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Abstract 

To increase the sustainability of economic processes 

and products as well as the use of sustainable re-

source inputs, a transition is required from the hither-

to predominantly fossil resource-based “throughput 

economy” towards a circular flow economy based on 

renewable resources, the so-called bioeconomy. This 

paper considers the transition challenge from the 

perspective of dynamic theories on lock-in effects and 

lock-out options. Within this framework, a successful 

transition requires a twofold equilibrium: the econom-

ic sustainability equilibrium and a corresponding 

political equilibrium providing the corresponding 

transition policies. Based on the positive analysis of 

both current bioeconomy policies and policy demand 

by bioeconomy actors in Germany, this paper devel-

ops recommendations on how a political equilibrium 

may be achieved which favors a sustainability-

oriented transformation to a bioeconomy. One means 

of doing so, for example, is to combine a gradual de-

velopment of existing policies with efforts to identify 

and support innovative niche products and processes. 

Key Words 
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Zusammenfassung 

Zur Erhöhung der Nachhaltigkeit ökonomischer Pro-

zesse und Produkte sowie der Nutzung nachhaltiger 

Produktionsinputs bedarf es einer Transformation von 

der derzeitigen fossilen „Durchflussökonomie“ hin zu 

einer Kreislaufwirtschaft basierend auf erneuerbaren 

Ressourcen, der sogenannten Bioökonomie. Das vor-

liegende Papier betrachtet die Transformationsher-

ausforderung aus Sicht dynamischer Theorien zu 

Lock-in-Problemen und Lock-out-Optionen unter 

Hinzuziehung von Ansätzen zum institutionellen Wan-

del und Innovationssystemen. Es wird gezeigt, dass 

zur Transformation ein doppeltes Gleichgewicht vor-

liegen muss: ein ökonomisches Nachhaltigkeitsgleich-

gewicht auf abweichendem Entwicklungspfad und ein 

politisches Gleichgewicht, das die dazu nötigen Trans-

formationspolitiken bereitstellt. Basierend auf der 

positiven Analyse des gegenwärtigen Angebots an 

„Bioökonomie-Politiken“ und der Nachfrage danach 

durch relevante Bioökonomie-Akteure in Deutschland 

werden in diesem Papier Vorschläge ausgearbeitet, 

wie auch politisch ein neues Gleichgewicht zugunsten 

von Transformationspolitiken erreicht werden kann, 

etwa durch graduelle Entwicklung bereits bestehender 

Politiken sowie die Identifizierung und Förderung 

innovativer Nischenprodukte und -prozesse. 

Schlüsselwörter 

Bioökonomie; Holz; Neue Politische Ökonomie; In-

strumente; multiple Gleichgewichte; Pfadabhängig-

keiten; Deutschland 

1  Introduction 

Improving the overall sustainability of the economy’s 

supply of goods and services requires a fundamental 

structural change from the hitherto predominant 

“throughput economy” based on non-renewable fossil 

resources towards a circular flow economy based on 

renewable resources. The concept of a bio-based 

economy (bioeconomy) is widely considered to fit this 
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new path (RICHARDSON, 2012; STAFFAS et al., 2013; 

BMEL, 2014a). Bioeconomy is defined as the 

knowledge-based “production of renewable biological 

resources and the conversion of these resources and 

waste streams into value added products, such as food, 

feed, bio-based products and bioenergy” (EC, 2012: 

3). From a dynamic modelling perspective, such a 

transition towards a sustainable bioeconomy may be 

interpreted as a switch from a fossil-based to a bioe-

conomy-based equilibrium. However, this path transi-

tion is inhibited by several market failures: i) envi-

ronmental externalities that derive from the use of 

fossil raw materials that are insufficiently internalized 

by climate policy and environmental policy (JENKINS, 

2014; LAHL, 2014: 61), ii) knowledge spillovers aris-

ing partly from innovation activities but also from 

processes of “learning by doing” when applying tech-

nologies, thus leading to underinvestment in innova-

tion and societal learning (FISCHER and NEWELL, 

2008; JAFFE et al., 2005), and iii) technological as 

well as institutional path dependencies which lead to a 

lock-in into current fossil resource-based structures of 

production (UNRUH, 2000; 2002). 

