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CONFERENCE INTRODUCTION 

The idea of a biobased economy is receiving increasing interest as a way towards a m ore resource 
efficient and greener growth. The forest sector (including forestry, industry to forest product 
market) plays a crucial role for the realization of a biobased economy, particularly in the Nordic 
countries because these are committed to promote a green growth, have important forest sectors, and 
implement programs for a bioenergy development. 
 
A biobased economy could foster economic growth with less environmental side effects through 
innovative and efficient use of forest resources. Key features of a biobased economy include green 
business development, research, and appropriate economic incentives and policies. 
 
The transition towards a biobased economy involves economic and policy challenges for the forest 
sector: in designing appropriate regulations and incentives, and stimulating innovation and 
development, green forest business development. This warrants a better understanding of how policies 
and markets shape the conditions for the biobased economy in the forest sector. The economic and 
political sciences can provide insights on these issues, and consequently contribute to the 
adaptation of the forest sector to a biobased economy. This Nordic workshop is one way to stimulate 
the dialogue on the topic. It also spot the ‘traps’, and enabling conditions, that can affect this 
transition. 
 
The workshop 

The workshop aims at identifying the state of the art and future needs regarding the Nordic forest 
sector within the biobased economy - from a political science/economics/business administration 
perspective. This includes the following objectives: 
 
Examine how the biobased economy concept could be defined and how it applies to the forest sector. 
 
Identify important actors and drivers for improving the forest sector’s role and contribution are in a 
bio-based economy. 
 
Scientific Committee 

Daniela Kleinschmit, and Anders Roos (SLU, Sweden); Anne Toppinen (University of Helsinki, 
Finland); Sjur Baardsen, Berit Hauger Lindstad (Norwegian University of Life Sciences); Bo 
Jellesmark Thorsen (University of Copenhagen, Denmark)  
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PROGRAM 
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EXTENDED ABSTRACTS 

Shades of green: a social scientific view on bioeconomy in the forest sector 

Daniela Kleinschmit1, Berit Hauger Lindstad2, Bo Jellesmark-Thorsen3, Anne Toppinen4, Anders Roos1 
and Sjur Baardsen2 

1Department of Forest Products, Swedish University of Agricultural Sciences, Uppsala, Sweden 
2Department of Ecology and Natural Resource Management, Norwegian University of Life Sciences, Aas, Norway 
3Department of Food and Resource Economics, University of Copenhagen, Denmark. 
4Department of Forest Sciences, University of Helsinki, Finland 
 
Politics increasingly highlight the importance of strengthening a bioeconomy. Major aim of political 
bioeconomy strategies is the call for a shift towards a society relying strongly on renewable biological 
sources while achieving economic growth. Knowledge, innovation and sustainable management are 
identified as core factors contributing to achieve this aim (EU Commission, 2012a). Forests and the 
forests sector is expected to provide a significant contribution to a bioeconomy (ibid.).  
 
So far the majority of bioeconomy studies are within natural science and engineering perspectives, 
such as biotechnology or genetic engineering. However, it has been acknowledged that the road toward 
a bioeconomy involves economic and policy challenges, e.g. in order to implement appropriate 
regulations, foster information exchange, get incentives right, and support knowledge development 
(Najam and Selin 2011). Furthermore innovations are needed on greener products and in developing 
new greener businesses. In accordance with these challenges the OECD states that social analysis is 
necessary in order to guide policymaking (OECD, 2009). In order to gain a deeper understanding on 
how policies and market forces interact and shape conditions for the bioeconomy, social scientific 
research comprising the areas of political and economic sciences needs to be conducted.  
 
The bioeconomy concept has developed to include a great variety of agendas and ambitions implying 
challenges and opportunities for the forest sector. However, previous reviews done on the evolving 
bioeconomy (e.g. McCormick and Kautto 2013) have not analyzed it from the perspective of the forest 
sector. Therefore this conceptual paper aims to (1) present socio-economic theoretical frameworks and 
research areas relevant for a more holistic understanding of the bioeconomy concept applied to the 
forest sector, and (2) identify a core set of potential contributions from social sciences for enhancing 
the bioeconomy in the forest sector.  
 
The paper starts with shedding light on the different perspectives inherent in the bioeconomy concept 
(section 2). In the third section, the paper presents selected theoretical frameworks and examples of 
studies within policy, economic and business administration disciplines relevant for understanding 
bioeconomy in the forest sector. In the fourth section, missing research areas and possible 
contributions for future socio-economic research are discussed before concluding the paper in section 
five. 

References 
EU Commission. 2012a. Innovating for Sustainable Growth: A Bioeconomy for Europe. Communication from 

the Commission to the European Parliament, the Council, the European economic and Social Committee 
and the Committee of the regions, Brussels 13.2.2013. 

McCormick, K., Kautto, N. 2013. The Bioeconomy in Europe: An Overview. Sustainability, 5: 2589-2608. 
Najam, A., Salin, H. 2011. Institutions for a Green Economy. Review of Policy Research, Volume 28 (5): 451-

457. 
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Possibilities for sustainable increase of Danish produced woody biomass 
2010-2100  

Lars Graudal1, Ulrik Braüner Nielsen1, Erik Schou2, Bo Jellesmark Thorsen2, Jon Kehlet Hansen1, 
Niclas Scott Bentzen1, and Vivian Kvist Johannsen1 

1Department of Geosciences and Natural Resource Management, Faculty of Science, University of Copenhagen, Rolighedsvej 
23, 1958 Frederiksberg C, Denmark, lgr@life.ku.dk  
2Department of Food and Resource Economics, Faculty of Science, University of Copenhagen, Rolighedsvej 23, 1958 
Frederiksberg C, Denmark 

 
Extended abstract prepared for the Nordic Workshop: “The forest sector in the biobased economy – 
perspectives from policy and economic sciences” August 28-29, 2013, Uppsala/Sweden 
 
This abstract is based on a longer study prepared in Danish for the Danish Nature Agency (Ministry of 
Environment) during 2013 (Graudal et al. 2013). 

Purpose of study 

The purpose of this study is to assess the possibilities to increase production and optimize the use of 
the wood resource in the Danish forests over the next 100 years on a sustainable basis and with due 
consideration to other forest functions. 

Goals for the use of wood in Danish energy supply 

The Danish Governments aim for a so-called green conversion of the Danish society implies that 
Denmark by 2050 should rely only on sustainable energy sources. Biomass is expected to play a 
significant role in this change to a green economy. Currently wood constitute about half of the biomass 
used for energy in Denmark and around 10 % of the total energy consumption in Denmark. 
Approximately 50 % of the wood based energy supply is from imported wood. 

The use of wood and forestry to mitigate climate change 

Wood may substitute fossil fuels or more energy demanding materials used for other purposes. Wood 
products used for other purposes than energy may also store carbon for a considerable period of time. 
A condition for such a positive effect on the carbon balance is that the wood harvest is sustainable. In 
simple terms this means that the wood should come from forest where the standing volume of wood 
and other carbon accumulation in the forest are maintained or increasing. 

Wood consumption in Denmark 

The consumption of wood in Denmark is large. Total consumption in 2011 is estimated at 18 million 
m3, of which 8.5 million m3 was for energy purposes. Import was around 11.5 million m3, so self-
sufficiency was less than one-third. Of the wood produced in Denmark around 3.5 million m3 came 
from the forests. Figures are uncertain because they are composed from different sources. 
 
In a climate and energy context it is the contents of carbon and energy which is of interest. 18 million 
m3 of wood corresponds to approximately 9 million tons dry matter, 4.5 million tons of carbon or 16.5 
million tons CO2. In comparison the Danish emission of CO2 equivalents in 2011 was 55.8 million 
tons. The energy content of 18 million m3 wood is around 162 PJ corresponding to about 20 % of the 
current Danish energy consumption. 

How can the production of wood and the carbon storage of the forests be increased? 

To assess how much the growth of the forests can be increased, point of departure has been taken in 
the current species and age class composition of the forests (based on the National Forest Inventory 
(NFI)).  
 
The effect on growth of nine silvicultural measures (parameters) and four different combinations 
(scenarios) of these parameters have been modelled. The nine parameters and the four scenarios are 
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shown in table 1. Other scenarios could be analysed as well, using other combinations of the 
silvicultural measures. 

Table 1. The nine silvicultural measures (parameters) and the four different combinations of these parameters 
(scenarios) assessed by modelling in the study. BAU is current practice (Business as usual), BIO focuses on 
biomass production, ENV focus on environmental values and Combi combines production and environmental 
concerns.  

Silvicultural measures/Parameters 
Scenarios 

BAU BIO ENV Combi 
Establishment of new forest: How much forest is 
planted on former agricultural land per year (ha) 

1900 1900 4560 4560 

Which tree species are used for these new forests? 
As 

now 
More 

conifers 
More 

broadleaves 
As now 

What is the expected rotation age of the new forests? 
As 

now 
Younger Older As now 

Which species are used for regeneration of existing 
forests? 

As 
now 

More 
conifers 

More 
broadleaves 

As now 

How is the forest regenerated? More intensive 
regeneration: Higher planting density, use of fast 
growing cover crops, providing early and higher 
biomass production  

As 
now 

Intensive As now Intensive 

How large areas are kept out of forest production 
management to serve e.g. biodiversity (in % of current 
forest area) 

As 
now 

As now ca. 10 % ca. 10 % 

How many and how much of the individual tree is 
removed from the forest? 

As 
now 

More Less As now 

What is the wood used for? E.g. firewood or timber. 
More or less energy wood. 

As 
now 

More 
energy 
wood 

Less energy 
wood 

More 
energy 
wood 

How good is the planting material in planted forest in 
terms of breeding intensity  

As 
now 

More 
breeding 

More breeding 
Intensive 
breeding 

How large is the effect on production and the build-up of volume (carbon) in the 
forest? 

Table 2 show total harvest under the four scenarios (see also figure 1) and how large a share of the 
home consumption this may cover. BAU remains at a self-sufficiency of around 25 %, whereas this 
may increase to about 30 % under other scenarios in 2050 and continue to increase up to 40-50 % 
towards 2100 primarily through a combination of increased forest area (Combi and ENV), more 
intensive silviculture and breeding (BIO and Combi), higher degree of utilization (BIO), but also 
combined with concern for biodiversity and environment (ENV and Combi). 
 
Table 3 focuses on the supply of wood for energy under the 2050 goal of achieving 100 % sustainable 
energy supply. The table show home production in forest, i.e. excl. production outside forest and 
import. Already BAU shows an increasing coverage due to the expectation of increasing energy 
efficiency (lower energy consumption), but also the increasing forest area. The other scenarios show 
that with the right combination of parameters it should be possible to live up to the 2050 goal and 
reach this with decreasing dependency on import. There is room for either increasing the share of 
wood for energy supply or use a larger share of wood for other purposes (cf. table 2), depending on the 
development of other sources of sustainable energy and to which degree the different silvicultural 
measures can be implemented in practice. It will of course also depend on what the market demands 
and at which prices. 
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Table 2. Development in the annual harvest of wood (million tons dry matter) up to 2100 in total and by wood for 
industry and energy, and self-sufficiency with wood products (% of total consumption) under the four scenarios.  

Harvest (million tons dry matter)  2012 2020 2050 2100

Total consumption  9 10 10.5 10.5

BAU Industrial 1.4 1.3 1.3 1.6
 Energy 1.0 0.9 1.0 1.2
 Total 2.4 2.3 2.3 2.8
% of consumption  26.5 22.6 22.3 26.8
BIO Industrial 1.0 1.0 1.0 1.5
 Energy 2.3 2.0 2.4 3.6
 Total 3.3 3.0 3.3 5.1
% of consumption  37.1 29.8 31.7 48.6
ENV Industrial 0.6 0.6 0.8 1.4
 Energy 1.4 1.2 1.6 2.0
 Total 2.0 1.9 2.4 3.4
% of consumption  22.0 18.8 22.5 32.4
Combi Industrial 0.6 0.6 0.8 1.5
 Energy 1.6 1.5 2.6 4.1
 Total 2.2 2.2 3.4 5.6
% of consumption  24.8 21.5 32.4 53.0

Table 3. Development up to 2100 in annual harvest of wood for energy in Denmark (million tons dry matter and 
PJ), share of total energy consumption under the 2050 goal and share of the estimated need for wood energy 
under this goal (cf. ”Vores energi”) 

 
Harvest (energy wood) 2012 2020 2050 2100

Total energy consumption (PJ) 81 90 100 100
Wood energy target (PJ) 814 750 650 550
BAU  (million tons dry matter) 0.9 1.0 1.2 1,2

 (PJ) 17.0 18.0 21.2 53,1
% of energy 2,3 2.3 2.8 3.9
% of wood energy target 22,6 18.9 18.0 21.2
BIO  (million tons dry matter) 2.0 2.4 3.6 3,7

 (PJ) 35.8 42.7 65.3 165,1
% of energy 5,1 4.8 6.6 11.9
% of wood energy target 51,2 39.7 42.7 65.3
ENV  (million tons dry matter) 1.2 1.6 2.0 3,0

 (PJ) 22.4 28.2 36.4 136,4
% of energy  3,1 3.0 4.3 6.6
% of wood energy target 30,9 24.9 28.2 36.4
Combi  (million tons dry matter) 1.5 2.6 4.1 4,0

 (PJ) 27.1 46.3 73.9 181,6
% of energy  3,6 3.6 7.1 13.4
% of wood energy target 36,2 30.2 46.3 73.9
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Figure 1. Development of total production for the four scenarios until 2100. Production measured as annual 
harvest in million ton dry matter of industrial wood and wood for energy. 

