäytöstä vuosina
2015 ja 2020. Working papers of the Finnish Forest Research Institute 122, 26–48.
Hänninen, R. and Toppinen, A. 1999. Long-Run Price Effects of Exchange Rate
Changes in Finnish Pulp and Paper Exports. Applied Economics 31, 947-956.
IEA. (2008). Energy Technology Perspectives 2008. Scenarios and Strategies to 2050.
International Energy Agency, Paris, France.
IEA. 2009a. Countries Reports. Bioenergy Task 42. Available at:
http://www.biorefinery.nl/fileadmin/biorefinery/docs/CountryReportsIEAB
ioenergyTask42Final170809.pdf

146

IEA. 2009b. Bioenergy: A Sustainable and Reliable Energy Source. Main Report.
International Energy Agency, Paris, France.108 p.
IEA. 2009c. World Energy Outlook 2009. International Energy Agency, Paris, France.
696 p.
IEA. 2010a. Renewables Information 2010 with 2009 Data. International Energy
Agency, Paris, France.
IEA. 2010b. World Energy Outlook 2010. International Energy Agency, Paris,
France.731 p.
IEA. 2011a. Technology Roadmap. Biofuels for Transport. Available at:
http://www.iea.org/publications/freepublications/publication/biofuels_road
map.pdf
IEA. 2011b. World Energy Outlook 2011. International Energy Agency, Paris, France.
659 p.
IEA. 2012a. Technology Roadmap – Bioenergy for Heat and Power. International
Energy Agency, Paris, France.
IEA. 2012b. Final Report. IEA Bioenergy Task 42, Triennium 2010–2012. Available at:
http://www.iea-bioenergy.task42biorefineries.com/fileadmin/files/Internet%20%28public%29/Publications/Fi
nal%20Reports/Final%20Report%20IEA%20Bioenergy%20Task42%20Trienniu
m%202010%202012.pdf
IEA. 2013a. Biofuel-Driven Biorefineries. Report 2013. Bioenergy Task 42. Available
at:
http://www.iea-bioenergy.task42biorefineries.com/fileadmin/files/Internet%20%28public%29/Publications/Fi
nal%20Reports/Biofueldriven%20Biorefineries%20Report%20LR%20February%202013.pdf
IEA. 2013b. Nordic Energy Technology Perspectives. Pathways to a Carbon Neutral
Energy
Future.
Available
at:
http://www.iea.org/media/etp/nordic/NETP.pdf
IEA. 2013c. World Energy Outlook 2011. International Energy Agency, Paris,
France.687 p.
IEA. 2013d. Redrawing the Energy-Climate Map: World Energy Outlook Special
Report. OECD/IEA, Paris.
IEA.
2013e.
Task
39
Database
Available
at:
http://demoplants.bioenergy2020.eu/projects/mapindex (accessed 16 January
2014)
Indufor. 2013. Study on the Wood Raw Material Supply and Demand for the EU
Wood-processing Industries. Study commissioned by the European
Commission, Enterprise and Industry Directorate General. December 4, 2013.
IMF (International Monetary Fund). 2013. World Economic Outlook, Transitions and
Tensions.
October
2013.
Available
at:
http://www.imf.org/external/pubs/ft/weo/2013/02/pdf/text.pdf
IPCC. 2007d. Climate Change 2007: Mitigation of Climate Change. Contribution of
Working Group III to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change. B. Metz, O.R. Davidson, P.R. Bosch, R. Dave, and
L.A. Meyer (eds.), Cambridge University Press.
IPCC. 2000. Special Report on Emissions Scenarios. N. Nakicenovic and R. Swart
(eds.), Cambridge University Press.

147

IPCC. 2011. Summary for Policymakers. In: IPCC Special Report on Renewable
Energy Sources and Climate Change Mitigation [O. Edenhofer, R. PichsMadruga, Y. Sokona, K. Seyboth, P. Matschoss, S. Kadner, T. Zwickel, P.
Eickemeier, G. Hansen, S. Schlomer, C. von Stechow (eds)], Cambridge
University Press, Cambridge, United Kingdom and New York, NY, USA.
ITTO. 2012. Annual Review and Assessment of the World Timber Situation 2012.
International Tropical Timber Organization.
IWMG. 2012. The Solid Wood Products Outlook 2013 to 2017. International Wood
Markets Group Inc.
IWMG. 2013. Wood Markets Monthly International Report, volume 18, number 9,
November 2013.
Janssen, M., Chambost, V. and Stuart, P. R. 2008. Industrial Biotechnology, Vol. 4,
No. 4, 352–362.
Jessup, E. and Walkiewicz, J. 2013. Customers and Markets of Forest Biomass in the
Future. INFRES – Innovative and Effective Technology and Logistics for Forest
Residual Biomass Supply in the EU.
Joint Wood Energy Enquiry. Available at: http://www.unece.org/forests/jwee.html
Johnson, B., Johnson, T., Scott-Kerr, C. and Reed, J. 2009. The Future is Bright. Pulp
and Paper International, October 2009, 1922.
Jonsson, R., 2012. Econometric Modelling and Projections of Wood Products
Demand, Supply, and Trade in Europe. Timber and Forest Discussion Paper 59,
Geneva, Switzerland.
Jonsson, R. 2013. How to Cope with Changing Demand Conditions – The Swedish
Forest Sector as a Case Study: an Analysis of Major Drivers of Change in the
Use of Wood Resources. Canadian Journal of Forest Research, Vol. 43, No. 4,
405–418.
Junginger, M., Faaij, A., van Dam, J., Zarrilli, S., Mohammed, A. and Marchal, D.
2010. Opportunities and Barriers for International Bioenergy Trade and
Strategies to Overcome Them. IEA Bioenergy Task 40, 17 pp. Available at:
www.bioenergytrade.org/downloads/t40opportunitiesandbarriersforbioenerg
ytradefi.pdf
Kangas, H.-L., Lintunen, J., Pohjola, J., Hetemäki, L. and Uusivuori, J. 2011.
Investments into Forest Biorefineries under Different Price and Policy
Structures. Energy Economics, Vol. 33, No. 6, 1165–1176.
Kallio, A.M.I., Anttila, P., McCormik, C. and Asikainen, A. 2011. Are the Finnish
Targets for the Energy Use of Forest Chips Realistic – Assessment with a Spatial
Market Model. Journal of Forest Economics, Vol. 17, No. 2, 110–126.
Kallio, A.M.I., Moiseyev, A. & Solberg, B. 2004. The Global Forest Sector Model EFIGTM model structure. EFI Technical Report 15. 24 p.
Kangas, H-L., Lintunen, J., Pohjola, J., Hetemäki, L. and Uusivuori, J. 2011.
Investments into Forest Biorefineries Under Different Price and Policy
Structures. Energy Economics 33, 1165–1176.
Kangas, K. and Baudin A. 2003: Modelling and Projections of Wood products
Demand, Supply and Trade in Europe. ECE/TIM/DP/30, UNECE, Geneva,
Switzerland. 199 p.
Keränen, J. and Alakangas, E. 2013. Wood Use in Europe 2012. A figure by VTT.
Klemperer, D.W. 1996. Forest Resource Economics and Finance. McGraw-Hill.