Due to these path dependencies, market forces 

are insufficient on their own to create a path transition 

(see PANNICKE et al., 2015 for a more detailed discus-

sion). For example, an economy can be locked into a 

fossil equilibrium, widely referred to using the term 

“carbon lock-in” (UNRUH, 2000; 2002). The question, 

then, is whether an explicit “bioeconomy policy” can 

break such a lock-in and, if so, how. Market failures 

can be tackled by introducing a comprehensive policy 

mix aimed at initiating a path transition and support-

ing the creation of an effective innovation system. 

Such a transition will inevitably be affected by the 

various competing interests of political stakeholders 

(politicians, producers, consumers and voters), which 

would need to be dealt with in political arenas (“poli-

cy markets”), and by potential government failures 

such as information deficits concerning the potential 

impacts of regulations. In this context the question is 

which actors have which interests in this transition, 

and how these different interests, articulated in the 

“policy markets” for bioeconomy policies, can be 

coordinated. 

Currently there is no “bioeconomy policy”, either 

in Europe or in Germany, for creating a real path tran-

sition towards a bio-based economy. Such a policy 

concept would be clearly defined and based on transi-

tion objectives and a set of instruments for transition 

management. Instead, the current bioeconomy policy 

is largely based on policy strategy papers as well as 

research and development (R&D) support for pilot 

projects such as the German Excellence Cluster “Bio-

Economy”. At the national level, Germany has a “Na-

tional Policy Strategy on Bioeconomy” (BMEL, 

2014a), an “Action Plan of the Federal Government 

for the Material Use of Renewable Resources” 

(BMELV, 2009), a “National Biomass Action Plan” 

(BMELV/BMU, 2010), a “National Research Strate-

gy: Bioeconomy 2030” (BMBF, 2010) and a “Charta 

for Timber” (BMVEL, 2004). Similarly, at the EU 

level the bioeconomy is addressed by the European 

Union bioeconomy strategy “Innovating for Sustaina-

ble Growth: A Bioeconomy for Europe”, which con-

tributes significantly to the objectives defined in the 

Europe 2020 flagship initiatives "Innovation Union" 

and "A Resource Efficient Europe" (EC, 2012). 

The focus of this paper is on woody biomass be-

cause interest in non-food feedstocks has increased 

within the last few years. Not least due to sustainabil-

ity issues such as the food vs. fuel debate (CARUS and 

DAMMER, 2013), the focus of bioeconomy-based 

feedstocks has been expanded to include lignocellulo-

sic raw materials and especially wood (KAJASTE, 

2014; LIMAYEM and RICKE, 2012). For instance, the 

German Excellence Cluster “BioEconomy” specializ-

es in the comprehensive processing of lignocellulosic 

materials, especially beech wood (BMEL, 2014a: 65). 

While the conventional use of wood materials (paper, 

furniture etc.) is predominantly market driven and 

well established, supply and demand for innovative 

wood products and wood-based uses still remains low 

despite political strategies that seek to encourage inno-

vations and their entry into the market. Although  

bioenergy use is also part of the bioeconomy (see 

BIOÖKONOMIERAT, 2012), our focus here is on poli-

cies that promote material rather than energetic uses of 

wood because, compared to bioenergy policies, they 

have received less scholarly attention to date (excep-

tions are for example MCCORMICK and KAUTTO, 2013, 

or STAFFAS et al., 2013). For wide-ranging overviews 

of the challenges arising in the bioenergy policy con-

text, see SRU, 2007; WBA, 2007; WBGU, 2008. 

Utilizing insights from the theory of institutional 

change and the innovation systems approach, we ex-

amine what elements an “economically rational bioe-

conomy policy” would need to comprise. Based addi-

tionally on a public choice analysis of actors and their 

interests, we then focus on two research questions: 

i) what are the political system requirements needed to 

initiate a paradigm shift? and ii) can the political sys-
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tem provide appropriate transition and innovation 

policies, i.e. is the initiation of a genuine path transi-

tion even politico-economically feasible? In order to 

answer these research questions we take a case study 

approach, as this allows us to gain structural insights 

into the potential barriers and drivers of transition 

policies which are also linked to European policies 

aimed at promoting the bioeconomy. Germany is tak-

en as an example because of the prominent role the 

bioeconomy has in R&D as well as in political strate-

gies. Given that the groups of actors – and therefore 

the drivers and barriers – involved can be expected to 

be similar in other EU and OECD member states, we 

expect our results to be transferable accordingly.  