 

 
 

Figure 2. Accumulated amount of carbon in standing volume above ground (million tons.) 
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What is the combined effect on the CO2 balance? 

Where figure 1 and table 2 and 3 focus on the harvest of products, which have a carbon storage effect 
in the form of products (part of the industrial wood) and a carbon substitution effect on fossil fuels (the 
energy wood), figure 2 shows how much carbon are being built up in the forest itself under the four 
scenarios, i.e. a carbon storage effect in the form of a living storage of which it is possible to calculate 
the annual growth after harvest. 
 
Table 4 shows these three effects converted to annual production and growth respectively measured in 
CO2 equivalents. 

Table 4. Annual harvest of industrial and energy wood, respectively annual volume increment above and below 
ground (roots) measured in CO2 (million tons). Total annual substitution and storage in % of emission of CO2 in 
Denmark in 2011 (55.8 million tons) 

Mio tons 2012 2020 2050 2100
BAU Industrial 2.5 2.4 2.5 3.0

Energy 1.9 1.7 1.8 2.2
Increment above ground 0.3 0.4 0.9 0.7
Roots 0.1 0.1 0.2 0.1
Sum 4.8 4.6 5.3 6.0

% of emission 2011 8.6 8.3 9.6 10.8
BIO Industrial  1.9 1.8 1.8 2.7

Energy  4.2 3.6 4.4 6.7
Increment above ground -1.2 -0.7 0.9 0.6
Roots -0.2 -0.1 0.2 0.1
Sum 4.7 4.6 7.2 10.1

% of emission 2011 8.5 8.3 12.9 18.0
ENV Industrial  1.1 1.2 1.5 2.5

Energy  2.6 2.3 2.9 3.7
Increment above ground 2.1 2.2 2.2 2.6
Roots 0.4 0.4 0.4 0.5
Sum 6.2 6.0 7.0 9.3

% of emission 2011 11.1 10.8 12.6 16.7
Combi Industrial 1.1 1.2 1.5 2.7

Energy 3.0 2.8 4.7 7.5
Increment above ground 1.3 1.4 1.8 1.9
Roots 0.3 0.3 0.4 0.4
Sum 5.7 5.7 8.4 12.5

% of emission 2011 10.2 10.2 15.0 22.5
 
It is seen that the total annual substitution and storage of carbon is very significant and under the 
scenarios of large forest establishment in 2050 can cover 15 % and in 2100 more than 20 % of the 
current annual CO2 emission (2011), which is supposed to decrease in the period entailing that the 
relative contribution of the forests to mitigate our CO2 emission will be even larger. 
 
Discussion and conclusions 
The study focus on the effect of different silvicultural measures on wood production and deals only 
marginally with the welfare economic effects the measures may have on e.g. recreation, groundwater 
protection, biodiversity, and landscape values. A qualitative assessment of these effects is discussed in 
the full study, but not included in this abstract. Conclusions given here are therefore limited to the 
issue of wood production and supply. 
 
It is possible to increase the productivity of the Danish forests considerably and provide a significant 
contribution to Danish energy targets of achieving a 100 % supply of energy from sustainable sources 
in 2050 as well as to the reduction of Danish CO2 emissions. The potential for provision of these 
services from Danish forests is probably bigger than generally acknowledged given the fact that 
Denmark is a low forest cover country. 
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The most important measure to increase production is very straightforward an expansion of the forest 
area. More surprising is that a combination of other silvicultural interventions - more intensive initial 
plantings using fast growing species combined with breeding - may contribute to provide a potential 
increase of productivity of a similar magnitude. Of particular interest is that such high productivity 
systems can be established without the use of energy demanding fertilizers and pesticides. 
 
The analyses of the study are made at an overall level covering the whole forest area and potential 
forest area development in Denmark. It is unlikely that such a programme can be implemented at full 
scale. Implementation will depend e.g. on the size of the estates, their development objectives and 
access to the relevant silvicultural competence. It is also clear that the potential gains only can be 
achieved through new investments in research and development of silviculture and tree improvement 
with focus on adaptation and production.  

References  
Graudal, L., U B Nielsen, E Schou, B Jellesmark Thorsen, J K Hansen, N S Bentzen og V K Johannsen, 2013: 

Muligheder for bæredygtig udvidelse af dansk produceret vedmasse 2010-2100 [Possibilities for 
sustainable increase of Danish produced woody biomass 2010-2100]. Perspektiver for skovenes bidrag til 
grøn omstilling mod en biobaseret økonomi. [Perspectives for the contribution of forests to the green 
conversion towards a bio-based economy]. Institut for Geovidenskab og Naturforvaltning/Departement of 
Geosciences and Natural Ressource Management, Københavns Universitet/University of Copenhagen, 86 
pp ill. 



 11

The role of industrial timber construction in a bio-based economy - 
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Introduction 

There is an excess usage of fossil fuels in the world today leading to climate consequences that will 
affect our lives and how we live in the future. Mankind is slowly over-consuming the earth’s resources 
and we are reaching the planetary boundaries with no turning back (Rockström, et al, 2009). Policy-
makers and stakeholders are working on establishing visions, strategies and activities addressing these 
problems and to obtain a consensus of future roadmaps. Among possible developments is the change to 
a bio-based economy. A bio-based economy aims at utilizing biomass as a renewable material in 
present and new usages, and to decrease climate affecting resources. It builds on the present bio-based 
sectors (forestry, agriculture, chemistry and textile) but could be extended to other sectors. Energy is 
seen as an important and large source of climate affecting substances and there are policies and 
strategies of how to change from fossil fuel usage to bio-based energy. Examples of policy that address 
the issue are the EU policy of increasing the usage of bio-based energy in EU to at least 20 % by year 
2020. An extensive support system is developed throughout EU and in each country, which has been 
criticized of not taking a life-cycle perspective and utilizing a “cascading” (Carus, 2012) approach 
first. A cascading approach in regards to biomass products aims at increasing primary usage first and 
in a later stage turns the biomass into energy (Carus, et al, 2010). This would also mean effects on the 
overall economy as there is more employment created in longer value chains.  
 
The purpose of the study is to assess the role of industrial timber construction in a future bio-based 
economy. The role will be determined in three areas related to the different sustainability perspective 
(economy, ecology and social), and as follows: 
 

‐ What possible climatic effect has an increased industrial timber construction (ecological 
sustainability)? 

‐ What effect has industrial timber construction on employment (economic sustainability)? 
‐ How does an increased industrial timber construction affect future living demands (social 

sustainability)? 

Material and method 

The study has a descriptive approach to assess the present knowledge on the bio-based economy and 
specifically in regards to the three sustainability pillars. To perform the assessment a single sub-sector 
of the forest industry, industrial timber construction, was chosen. The choice was based on the product 
being an end-product, having a clear demand (residential construction), incorporates cascading effects 
and is new to the sector.  
 
The materials used are research conducted and presented on the effects of industrial timber 
construction in regards to the three research questions. The literature review was then used as a basis 
for the assessment of the overall effect in a future bio-based economy. 

Results and discussion 

Industrial timber construction is defined in this study as a building project where the building has a 
timber frame and constructed and assembled under industrial perspective and with a defined 
organisation and management that focus on optimizing processes, methods and the product instead of 
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the project (Apelberger et al, 2007; Lessing, 2006; Stehn et al, 2013). Also, industrial construction 
includes a higher degree of prefabrication than in a traditional building project.  
 
Over the past ten to twenty years there has been extensive research of the industrial timber construction 
as the ban on the product was lifted in 1994. The research and development has been on the structural 
side but also economic and ecological progress has been studied. Being a renewable material timber 
has a low CO2 footprint compared to the traditional building frame materials concrete and steel 
(Gustavsson and Sathre, 2006; Brunklaus and Baumann, 2002), and shows the best results in a life-
cycle perspective. The literature review regarding the ecological footprint of industrial timber 
construction indicates an advantage to other materials as it acts as a sink and as a replacement for CO2 
intensive concrete. It is important to include the whole life-cycle and the whole product and not only 
structural elements. As new construction is becoming more energy efficient the production phase in the 
construction process is becoming more important and where the choice of material plays a part. At the 
end of its life cycle the bio-based products are turned into energy.  
 
The future demand on living includes a higher degree of sustainability (SPREAD, 2012). The 
urbanisation and growth of cities created demands on smaller apartments and real estates, swifter 
construction and more natural materials for indoor purposes. People are demanding environmentally 
friendly materials but are more concerned with what they see than what is in the actual structure. It is 
the function people are after rather than the material i.e. it is industrial rather than timber in industrial 
timber construction.  
 
The rate of construction in Sweden has been on a low level for at least twenty years with an average 
annual rate of slight more than 20 000 apartments (SCB, 2012). The construction industry has limited 
capacity to produce according to the demand without changing methods and has down-sized its 
organisations. Industrial construction is therefore not a threat to the traditional construction but a 
necessity to meet the future demands. Timber has an advantage as it is light and strong creating a 
possibility to have production capacity close to raw material and employment and to deliver products 
with high prefabrication (Brege et al., 2013). The result is a growing forest industry as larger 
companies are moving into timber construction. It creates jobs directly at production sites and 
indirectly at assembly as construction firms are licensed as industrial timber frame assemblers.  
 
A focus on a bio-based economy where a larger share of the renewable biomass products are used in an 
industrial manner before turned into energy could have an effect on the three sustainability pillars.  
 
‐ Ecological sustainability: Mitigating an increase in CO2 in the atmosphere as a sink and as 

replacement of non-renewable products.  
‐ Economic sustainability: A demand for higher degree of prefabrication in construction opens for 

industrial timber construction being light and strong and transportable. It creates jobs and builds a 
new industry based on Sweden’s already strong knowledge and competence in industrial 
production. 

‐ Social sustainability: the least effected by industrialisation as consumer demands are less 
concerned with framing material than with the function of the building/ apartment.  

In a concluding remark the results of the study indicates a need for stakeholders at different levels to 
act. The forest industry is required to continuously engage further down the value chain and to 
establish production capacity of timber-based construction products, elements and systems. The 
research community has a role in the future bio-based economy to act as a facilitator between industry 
and governmental stakeholders by engaging in development and verification of new products and 
methods. Finally, stakeholders from the governmental and policy area need to take the leadership in 
defining the framework and general regulations of a future bio-based economy.  
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There is an ongoing discussion about the role of the forest sector for the transition toward a biobased 
economy. One manifestation of this is in the objectives of the EU, through their technology platform 
for forest industries and their Strategic Research Agenda for the forest based sector (FTP 2006, 2013) 
and the corresponding Swedish National Research Agenda (NRA 2006). These documents highlight 
the need to work for the development of innovative renewable materials in order to be able to replace 
old finite materials. Forest based, bio-composites, are one example of materials that can boast of 
environmental advantages concurrent with performance improvements. Hence, innovation of high-
performing new forest-based materials can lead to opening of new markets. 
 
It is however difficult to reach success with innovations and often new products fail in the market 
introduction stage – sometimes despite good functional performance. One reason may be that research 
is too technical without a good understanding of the innovation diffusion process and the requirements 
for a successful commercialization. Innovation management also needs to compress the time to market 
and identify key stakeholders in the innovation process. Nor are specific drivers and barriers for 
material innovation well known. The purpose of this paper is therefore threefold. First to understand 
the diffusion process of new wood based materials, “from lab to market”. Second, to identify success 
factors and barriers for market introduction of forest-based materials. And thirdly, to find important 
additional complementary capabilities for commercialization success.  
 