148

Koljonen, T. and Similä, L. (Eds.). 2012. Low Carbon Finland 2050. VTT Clean Energy
Technology
Strategies
for
Society.
Available
at:
http://www.vtt.fi/inf/pdf/visions/2012/V2.pdf
Kraxner, F., Nordström, E-M., Havlik, P., Gusti, M., Mosnier, A., Frank, S., Valin, H.,
Fritz,S., Fuss, S., Kindermann,G., McCallum, I., Khabarov, N., Böttcher, H.,
See, L., Aoki, K., Schmid, E., Mathe´, L. and Obersteiner, M. 2013. Global
Bioenergy Scenarios - Future Forest Development, Land-Use Implications and
Trade-Offs. Biomass and Bioenergy, in print.
Krausmann, F., Erb, K.-H., Gingrich, S., Lauk, C. and Haberl, H. 2008. Global Patterns
of Socioeconomic Biomass Flows in the Year 2000: A Comprehensive
Assessment of Supply, Consumption and Constraints. Ecological Economics,
65(3), 471–487.
Kretschmer, B., Smith, C., Watkins,E., Allen, B., Buckwell., Desbarats, J. and Kieve,
D. 2013. Technology Options for Feeding 10 Billion People. Recycling
agricultural, Forestry and Food Wastes and Residues for Sustainable Bioenergy
and Biomaterials. Available at: http://www.europarl.europa.eu/stoa/
Krey, V., and Clarke, L. 2011. Role of Renewable Energy in Climate Change
Mitigation: A Synthesis of Recent Scenarios. Climate Policy, Volume 11, Issue 4,
July 2011, 1131–1158.
Kristof, K., von Geibler, J., Bierter, W., Erdmann, L., Fichter, P., Wegener, G. and
Windeisen, E. 2008. Developing Sustainable Markets for Building with Wood.
Wuppertal Institute for Climate, Environment, and Energy.
Kroeger, F., Vizjak, A. and Moriarty, M. 2008. Beating the Global Consolidation
Endgame. McGraw-Hill.
Lamers , P., Hamelinck, C., Junginger, M. and Faaij, A. 2011. International Bioenergy,
Trade - A Review of Past Developments in the Liquid Biofuels Market.
Renewable and Sustainable Energy Reviews, 15(6), 2655–2676.
Laaksonen, S., Toppinen, A., Hänninen, R. and Kuuluvainen, J. 1997. Cointegration
in Finnish Paper Exports to the United Kingdom. Journal of Forest Economics
3(2), 171–185.
Laaksonen-Craig, S. 1998. Price Adjustment for Forest Products under Fixed and
Floating Exchange Rate Regimes. Ph.D. Dissertation, College of Natural
Resources, University of California, Berkeley.
Li, H. and Luo, J. 2008. Industry Consolidation and Price in U.S. Linerboard Industry.
Journal of Forest Economics 14, 53–115.
Lindqvist, A. 2009. Engendering Group Support Based Foresight for Capital
Intensive Manufacturing Industries - Case Paper and Steel Industry Scenarios
by 2018. Ph.D. Thesis, Lappeenranta University of Technology, May 2009.
Lundmark, R. 2007. Dependencies between Forest Products Sectors: A Partial
Equilibrium Analysis. Forest Products Journal 57 (9), 79.
Löfgren, M. and Witell, L. 2005. Kano’s Theory of Attractive Quality and Packaging.
Quality Management Journal 12, 7–20.
Makkonen, M., Usenius, A., Kivimaa, A., Haapio, A., Ruohomäki, I., Hakanen, T.,
Hemilä, J., Siltanen, P., Usenius, T. and Heikkilä, A. 2013. Service Concept
Development in Woodworking Industry. Final report of ServePUU project.
Espoo 2013. VTT Technology 129. 56 p.
Mantau, U. 2012. Wood Flows in Europe (EU27). Project report, Celle 2012.

149

Mantau, U., Saal, U., Prins, K., Steierer, F., Lindner, M., Verkerk, H., Eggers, J., Leek,
N., Oldenburger, J. and Asikainen, A. 2010a. EUwood – Real Potential for
Changes in Growth and Use of EU Forests. Final report. Hamburg, Germany.
Mantau, U., Saal, U., Prins, K., Steierer, F., Lindner, M., Verkerk, H., Eggers, J., Leek,
N., Oldenburger, J., Asikainen, A. and Anttila P. 2010b. EUwood – Real
Potential for Changes in Growth and Use of EU Forests. Methodology Report.
Hamburg, Germany. 165 p.
Mateos-Espejel, E., Moshkelani, M., Keshtkar, M. and Paris, J. 2011. Sustainability of
the Green Integrated Forest Biorefinery: A Question of Energy. Journal of
Science and Technology for Forest Products and Processes, Vol.1, No.1, 55–61.
McCusker, A., Fonseca, M. and Alderman, D. 2012. Historical Trends of Sawn
Softwood Markets and Subregional Forecasts for Europe and North America. In
The 66th International Forest Products Society Convention, 4 June 2012,
Washington, DC.
McKillop, W.L.M. 1983. Analysis of Pulp and Paper Supply and Demand in Western
Europe–Discussion, in Forest Sector Models. Proceedings of the First North
American Conference on Forest Sector Modeling, held in Williamsburg,
VA,U.S.R., ed. Seppälä, C. Row, and A. Morgan. AB Academic Publishing,
Oxford, UK.
Melin, K. and Hurme, M. 2011. Lignocellulosic Biorefinery Economic Evaluation.
Cellulose Chemistry and Technology, Vol. 45, Iss. 7-8, 443–454.
Mensink, M., Axegård, P., Karlsson, M., McKeough, P., Westenbroek, A., Petit-Conil,
M., Eltrop, L. and Niemelä, K. 2007. A Bio-Solution to Climate Change. Final
Report of the Biorefinery Taskforce to the Forest-Based Sector Technology
Platform.
Available
at:
http://www.forestplatform.org/files/
FTP_biorefinery_report_part1.pdf.
Moiseyev, A., Solberg, B., Kallio, A.M.I. 2013. Wood Biomass Use for Energy in
Europe under Different Assumptions of Coal, Gas and CO2 Emission Prices
and Market Conditions. Journal of Forest Economics. Available at:
http://dx.doi.org/10.1016/j.jfe.2013.10.001.
Moiseyev, A., Solberg, B., Kallio, A.M.I. and Lindner, M. 2011. An Economic Analysis
of the Potential Contribution of Forest Biomass to the EU RES Target and Its
Implications for the EU Forest Industries. Journal of Forest Economics 17:197–
213.
Moshkelani, M., Marinova, M., Perrier, M. and Paris, J. 2013. The Forest Biorefinery
and Its Implementation in the Pulp and Paper Industry: Energy Overview.
Applied Thermal Engineering, Vol. 50, No. 2, 1427–1436.
Muys, B., Hetemäki, L. and Palahi, M. 2013. Sustainable Wood Mobilization for EU
renewable
energy.
Available
at:
http://onlinelibrary.wiley.com/doi/10.1002/bbb.1421/pdf
Mäkinen, T. Alakangas, E. and Kauppi, M. 2011. Biorefine Yearbook 2011. Available
at: http://www.tekes.fi/u/BioRefine_Yearbook_2011.pdf
Nabuurs, G.J., Masera, O., Andrasko, K., Benitez-Ponce, P., Boer, R., Dutschke, M.,
Elsiddig, E., Ford-Robertson, J., Frumhoff, P., Karjalainen, T., Krankina, O.,
Kurz, W.A., Matsumoto, M., Oyhantcabal, W., Ravindranath, N.H., Sanchez,
M.J. and Zhang, X. 2007. Forestry. In Climate Change 2007: Mitigation.
Contribution of Working Group III to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change [Metz, B., Davidson, O.R., Bosch,