The paper is structured as follows: first, we out-

line what we call the wood-based bioeconomy poli-

cies that are part of a transition approach (Section 2). 

Then we discuss the particular relevance as well as the 

technological and socio-economic potential of a 

wood-based bioeconomy, illustrating its potential to 

support a sustainable path transition (Section 3). Sec-

tion 4 introduces dynamic theories on lock-in chal-

lenges and lock-out options. Section 5 outlines the 

political requirements needed to overcome these lock-

in challenges and provides recommendations for a 

path transition policy approach. Against this back-

ground, in Section 6 we discuss whether the German 

political system might be able to deliver appropriate 

policies to initiate a path transition and create a more 

sustainable equilibrium. Section 7 concludes the paper 

by summarizing its findings. 

2  Defining Wood-based  
Bioeconomy Policies 

Policies aimed at fostering a wood-based bioeconomy 

are quite complex and therefore need to be carefully 

defined first. There is no official term of “bioeconomy 

policy” or “bioeconomy law” in the EU and Germany 

(cf. LUDWIG et al., 2015a). Therefore, we differentiate 

between policies that focus on 1) direct support for the 

bioeconomy resource base (relating to wood), 2) di-

rect support for wood-based processes and products, 

and 3) the reduction of fossil resource use. In this way 

our analysis focuses on policies with both a direct and 

indirect impact on the wood-based bioeconomy (Fig-

ure 1): 

1. Direct policies deal with bio-based raw materials, 

processes and products, either by supporting their 

supply (for instance by providing funding for in-

novation efforts) or by creating a direct demand 

pull (cf. GRUBLER et al., 2012; FOXON et al., 

2005). Bio-based products may be new innova-

tive products or substitutes for existing fossil-

based products. 

2. Indirect policies deal with fossil resources, prod-

ucts and waste, with the aim of reducing overall 

fossil resource use. This may create an indirect 

demand pull for bio-based processes, products 

and resources that can act as substitutes for fossil-

based ones. 

Two further differentiations seem useful with regard 

to “direct” bioeconomy policies that address the bio-

Figure 1.  Three pillars of wood-based bioeconomy policies 

 
Source: authors 
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based value chain (resources and products): (1) quantity-

oriented approaches which expand conventional uses 

beyond the current lock-in equilibrium vs. quality/ 

innovation-oriented approaches targeted at new resource 

harvesting methods or products, and (2) general re-

source substitution policies vs. bioeconomy policies 

with explicit sustainability guidelines (blue shading in 

Figure 1). 

3  The Bioeconomy Path:  
Is there Potential for a Sustain-
able Wood-based Bioeconomy 
in Germany? 

To frame bioeconomy policies as an approach for a 

path-transition towards greater overall sustainability is 

to presuppose that the bioeconomy represents a more 

sustainable path of socio-economic development than 

the one we are currently on. Viewed over the long 

term, Germany possesses considerable technological 

and socio-economic potential for creating a wood-

based bioeconomy (Section 3.1). However, sustaina-

bility is not a self-evident outcome from an increased 

utilization of wood (Section 3.2), so it is necessary to 

consider concerns over any negative sustainability 

impacts. 

3.1  Potential for a Wood-based  
Bioeconomy in Germany 

First, we need to examine whether there is any signifi-

cant technological potential for substituting fossil 

resources for wood – over and above existing applica-

tions – in order to improve the long-term sustainabil-

ity of economic processes. Alongside energetic and 

structural applications, the substances recoverable 

from wood (i.e. cellulose, hemicellulose and lignin) 

can be used for material applications (FNR, 2014: 

51f.). Besides the conventional use of wood in the 

building and woodworking industry, cellulose is tradi-

tionally used to make paper and pulp as well as regen-

erated cellulosic fibres such as viscose for clothes or 

cellophane for food packaging (KLEMM et al., 2005). 