The study is based in part on Rogers’ (2003) model on innovation diffusion, in this case of new wood-
based materials. We also emphasize the multi-dimensional quality concept including transcendent, 
product-based, user-based, manufacturing-based, and value-based dimensions (Garvin 1984). To 
understand the innovation process more we acknowledge that different stages of the process present 
specific challenges to the innovators (Tidd and Bessant 2009).  
 
The empirics for the study consists of three qualitative interview studies conducted 2010-2012. The 
first mapped drivers and barriers for biobased material innovations from raw material to the 
automotive industry. Sub study two investigated what is needed to take a new forest-based material 
from laboratory to become a successful product on the market, focusing on two different materials: 
DuraPulp and Nanocellulose. The third sub-study explored the specific innovation process for 
DuraPulp – its timeline, stages and stakeholders.  
 
The studies showed that the diffusion process of a new material normally takes up to 10 years, and 
even more. Only a few companies along the supply chains have a specialized function or division with 
a task of finding new materials. However, the automotive industry regularly monitors the development 
of new materials. Industrial customers generally obtain information about materials from material 
suppliers, exhibitions and conferences, professional contacts, industry magazines, digital media, 
customers, and partners in development. 
 
One critical stage in all materials development is testing. Different industry sectors apply specific 
material requirements. The automotive industry, for instance, normally apply extensive testing of 
mechanical properties, climate-resistance and ageing. Regulations on safety issues are key aspects to 
consider in the development. And interviewees believed that environmental issues and concerns will 
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increase with time. If the materials are equal in other quality dimensions, environmental performance 
may cast the deciding vote.  
 
Different professions in the purchasing company - designer, engineer, economists - may apply 
different priorities in the material selection. Hence, it is important for suppliers of forest-based 
materials to comply with different requirements. Suppliers must find effective ways to communicate 
the materials’ aesthetic potential to designers, its production possibilities to the engineer, and the 
economic benefits to the economist. The primary factor for diffusion success of new materials concern 
basic ‘hard’ quality requirements such as durability, low weight, functionality and low price. The 
interview studies furthermore revealed a lack of understanding, and poor communication and contact 
between various functions in the innovation chain, especially between researchers and manufacturers. 
Frequent, formal and informal, information exchange between stakeholders and different experts in the 
diffusion process may at critical points in time, have a decisive role for the innovation and diffusion 
process.  
 
Motivated and energetic people are crucial for diffusion realization - as is the importance of a good 
combination of the ‘right’ competences. Normally, these factors warrant a climate that is conducive to 
innovation in the organizations and an ability to collaborate across different professional, departmental, 
and company borders. Financing is of course critical at certain stages and those responsible must be 
prepared to take calculated risks when new investments for the material are decided.  
 
For most industry sectors successful material development hinges on the ability to present a complete 
concept that works. Materials must be tested and safety, environmental, and recycling aspects must be 
considered. This process may take time and which requires both perseverance and long term 
investments. Perceptions do also play a vital role and prejudice against biomaterials as simple low-
quality products may be a disadvantage. A first-mover advantage may be connected to being first out 
with a new material. However, few developers are willing to pay the additional cost arising from being 
the first. Technological drawbacks connected to biobased materials refer to difficulties to produce in 
large scale, and that it is perceived as untested. 
 
Most interviewees agreed that when new materials are meant to improve existing materials, e.g. to use 
microfibrillated cellulose to make the paper stronger, the forest industry may very well lead the 
development and marketing process. For ‘innovative’ products, e.g. DuraPulp, this becomes more 
difficult and cross-industry collaboration should be considered. 
 
Whereas technical knowledge and research skills were perceived as sufficient, marketing and logistics 
competence have to be improved. Interviewees believed that forest industries could allocate the 
material development within independent divisions. Partly because the new production is likely to 
influence the regular production, and to avoid that large parent conglomerates stifle the promising new 
production. 
 
Representatives of the automotive sector underscored that selling-in of new material necessitate 
motivated people with the right personal contacts. Representatives for the packaging industry 
emphasized that packaging is not an end in itself – it must add value to the content. This calls for 
collaboration along the value chain, beginning with ‘brand owners’ specifying how new materials 
(must) create value for the end product. Such collaboration also entails an understanding for the big 
picture and what it takes in general to introduce new materials. More interaction along the innovation 
chain and between different industries foster better market contact, improve a life-cycle perspective. 
The three sub-studies did not, however, only focus on obstacles. Most industry representatives were 
interested to enter into collaborations with the forest sector to develop new materials. Forest-based 
materials may compete where they can conform to existing production structures and compete with 
incumbent materials in use. 
 
The study's main conclusion is that making contacts, and being open about and sharing information is 
essential for the success of the innovation process and market launch. Important for the success of an 
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innovation project is thus ‘gatekeepers’ who like to share their contact network and ensure that the 
right contacts can be linked together. When contacts have been established, key stakeholders should 
work together in autonomous project teams to best utilize the diverse skills and experiences. 
 
The investigation also demonstrates that the forest industry need to bring additional skills and / or 
partners for the success of new materials. Most importantly, market expertise extends to persons or 
companies with good knowledge about the end-user. This is because the commercialization of new 
materials will require different skills than those required to sell the standard volume-products (bulk) of 
the forest industry. 
 
In order for new material to be competitive, they must almost certainly be cheaper than the 
alternatives. None of the study was interested in paying more for the material just because it was the 
forest of origin. Should it be possible to charge more for the material, it must provide clear value to the 
product it is used in. The studies indicate the following recommendations for the development of forest 
based biomaterials: 
 

 Combine different competences and key actors in the innovation and value chain. Develop 
cross-industry cooperation with an innovative edge. Involve venture capital and policymakers. 

 Develop financing mechanisms. 
 Create relevant recycling regulations. Don’t make them too tough. Sometimes it is enough to 

use the material for energy. 
 Be open to new ideas and be generous with your own contacts and information, increased 

contact may lead to unexpected opportunities. 
 Identify individuals who act as gatekeepers and can convey new contacts and share their 

network. 
 Work to involve actors with a different experience, background and skills than in their own 

organization. This is particularly crucial in the early stages. 
 A good form of cooperation may be through autonomous cross-organizational teams of project 

character. With the right kind of goals can lead to good knowledge sharing and resource-
sharing. 

 Be careful in identifying your own organization's strengths and core competencies as it can 
give a big difference in the outcome. 

 The role of the organization sponsoring an innovation may be important. The support of an 
influential person in the organization can create that extra space needed for an idea to develop 
into an innovation. 

 
Keywords: biomaterials, innovation resources, product development, adoption 
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Introduction  

Progress in sustainable consumption of renewable resource based products and services is one of the 
key elements in evolving bioeconomy, and mainly related to social aspects of green economy such as 
quality of life and lifestyle patterns. Consumers, especially the so called LOHAS (lifestyle of health 
and sustainability, see http://www.lohas.com/) segment in the market, are giving increasing 
consideration to the environmental and social features of products. According to Green and Peloza 
(2011), corporate sustainability (or corporate responsibility, CR) can provide three forms of value for 
the consumer: functional, emotional, and social. Commonly mentioned benefits of improved 
environmental and social performance of product to their suppliers include greater customer loyalty, 
lower price sensitivity, insurance against negative events, and sometimes even the accrual of positive 
price premiums. In addition, CR can be also a source of new product, process or business model 
innovation. In the forestry context, Toppinen et al. (2013) conclude that while CR and forest 
certification have become accepted means to demonstrate sectoral sustainability, the future challenge is 
to extend these practices to mainstream markets, to SMEs and to developing countries at costs that 
would be covered by the often less tangible and longer-term benefits.  
 
Whether consumers in practice are willing to pay (WTP) anything for social and environmental 
product characteristics has been another matter. For example, according to a large multi-country 
survey by McKinsey (Bonini and Oppenheim 2008), 87% of consumers surveyed are concerned about 
the environmental and social impact of the products they buy, 33% say they are willing to pay a 
premium for green products, and another 54% care about the environment, and want to help tackle 
climate change. But when it comes to actually making purchasing decisions, words and deeds have 
been often found to diverge (e.g. Sandhu et al. 2010), and the results on WTP have been sensitive to 
the preference elicitation method in use. However, there are some potential new triggers, as an 
interview study by Holopainen et al. (2013) in Finland suggested: with the emergence of EU Timber 
Regulation on one hand, and on the other the recent adoptions of CoC certification by some large 
wholesalers/retailers, could act as the pathway to increase the currently low consumer awareness and 
eventually WTP on the certified wood products. 

Aims and materials of the study 

First, we aim to make mainly a conceptual contribution by identifying from the consumer related 
literature the key contextual determinants for the lack of WTP. Then, we discuss evidence from 
literature based on the use of different preference elicitation methods, and suggest key attributes 
towards building a measurement scale for analysing perceived consumer sustainability in a case study 
of selected wooden furniture product. Next, we test the measurement scale using a small pilot data 
from 59 forestry students at University of Helsinki, Finland regarding their perceptions on what 
sustainable wooden furniture products consist of. In conclusions, we will summarize our findings, 
discuss some first-hand solutions to overcome main barriers of consumption based progress of 
bioeconomy in the Nordic forest and wood products context and suggest avenues for future research.  

Review of literature and key concepts 

The responsible consumer as a driver for bioeconomy is a Janus faced character: consumers are a 
notoriously heterogeneous and large group in society; they are part of and influenced by complex 
social networks, and on average lack information and interest to base their buying decisions on 
sustainability issues. Consequently, a limited smaller segment of frontrunner or LOHAS consumers is 
likely bearing the main body of risks and costs for pursuing sustainable consumption patterns. 
Therefore, there are evidently consumer side barriers of sustainability. One of them clearly is 
associated with (the lack of) consumer WTP, but according to Hopkins (2011), price is not the main 
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reason. Also the question which particular aspects of product sustainability (on top of forest 
certification) the Nordic consumer market might be willing to reward has not been properly addressed, 
and we aim to contribute in this paper on that area. 
 
In existing literature from forest products markets, presence of environmental (forest) certificate has 
overwhelmingly dominated as an indicator to environmental sustainability, whereas other 
environmental aspects or those arising from the scope of social sustainability have deserved much less 
attention. In a recent meta-analysis, Cai and Aquilar (2012) have studied WTP for certified forest 
products. Based on the study, estimates of consumer's willingness-to-pay premiums for certified wood 
products ranged from 1.0% to 39.3% over non-certified options. Here, frequently purchased wood 
products and wood products with lower base prices seemed to capture higher percentage premiums. 
Interestingly, the meta-analysis did not find any significant correlation between the consumer income-
levels and preferences for forest certification. 
 
A recent master’s thesis by Heikkonen (2012) found also using meta-regression analysis that 
consumers in Europe are willing to pay more for eco-labeled wood and paper products than North 
American consumers. Wooden and durable goods were found to be able to capture larger price 
premiums compared to less durable wood/paper products, and consumers were willing to pay more for 
eco-labeled products where the labels provide more information to the consumers. In addition, among 
demographic variables, age was shown to have a positive influence on the amount that consumers are 
willing to pay for eco-labeled wood and paper products.  
 
In another recent meta-analysis on 83 studies (of which 20 % focused on forestry related products), 
Tully and Winer (2013) found a mean WTP premium for socially responsible products to be 17% over 
normal product and to be lower for durable than for nondurable goods. They also found that on 
average, 60% of respondents are willing to pay a positive premium and this does not vary by whether 
the good is durable or not.  
 
About the role of contextual determinants for the lack of WTP, a multi-method study by Gleim et al. 
(2013) examined factors for non-green purchase behavior. They suggest that altering the number and 
forms of informational product cues may be one solution to overcome purchase barriers of non-green 
consumers. Methodologically their study also indicated that experimental settings may overcome some 
inherent weaknesses leading to inflated WTP in qualitative or survey based methods.  
 
Based on review of literature, we were able to identify three dimensions that could be better 
incorporated in the consumer research on the environmental and social performance of wood products: 
1) functional and other product characteristics, 2) presence of forest certification and/or other eco-
labels, and 3) sustainable supplier characteristics.  

Empirical results from testing product level sustainability measurement scale 

Our results from testing measurement scale on sustainability of wooden furniture product used data 
from 59 students at University of Helsinki participating in two courses, where they were asked to fill in 
a 5 –point Likert-scale based questionnaire. For the key elements of a measurement scale analysing 
consumer perceptions on sustainability of a wooden furniture product, we selected 10 product 
attributes and seven questions on general environmental consciousness and consumer purchase 
behaviour. No direct measure for WTP was included, as the direct nature of inquiry would have been 
only likely lead to inflated measures, and based on literature we can also argue that decision on price is 
either hierarchical or independent with respect to social and environmental sustainability. On average, 
respondents valued the sustainability criteria high in their purchase decisions and communicated about 
the product responsibility to others, also in social media. 
 