150

P.R., Dave, R., Meyer, L.A. (eds.)], Cambridge University Press, Cambridge,
United Kingdom and New York, NY, USA.
Naik, S. N., Goud, V. V., Rout, P. K. and Dalai, A. K. (2010). Production of First and
Second Generation Biofuels: A Comprehensive Review. Renewable and
Sustainable Energy Reviews, Vol. 14, Iss. 2, 578–597.
Näyhä, A. 2012. Towards Bioeconomy. A Three-base Delphi Study on Forest
Biorefinery Diffusion in Scandinavia and North America. PhD thesis, Jyväskylä
University
Printing
House,
Jyväskylä,
95p.
Available
at:
https://jyx.jyu.fi/dspace/handle/123456789/40500
Näyhä, A. and Pesonen, H.-L. 2012. Diffusion of Forest Biorefineries in Scandinavia
and North America. Technological Forecasting and Social Change, Vol. 79, Iss.
6, 1111–1120.
Näyhä, A. and Horn, S. 2012. Environmental Sustainability – Aspects and Criteria in
Forest Biorefineries. Sustainability Accounting, Management and Policy
Journal, Vol. 3, Iss. 2, 161–185.
Näyhä, A. and Pesonen, H.-L. 2013. Strategic Change in the Forest Industry Towards
the Biorefining Business. Technological Forecasting and Social Change, Vol. 81,
259–271.
NREL (National Renewable Energy Laboratory). 2012. Available at:
http://search.nrel.gov/query.html?qp=site%3Awww.nrel.gov+site%3Asam.nr
el.gov&qs=&qc=nrel&ws=0&qm=0&st=1&nh=10&lk=1&rf=0&oq=&col=nrel&
qt=biorefinery. Accessed 14.6.2012
OECD. 2012. Looking to 2060: Long-Term Global Growth Prospects. OECD
Economic Policy Papers No. 03. Available at: http://www.oecdilibrary.org/docserver/download/5k8zxpjsggf0.pdf?expires=1384245915&id=i
d&accname=guest&checksum=67D30BFD99CF2571F6D6B6036B66F315
Ou, V. 2011. China – Shaping the Flow of Paper and Board around the World.
PaperAge, November/December 2011, 22-24.
Pahkasalo, T., Aurenhammer, P. and Gaston, C. 2013. Value-Added Wood Products
Markets. In UNECE/FAO, 2013. Forest Products Annual Market Review 2012–
2013. Geneva Timber and Forest Study Paper 33.
Poncet, S. 2006. The Long Term Growth Prospects of the World Economy: Horizon
2050. CEPII Working Paper No 2006-16.
Pursiheimo, E., Koljonen, T., Honkatukia, J., Lehtilä, A., Airaksinen, M., Flyktman,
M., Sipilä, K. and Helynen, S. 2013. Tarkennetun perusskenaarion vaikutukset
Suomen energiajärjestelmään ja kansantalouteen. Energia- ja ilmastostrategian
päivityksen
taustaraportti.
VTT, Espoo.
Available
at:
http://www.vtt.fi/inf/pdf/technology/2013/T86.pdf
PricewaterhouseCoopers 2011. Global Forest, Paper and Packaging Industry
Survey: 2011 edition.
PwC Economics. 2008. The World in 2050. Beyond the BRICs: a Broader Look at
Emerging
Market
Growth
Prospects.
Available
at:
http://www.pwc.fi/fi_FI/fi/julkaisut/tiedostot/world_in_2050.pdf
PwC Economics. 2013. World in 2050. The BRICs and Beyond: Prospects, Challenges
and Opportunities. Available at: http://www.pwc.com/en_GX/gx/world2050/assets/pwc-world-in-2050-report-january-2013.pdf
Pätäri, S. 2009. On Value Creation at an Industrial Intersection – Bioenergy in the
Forest and Energy Sectors. PhD thesis, Lappeenranta University of Technology.

151

Available
at:
https://www.doria.fi/bitstream/handle/10024/50569/isbn%209789522148674.
pdf
Pätäri, S., Kyläheiko, K. and Sandström, J. 2011. Opening up New Strategic Options
in the Pulp and Paper Industry: Case Biorefineries. Forest Policy and
Economics, Vol. 13, Iss. 6, 456–464.
Ragauskas, A.J., Nagy, M., Kim, D.H., Eckert, C.A., Hallett, J.P. and Liotta, C.L. 2006.
From Wood to Fuels: Integrating Biofuels and Pulp Production. Industrial
Biotechnology, Vol. 2, No. 1, 5565.
Rettenmaier, N., Schorb, A., Köppen, S., Berndes, G., Myrsini, C., Dees, M., Domac, J.,
Eleftheriadis, I., Goltsev, V., Kajba, D., Kunikowski, G., Lakida, P., Lehtonen,
A., Lindner, M., Pekkanen, M., Röder, J., Chalmers, J. T., Vasylysyhyn, R.,
Veijonen, K., Vesterinen, P., Wirsenius, S., Zhelyezena, T. A. and Zibtsev, S.
2010. Status of Biomass Resource Assessment. Version 3. Biomass Energy
Europe
D
3.6.
205
p.
Available
at:
http://www.eubee.com/default.asp?SivuID=24158.
RISI. 2013a. North American Graphic Paper. 15-Year Forecast. June 2013.
RISI. 2013b. European Graphic Paper. 15-Year Forecast. Vol. 13, No.3, June 2013.
Roberts, D. 2012. The Forest Sector’s Status and Opportunities from the Perspective
of an Investor. Presentation at the “The transformation of the Canadian forest
sector and Swedish experiences –seminar, Stockholm, May 28”. Available at:
http://www.ksla.se/wp-content/uploads/2012/04/Don-Roberts.pdf
Rodden, G. 2010. Is This the End? Pulp and Paper International, September 2010.
Rodden, G. 2012. Lignin Fuels Come of Age. Pulp and Paper International, January
2012.
Rokka, J. and Uusitalo, L. 2008. Preference for Green Packaging in Consumer Product
Choices – Do Consumers Care? International Journal of Consumer Studies 32,
516–525.
Rushton, M., Rodden, G., James-Van Beuningen, R. and Lees, R. 2011. The PPI Top
100 – Most Companies in the Black. RISI, August 30, 2011. Available at:
http://www.risiinfo.com/techchannels/papermaking/The-PPI-Top-100-2010stayed-the-course.html
Rättö, M., Vikman, M. and Siika-aho, M. 2009. Yhdyskuntajätteiden hyödyntäminen
biojalostamossa. VTT, Espoo. 64 s.VTT Tiedotteita - Research Notes: 2494.
Available at: http://www.vtt.fi/inf/pdf/tiedotteet/2009/T2494.pdf
S2Biom. 2014. Delivery of Sustainable Supply of Non-Food Biomass to Support a
“Resource-Efficient” Bioeconomy in Europe, S2Biom. Available at:
http://www.s2biom.eu/about-s2biom.html
Saal, U. 2010. Industrial Wood Residues. In Mantau, U. et al. (Ed.): EUwood - Real
Potential for Changes in Growth and Use of EU Forests. Hamburg/Germany,
97-107.
Saxena, R. C., Adhikari, D. K. and Goyal, H. B. 2009. Biomass-Based Energy Fuel
Through Biochemical Routes: a Review. Renewable and Sustainable Energy
Reviews, Vol. 13, No. 1, 167–178.
Siitonen, S. 2003. Impact of Globalisation and Regionalisation Strategies on the
Performance of the World's Pulp and Paper Companies. Ph.D. Thesis, Acta
Universitatis Oeconomicae Helsingiensis A-225, Helsinki School of Economics,
Finland.