As a by-product of the pulp and paper industry, lignin 

is traditionally used for energy applications (KAMM et 

al., 2006) and as an admixture (GRUBER, 2004). In 

terms of the energetic applications of wood, the heat-

ing sector is traditionally dominant (MANTAU, 2012: 

42). In 2014, heat produced from solid bioenergy car-

riers accounted for 63.9 % of final energy consump-

tion from renewables in the heating sector (covering 

6.3 % of total final heat consumption) (cf. BMWI and 

AGEE-STAT, 2015). In addition to heat production, 

woody biomass and other types of solid biomass con-

tribute significantly towards generating renewable 

electricity. Electricity produced from solid bioenergy 

carriers amounted to 7.4 % of gross renewable elec-

tricity production in 2014 (covering 2.1 % of total 

gross electricity consumption) (ibid.). 

Innovative structural applications of wood in-

clude the use of shaped wood in cars (WEHSENER et 

al., 2014: 100; LETTAU-TISCHEL, 2012: 12) and in 

products where wood shavings are used as an admix-

ture to the material matrix, as in wood-plastic compo-

sites (WPC) and concrete (KRIPPNER, 2004; HOMAMI 

et al., 2013). New cellulose applications are based on 

the production of chemicals that can be processed 

further either to become substitutes for fossil-based 

equivalents such as Bio-PET or to become new bio-

plastics (ENDRES and SIEBERT-RATHS, 2009). 

Lignin is predicted to have significant future 

technological potential as a feedstock in the produc-

tion of aromatic chemicals for instance (KAMM et al., 

2006; BOZELL et al., 2007), due in part to optimized 

techniques of biomass conversion such as organosolv 

pulping, which enable a cleaner separation of sub-

stances (PEUKER et al., 2012). The socio-economic 

potential for lignin, however, is not that easy to de-

termine, as it depends on both competitiveness and 

consumer acceptance. Many biorefinery processes are 

not competitive yet, with successful commercializa-

tion depending on the development of high-value co-

products from lignin and hemicelluloses (CHENG and 

WANG, 2013). Additionally, acceptance of these new 

products is a prerequisite for commercial success. 

Bio-based substitutes have to be integrated into exist-

ing markets, where equivalent fossil-based products 

are well established (WYMAN and GOODMAN, 1993). 

If sustainable production of wood can be guaranteed, 

its utilization promises several sustainability-related 

advantages: 

1. The use of renewable resources reduces the re-

quired amount of material made from non-

renewable resources. 

2. This in turn can have a positive effect on the 

climate, because wood-based products tend to be 

produced with significantly lower greenhouse gas 

emissions than fossil resource substitutes, and 

products act as temporary carbon sinks (CHENG 

and WANG, 2013: 348; BMEL, 2014a). 

3. The use and admixture of wood reduces the densi-

ty and therefore the total weight of materials 
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(such as concrete) and products (KRIPPNER, 2004: 

19f.). This enhances transport efficiency while re-

ducing fuel consumption and CO2-emissions 

(KARUS and KAUP, 2001). 

4. Resource efficiency can be increased by more 

fully exploiting resources using innovative tech-

nologies and applications (CHENG and WANG, 

2013). 

5. In some cases, the quality parameters of products 

can be improved, such as lignin-based bonding 

agents in chipboards that may be less volatile 

(GRUBER, 2004). 

6. Sustainability can be improved when products 

are manufactured in a recycling-friendly way,  

for instance by using environmentally friendly 

glues and implementing cascade use concepts 

(GÄRTNER et al., 2013: 18). 

The decreasing availability of fossil resources should 

enhance the relevance of wood as a regenerative 

chemical raw material and energy source (BMVEL, 

2004). However, investments in innovative applica-

tions are associated with knowledge spillovers as 

positive externalities, whereas the environmental ben-

efits of wood use are not fully reflected in market 

prices (see Section 1). Also, lock-in effects imply that, 

without political support, a path transition may occur 

later than is socially optimal (see Section 4). 

3.2 The Role of Sustainability Risks 

Even if the use of wood can enhance long-term eco-

nomic sustainability, there are also sustainability risks 

when fossil resource inputs are substituted for wood. 