Preliminary results indicate that dimensionality of sustainability of wooden furniture product can be 
classified into four dimensions: 1) product level (environmental) performance embedded with 
functionality of products, 2) aesthetics properties and perceived economic value, 3) certificate 
reliability and 4) producer image. Thus, in empirical test, theoretically hypothesized first dimension 
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was found to dissolve into 1) and 2) sub-dimensions above. Due to small sample size and exploratory 
nature of analysis, results should be treated with caution, but may nevertheless give indication of how 
to develop a more comprehensive measurement scale for wooden furniture product level sustainability  

Discussion and conclusions 

Three dimensional sustainability structure describing the environmental and social performance of 
wood products was identified from the literature to consist of 1) functional and other core product 
characteristics, 2) presence of forest certification and/or other eco-labels, and 3) sustainable supplier 
characteristics. Our pilot data analysis applying the measurement scale to the case of perceived 
sustainability of wooden furniture product was found to be multidimensional. The preliminary results 
indicated that the first dimension of functionality embedded also (environmental) responsibility and 
was distinct from the category of aesthetic properties or “trendiness” of products. The other 
dimensions from testing the measurement scale were such as reliability of certificate and supplier 
image were found to be broadly in line with the dimensions found from reviewing the literature. Due to 
preliminary nature of our empirical analysis, our results are only giving indications on the scope of 
sustainability in case of wooden furniture products. In future studies, better data set, preferably also 
using experimental consumer research should be targeted.  
 
In the evolving concept of green or bioeconomy, consumer sector is undoubtedly one important 
pathway for advancing sustainable development, and also the one that has been a focus of less 
attention when compared to e.g. creation of coherent cross-sectoral policy frameworks, creating 
innovation system facilitating technology push by the means of industry initiatives or advanceíng 
market supply of renewable raw-materials. In Finnish case, the profile of activities of the Finnish 
Bioeconomy Cluster (FIBIC, a former Forest Cluster Ltd) is a relatively clear evidence for the 
difficulty to overcome the dominance of technology push. Market demand, both private and public, is 
nevertheless an important driver for advancing “green growth”, also as potential source for new 
product development and co-creation of value in sustainable production-consumption systems. 
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The role of forests and the challenge of combining international, national and regional level needs 
related to their sustainable use as a feedstock for bioenergy and social livelihood are major themes in 
future environmental markets (Dargusch et al. 2010). In current global business environment, forest 
industries face a challenge to authenticate the acceptability of the usage of wood fiber in industrial 
processes compared to other uses of forests (Vihervaara & Kamppinen 2011). Corporate Social 
Responsibility (CSR) reporting provides a micro-level business approach for sustainability assessments 
grounded on the assumption that environmentally, economically and socially sustainable operations at 
company-level enhance business development that further contributes to the sustainable development 
in the globe (Schaltegger et al. 2003). 
 
In global forest industries, the array of options for implementing CSR reporting is vast due to the 
heterogeneous sustainability requirements in different geographical regions. However, most of 
companies operating in global arena must focus on some aspects of CSR reporting activities due to, 
e.g., limited financial resources (Vidal & Kozak 2008). Information is needed on industry-specific 
critical aspects in forest industries' CSR reporting that could be used for enhancing their strategic 
planning and contribution to sustainable development (Li et al. 2011). In addition, as forest-based 
bioenergy production is especially in Nordic circumstances generally inseparable from, for example, 
timber production, identification of the critical aspects of CSR reporting in forest-based bioenergy 
production should be made in connection with other optional forms of wood resource usage. 
 
The purpose of the presentation is to introduce a compilation of research projects, where critical 
aspects in CSR sustainability reporting regarding bioenergy and timber production is assessed with 
surveys targeted at different stakeholder groups related to non-industrial private forestry (NIPF) and 
sawmill industry. The classification of critical aspects employed in the surveys is based on the Global 
Reporting Initiative (GRI), which is one of the most comprehensive guidelines for implementing and 
developing CSR reporting system both in ecological, economic and social dimensions of sustainability 
(e.g., Hussey et al. 2001, Morhardt et al. 2002, Lozano & Huisingh 2010, Li et al. 2011). As a research 
methodology, multi-criteria decision analysis is employed as a framework for operationalization of 
survey questionnaires and analysis of results (e.g., Lähtinen et al. 2008). 
 
The results of the research projects provide new information on the critical CRS measures applicable 
in different decision-making contexts. First, new detailed information on the critical aspects in 
companies' CSR reporting can be employed in firm-level strategic decision-making to support the 
acceptability of operations. Second, by enhancing the development of companies' CSR reporting 
systems, their participation in sustainable development is supported. Finally, new knowledge of the 
sector-specific characteristics of CSR reporting is acquired. 
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Introduction 

Buildings account for a large share of greenhouse gas (GHG) emissions. In the EU, buildings account 
for around 35 % of GHG emissions. (Ruuska & Häkkinen 2012) Construction sector is also a 
significant actor in the economy. Investments in construction currently account for approximately 13 
% of gross domestic product (GDP) in Finland. (Liikanen 2011) Construction sector employs 174,000 
people in Finland, not including foreigners. (Rakennusteollisuus 2012)  
 
Introducing environmentally friendly materials and techniques, such as use of wood, to construction 
could thus reduce the environmental impact of construction sector and convert it into a part of 
bioeconomy. Bioeconomy can be defined as sustainable use and management of renewable natural 
resources, production of products and services which use those resources, and use of biological 
methods in production. (Biotaloustyöryhmä 2010) 
 
The environmental impact of substituting wood for other materials has been studied extensively. In a 
review of literature, Sathre and O’Connor (2010) state that using wood instead of other materials 
affects GHG emissions by reducing fossil fuel consumption during manufacturing of products; 
avoiding cement process emissions; storing carbon in the products and in the forest; substituting 
biomass for fossil fuels; and influencing the carbon dynamics in landfills. While there are uncertainties 
in the calculations of the reviewed studies, the overall impact of using wood is positive. Each tonne of 
carbon in wood product reduces emissions by 2.1 tonnes of carbon. Increasing the use of wood is 
construction does, however, only have a limited impact on total GHG emissions. Ruuska and Häkkinen 
(2012) estimate that even large increases in use of wood would only reduce total GHG emissions in 
Finland by 0.2-0.5 %. Increasing the use of wood in construction could also have other beneficial 
effects. Wood might have other positive environmental impacts, e.g. reducing water pollution and 
material waste. (CEI-Bois 2006)  
 
Most importantly for bioeconomy and forestry, timber construction offers possibilities for generating 
new business opportunities. In a situation where the operational environment of forestry is changing 
(see e.g. Hänninen et al. 2007) it is important to enter new markets. Due to this, wood construction has 
been promoted heavily in Finland since the 1990s. The strategies have focused on promoting new 
wooden cities and multi-storey timber construction. A good overview of the projects can be found in 
Tekes (2011).  
 
Despite significant research and promotional efforts, and 2011 changes in fire regulations, multi-storey 
timber construction in Finland has increased only slowly. The market share of wood in multi-storey 
construction is still under 1 %, while in Sweden it has increased to 15 %. (Metsäteollisuus 2013) The 
share of wood is considerably greater in detached and terraced housing.  
 
The goal of our research was to uncover why multi-storey timber construction has increased so slowly 
in Finland. In order to analyse this, we asked questions about the competitiveness of wood as a 
building material, about attitudes towards and experiences of timber construction, about environmental 
aspects of construction, and about customer orientation in construction. The latter two were included in 
the study because they are potential sources of competitive advantage. The results are interpreted in the 
light of possible business opportunities generated.  

Methods and data 

The data for the study was collected by semistructured interviews. We chose to do interviews because 
the goal was to get detailed and in-depth information about the experiences of construction sector 
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actors, not to get more general data from a larger group of respondents. Semistructured interviews 
produce data, which can be compared among interviewees, while allowing for some flexibility and a 
conversational tone in the interview situation.  
 
The interviews were conducted in October – December 2012 by Mr Lauri Ilola, a M.Sc. student at the 
University of Helsinki. He conducted a total of 18 interviews, and contacted around 20 people. The 
interviews lasted from around 30 minutes to over one hour. All interviews were recorded by the 
interviewer, and the discussions were typed up afterwards, although not transcribed in full. The 
interview results will also be used as material for master’s thesis of Mr Lauri Ilola, which should be 
ready in May 2013.   
 
The framework of the study guided the selection of interviewees. The framework was based on the 
concept of value chains, from wood products to customers of construction companies. We wanted to 
find out if there is some part of the value chain which acts as a particularly strong opponent of timber 
construction, which could explain the slow increase of timber construction in Finland. The different 
stages of value chain could also have different view on the competitiveness of wood.  
 
The interviewees fall into three groups: construction companies (seven interviewees), companies or 
municipal actors who contract construction companies (seven interviewees, hereafter termed 
customers), and wood product companies (four interviewees). All the construction companies mainly 
use concrete in their projects. Three of the customers represented the construction side of large Finnish 
municipalities, and the rest were companies who rent apartments to people. All the wood product 
companies have products, which can be used in multi-storey timber construction. The interviewees 
were overwhelmingly men, as we interviewed only three women. This reflects the male-dominated 
nature of the Finnish construction sector.  
 
The data was analysed by qualitative means, by utilizing the value chain framework and by searching 
for themes which emerged from the responses. In analysing the data, the wood product companies are 
treated as a separate group. Most importantly, they had considerably more limited knowledge of the 
construction sector. This is highlighted e.g. by the responses to a question on the most important 
changes, which have taken place in the construction sector since the 1990s. The wood product 
companies could name hardly any changes, while almost all other interviewees mentioned several 
changes.  

Results 

The first interesting finding is that construction sector actors, both construction companies and 
customers, tended to have very little experience of multi-storey timber construction. Seven of the 
interviewees had not been involved in any multi-storey timber construction projects, although some 
had experience of smaller scale timber construction. Four interviewees had experience of a couple of 
projects, and only three had experience of several projects. Thus, it is useful to treat the level of 
experience as a background variable when analysing their views on competitiveness.  
 
In terms of cost competitiveness the consensus is that wood has not quite reached the same level as 
concrete. Many interviewees thought that wood was still more expensive, particularly because wooden 
structures can require additional soundproofing, which increases the costs. There were no large 
differences between interviewees with different experience levels, and even the wood product 
companies did not stand out. Some interviewees thought that the cost competitiveness of wood was 
already reasonably good, while others thought there was more work to be done. Interestingly, those 
interviewees who had the most experience of timber construction tended to have the most negative 
perceptions of cost competitiveness of wood.  
 
The interviewees thought that environmental demands and regulations, e.g. in the form of energy 
efficiency regulations, would in the future have a greater impact on the construction sector. 
Unfortunately for wood, the material choice was not seen as a particularly important one in defining 
green construction. This is probably connected with green building certificates, which give very little 
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weight for materials. The most important environmental aspects of construction were energy efficiency 
(provided it did not cause harmful effects on building physics), and location of the buildings. The 
wood product companies were much more optimistic about meeting the goal for energy efficiency in 
construction on schedule, which could indicate that they have less comprehensive knowledge of the 
current situation of the industry.  
 
According to the interviewees, consumers do not care about construction materials. Other aspects of 
buildings, e.g. location, are much more important to their satisfaction. Some interviewees stated that 
interior materials can be important, but frame material not. The wood product companies stand out 
here, as they thought that consumers would want more visible wood in their apartments. They also 
emphasised the positive feedback received for multi-storey timber buildings to a greater extent than 
other interviewees. As an interesting contrast, one construction company representative stated that in 
general people in “special buildings”, such as skyscrapers or timber buildings tend to be more satisfied 
than others. This was because the residents had self-selected to a type of housing most pleasing to 
them.  
 
However, wood was perceived to have other benefits, which improve its competitiveness. For instance, 
it is a light material, and could thus work better on less sturdy ground. The use of factory-made 
elements could also speed up the process of construction, thus giving faster returns on investment. One 
interviewee cited this experience from Sweden. The competitiveness of wood could consist of e.g. 
faster completion times, lighter structures, and working in a weather-shielded environment.  