152

Sikkema, R., Steiner, M., Junginger, M., Hiegl, W., Hansen, M.T. and Faaij, A. 2011.
The European Wood Pellet Markets: Current Status and Prospects for 2020.
Biofuels, Bioproducts and Biorefi ning, doi:10.1002/bbb.277.
Sims, R.E.H., Schock, R.N., Adegbululgbe, A., Fenhann, J., Konstantinaviciute, I.,
Moomaw, W., Nimir, H.B., Schlamadinger, B., Torres-Martínez, J. Turner, C.,
Uchiyama, Y., Vuori, S.J.V., Wamukonya, N. and Zhang, X. 2007. Energy
Supply. In Climate Change 2007: Mitigation. Contribution of Working Group III
to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change [Metz, B., Davidson, O.R., Bosch, P.R., Dave, R., Meyer, L.A. (eds.)],
Cambridge University Press, Cambridge, United Kingdom and New York, NY,
USA.
Smeets, E.M.W. and Faaij, A.P.C. 2007. Bioenergy Potentials from Forestry in 2050.
An Assessment of the Drivers That Determine the Potentials. Climate Change
81: 353–390.
Smeets, E.M.W., Faaij, A.P.C., Lewandowski, I.M. and Turkenburg, W.C. 2007. A
Bottom-Up Assessment and Review of Global Bio-Energy Potentials to 2050.
Progress in Energy and Combustion Science 33: 56–106.
Smeets, E.M.W., Lemp, D. and and Dees, M. 2010. Methods and Data Sources for
Biomass Resource Assessments for Energy. Version 3. Biomass Energy Europe
D
4.5.
&
D
4.6.
272
p.
Available
at:
http://www.eubee.com/default.asp?SivuID=24158
Soimakallio, S., Antikainen, R. and Thun, R. 2009a. Assessing the Sustainability of
Liquid Biofuels from Evolving Technologies – a Finnish Approach. Research
Notes 2482, Technical Research Centre of Finland, Espoo.
Soimakallio, S., Mäkinen, T., Ekholm, T., Pahkala, K., Mikkola, H. and Paappanen, T.
2009b. Greenhouse Gas Balances of Liquid Transportation Biofuels, Electricity
and Heat Generation in Finland – Dealing with the Uncertainties. Energy
Policy, Vol. 37, Iss. 1, 80–90.
Soirinsuo, J. 2010. The Long-Term Consumption of Magazine Paper in the United
States. LAP Lambert Academic Publishing, United Kingdom.
Solberg, B., Hetemäki, L., Kallio, A. M. I., Moiseyev, A., and Sjölie, H. K. 2014. Impact
of Forest Bioenergy and Policies on the Forest Sector Markets in Europe – What
Do We Know? EFI Technical Report 89. European Forest Institute.
Star-Colibri. 2011. European Biorefinery Joint Strategic Research Roadmap for 2020.
Available at: http://www.star-colibri.eu/files/files/roadmap-web.pdf
Stephen, J.D., Mabee, W.E. and Saddler, J.N. 2013. Lignocellulosic Ethanol
Production from Woody Biomass: The Impact of Facility Siting on
Competitiveness. Energy Policy Vol. 59, 329–340.
Söderholm, P. and Lundmark, R. 2009. Forest-Based Biorefineries: Implications for
Market Behavior and Policy. Forest Products Journal, Vol. 59, No. 1/2, 6–15.
Sörensen, 1999. Long-Term Scenarios for Global Energy Demand and Supply: Four
Global Greenhouse Mitigation Scenarios. Energy and Environment Group,
Roskilde University, Roskilde.
Taylor, R., Koskinen, A., Maplesden, F. and Novoselov, I. 2013. Sawn Softwood
Markets In UNECE/FAO, 2013. Forest Products Annual Market Review 2012–
2013. Geneva Timber and Forest Study Paper 33.
Tekes. 2011. Puukerrostalorakentamisen haasteet ja mahdollisuudet. 8 p.