These arise from several conflicts between competing 

claims on limited resources, as explained in the fol-

lowing:  

1. Land use conflicts: Forests and plantations com-

pete with other land uses such as agricultural 

production and infrastructure. Almost one third 

of Germany is covered with forests and nearly 

60% of the wood used in Germany comes from 

forests. About 40 % is comprised of miscellane-

ous wood raw materials, such as materials from 

landscape conservation, industrial wood residues 

and waste wood (MANTAU, 2012). Currently 

short rotation coppices do not account for any 

significant share (BMEL, 2014c; MANTAU, 2012) 

and the mobilization of private forests for bioe-

conomy  purposes remains quite low (LUDWIG et 

al., 2014). Annual timber growth in Germany is 

about 121.6 million m
3
, 75.7 million m

3
 of which 

were used in 2014 (BMEL, 2014c). Wood pro-

duction is located throughout Germany, though 

mainly in the south (Bavaria and Baden-

Wuerttemberg) as well as in Hesse, Lower Saxo-

ny and Brandenburg (BMEL, 2015). The ongoing 

rise in demand for wood is expected to cause 

wood imports to increase (cf. MANTAU, 2012), 

even though the domestic wood supply could be 

intensified in a sustainable manner, for instance 

by planting short rotation coppices (cf. STROHM 

et al., 2012). Given that the economic utilization 

of natural resources from a given forested area 

competes with ecological and social requirements 

such as nature conservation and local recreation 

and leisure, German forestry management is 

committed to ensuring the multifunctional use of 

forests (ENDRES, 2014). However, the potential 

negative economic, ecological and social impacts 

of intensified biomass use have also to be consid-

ered, especially in relation to imports from coun-

tries with low sustainability standards (see for in-

stance LEWANDOWSKI and FAAIJ, 2006; STUPAK 

et al., 2007; FOLEY, 2005; PANNICKE et al., 

2015). More than 80% of raw wood imported to 

Germany comes from the EU, mainly from east-

ern and northern Europe as well as from France 

and Austria (BMEL, 2015: 29f.). However, wood 

from eastern Europe is sometimes suspected of 

coming from illegal logging (WWF, 2008: 50). 

2. Allocation conflicts: Various applications com-

pete for wood at the processing stage. Its energet-

ic use has grown rapidly within the last 15 years 

whereas material applications have increased on-

ly slightly (MANTAU, 2012). Increasing efforts 

are underway to facilitate the use of lignocellulo-

sic residues and waste such as straw, pits and par-

ings in order to tackle this competing demand for 

feedstocks (BMEL, 2014a). 

3. Processing route conflicts: several different pro-

cedures and technologies compete within the dif-

ferent processing routes and can differ in their 

environmental impacts. For instance, old produc-

tion processes for vanillin and viscose are associ-

ated with environmental pollution (HOCKING, 

1997; KLEMM et al., 2005). New processes have 

been developed to reduce negative environmental 

impacts (KLEMM et al., 2005). 

4. Product conflicts: new wood products are in di-

rect competition with conventional products 

whose compliance with health and safety stand-

ards has been proven. Because some wood prod-

ucts and regenerated fibres are easily flammable, 
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additional safety requirements need to be estab-

lished and met (BYCHKOVA and PANOVA, 2014).  