Conclusions 

Although multi-storey timber construction has been promoted enthusiastically in Finland, the market 
share of wood is still very small. The results of our interview study indicate that this is at least partly 
due to the insufficient cost competitiveness of wood as a building material. The building sector actors 
tend to lack experience and skills in timber construction, and as a result are reluctant to take the risk of 
experimenting with a new material. Nevertheless, they thought that the cost competitiveness of wood 
had improved, and that changes such as the introduction of standards might help improve the cost 
competitiveness.  
 
Our results indicate that it will take time and effort for construction sector to form a part of 
bioeconomy in Finland. While wood has a strong position in smaller scale construction, it only has a 
small share in multi-storey construction, where much of the business opportunities are. The interviews 
uncovered some obstacles, such as the cost competitiveness of wood, and lack of skills in timber 
construction. By addressing these, and creating better timber construction, bioeconomy in Finland 
could expand to include the construction sector.  
  
Keywords: construction, timber, competitiveness, new technology, Finland 
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The paper summarizes the findings of a discourse analysis of the concept of a Green Economy. The 
development of a Green Economy was one of the main themes of the Rio +20 summit. The documents 
prepared by a large variety of actors for the summit were analysed in regards of their narratives. The 
analysis demonstrates that there is no dominant understanding of the concept of a green economy and 
identifies the issue areas of conflicts. Controversies can be demonstrated in regards of the relationship 
between Green Economy and Sustainable Development, the need for a differentiated perspective for 
developing countries, the need to limit economic growth and new welfare indicators, the sustainability 
of western consumption culture, and the proposed financing mechanisms. Based on the narratives 
identified on these issue areas, three discourses are identified: The Greening of the Existing 
Economies, Green Development, and Sustainable Development with an emphasis on the social 
development dimension. 
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Bio-economy is a term that is increasingly used in the last years and highlighted for example in the 
European Union. Only in February 2012 the European Commission has published a new bio-economy 
strategy entitled “Innovating for Sustainable Growth: a Bioeconomy for Europe”. Following the 
publication of the strategy a series of bio-economy conferences took place to engage stakeholders, 
policy-makers and to create partnerships across European regions. In April 2012, the Obama 
Administration among other countries released its bio-economy strategy "US National Bioeconomy 
Blueprint". One year later, in February 2013, the European Commission announced the creation of a 
new bio-economy observatory that aims at making related data and analyses publicly available, while 
EU Member States are developing individual bio-economy strategies. Forests are considered part of 
this European bio-economy strategy. It is intended to improve the related knowledge base and to boost 
innovation for increasing their productivity and also profitability. Lastly the European bio-economy 
strategy calls for global solutions where global challenges arise. Therefore this bio-economy concept 
could become very important also for forest policy-making where wood mobilisation activities to boost 
among other things forest biomass production and generation of green energy are encouraged.  
 
The general assumption that guides this paper is that discourses, resulting ideas and arguments are 
generally said to have performative power. They shape actors views, influence their behaviour, impact 
on believes and interests and they can cause institutional change in a given society. We understand 
discourses as “an ensemble of ideas, concepts, and categorizations that are produced, reproduced, and 
transformed in a particular set of practices and through which meaning is given to physical and social 
realities” (Hajer 1995, 44).  
 
However, on the one hand, critics argue that bio-economy is just a new slogan for old ideas and 
therefore only old wine in new bottles. On the other hand the bio-economy has the potential to become 
an influential global meta-discourse. Meta-discourses are defined as related to global economics, 
politics and culture in general and that have affected forest-specific discourses. Basing on these 
assumptions the aim of this paper is twofold: first, it aims to analyse if the ideas used in the bio-
economy discourse differs from those in other global meta-discourses of the last decades, such as the 
ecological modernization discourse or the sustainable development discourse. Secondly, this paper 
aims to analyse whether and how the bio-economy discourse has started (or not) to reshape or 
overshadow the 'classical' forest discourses, such as sustainable forest management, forest biodiversity 
or forest and climate change. Classical forest discourses are defined as those shaping the contents of 
international forest policies. 
 
Theoretically the paper is anchored in discourse theory. Crucial for discourse theory is not whether 
such ideas, concepts and categorizations are true or false, but that they exist, shaped within certain 
social practices to make sense of the physical and social world. Crucial as well is that discourses are 
not to be considered ‘objective givens’, but ‘historical constructs’ of language-in-use, societal norms, 
various types of knowledge (scientific, professional, lay) as well as of power mechanisms in a society 
over larger time frames (Fischer 1993, 2003). Hence, discourses are neither ‘objective truths’ nor ‘false 
ideologies’, but exist at the interface of politics, science, values and knowledge. In addition, discourses 
generally exhibit, like institutions, a so-called long durée (Giddens 1984). They can be very stable and 
they do seldom change overnight. However, this does not exclude discursive change, e.g. through 
agency. Discursive change agents are those actors, groups or coalitions that are able to reframe a 
certain discourse (Benford and Snow 2000; Schmidt 2008). An example is the Brundtland 
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Commission, who reshaped the sustainability discourse in the 1980s. Hence influential actors may re-
frame discourses, for example when their frames resonate in the media, in science and politics. So the 
relationship between discourses and actors is dialectical. Discourses shape the perspectives of actors, 
while the latter can in turn reshape the former. We also assume a similar dialectical relationship 
between discourses and regulatory instruments. Certain instrument choices (e.g. a protocol, a fund, a 
voluntary market, etc.) are not choices made in a discursive vacuum, but informed by the dominant 
ideas, concepts and categorizations on regulatory instruments of that specific time period. 
 
The empirical part of the paper employs a longitudinal analysis of global forest(-related) discourses 
and their dynamics since the 1960s based on existing scientific literature, distinguishing international 
meta and forest discourses1. While describing the discourses, the role of actors in discursive dynamics 
will be shortly scrutinized for each discourse. As literature on bio-economy discourse has not been 
published in a way sufficient for scientific review, a discourse analysis of this part will be employed by 
using international political documents and media reporting of internationally acknowledged media, in 
addition to some scientific literature.  
 
Keywords: bio economy discourse, discourse theory, global forest policy  
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Challenge of acceptable and cost-effective policies 

The transition towards bio-based economy is a comprehensive endeavour, calling for coherent parallel 
activities from all actors and institutions throughout societies (see Geels 2005; Loorbach & Rothmans 
2010). Public administration plays one of the key roles when designing and implementing policy 
measures that are expected to result in desired impacts: better resource efficiency and a shift towards 
carbon neutrality. In the forest sector, topical aims of transformation include, for example, adopting 
climate policies in national and sub-national levels; streamlining forest bioenergy value chains; novel 
use of wood for construction and furniture; and higher-value products from bio-refineries. The change 
process, catalysed by policy measures and activities of public bodies, can be seen as institutional 
adaptation in which operational behaviour is linked with organizational and social norms and 
motivations (Primmer 2011).  
 
Laws, regulations, taxes, subsidies and soft informational tools not only need to be cost-effective but 
also generally acceptable by stakeholders and citizens (see Valkeapää & Karppinen 2013). This is 
particularly true when aiming at inducing the kind of socio-technological changes that bio-based 
economy necessitates (see Peltola 2011). When designing new policy instruments or renewing old 
ones, attention needs to be paid to the inner coherence of each instrument, i.e. the logic between the 
aim, functioning and impacts. Also coherence between policy instruments should be increasingly 
accounted for. Moreover, a proper analysis of stakeholders’ viewpoints enables launching new 
instruments in the frame of deliberative, participatory governance (see Bäckstrand et al. 2010).  

Objectives 

This study relates to the collaborative project “Policy measures for sustainable use of natural 
resources” (2012–2014), funded by the Finnish Ministry of Agriculture and Forestry. The project has 
served the Government in preparing the Forest Policy Report to the Parliament, which includes a 
proposal of a long-term (up to 2050) vision and strategic goals for using forests as well as a policy 
definition of the most central actions in Finland. Furthermore, the forthcoming results will inform the 
Finnish National Forest Strategy towards 2020. 
 
This paper will i) conceptualize bio-based economy in terms of what it requires from new forest policy 
instruments; ii) describe a two-phase Delphi survey (cf. Rikkonen & Tapio 2010) to policy 
stakeholders, investigating the feasibility of policy instrument proposals; and iii) present the main 
results and implications of the first round of the survey. 

Interpreting bio-based economy from the perspective of new policy instruments 

Forestry and forest-based industries can be regarded as parts of bio-based economy in the sense that 
they make use of renewable natural resources. Knowledge-based Bioeconomy report (Albrecht et al. 
2010, p. 13) adds sustainability by defining bioeconomy as: “…the sustainable production and 
conversion of biomass, for a range of food, health, fibre and industrial products and energy.” 
Moreover, current understanding of the concept of bio-based economy links it closely to green 
economy, which suggests notably higher demands for the forest sector. According to UNEP (2011, p. 
16), green economy is “…low-carbon, resource efficient, and socially inclusive.” 
 
When looking at bio-based economy through the lens of the latter definition, a few important features 
for appropriate forest policy instruments can be outlined. Those include, for example, focus on 
sustainability in a wide sense; coherence with e.g. climate, energy, agricultural and environmental 
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policies; encouragement towards resource efficient production and consumption; ability to correct 
‘perverse incentives’ that reinforce carbon economy; support to innovations; and acceptability among 
stakeholders. Furthermore, new policy instruments need to be operable to put in practice and cost-
efficiently manageable. Above all, they need to foster systemic change towards green economy. 

Essentials of the Delphi technique 

This study employs a web-based survey applying the Delphi technique, which is an anonymous, multi-
level approach for interactive, deliberative analysis of future scenarios and desirable and feasible 
change (see Turoff 1970). The users of the Delphi technique aim to explore alternative future images, 
possibilities, their probabilities of occurrence, and their desirability by tapping the expertise of 
respondents. Linstone and Turoff (1975, p. 3) characterize Delphi as a method for structuring a group 
communication process in such a way that the process is effective in allowing a group of individuals, 
as a whole, to deal with a complex problem (see also Kuusi 1999; Rowe & Wright 2001; Tapio 2002; 
Rikkonen 2005). 
 
The Delphi method consists of experts’ judgement by means of successive iterations of a given 
questionnaire, to show convergence of opinions and to identify dissent or non-convergence. 
Anonymity and feedback can be considered as two irreducible elements of a Delphi technique. 
Traditionally, a third feature, consensus seeking, has been one additional element. However, nowadays 
consensus seeking is not a primary goal in Delphi applications (Tapio 2002). ‘Disaggregative’ policy 
Delphi processes may be used to identify issues in which experts’ opinions show greatest variation, 
thus informing resource allocation to other phases of policy formulation processes. 

Design of the Delphi survey 

In this study, the application of Delphi survey follows a sequence of phases: i) identifying policy 
instruments to be assessed; ii) enhancing the evaluation framework; iii) defining the expertise matrix; 
iv) selecting the sample of experts; v) conducting the two-stage Delphi survey; and vi) communicating 
the results to the stakeholders and policy-makers. 
 
Stemming from the requirements above and recommendations by the project’s steering group, five new 
policy instrument proposals, relating to the sustainable use of forests were generated: 1) educational 
vouchers to catalyse learning and networking of micro-sized enterprises in wood product branch; 2) 
carbon credits for family forest owners; 3) voluntary scheme of combined land area tax and timber 
sales income tax for forest owners; and 4) directing forestry subsidies from wood production 
investments to producing public goods. For each instrument, a brief narrative explanation was 
compiled to support consistent comprehension. 
 
The applied policy evaluation framework draws on that by Mäki et al. (2011), and on the concepts and 
means of intervention chain analysis (Vedung 1997; Mickwitz 2003). Accordingly, questions included 
are: desirability of the objective; cost-efficiency and overall desirability of the tool; and expected 
sustainability impacts in economic, ecological and social dimensions. 
 
To enable analysing different stakeholders’ viewpoints for and against the new policy tool proposals 
and to make benefit from a strong account of wide expertise, a scheme of relevant expertise 
dimensions was composed. First, a general expertise of the operability, direct fiscal effects, and 
dynamic economic impacts of policy instrument types was recognized. Second, substance-based 
expertise was defined to contain knowledge and insight about the functionality, steering power, and 
various impacts and outcomes of the policy tools. 
 
The sample of experts for the Delphi survey was picked from a large stakeholder bank containing a 
wide range of policy stakeholders. Using purposive sampling for heterogeneity (Silverman 2005, p. 
129–130), sufficient coverage of all expertise dimensions was assured when picking the expert panel 
(N=577). The dimensions included the main expertise area (agriculture, forestry, environment), 
expertise perspective (economy, rural development, energy and climate, technology, societal and social 
policy, natural sciences), organizational background (research and education, private business, public 
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administration, NGO, extension and consultation, advocacy), and the status of professional career 
(early, middle, late, emeritus). 