153

The Conference Board. 2013. Global Economic Outlook 2014, November 2013 update.
Available at: http://www.conference-board.org/data/globaloutlook.cfm
The Economist Intelligence Unit. 2006. Foresight 2020. Economic, Industry and
corporation
trends.
Available
at:
http://www.cisco.com/web/strategy/docs/energy/foresight_2020.pdf
Thorp, B. 2005. Biorefinery Offers Industry Leaders Business Model for Major
Change. Pulp and Paper, Vol. 79, No. 11, 3539.
Thorp, B.A. and Akhtar, M. 2009. The Best Use of Wood. Paper 360, Vol. 4, Iss. 1, 26–
29. Toland, J. 2007. Hard Times in Helsinki, Oslo and Stockholm. Pulp and
Paper International, Vol. 49, No. 12.
Turriff, S.L. 2011. Right Products and Policies Will Make Biorefining Work. Pulp and
Paper Canada, Vol. 112, Iss. 2, p. 13.
Uihlein, A. and Schebek, L. 2009. Environmental Impacts of a Lignocellulosic
Feedstock Biorefinery System: an Assessment. Biomass and Bioenergy, Vol. 33,
Iss. 5, 793–802.
UNECE. 2005. EFSOS – European Forest Sector Outlook Study. 1960–2000–2020.
Main Report. United Nations Economic Commission for Europe, Timber
Branch. Geneva, Switzerland. 234 p.
UNECE/FAO. 2011. European Forest Sector Outlook Study (EFSOS II). UNECE
Timber Committee – FAO European Forestry Commission. Available at:
http://www.unece.org/efsos2.html.
UNECE/FAO. 2012. The North American Forest Sector Outlook Study 2006–2030.
UNECE/FAO, Geneva.
United Nations (UN). 2012. World Urbanization Prospects: The 2011 Revision.
United Nations, Department of Economic and Social Affairs, Population
Division, New York.
United Nations (UN). Department of Economic and Social Affairs, Population
Division. 2013. World Population Prospects: The 2012 Revision, Highlights and
Advance
Tables.
Available
at:
http://esa.un.org/wpp/Documentation/pdf/WPP2012_HIGHLIGHTS.pdf
Uronen, T. 2010. On the Transformation Processes of the Global Pulp and Paper
Industry and Their Implications for Corporate Strategies. Doctoral Dissertation,
TKK Reports in Forest Products Technology, Series A14.
US Census Bureau. 2014. New Residential Construction in January 2014. Available at:
https://www.census.gov/construction/nrc/pdf/newresconst.pdf
US DOE. 2011. Biomass as Feedstock for a Bioenergy and Bioproducts Industry: An
Update to the Billion-Ton Annual Supply. R.D. Perlack and B.J. Stokes (Leads),
ORNL/TM-2010/xx. U.S. Department of Energy, Oak Ridge National
Laboratory, Oak Ridge, TN, USA.
Uutela, E. 1987. Demand for Paper and Board: Estimation of Parameters for Global
Models. In The global forest sector: an analytical perspective, ed. Kallio, M.; Dykstra,
D.; Binkley, C. 328–354. New York: John Wiley.
van Vliet, O.P.R., Faaji, A.P.C. and Turkenburg, W.C. 2009. Fischer-Tropsch Diesel
Production in a Well-to-Wheel Perspective: A Carbon, Energy Flow and Cost
Analysis. Energy Conversion and Management, Vol. 50, No.4, 855–876.
van Vuuren, D.P., van Vliet, J. and Stehfest, E. 2009. Future Bio-Energy Potential
under Various Natural Constraints. Energy Policy, 37(11), 4220–4230.

154

Yao, H. 2012. An Analysis of China's New Five-Year Plan for the Pulp and Paper
Industry and Its Impact on the Paperboard Sector. RISI Viewpoint, April 12,
2012, RISI.
Zhang, Y. and Buongiorno, J. 1997. Communication Media and Demand for Printing
and Publishing Papers in the United States, Forest Science, 362–377.
Wahl (eds.). 2008. Wood Market Trends in Europe. FPInnovations, Special
Publication SP-49.
Walsh, M.E. 2008. U.S. Cellulosic Biomass Feedstock Supplies and Distribution. Ag
Econ Search - Research in Agricultural and Applied Economics, University of
Minnesota, St. Paul, Minnesota, 47 pp.
WEF. 2010. The Future of Industrial Biorefineries. World Economic Forum (WEF):
Cologny/Geneva.
Whiteman, A., Broadhead, J., and Bahdon, J. 2002. The Revision of Woodfuel
Estimates in FAOSTAT. Unasylva 53(4), 41–45.
Wising, U. and Stuart, P. 2006. Identifying the Canadian Forest Biorefinery. Pulp and
Paper Canada, Vol. 107, No.6.
WPO. 2008. Market Statistics and Future Trends in Global Packaging. WPO- World
Packaging
Organization/Pira
International
Ltda.
Available
at:
http://www.worldpackaging.org/publications/documents/marketstatistics.pdf

155

Appendix 1.

Table A1 Uses of Different Wood Raw Material Assortments in Forest Products and Energy
Industries (modified from Indufor (2013), validated by Juha Laitila / METLA).
Forest products
Sawnwood

Plywood

Pulp,

OSB

Bioenergy products
Particle
Board

MDF

Pellets

CHP Biofuels Biochar Biogas

Paper
&
Board
Pulpwood

Logs
Primary
wood

Forest
residues
Small
wood
Bark

Chips
Industrial
residues

Sawdust

Black
liqour
Recovered
paper
Recycled
material
Recovered
wood

Key: Black = intensive usage, Dark grey = medium usage, Light grey= low usage, White = no usage
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Appendix 2.
Description of Wood Resource Balance and Estimation of Demand for and Supply of
Wood in EUwood Study.

Wood Resource Balance
The basic structure of Wood Resource Balance is that the initial sources of wood are
forests (forest woody biomass) and other areas (other woody biomass), whereas the
users of wood are the forest or wood industry (material uses) and the energy sector
(energy uses). These four basic “sectors” (forest woody biomass, other woody
biomass, material uses, and energy uses) are divided into several subcomponents,
which on the supply side include, in addition to coniferous and non-coniferous
stemwood, also landscape care wood as well as primary, secondary, and tertiary
residues. In the Wood Resource Balance, the calculation procedure is such that one
solid cubic meter of wood that enters the balance sheet is, in fact, used more than
one time. According to example provided in Figure A3.1, if sawmilling industry buys
and uses one solid cubic meter of stemwood from forests, this one cubic meter
enters both the supply or sources side (“assets”) and the demand or uses side of the
balance table (“liabilities”). The final product in sawmilling requires or contains 60 per
cent of the wood raw material; whereas 40 per cent is sawmill by-products. This 40
per cent of the original one cubic meter of stemwood enters the supply side of the
balance sheet again and it is used on the demand side of the sheet by panel
industry, pulp industry, and wood fuel industry. A part of the consumption of sawmill
by-products by pulp industry enters again the supply side as black liquor, and all the
consumption by wood fuel industry enters the supply side as solid wood fuels. The
black liquor enters then the demand side as industry internal use, whereas the solid
wood fuels enter the demand side categories power and heat use and private
household use. In the given example, one solid cubic meter of stemwood that
entered the balance table is due to so called cascade use consumed in fact 1.53
times. The coefficient 1.53 is labelled then as cascade factor. In the methodology
report, it is admitted that the calculation procedure used in the Wood Resource
Balance may be considered as “double-counting”, but it is also stated that the
cascade use of wood should nevertheless be taken into account somehow, and
when the procedure is applied properly, it does not systemically over- or
underestimate either supply or demand side of the balance table, but it enlarges
them both (Mantau et al. 2010b). However, when interpreting the balance table, the
cascade use and its effects on the cell values, especially on the totals, must bear in
mind.
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Figure A2.1 An example of Cascade Consumption of Wood in the Wood Resource
Balance (Mantau et al. 2010b).