Just as the material utilization of wood is not sustain-

able per se, the increasing use of renewable resources 

for energetic applications in Europe raises significant 

sustainability concerns (EKARDT et al., 2009; ISER-

MEYER and ZIMMER, 2006). These include the compe-

tition for land with food and feed production (HAR-

VEY and PILGRIM, 2011), indirect land use changes 

(GAWEL and LUDWIG, 2011), and the overexploitation 

of natural resources (RICHARDSON, 2012: 293; SHEP-

PARD et al., 2011). Certain sustainability standards 

and minimum requirements exist but these do not 

cover all renewable resources and uses (SCARLAT and 

DALLEMAND, 2011). A level playing field for the 

various utilization paths of renewable resources  

would require an extension of minimum sustainability 

requirements to other resources and applications  

(CARUS et al., 2011; LAHL, 2014: 62). Given these 

sustainability risks, a transition to a circular flow 

economy needs to be complemented by alternative 

technologies which can reduce the pressure on bio-

mass as an energy and material source. Such technol-

ogies may include Power to Gas and Power to Liquid, 

which derive hydrogen, methane and liquid hydrocar-

bons from water, CO2 and surplus energy and which 

can be used, for instance, in fuel cells and in the 

chemical industry (cf. GAHLEITNER, 2013). Addition-

ally, however, the possibility of carbon leakage – that 

is, an increase of emissions in other countries result-

ing from domestic bioeconomy policies – must be 

taken into consideration so as to ensure actual climate 

benefits (cf. MOISEYEV et al., 2014). 

4 Lock-in Effects and Institutional 
Change – a Dynamic Model for 
Transition Policies 

If the fossil-based economy is characterized by path 

dependencies and positive feedback effects, a non-

linear switch needs to be triggered from the fossil 

equilibrium to a sustainable bio-economy equilibrium. 

The literature already contains various non-linear 

transition models such as for communication networks 

(ROHLFS, 1974) or agroecosystems (PERRINGS and 

STERN, 2000). What all these “critical mass models 

involve is some activity that is self-sustaining once the 

measure of that activity passes a certain minimum 

level” (SCHELLING, 1978: 95). In the following, we 

will look at one particular model for the renewable 

energy sector which simultaneously captures the im-

portant characteristics of the bioeconomy case consid-

ered in this paper. 

SCHMIDT and MARSCHINSKI (2009) modelled the 

transition from a fossil energy sector to a renewable 

energy sector. The crucial feature of their model is the 

possibility of multiple equilibria combined with a 

coordination problem in selecting the optimal equilib-

rium. While a social planner would select the high-

renewables equilibrium for the near future, the pure 

market solution without policy intervention gives  

rise to market failure in that market participants  

fall back to the low-renewables equilibrium: they fail 

collectively to bring about the high-renewables equi-

librium. 

We can frame the transition to a bioeconomy in 

terms of this dynamic model. That is, we select the most 

important elements of SCHMIDT and MARSCHINSKI’s 

(2009) model for illustrative purposes, re-labelling 

them according to the bioeconomy case. Our modified 

model is based on the following assumptions (among 

others): 

1. It is a two-good economy composed of fossil fuel 

products and bioeconomy products; 

2. The output of bioeconomy products K depends 

on the prevailing knowledge base a which, in 

turn, depends on investments in R&D r; 

3. The cost function for K is linear if K is small 

(constant returns to scale); it is concave if K rises 

above the level where R&D becomes profitable 

because all units K benefit from R&D (increasing 

returns to scale); 

4. The inverse demand curve for bioeconomy prod-

ucts is defined by p(K) = Z – K, where Z is a de-

mand parameter that formally represents excess 

demand at a price of zero. 

It can be shown that under these conditions multiple 

equilibria may arise and, due to lack of coordination, 

market participants fail to select the bioeconomy equi-

librium even though it would be efficient. 

Figure 2 depicts the marginal cost function of the 

bioeconomy sector MC
ren

(K)
1
 and the demand curve. 

There are three intersection points. The left intersec-

tion point corresponds to a situation where no R&D  

in the bioeconomy sector takes place (“fossil equilib-

rium” or “lower state”). At the intermediate intersec-

tion some R&D occurs in the bioeconomy sector. 

However, this intermediate point is not a stable  

equilibrium because a rise in K would imply that 

                                                           
1
  The axis intercept 𝑎0

−𝜂
represents the knowledge base in 

the bioeconomy sector without R&D. The superscript η 

is the elasticity of the productivity of knowledge. 
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p(K)> MC
ren

(K) and the bioeconomy output could be 

further increased. The right intersection point corre-

sponds to a “bioeconomy equilibrium” or “upper state” 

where there is a self-sustaining bioeconomy sector. 

Thus, the sustainability problem is how to get from the 

lower to the upper state. SCHMIDT and MARSCHINSKI 

(2009) demonstrate that, for a sufficiently high Z, a 

social planner would always choose the bioeconomy 

equilibrium. Without social planner, the transition to 

the bioeconomy occurs much later. In terms of the 

model, both equilibria may coexist for a range of pa-

rameter values. Path dependency determines which 

equilibrium materializes. This path dependency im-

plies that the transition from a lower state to an upper 

state does not come about by market forces 

alone. 