First round results and implications 

The first phase Delphi yielded total of 173 responses (response rate 30%) and revealed general opinion 
patterns concerning the desirability and feasibility of the policy instrument proposals. Figures 1-3 
below show means and standard deviations of responses for three relevant questions: the overall 
desirability of the tool, the desirability of the policy objective behind the tool, and the cost-efficiency 
of the tool. The educational vouchers received the most favourable ratings. The combined forest tax 
system was the least desired, and the carbon credits for family forestry were considered the least cost-
efficient. 
 
The positive and neutral open response argumentation on educational vouchers emphasized the 
viewpoint that the effectiveness and desirability of the voucher system will depend on how it will be 
implemented. The critical viewpoint was that micro-sized enterprises have no time to participate 
trainings. The arguments on reforming the forest subsidy system were two-fold: while some 
respondents (mainly environmental experts) considered subsidizing public good provision a reasoned 
direction, other (mainly forestry practice experts) pointed out the risk of decreasing forestry activity 
and empoloyment. The forestry tax system renewal received multiple opposing arguments, mainly 
criticizing the administrative infeasibilities and questioning the aim of increasing timber supply. The 
carbon credit system in family forestry was perceived too complicated and ineffective. 
 
Based on these results, the carbon credits were decided to be dropped from the second Delphi round. 
Further information on how it could be feasible to continue with establishing educational vouchers will 
be gathered with special interviews to educational training and adult learning experts. The renewal of 
forestry subsidies was decided to be refined for the second round questionnaire, and a different tax 
system renewal was compiled to replace the first round proposal. 
 

 
Figure 1. Means and standard deviations regarding the overall desirability of the proposed tools (n=126-134). 

 
Figure 2. Means and standard deviations regarding the desirability of the policy objectives behind the tools 
(n=131-137). 

 
 
 



 32

 
Figure 3. Means and standard deviations regarding the cost-efficiency of the proposed tools (n=131-136). 

Based on a part of the open response argumentation it was found out that the brevity of the narrative 
explanations of the instruments preceding the questions possibly prevented a full and consistent 
comprehension by all respondents. Taken the politically charged nature of the proposed instruments, 
the possibility of ulterior-motive response behaviour could not be ruled out either. 
 
On the second round Delphi, the main supporting and opposing arguments towards each original 
policy tool proposal will be presented for respondents’ assessment. After that, the main questions will 
be asked again to check consistency and enable learning based on the argumentation and the first round 
results. Then, the renewed policy tools will be described, and the same main questions as well as more 
detailed specific feasibility analysis questions will be asked. 
 
For the basis of decision-making, a workshop dealing with the survey results as well as a “policy brief” 
type of report will be served for administration and other interest and stakeholder groups. This 
dissemination of results will give justified recommendations on how to proceed and what to expect 
when preparing and launching the policy instruments that received generally the highest feasibility and 
effectiveness scores. It will also raise awareness of the required socio-technological change towards 
greener bio-based economy. 
 
Keywords: expertise, feasibility, green economy, participatory governance  
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ITP in South America 

Any estimate of energy biomass demand for Europe alone shows that it cannot be covered regionally, 
even if the current reduction in printing paper demand continues (Economist, 2013). Emerging markets 
for paper and energy, particularly in the BRIC countries, are meanwhile growing at a high pace. The 
larger part of that expansion is catered for by industrial tree plantations (ITP) in South America, and to 
a lesser degree by South East Asia. In this report, we review the opportunities and challenges of a 
further expansion of ITP for pulp and energy biomass in Brazil, Chile and Uruguay. We don’t consider 
other South American countries to become likely actors within the coming decade.  

Current situation 

Brazil is one of the world’s largest producers of short fiber pulp, having expanded from 4,4 mi t in 
1990 to 14 mi t in 2012, or 7% of the world production (Sweden 12 mi t; Finland 10 mi t). Due to the 
very high productivity of its eucalypt plantations, only 2,5 mi ha are used for pulpwood, while another 
4 mi ha are used for energy for metallurgy. These figures should be compared with 25 mi ha for soya 
and 8,5 mi ha for sugar cane, mostly for alcohol. ITP are mostly company owned and concentrate 
around mill sites, near the coast or rail connections. The Brazilian forest industry caters for a large 
domestic market. However, the present expansion of the pulp and paper capacity is intended for 
export; the total export value in 2012 was 6, 7 billion USD. 
 
Chile has 2,3 mi ha under plantations, (65% pine) taking up around 15% of the total land area in the 
regions where climate is suitable for ITP. With a small domestic market, Chile has directed most of its 
industrial production to export markets, developing a broad basis for its ITP. ITP related exports 
totaled 4.9 billion USD year 2010, of which pulp and paper contributed with USD 3 billion and solid 
products with USD 1.1 billion. 
 
In contrast with Brazil and Chile, where ITP are established in areas historically covered by natural 
forest, Uruguay is mostly covered by natural grasslands, but with soil and climate suitable for ITP. The 
country made a policy decision in the 1980s, introducing legislation and land classification adapted to 
ITP. Today, ITP cover 1.26 million hectares, equivalent to almost 8% of the total land area of the 
country, with an estimated upper limit of 1,5 to 2 mi ha. A large fraction of the plantations are owned 
by the two mills; there is little local know-how or interest in large-scale plantation forestry (DIEA 
2003). With one pulp mill in production (a second will be in operation in 2014), the export value of 
pulp was 800 million USD.  

Opportunities and challenges 

Looking at total land availability, there are no set limits to expansion of ITP for energy and pulp in 
Brazil, while both Chile and Uruguay are approaching absolute limits. Yet, biomass production 
regardless of purpose is subject to market forces. Establishment of ITP has brought with it rapid rises 
in land value to a point where pulp companies are trying to outsource tree growing to land owners who 
can get a better rent from their land than present use, mostly extensive cattle production, can provide. 
Bracelpa (2013) compares export earnings (processed products) per hectare of land required for the 
raw material, where the pulp and paper sector leads shares a firs ranking with coffee at 3 000 USD/ha, 
followed by sugarcane alcohol, 2 000 USD/ha and the soy complex, 1000 USD/ha. Growing maize for 
export is a miserable business, with 200 USD/ha. These figures don’t take the required capital 
investments into account and differ of course from the rent a land owner can expect from selling wood 



 35

or soybeans. Considering that the same kind of infrastructure is required for pulp and pellet processing 
and export, it is to be expected that (export-oriented) pelleting facilities and plantations would be 
concentrated in the same areas, adding pressure upwards on land prices. For a person already owning 
land, the local market and the opportunity cost will decide if energy wood will be grown. For energy 
companies entering the area, one may ask if land acquisition for energy crops will be viable of this 
reason; rather, we expect such ventures to be based on contract growing. The existence of both pulp 
and energy wood buyers in the area would strengthen the bargaining position of such growers – up to a 
ceiling set by global market prices. 
 
However, land use involves much more than economics. In all Latin America, the heritage of 
colonization entails a strong preference for “opening the land to civilization”, i.e. deforestation has 
been considered virtuous and an open landscape is preferred. Dense tree plantations are considered to 
be a negative factor in the landscape “Eucalypt cannot be eaten” is a favoured slogan, while nobody 
seems concerned about the existence of vast low-productive rangelands nearby. With the low 
population density, it should be possible to greatly expand intensively managed tree plantations for all 
kinds of purposes.  
 
Yet, under the present business model, with company enclaves that little engage the surrounding 
region, local people have no incentive to engage actively in tree growing – and thereby develop more 
positive attitudes to forestry. In our opinion and contrary to the more radical NGO criticism, national 
and global, it would be fully possible to continue restoring the coastal rainforest, develop a small-scale 
family farming system, and grow trees both by companies and private growers in Brazilian regions 
with adequate climate and infrastructure. That, however, requires active measures such as making 
efficient already existing land reform policies, and installing agricultural extension and credit systems. 
The current policy climate rather favors continued company expansion serving the interests of a global 
market only, if profitable also into energy biomass production, at the expense of local communities and 
inviting a policy backlash as forestry is perceived as increasingly illegitimate.  
 
A successful bio-based economy should mean much more than further intensifying land use at the 
expense of natural environment and local societies. We are seeing natural forest being replaced in 
South east Asia to make room for oil palms, enormous areas of selva, pampa and cerrado in Latin 
America being converted to soy and cane growing, not to talk about “ecological beef“; in Africa, vast 
tracts of forests are leased to harvest biomass for Chine, while local farmers are evicted and no policies 
exist for stimulating small scale agriculture. There is an overt risk that expanding energy biomass 
growing will be just another step in a “neo-colonialist” process (cf. Wiener Bravo 2011; Kröger & 
Nylund 2012). 
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In recent years, forest use in Europe has been affected by many new, partly conflicting goals and 
developments. A restructuration of forest-industrial production has been taking place especially after 
2008.This development, following a similar trend starting in North America after 2001, has resulted in 
decrease of forest-industrial production in some countries. Forest use for other purposes, such as bioenergy, 
biodiversity, recreation, and carbon sequestration, has increased in many countries, partly as a result of 
different policies formulated by EU and nation states.  
 
So it is easy to find a lot of open questions concerning forest use in Europe. Will we see more or less forest 
use in the future? Will industrial forest use still dominate forest use or will other forms of forest use play a 
more important role? Which factors have the biggest influence on the development of these issues? How 
should policies be formulated to ensure a proper balance between different goals and interests?  
 
In this context, Finland is an interesting case. A restructuration of forest industry started almost a decade 
ago. As this sector still is rather important, many measures have been put through to advance renewal of the 
industry and forest use. Despite this, a substantial decrease of forest-industrial production has taken place. 
In this paper, a thorough analysis of these developments is made, as this possibly can produce insight about 
the conditions for renewal of forest use and policy. The purpose is to evaluate different explanations of the 
present situation and the process leading to it.  
 
In order to give a coherent picture of the setting, several closely related issues will be studied. The long-
term structure and character of the global forest industry will be touched upon. The operating environment 
of the forest industry has undergone substantial change since 1990s, which will be described. The main 
focus will be on how the Finnish forest industry, the Finnish state and other actors have interpreted the 
occurring challenges, what goals have been formulated and what measures have been implemented. A key 
question will be why the capacity for renewal of the Finnish forest sector has not been as good as expected 
and which factors might better it in the future. 
 
Capacity for renewal is a concept and an analytical frame developed by the German political scientist 
Martin Jänicke. It is try to evaluate the ability of countries, industrial and administrative sectors or 
companies to identify and solve economic, social and ecological questions in an orderly and sustainable 
way, also by using new solutions and changing structures. The concept has been further divided into 
strategic, innovative and consensual capacity, which also can be studied separately. (Jänicke 1990) 
 
Renewal of an actor struck by a crisis is an open-ended process influenced by many factors. The need to 
overcome the crisis and the will to formulate and strive towards new goals can be key drivers, produced by 
new economic or political circumstances. But typically renewal is also advanced by pressure originating 
from different sources: other countries, competing companies or sectors, consumers, media, civil society, or 
regulation. Also the extent to which new goals, solutions and interests are integrated in the renewal process 
can play a key role. 
 
Capacity for renewal is strongly affected by the history, mentality and economic base of the actor in case. 
Countries have different economic bases and strong sectors, and this in turn is reflected in strategic choices, 
economic policies and problem-solving traditions. Typically, it is possible to recognize rather stable patterns 
in how national business models function and clear variety between countries. 
 
When looking at Finland from these perspectives, it can be stated that Finland´s business model since long 
has been strongly built around the forest industry and a small number of key companies close to this field 
(including energy, metal, engineering and chemical industry). The country belongs to the most forested in 
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Europe and has a long history of large, relatively well-balanced and controlled forest use and management. 
Forest-industrial production grew big and very important for the national economy already in the 19th 
century. This meant that many measures to support the development of forest industry gradually were taken 
in use in many policy areas.  
 
Growth and modernization of the economy was the top priority especially after WW2, with somewhat less 
concern for social and ecological considerations. Still, the Finnish business model functioned pretty well 
until early 1990s without experiencing big structural problems or receiving strong criticism from inside. 
The model was accepted, because it produced a sufficient rate of growth, employment, revenue and 
renewal. 
 