Figure A2.2 The Framework for Projections in the EUwood Project (Mantau et al.
2010b).
The availability of data required in the Wood Resource Balance varies between the
countries. Data on the categories forest residues, post-consumer wood, and
stemwood used by power plants are examples of imperfect national statistics. The
actual supply and demand volumes can be calculated with historical data. However,
the focus of the EUwood project was in the future and thus, potential supply of wood,
potential demand for wood, and the projected balances were assessed for the years
2010, 2020, and 2030. Figure A3.2 depicts the different methods used to assess the
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different categories of the Wood Resource Balance. As can be seen, some of the
figures are based on spatially explicit modelling, econometric modelling, literature
review and expert assessment. Moreover, the level of future supply of wood is
assessed under three different mobilisation scenarios, and the level of future demand
for wood is assessed under two economic scenarios.

Demand for wood
The demand for wood is assessed under two different scenarios, A1 and B2, based
on the IPCC storylines (Nakicenovic et al. 2000) and developed to the forest sector.
In brief, in the scenario A1, economic growth is steady, population growth slow,
technical development in industry fast but in environment slow, global trade grows
rapidly but intra-EU trade slowly, consumption of wood products rises and the
concentration as well as profitability of wood based industry increases. The
conversion of agricultural land into forests is to rise and employment it the
countryside to fall. The A1 scenario is basically a growth scenario in an open world,
in which the wood products industry is expected to thrive. As far as GDP growth
figures are concerned, the A1 scenario is labelled as “business as usual”.
The B2 scenario represents a world that is less global but environmentally more
aware than in the A1 scenario. The growth rates of GDP and overall consumption are
slower than in the A1, but the growth of population as well as the consumption of
wood products faster. The concentration and profitability of wood-based industry
grows slower than in the scenario A1. The conversion of agricultural land into forests
is also slower than in the A1.
The IPCC scenarios and storylines employed in the EUwood study date back to the
late 1990s. When applying the IPCC scenarios, in the case of GDP growth, for
example, the historical, average figures from 2004–2007 were used as starting point
after which the GDP growth figures provided in the IPCC scenarios were used as
projections. As stated in Mantau et al. (2010b), the financial crisis and the
consequent drop in the GDP growth figures are not taken into account in the
scenarios. This shortcoming is justified by the authors by referring to the timing of the
EUwood study: in the early 2009, no better projections were available. Similarly, also
the prolonged post-financial crisis downturn in the GDP development, especially in
the euro area, is ignored in the scenarios. In the A1 scenario, the annual GDP growth
in EU27 is projected to be varying between 2.1–2.3 percent from 2010 to 2030,
whereas in the B2 scenario the GDP growth is forecast to drop from 2.1 percent in
2010 to 1.3 percent in 2015. After a slow recovery to 1.5 percent in 2020, the GDP
growth would decline to 0.7 percent in 2025 and recover again to 1.0 percent in
2030. The historical development of the GDP in EU27 in 2010–2012 shows an
average annual growth rate of 1.1 percent, and if years 2008 and 2009 are included
in the calculation, the average growth rate becomes negative (Eurostat). Thus, when
taking the development since the beginning of financial crisis into account, even the
B1 scenario seems a bit positive.
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The GDP growth rates are essential in modelling the wood products demand, supply,
and trade which in turn determine the material use of wood as well as availability of
industrial by-products in the EUwood calculations. The material use of wood is based
on econometric modelling outlined in the EFSOS study (UNECE 2005, Kangas and
Baudin 2003).
The kind of econometric modelling in assessing the material demand of wood
depends on the country group into which a certain country is categorised. Major
markets and producers of forest products, such as Germany, the UK, Finland, and
Sweden, belong to Group I. Countries that are traditional market economies, with
minor production of forest products and/or relatively low consumption form the Group
II, which is divided further into subgroups a, such as Denmark and Belgium, and b,
such as Greece and Portugal. Countries that have their economies in transition
belong to Group III, which is divided further into subgroups a and b. Multiple
equations approach is then applied to the Group I countries, whereas time series
cross section approach, i.e. only the demand models are estimated, is applied to the
Groups II and III. The products included in the estimations are:

1. Sawnwood: coniferous and non-coniferous.
2. Wood-based panels: plywood, particle board, and fibreboard.
3. Paper and paperboard: newsprint, printing and writing paper, and other paper
and paperboard.