This can also be seen from Figure 3, a quasi-

dynamic diagram which displays the optimal 

level of R&D in bio-based products r for a giv-

en level of energy demand: the solid arrows 

represent the hypothetical social planner’s 

choices of r for continuously increasing values 

of Z. For low energy demand 𝑍 < 𝑍, only the 

fossil equilibrium exists. For 𝑍 < 𝑍 < 𝑍 both 

the fossil and the bioeconomy equilibria are 

stable and the social planner compares both 

equilibria, selecting that which yields higher 

overall welfare. Below 𝑍∗, the optimal level of 

R&D in bioeconomy products is 0. At 𝑍∗, the 

optimal level of R&D jumps to the upper 

branch (bioeconomy equilibrium). However, 

without a social planner or collective coordina- 

tion, the market participants continuously rely on  

fossil fuels with only scant or no investments in bioe-

conomy research. That is, market failure prevails and 

the economy rests in the fossil equilibrium. In this 

case, the switch to the bioeconomy equilibrium occurs 

only when the fossil equilibrium ceases to exist at 𝑍 

(dashed arrows), for instance because fossil fuels are 

exhausted.  

Thus, the model illustrates a lock-in into unsustain-

able practices, which greatly delays the transition to a 

bioeconomy, making it more costly as well: the failure 

of the market to select the “bioeconomy equilibrium” 

at an early stage entails higher costs of the transition 

when it finally occurs. Therefore, “on pure cost-

efficiency grounds, a stronger policy intervention may 

be justified” (SCHMIDT and MARSCHINSKI, 2009: 

442). 

What options do policy makers have when seeking 

to overcome such lock-in effects? Within the model, a 

sufficiently high tax on fossil resources would ad-

equately address the market failure. Introducing a fossil 

resource tax alters the demand function for bioeconomy 

products to p = (Z + τ) – K. In Figure 2, the fossil 

resource tax translates into an upward shift of the 

demand curve, and in Figure 3 it corresponds to a 

movement along the Z-axis (see Section 6.2.3 for an 

analysis of pertinent taxes in Germany). If the tax is 

high enough, the fossil equilibrium ceases to exist. This 

means that the multiplicity of equilibria vanishes – in 

Figure 2, only the right intersection point remains and 

in Figure 3 only the upper branch persists – leaving the 

bioeconomy equilibrium as the only stable equilibrium. 

Figure 3.  Transition from a fossil to a bioeconomy 

equilibrium, with and without social planner 

 

Source: adapted from SCHMIDT and MARSCHINSKI (2009: 439) 

Figure 2.  Marginal cost function of the  

bioeconomy and demand curve 

 

Source: adapted from SCHMIDT and MARSCHINSKI (2009: 439) 
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5 Policy Implications of the  
Dynamic Model: What are the 
Political Requirements for the 
Transition towards a New Path? 

The politico-economic origin of the policy framework 

renders the introduction of policies sufficiently strong 

to trigger the non-linear transitions illustrated in Sec-

tion 4 highly challenging. This makes it necessary to 

introduce a genuine political market framework 

(KEOHANE et al., 1998). In such a market, supply and 

demand for (transition) policies converge. Politicians 

can be considered to act as transfer brokers (MCCOR-

MICK and TOLLISON, 1981) between different interest 

groups and voters. Strategic coalitions, competition 

among pressure groups and log rolling characterize 

this process of balancing interests (BECKER, 1983; 

ORCHARD and STRETTON, 1997). The political market 

is in equilibrium when the demand for particular regu-

latory instruments meets the supply from legislators. 

What exactly drives demand and supply for policies? 

Demand for regulation is determined by those interest 

groups that organize best (STIGLER, 1971), whereas 

regulation is also influenced by the ideological mo-

tives of regulators (PELTZMAN, 1976; KALT and 

ZUPAN, 1984). With a carbon lock-in in place, the 

current policy framework can be seen as a representa-

tion of the bargaining power of those fossil resource 

interest groups that oppose the transition towards a 

bioeconomy (cf. BROUSSEAU et al., 2011).  