But as a result of many coinciding factors, Finland and the forest sector experienced a severe crisis in early 
1990s and the national business model was questioned on many grounds. The forest sector had to face a lot 
of pressure from different sources: paper markets, consumers, ENGOs, citizens, and authorities. Because of 
this, a process of ecological modernization took place in the forest sector took during 1990s. The Finnish 
business model was also in some other respects reformulated to suit new challenges, such as globalization, 
membership in EU and EMU, and fast growth in new business segments, such as electronics. 
 
The Finnish state still kept its strategic role as a back-up for the key export sectors and companies. As the 
Finnish economy and the forest sector soon recovered, the crisis in the 1990s did not lead to radical 
changes, but as much to a strengthened belief in the model and the key sectors (forest, metal and 
electronics). This was supported by the fact that Finnish companies soon after 2000 were global market 
leaders in mobile phones (Nokia), printing paper (Stora Enso and UPM), forest industry machinery (Metso) 
and forest sector consultancy (Pöyry). The Finnish forest companies scaled up their international and 
domestic production, so the forest industry represented about one fourth of Finnish exports still in early 
2000s. 
 
When the forest industry in many Western countries started to face growing challenges after 2000, the 
general attitude of the Finnish actors was still rather confident. The most frequently expressed view has 
been that the Finnish forest industry and related activities have “everything it takes” to meet the 
challenges and take advantage of new opportunities.  
 
Since the first strong signs of an emerging restructuration of forest-industrial production occurred in 
Finland 2005-6, large activity has been taking place. The overall purpose has been to strengthen the 
competitiveness of forest-based production and to enhance its renewal. The amount of public debate, 
detailed studies, goal setting, and decision-making in many policy areas to support the process has 
been huge. Especially after 2008, the promising prospects offered by a global development towards bio 
economy have been frequently used as one of the strongest motives for action.  
 
The most important public measures and allocations have been made in policies concerning energy, 
climate, R&D, infrastructure and forest. The long term goal has been to double the value of the whole 
forest cluster until 2030. Half of that value should come from present products and the other half from 
new products, such as biofuels and bio chemicals. The official goal of national forest policy is to make 
the forest sector a responsible bio economy pioneer and to increase domestic forest use to 65-70 
million cubic meters/yr. Finland´s RES goal is 38%, with forest biomass in a key role.  
 
However, factual development in the forest sector has deviated from the goals these years. Forest-
industrial production has decreased one fourth after 2007. Most of it is permanent. Some new products 
are on the way to enter into commercial production, but their value share is still today only marginal. 
Contrary to many plans and expectations, no big bio refineries have been built. The first small biofuel 
production units will start up their production in 2014. The use of domestic industrial round wood has 
decreased to about 50 million cubic metres/yr (down from record levels of 60 million cubic metres 
2007). The only clearly positive numeric trends can be seen in increased use of wooden chips (mainly 
from logging residues) in bio energy production (from 3 to 8 million cubic metres/yr since 2007) and 
in the growing share of renewables in energy production. As the forest industry still is more important 
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in Finland than in any other European country, the loss of its export value, production and employment 
has had notable effects on the economy.  
 
The prospects for the next 5-10 years are not promising either. This view can be supported by a 
number of factors. The profitability of the Finnish forest industry has not been restored to satisfying 
levels despite many closures and measures by companies and the state. The situation of the still very 
important printing paper segment is poor. The forest companies have not been able to put clearly more 
resources on developing new products. To turn bio economy prospects into profitable and large 
production would require a lot of “patient” capital, which the forest industry has not been able to 
attract.  
 
Arguably, the single most worrying fact is that clear strategic moves away from troubled activities to 
more stable or promising ones have taken place neither in strategies of forest companies nor in 
different policies implemented by the state. Therefore, it is difficult to find any strong evidence 
showing that forest industry and forest-based activity in Finland would be in a clearly better position 
now in relation to the challenges and opportunities at hand. This would imply that decrease of 
production, employment and forest use will progress more strongly than renewal also during next 5-10 
years, if no intervening factors affect present trends.  
 
When analyzing the development of the Finnish forest sector, the explanatory strength of many 
different factors has off course to be considered. Renewal of a capital-intense industry such as the 
forest industry is typically a slow process. The global recession has worsened the situation of the forest 
industry globally. The structural change of media and advertisement (a rapid move from printed to 
electronic channels) has affected paper production strongly. But global demand for many other forest-
related products, such as pulp, packaging board, hygiene products, sawn timber, biofuels, recreation 
and tourism has continued to grow, so the overall situation for forest-based activities is far from bleak. 
When analyzing the interpretations and measures made by the Finnish forest sector actors and the state, 
it can be stated that the capacity to identify and react upon many key challenges has been far from 
sufficient. Accordingly, the strategies formulated and the measures implemented have been clearly 
more focused on securing the conditions of present strong actors than on advancing and integrating 
new goals, actors and interests. This is especially clear in policies concerning forest, energy and R&D, 
where the space and resources allocated for new actors still are very restricted.  
 
In the Finnish case, it is possible to talk about a ”crisis paradox”. The present structures of the forest 
sector have got bigger resources during the crisis – but no notable incentive or pressure to change. 
Therefore, strategies and policies officially focusing on enhancing change have reproduced status quo. 
The capacity for renewal has been weak also because the big forest companies have not been able or 
willing to contribute to it.  
 
However, renewal of forest-based activities and forest-related policies might progress more strongly in 
the future. This might happen, if other economic sectors show better ability to grow and grab new 
opportunities, present strong forest sector actors and interests further weaken, other sectors show good 
ability to develop new bio-based products and activities, pressure induced by market or society causes 
a reformulation of forest policy goals, other forest-related interests and actors grow more in 
importance, value, social esteem or if other forest-related interests, actors and disciplines get a stronger 
voice in policy formulation. 
 
Keywords: Forest use, forest industry, policy, bio economy, capacity for renewal 
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Mankind faces most likely the biggest change since the dawn of the human race. Mitigating climate 
change requires a structural shift to carbon neutral economies and reduced use of natural resources in 
the face of strongly increasing population. The task is to decouple economic growth from resource use 
and environmental impacts, especially from fossil fuels. The key means are to get rid of carbon by 
pricing it efficiently and developing high-tech based intelligent solutions for production. Here the ideas 
of bioeconomy enter the concept of green growth. Besides carbon price, bioeconomy is one of the key 
elements for smart green growth. Bioeconomy is a multifaceted term but it refers to the innovative use 
of biomass from forest, agriculture, and the sea for both production and consumption. Bioeconomy 
may foster economic growth and create jobs in rural, coastal and industrial areas. This presentation 
discusses at length the potential contribution of forests to smart green growth taking as the background 
the fact the traditional forest industry – especially the demand for many paper products – is subject to 
large change globally. The number of potential products from woods is huge and current knowledge 
provides guidance for sustainable management of forest resources. The composition and intensity of 
demand for timber will change along with innovations and it may possibly create new requirements for 
forest management. The short term challenges include clarifying the role of climate and bioenergy 
policies in forestry, improving relevant institutions and logistics of production chains and fostering 
forest-based research and development. 
 
Keywords: economic growth, innovation, forest biomass, climate and bioenergy policies 
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This abstract is modified and significantly shortened version of Hurmekoski & Hetemäki (2013). 

Introduction 

The concept of bioeconomy has gained popularity in the last decade. However, the interpretation of the 
concept may vary somewhat between different organizations. OECD (2009) highlights biotechnology 
and its contribution to economic welfare and competitiveness. On the other hand, the European 
Commission definition stresses grand socio-economic challenges, such as preventing the depletion of 
natural resources, reducing dependency on non-renewable resources, and mitigating climate change 
(EC 2012). The EC states that Europe needs to radically change its approach to production, 
consumption, and processing biological resources, in order to meet the increased demands of the 
growing global population and to maintain and improve Europe’s economic competitiveness. The US 
Government also incorporates both these objectives to its agenda. 
 
The forest-based sector is seen to be an integral part of bioeconomy. The concepts of the “forest-based 
sector” and the “forest-based bioeconomy” have already started to replace the conventional concept of 
the “forest sector”, reflecting the more diversified role of forests in satisfying the needs of the future 
society. Also, the forest industries in the mature Western markets are seeking to renew their businesses 
with novel forest-based products. High hopes are placed on the expectations related e.g. to the 
advancements in nanofiber, woodfiber composite, and biochemistry technologies and the new products 
that can be based on these (Clark et al. 2012, Hetemäki 2010). In addition, the renewable energy and 
climate policies are increasing the opportunities for forest biomass based bioenergy production. Also, 
following the megatrend of the 21st century, it is likely that there will be increasing demand for 
services related to forest-based products (e.g. Ali-Yrkkö et al. 2011, Baldwin 2012, Näyhä et al. 2014), 
forestry, and forests, but little research has been done on how this will affect the forest-based sector. 
Due to the above developments, the global forest sector is becoming more complex, cross-sectoral, and 
interlinked. As a result, major institutional and market-driven structural changes are likely to occur 
during the coming decades. With these changes, there is an increasing need to anticipate the possible 
future developments, and their implications. However, this task seems to grow ever more challenging 
due to the structural changes and complexities that induce such needs. Indeed, it appears that 
traditional forest sector outlook studies, such as those carried out by FAO (e.g., UNECE/FAO 2011), 
may not be able to fully capture these changes, and that complementary approaches would be needed 
in attempting to capture them. 
 
The purpose of this study is to present the case for updating and complementing the traditional forest 
sector outlook approaches with methods from an increasingly cited field of research, i.e. foresight. By 
doing this, we argue, the studies can better contribute to anticipating probable and alternative future 
developments, and provide strategic information to support the transition of the forest based sector to 
the bioeconomy. 

The mainstream of forest sector outlook studies 

The European Forest Sector Outlook Study (EFSOS II, see UNECE/FAO 2011) is the latest study in 
the well-known UNECE/FAO outlook series. It is different from the previous FAO outlook studies in 
that it also analyzed policy trade-offs by producing alternative scenarios with emphasis on different 
policies and forest uses. This kind of policy analysis and extensive outlook study that integrates 
different models and use also qualitative expert analysis can be seen to represent the state-of-the-art of 
the forest sector outlook approaches. However, typically long-term forest sector outlook studies have 
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focused on producing and evaluating long-term trends and projections for the sector, yielding 
conclusions on trade relationships between continents, and the future volume of demand for the main 
forest product groups. This restricts the topics of discussion to only the most conventional future 
developments, and gives less emphasis on the critical uncertainties related to long-term projections and 
new emerging products and services. The EFSOS II study is no exception in this sense, even though it 
depicts the consequences of different policy emphases.  
 
In the forest economics and policy literature, the reviews on outlook studies have been scarce, and they 
mainly have focused on methods (econometric and numerical simulation models), and not on the 
relevance and ability to inform of the long-term development (e.g. Buongiorno 1996, Solberg & 
Moiseyev 1997, Toppinen & Kuuluvainen 2010). Focusing only on certain methods may be a serious 
shortcoming, as the commonly applied approaches tend to largely overlook structural changes and new 
products and services for which no data is available. For example, the forest sector models and outlook 
studies did not, and could not, in the 1990s anticipate the structural changes in paper markets, the EU 
20-20-20 policies, or the impacts of forest based bioenergy to the forest sector. Today, these are all 
fundamental developments having large impacts on the present-day European and global forest sectors.  
The model-based forest sector outlook studies have for decades applied an econometric equation where 
the demand for a product is a function of the GDP, price, and lagged demand (see e.g. Kangas & 
Baudin 2003, Buongiorno et al. 2012). However, most of the prospective demand shifters discussed in 
the introduction are only partially or indirectly related to the GDP development (Hetemäki 2005, 
Hetemäki et al. 2013). Even if the models would consider structural changes by allowing the 
elasticities and other parameter assumptions to vary, the models themselves still operate tied to 
existing structures. For these reasons, projections subject to short-term demand shifters depicting the 
overall level of economic activity, such as GDP forecasts, are ever less likely alone to meet the need 
for diverse information for decision-making in the increasingly complex operating environment.  
With the long-term prospects of the operational environment of the forest sector largely differing from 
what it has been for the past decades, there is a need for developing outlook approaches that are 
capable of assessing the prospective structural changes better than previously. In the following, we 
shortly review foresight approaches that might be able to contribute to these research problems in a 
more diverse manner. 

Foresight tools for studying the structural changes of the forest-based sector 

Foresight thinking has been present in the forest sector in many high-level decision-making processes, 
for example in vision building and goal setting, strategy formulation, technology platforms, and policy-
making (e.g. bioeconomy rhetoric, the foresight work of private enterprises, Forest-Based Technology 
Platform, and Forest Europe and EU Forestry Strategy processes). However, in forest economics 
journals, references to the established academic and methodological foresight literature have remained 
scarce. 
 