The historical data for analyses was obtained from Faostat (production, imports, and
exports), from UNECE and UN Comtrade databases (assessment of trade flows),
and from FAO database (GDP and deflators). GDP projections provided by the IMF
were used until 2010, after which downscaled IPCC projections (Gaffin et al. 2002)
were used. The prices and cost related to the A1 and the B2 scenarios were
compiled by EFORWOOD project.
In the multiple equations approach, for each product demand functions for
domestically produced goods, and for imported goods as well as supply functions for
domestic market and for import markets are estimated. Demand functions include
domestic and import prices as well as a demand sifter, which is the development of
national GDP. Supply functions of functions of domestic and export prices of the
product in question, cost factors, and supply sifter, which is a variable describing the
activity in export markets and defined as population weighted index of real GDP of
Germany, France and Italy. All the equations are then estimated using ordinary least
squares (OLS). Thus, instead of a system, the multiple equations approach consists
of separate linear equations (in fact double log or log-log linear models due to
logarithmic transformation of the data). In the time series cross sectional approach
the demand function of a product, or more precisely the apparent consumption of the
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product, is defined as a function of real domestic or import price of the product and
national GDP. Contrary to the original model by Kangas and Baudin (2003), the
lagged apparent consumption is not included in the regressors’ list. The first yearly
observations in the Forestry section of Faostat data back to 1961. The last
observations used in EUwood project are from 2007. In some graphs of EUwood
methodology report, the time series cover periods 1980–2007 and 1984–2007, for
example. Obviously, the time series used in analyses of country groups II and III
were significantly shorter than those of country group I.
According to the estimation results, there is variation of the elasticities between the
countries. The elaticities have in general the corrected sing, yet in some occasions
the sign is contrary to expectations. It is acknowledged that based on the data on US
markets, a structural change seem to have occurred in the demand for forest
products, especially papers, due to development of ICT. However, based on
European data until 2007, the structural change cannot be identified.
The estimated elasticities are used in the calculation of the projected uses of different
forest products and the consequent material use wood, yet the actual values of the
elasticities are not reported. For each product and country, domestic and import
demands and export supply projections are calculated. Domestic demand depends
on domestic price and GDP, import demand depends on import price and GDP, and
export supply on product price, supply sifter and costs of wood raw material.
Elasticities estimated earlier are used as parameters in the projection calculations
and starting values are calculated either as a five (base year 2005) or three years
average (base year 2006) depending on the country group. The projections are thus
simple compound interest calculations, which require in addition to base year value,
the elasticities of demand, and the number of years until the date of projection also
estimates for average annual growths of factors affecting supply and demand. Apart
from 2008–2010, the GDP growth estimates are based on the IPCC A1 and B2
scenarios. It should be noted that the GDP growth figures by IPCC are identical in
countries belonging to the same group. Countries in Western Europe belong to the
IPCC country group WEU (Western Europe), whereas countries in Eastern Europe
belong to group REF (countries going through economic reform). In the case the
development of product prices and costs, the EFORWOOD project is referred. In the
EFORWOOD, scenario calculations of mill gate prices of wood raw material at EU27
level, for example, have been made using the EFI-GTM model, which is a partial
equilibrium model and describes the optimal actions of producers and consumers
under perfect competition. However, it remains unclear from which study or
document the used growth estimates for product prices or costs were obtained in the
EUwood study and whether there is variation in the growth estimates between the
countries. The used growth rates for GDP, product price, cost, and supply sifter are
reported neither in the methodology report nor the final report of EUwood study.
By combining the projections for import and domestic demands for a product in a
country one can calculate the projection of apparent consumption. The projection of
total production is calculated by combining domestic demand for and export supply of
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the product. The projected consumption and production figures are used as the basis
for projections for intermediate products, wood pulp production, and, most
importantly, the projections for material, i.e. solid cubic meter use of wood as well as
the volumes of by-products. The calculations are based on the use of suitable
conversion factors. Thus, the projections of material uses of wood are relatively
simple calculations based on elasticities estimated from historical data before 2007
and projections of growth rates of GDP (and populations in case of supply sifter),
product prices, and costs. The projections used in the EUwood study date back to
late 1990s and early 2000s and thus the effects of the global financial crisis are not
taken into account. The same applies to the structural change in the consumption of
paper due to development of ICT. Even though it is apparent, that due to the
compound interest calculations, the projections especially for 2030 are sensitive to
parameter values, i.e. the estimated elasticities and growth rates, no sensitivity
analysis is made. It should be noted that new innovative wood products and wood
consumption in production of these new products are not considered in the
calculations.
The energy use of wood is based on the fulfilment of the legally binding targets of the
EU RES directive (2009/28/EC). The national targets for renewable energy are
expressed as percentages of the total final consumption of energy, and thus
projections for energy consumption are needed. However, instead of final
consumption of energy gross inland energy consumption was considered mainly due
to statistical reasons in the EUwood project. The gross inland energy consumption
includes in addition to final energy consumption by end-users, also transmission
losses as well as energy consumption by the energy sector. Initially in the EUwood
study, the plan was to employ existing energy projections, such as those provided by
the PRIMES project. However, as these were considered unreliable, the EUwood
project made up own energy projection, which were based on the historical energy
consumption and an added energy efficiency factor. The projected energy
consumptions for 2020 were on an average 13 percent higher than forecasted by the
national authorities of 12 member countries whose figures were available during the
EUwood study. In sum, in the energy scenarios, the consumption of energy is
expected to show steady decrease (-1.75–-0.5 percent depending on the country)
from 2008 until 2030, and the efficiency improvement of 20 per cent is assumed to be
fulfilled in 2020, after which the decrease continues steadily until 2030. Moreover, it
is assumed that member countries reach their targets on the use of renewable
energy sources. The result is a projection of the total use of renewable energy
expressed as a share of gross inland energy consumption, i.e. not in terms of final
consumption as defined in the EU RES directive. The forest bioenergy’s share of the
use of renewable energy is assessed firstly, by calculating a conversion factor from
energy to wood (TJ/1000 m3) using UNECE and Eurostat statistics and then applying
conversion factor to the projected forest bioenergy’s share of the total consumption of
renewables. This calculation was based on the average national figures for 2003–
2008. It was then assumed, that in the EU level the share of wood of the use of
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renewables would slightly decrease until 2030 due to the expected increase in the
use of solar, wind, and tide energy.
The projected total use of forest energy is then distributed to different users: industry
internal use, households, liquid biofuels, and commercial heat and power production.
Forest industry’s internal use of energy refers, in the case of liquids, to black liquor
the amount of which is dictated by the projected production of chemical and semichemical pulp. It is assumed that pulping technologies and the consequent need for
energy need remain constant over the projection period. Furthermore, it is assumed
that all the by-products from pulping are used for energy generation. As to forest
industry’s internal use of solid by-products, the majority is consumed by sawmills and
producers of wood-based panels in drying their products. In the EUwood study,
constant conversion factors expressed as m3 of forest energy per m3 of produced
goods were. These conversion factors were partially based on UNECE figures and
on uncited, empirical research carried out by Hamburg University.
Wood consumption in private households is divided into categories other and pellets
and briquettes. Category other is defined as wood consumed in traditional log stoves
and the national consumption figures were based either on UNECE Joint Wood
Energy Enquiry 2007 or on estimates calculated in the EUwood study. The estimates
are coefficients describing the fuelwood use (m 3) per rural inhabitant and their values
dependent on the forest area per rural inhabitant ratio (the more forest per rural
inhabitant the higher the fuelwood consumption per rural inhabitant). The projection
for traditional fuelwood consumption is that the use of fuelwood would increase by 5
percent until 2015 (compared to 2010), by 7.5 percent until 2020, by 5 percent 2025,
and in 2030 consumption would be in the same level as 2010. Moreover, it is
assumed that 10 percent of traditional fuelwood consumption would be substituted by
pellets.
The lack of statistics of pellets was evident before the beginning of 2009 when pellets
were included as a separate product in the Combined Nomenclature. Thus, the
EUwood projections for the use of pellets by households are based on a few
observations only. High yet diminishing growth rates are assumed in such a way that
pellet consumption in private in the households (EU27) – thus, pellet use in power
plants s is not included – would be 23 Mm3 in 2010, 69 Mm3 in 2020 and 82 Mm3 in
2030. It is admitted that the growth estimates for pellet consumption are high, but
even higher estimates have been presented for example by the European Biomass
Association.
In the case of liquid biofuels, the EUwood project’s projections are based on the
forecasts by the IEA (IEA 2009). The IEA forecasts are conservative or even sceptic
concerning the possibilities of second generation wood based liquid biofuels.
Nevertheless, in the EUwood study, the assumption is that half of the 6 Mtoe
increase in the use of liquid biofuels in EU between 2020 and 2030 will be covered
by second generation biofuels the raw material base of which is assumed to consist
predominantly of wood. Furthermore, it is supposed that wood based bioenergy
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consumption is covered by the productions within the EU27, but because the
production is to take place in large plants, only the most forested countries, seven in
total, are potential sites of the liquid biofuel production. Finally, following the IEA
projection, it is assumed that 80 percent of the production of liquid biofuels is
cellulosic ethanol and 20 percent thermo-chemical (biomass to liquid) conversion.
According the projection, the total wood consumption in production of liquid biofuels
in the EU27 would increase steeply from 1 Mm3 (solid wood equivalents) in 2020 to
29 Mm3 (solid wood equivalents). However, it is stated that the projection is rough
and wood will possibly have a smaller role in liquid biofuels production.
The residual between the project wood consumption in energy production and the
projected consumption of wood for energy by forest industry’s internal use, by
households, and by liquid bioenergy production, is energy production in power plants,
which are labelled using the IEA terminology as the main activity producers.
According to the projection, the share of power plants of the total energy use of wood
grows rather steadily and in 2030 it accounts for over 50 per cent of energy use of
wood. However, due to limited resources, the development of, for example, plant
types and sizes are not analysed.
Sensitivity analyses of the energy use of wood are executed with respect to the
fulfilment of EU RES efficiency targets, wood energy’s share of total use of
renewables, and conversion efficiency. The projections are quite sensitive to the
fulfilment of efficiency targets and to the assumption of wood energy’s share of total
use of energy from renewable sources.

Supply of wood
In the EUwood project, wood or woody biomass originates from two main sources:
from forests and from other sources than forests. The supply of wood from forests is
defined as realisable potential for forest biomass supply. The calculation is executed
in four steps. Firstly, the maximum theoretical availability of forest biomass is
assessed using the EFISCEN model. Secondly, several different technical,
environmental, and social constraints are applied to the theoretical availability.
Thirdly, constraints related to mobilisation scenarios by the EUwood project are
combined with EFISCEN calculations. Fourthly, assessment of the real potential
availability of forests is executed by taking into consideration the need for workforce
and machinery. Also the effects of different mobilisation scenarios on procurement
costs are evaluated.
The mobilisation scenarios of the EUwood study are named high, medium, and low.
In the high mobilisation scenario, it is assumed that the strong focus of forestry is on
production of wood for energy and other uses. The mobilisation of wood from forest
is secured by newly-established forest-owners association and high level of
mechanisation. Moreover, regulations on harvesting biomass from forests are
relaxed. In the medium mobilisation scenario, the harvesting potential is not exploited
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in the same extent as in the high mobilisation scenario. Mechanisation is taking
place, but in smaller scale than in the high mobilisation scenario. Due to biodiversity
conservation, forests are protected, but the effect on harvesting remains low. In the
low mobilisation scenario, the production of wood for energy and other uses is
subject to environmental concerns, which leads to strict biomass harvesting
guidelines. Forests are protected increasingly due to the conservation of biodiversity.
Moreover, private forest owners’ attitudes towards intensifying the use of forests are
negative. Thus, the mobilisation scenarios are essentially administrative: whether the
forest owner’s association are able to induce the forest owners to follow the
recommendations or not. Economic incentives, such as stumpage price and income
from forests are not discussed.
The maximum theoretical potentials are calculated for coniferous and non-coniferous
stemwood, logging residues (branches, tops, and needles), stumps, and early or precommercial thinnings. The potential of stemwood from final fellings and thinnings are
calculated by using the EFISCEN model. The EFISCEN employs national forest
inventory data on forest area available for wood supply, growing stock volume (m 3
o.b./ha), net annual increment (m3 o.b./ha/a), age-classes, tree species, geographic
regions, ownership classes, and site-classes. In the model, the forests are described
as distribution of area over age- and volume-classes matrices. Growth dynamics,
fellings, and changes in forest area are simulated by sifting forest area proportions
between the matrix cells. Fellings are based on predetermined rules such as
minimum age. The calculated theoretical potential of stemwood from final fellings and
thinnings determine the availability of logging residues and stumps, which are
calculated by using age- and species-specific biomass allocation functions and
assumptions of recovery rates. The estimate for biomass from pre-commercial
thinnings is not produced by EFISCEN but it is based on literature. It is implicitly
assumed in the calculation of the theoretical potential of stemwood that the annual
maximum harvest occurs, i.e. when thinnings or final fellings are allowed they are
executed. Thus, the calculations are not projections of actual supply but projections
of theoretically potential supply taking into consideration the rules applied in the
calculation. It should bear in mind that in reality, the actual level of harvesting is
typically something else than, for example, “the sustainable maximum”. In addition,
the current level or harvesting affects the future harvesting potential. For example, if
the net annual increment exceeds the annual harvest and growing stock increases,
this increases the harvesting potential in future (provided that the reduction of
growing stock is allowed). In the theoretical calculations, the aim is typically to
determine the annual maximum level of harvesting over the predetermined time span
and thus, variation of this harvesting level and the effects of the variation are seldom
considered.
In the EUwood project, the theoretical potentials are restricted by several technical
and environmental constraints such as, slope, compaction risk, presence of
peatlands, soil bearing capacity, Natura 2000 area, poor site productivity, and
recovery rate, for example. Forest ownership structure and holding size are
experimented as social constraints. The technical and environmental constraints
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apply mainly to the availability of forest residues, stumps, and pre-commercial
thinnings, whereas the availability of stemwood is restricted only by the requirement
that stemwood is produced in forests available for wood production. In fact, the
strictly protected areas were not included in the EFISCEN calculation in the first
place. The mobilisation scenarios are implemented by varying the parameter values
of certain constraints in the calculations. Economic constraints are not considered
apart from the assessment of development of procurement costs in the Finnish
region of North Karelia.
The effects of the constraints are significant: even with the least strict constraints in
the high mobilisation scenario, the annual theoretical availability of residues is
reduced from 231 Mm3 (o.b.) to the realistic supply potential of 152 Mm 3 (o.b) at the
EU27 level in 2030. In the case of stumps, the corresponding reduction is from 256
Mm3 (o.b) to 102 Mm3 (o.b). Sensitivity analysis reveals that in the case of medium
mobilisation scenario, the assumptions related to forest owners’ propensity to
harvest, protected forest area, and constraints related to site characteristics (fertility
and slope) have the largest impacts on the projected potential of residues and
stumps. It is also discussed that the EFISCEN model, which produced the theoretical
potentials, is designed for even-aged forest structure, yet 17 percent of forests in
Europe could be considered uneven-aged and in some countries, such as in Italy, the
share of uneven-age forests can be over 40 percent. In addition, the impacts of
climate change are ignored in the EFISCEN calculations. Both the forest structure
and the climate change affect the growth of forests, which essentially determine the
annual theoretical potential of biomass supply. The sensitivity of the results for
variation in forest growth as well as change in forest area is analysed by assuming
same increases (decreases) in forest growth and area across the EU27.
Woody biomass from other areas than forests is divided into landscape care wood,
short rotation coppice, recovered wood and the residues of the forest industries.
Landscape care wood includes wood from urban areas such as gardens, parks, and
roadsides, wood from horticulture, such as prunings and roundwood from vineyards
and orchards, and wood from trees outside the forest, for example patches of trees
and roadside trees in the countryside. Several sources and studies are employed in
assessing the woody biomass from other areas than forest and a total potential of
86.7 Mm3 annually is calculated from 2010 until 2030. Of the 86.7 Mm3, 60 percent is
used in energy production in medium scenario. Short rotation coppices are not
included in the EUwood scenarios, due to their current small significance and the
great variation in the estimates for available land area for bioenergy crops.
The sources of post-consumer wood are municipal solid wood waste mainly from
households, construction waste and demolition wood, and fractions of used wood
from industrial and commercial activities, such as packaging material and pallets.
The availability of post-consumer wood is based on several sources and defined as a
fraction of total national wood consumption.
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The availability of forest industry residues is based on forest industry’s production
volumes. These were calculated using econometric modelling when determining the
material use of wood. Calculations of forest industry residues include estimates of
recovery rates, mill sizes, technologies, and vegetation characteristics, for example.
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