There is a fundamental dilemma related to all future-oriented research: how can the future be studied, 
if it does not exist? According to Bell (2003), one of the authorities in the field, foresight incorporates 
discovering, evaluating, and proposing possible, probable and preferable futures. As no method can 
yield reliable information of the future in the strict sense, the value of foresight, and indeed any future 
assessment, has to be assessed through their usefulness in facilitating decision-making, i.e. through 
their ability to provide tools for strategic thinking. 
 
Although it is somewhat open if foresight can be regarded as a science (Niiniluoto 2001), it 
specifically aims at scientific approaches, referring to the systematic and unbiased approach to 
handling data and interpreting results. It is critical to note that due to the ultimate aim of having an 
influence on the future, foresight also entails an explicit normative approach, which is not usually a 
part of scientific research. This does not mean that researchers would have the authority or obligation 
to define normative goals, but rather that they can study the normative goals set by decision makers or 
stakeholders. Policy-makers have been elected to define the goals for the society and stakeholders set 
their goals for the future based on their own interests. Given these normative objectives, it is then 
possible for the researchers to assess how these developments could be achieved, or analyze their 
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consequences on the markets. The procedure could be similar to performing ‘what if’-type of policy 
analysis on certain policy goals with traditional forest sector models. 
 
In the foresight literature, there has been discussion on the validity and selection of methods for long-
term future-oriented research (e.g. Voros 2003, Keenan & Popper 2007, Popper et al. 2007, Popper 
2008a, 2008b, Glenn 2009, Roney 2010, Smith & Saritas 2011, For-learn 2013). In general, methods 
emphasising data and evidence, creative thinking, expert analysis, and stakeholder participation would 
be best combined to form a comprehensive analysis framework (see e.g. Popper 2008b).  
 
A number of foresight methods allow tracking changes in the operating environment systematically 
and thus producing diverse background information for strategic decision-making. For example, agent-
based modelling (e.g. Ligtvoet & Chappin 2012) allows exploring alternative futures while not being 
necessarily tied to past structures. Also, the International Futures model (Hughes & Hillebrand 2006) 
type of approach would allow exploring several changes in the operational environment 
simultaneously through a fully integrated, heavily data-based global modelling framework. On the 
normative side, a backwards scenario technique widely used in the energy sector, i.e. backcasting, aims 
to set goals for the future and to determine the required steps to achieve them (For-learn 2013). 
Together these or other foresight methods could help to bridge the gap between normative vision 
statements and exploratory outlook studies, possibly contributing for more informed decision-making 
in the face of structural changes and ambitious targets laid under the concept of bioeconomy. 
 
Despite the long traditions of forest sector outlook studies and a mounting body of scientific literature 
in the field of foresight, there is no clear distinction between “forest sector outlook approaches” and 
“foresight approaches”. Very few specific methods are exclusive to foresight research (with the 
exceptions of e.g. Delphi survey and backcasting, see e.g. Glenn 2009). The term foresight could 
simply refer to discussing and paying special attention to the validity of methods for long-term future 
assessments, i.e. such approaches that are systematic and explicitly recognize and allow for the 
possibility of structural changes, and uncertainties and limitations of long-term projections. 
 
Forest sector models have value among other things in abstracting the complex operational 
environment into few key economic relationships. However, their shortcoming is that they tend to hold 
too many factors fixed in making long-term future assessments, and therefore missing important 
information for the decision makers. Therefore, it might be beneficial to combine these two lines of 
research, instead of treating them as separate topics of interest. In practice, one could for example first 
formulate scenarios of possible future directions of the operational environment with methods ranging 
from agent-based modelling (see e.g. Kostadinov et al. 2013) to participative foresight panels (see e.g. 
UNEP 2012), and then assessing the consequences of these scenarios into forest products markets with 
the help of forest sector models (see e.g. Toppinen & Kuuluvainen 2010, Latta et al. 2013). 

Conclusions 

Typically, in producing long-term future scenarios, the forest sector outlook studies have yielded either 
normative vision statements or model-based explorative projections (see e.g. FTP 2012 and 
UNECE/FAO 2011, respectively). The link between the two approaches has remained weak. Even the 
state-of-the-art policy trade-off scenarios of UNECE/FAO (2011) depict rather conventional 
development paths, ignoring the emerging complexities and structural changes of the forest-based 
sector. On the other hand, the studies focused mainly on providing visions have generally not 
considered what should be done or what should happen in order to achieve them (see e.g. CEI-Bois 
2004, CEPI 2011, FTP 2012). From these studies, it is difficult to identify important actors and drivers 
for assessing and improving the contribution of the forest-based sector to the bioeconomy. 
 
Major structural changes are emerging, owing to for example declining communication paper 
consumption in OECD countries, heightened climate and energy issues on the policy agendas, the 
renewal of the forest industry businesses (ne w bioeconomy), the changing competitive advantages in 
global economy, and the increasing role of services. Given this, it is not enough, and can be even 
detrimental to restrict studies to only produce projections based mainly on exogenous GDP forecasts. 
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Instead, there is a need for additional and wider assessments of the bioeconomy development, 
reflecting also the structures and qualities of economy, not just the growth rate. 
 
Two clear conclusions follow. First, long-term outlook studies would need to account for the emerging 
and prospective structural changes to better contribute to strategic thinking and decision-making. 
Second, foresight approach and methods could be useful for systematically tracking potential changes, 
taking account of the emerging complexities of the forest-based sector, and challenging conventional 
ways of thinking. While it is important for decision-making to make business-as-usual assessments tied 
to current structures, informative long-term outlook analysis generally requires one to focus also on the 
possible deviations from those historical trends. 
 
Keywords: bioeconomy, foresight, outlook, structural change 
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In a few decades climate change may pose serious threats to society and urgent measures are required 
to face this challenge (World Wildlife Fund, 2011). In this respect, within the European Union, 
particular support has been given to renewable energy sources which, with respect to fossil fuels, may 
significantly contribute to lower greenhouse gas (hereafter, GHG) emissions.1 Among renewables, 
biomass, mainly represented by forest wood, plays a prominent role in Scandinavian countries like 
Sweden and Finland (Eriksson et al., 2004).  
 
In Sweden, bioenergy covers 18% of the energy supply (Aronsson et al., 2008). After the oil crisis of 
the 1970s, research was conducted in order to adopt short rotation coppice (hereafter, SRC) forests for 
the production of energy (Mola-Yudego and Gonzalez-Olabarria, 2010). As a result of this research 
effort, new varieties of SRC forests with higher yields and improved resistance against frost and fungal 
attacks were introduced. Of the various tree varieties, willow (Salix), due also to its ability to resprout 
after multiple harvests, has proved to be particularly rewarding in terms of yield (Buonocore, 2011).2 
Between 1991 and 1996 willow plantations increased significantly by 2,000 new hectares per year, 
reaching a total surface of about 16,000 ha. Three main factors contributed to this expansion. Firstly, 
the generous subsidies paid by the government,3 secondly, the presence in Sweden of a well-developed 
system of district heat and power plants (hereafter, DHP) needing biomass as input4 and thirdly, 
environmental taxes on sulphur and CO2 emissions and energy taxes on fossil fuels which favoured 
tax exempt fuels such as biomass5 (Rosenqvist et al., 2000; Johnsson et al. 2002). However, in 1996, 
after joining the European Union, the Swedish government decreased the subsidies granted to farmers 
investing in willow.6 Lower subsidies, together with more volatile grain prices, had a negative impact 
on the establishment of new stands which reduced to only 500 new hectares per year. As a result, in the 
last 15 years the surface covered by willow has decreased reaching 12,500 ha in 2009 (Dimitrou et al., 
2011; Rosenqvist et al., 2013).  
 
Considering the importance that energy forestry may have in order to meet GHG reduction targets, it 
becomes crucial for the design of appropriate policies to understand what factors are driving the 
farmer's decision to afforest agricultural land. In this paper we view the farmer as holding an option to 
switch from traditional farming to energy forestry and frame the decision problem using option theory 
(see Dixit and Pindyck, 1994). Our approach allows us to properly account for specific features 
characterizing willow forestry, namely high sunk establishment costs, long-term commitment and 
highly uncertain net returns. We assume known and constant net revenues from forestry while we let 
agricultural net revenues follow a geometric Brownian motion. We determine the optimal timing for 
establishing new willow stands and then study the impact that government subsidies may have as a 
stimulus for this initiative.  
 
Our paper belongs to the stream of contributions applying option theory in agricultural and forest 
economics. These applications include land set-aside (Isik and Yang, 2004), land-use change (Song et 
al., 2011; Musshoff, 2012), optimal harvesting problems (Clarke and Reed, 1989), old-growth forest 
conservation (Reed, 1993), and investment in afforestation (Thorsen, 1999).  
 
The closest paper to ours is Musshoff (2012) where the author investigates conversion of set-aside land 
to short rotation coppice and suggests government measures to stimulate it. We depart from this 
contribution by developing a conceptual model where we also consider the impact of traditional 
agricultural return as investment opportunity cost. The model is then applied to assess the profitability 
of investing in SRC willow plantations in central-east Sweden. In this respect, we contribute by 
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providing a real option analysis of specific investment decisions which have, to the best of our 
knowledge, been investigated only under a standard net present value (hereafter, NPV) approach (see 
e.g. Rosenqvist and Ness, 2004; Ericsson et al., 2009).  
 
Our results show that considering current subsidy level and net revenues from energy forestry and 
agriculture, the establishment of new willow stands is not attractive for farmers. However, the picture 
drastically changes if we account for the possibility of compensating farmers for the provision of 
services such as the treatment of the municipal sewage sludge. This is due to the fact that the above 
possibility entails two benefits for the farmer. First, the monetary compensation for the service 
provided and second the savings on the purchase of fertilizers which are excellently substituted by the 
sewage sludge obtained at no cost (Börjesson, 1999; Buonocore et al., 2011). These results suggest that 
there is room for improving the design of energy programs targeting the establishment of perennial 
energy crops. In fact, since plantations in the proximity of municipalities may be privately profitable 
even in the absence of subsidies, then potential savings could be used in order to provide additional 
support to farmers contemplating investment in energy forestry on lands where, due to their location, 
returns are limited to the biomass price paid by DHP plants and transport costs may further reduce the 
investment profitability. 
 
Keywords: Real Options, Investment Analysis, Short-rotation Willow Coppice, Bioenergy Policy. 
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Footnotes 

1 The European Parliament and Council introduced under Directive 2001/77/EC a system of feed-in 
tariffs, green certificates, tendering procedures and tax incentives to support the investments in 
renewable energies within the member states (EC, 2001).  
 
2 The establishment of a willow stand requires a long-term investment usually having a 20-25 year 
economic lifespan with harvests undertaken every 3-4 years (Mola-Yudego and Pelkonen, 2008, 
Lantmännen Agroenergi, 2008).  
 
3 Subsidies covered almost the entire establishment costs of the plantation (Rosenqvist et al., 2000). 
Every farmer willing to invest in a willow forestry project was in fact entitled to a SEK 10,000 subsidy 
and could also apply for grants covering fencing costs (Helby et al. 2006).  
 
4 In Sweden, willow plantations are usually located in the proximity of DHP plants (see Mola-Yudego 
and Gonzalez-Olabarria, 2010). Every winter 2500 ha of SRC willow are harvested to provide biomass 
to about 25 DHP plants in central and southern Sweden (Lantmännen Agroenergi, 2008). Sales are 
based on a bilateral agreement between the farmer and the local DHP plant. On the basis of such 
agreement, the DHP plant must buy the harvested willow at the current market price and the farmer is 
expected to sell the harvest to the plant. The presence of contractual agreements helps the farmer to 
reduce the uncertainties and risks associated with willow cultivation and secure the continuous and 
certain provision of a basic input factor for the production of energy (see Borjesson and Berndes, 
2006).  
 
5 It is also worth highlighting that the introduction of green certificates in 2003 has significantly 
supported the demand for biofuels for energy production (Gohl, 2007).  
 
6 According to the prescriptions of the Swedish Board of Agriculture, farmers investing in the 
establishment of perennial energy crops are entitled to subsidies covering 40% of the establishment 
costs up to a maximum of SEK 5,000 per hectare (Jordbruksverks, 2011). These provisions are based 
on EU directives, EC 1698/2005 and EC 1974/2006, for the support of rural development. See also 
Regeringskansliet (2010). 
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