Against this background, which routes for institu-

tional change are conceivable (cf. NORTH, 1990; 

NORTH, 1995)? Which policy interventions, suffi-

ciently strong to trigger a sustainable bioeconomy 

transition, are available? Several factors may be high-

lighted. Firstly, in order to prepare for an economy-

wide transition, support for technological and institu-

tional innovations in smaller niches may be advisable 

(KEMP et al., 1998). Secondly, policy change may be 

more feasible if implemented in a gradual, evolution-

ary way (DEWATRIPOINT and ROLAND, 1995; WEI, 

1997; RING, 2007; VAN DEN BERGH and KALLIS, 

2013) – that is, while the technological transition to-

wards a bioeconomy might be described as a non-

linear one, the policy interventions required to activate 

it are gradual. For instance, the ongoing regime shift 

in Germany’s electricity system towards renewable 

energies is a result of a gradual and eventually self-

sustaining interplay between policy interventions, 

interests and ideas/ideologies rather than a single, 

drastic policy intervention (STRUNZ, 2014). Thirdly, a 

“focusing event” (UNRUH, 2002) might be needed to 

ensure that policy interventions do not gradually peter 

out but instead accumulate such that the sustainability 

threshold can be crossed and fossil lock-in averted. 

Fourthly, in designing policy interventions for sus-

tainability, one important element to be considered is 

that of transaction costs. Specifically, it has been re-

commended that policy instruments should be se-

quenced appropriately, for instance by adapting exist-

ing policy frameworks rather than trying to implement 

radically new instruments from the outset (MCCANN, 

2013). 

6 The Political Economy of the 
Wood-based Bioeconomy:  
The Market for Transition Policies 

6.1  The Theoretical Framework 

In the following, we explore whether the current polit-

ical system is able to provide appropriate policy ap-

proaches (i.e. instruments) for initiating a transition 

towards a wood-based bioeconomy as described in 

Sections 4 and 5. A transition towards a bioeconomy 

equilibrium requires the existence not only of an eco-

nomic upper-state equilibrium (in terms of technolo-

gical feasibility and economic efficiency) but also of a 

suitable policy pathway that facilitates policy learning 

and dynamic adaptation. Thus, a simultaneous twofold 

equilibrium is needed for transition policies. In other 

words, the “market for policies” in its political equi-

librium needs to provide a policy output that actually 

triggers the transition towards an upper-state equilib-

rium. This implies that demand and supply for bioe-

conomy policies match at a sufficiently high level, 

including dynamic policies that support the bioeco-

nomy resource base and bio-based processes and 

products, as well as policies that discourage the use of 

fossil resources (Figure 4). 

Following the “market for policies” framework 

outlined above (MCCORMICK and TOLLISON, 1981; 

KEOHANE et al., 1998), politicians supply regulatory 

output according to the relevant interest groups’ de-

mand (STIGLER, 1971) while also considering their 

own ideological motivations (PELTZMAN, 1976; KALT 

and ZUPAN, 1984). Thus, one prerequisite for a policy 

pathway that triggers the transition is a sufficiently 

high level of demand for regulation that increases the 

availability of wood resources, facilitates the develop-

ment and diffusion of bio-based processes and prod-

ucts, and induces substitution away from fossil re-
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sources. If demand for such regulation is lacking, 

there may well be an equilibrium on the “market for 

policies” – but one that merely perpetuates the fossil 

resource-based economy. A switch to the bioeconomy 

equilibrium occurs only if demand for appropriate 

regulation is strong enough.  

The following sections analyze the market for 

wood-based bioeconomy policies from the supply and 

demand side. In supporting wood-based bioeconomy 

products and technologies, policies can be distinguished 

according to two dimensions: i) the focus of policies 

may lie either on supporting innovative wood resources, 

technologies and products, or on supporting conven-

tional ones already established in the market (cf. Fig. 1); 

ii) polices may focus on pathways identified as particu-

larly “sustainable” or, alternatively, they may not make 

such provisions. Based on an overview of existing 

policies, we assess whether the current policy supply 

provides sufficient momentum to initiate a long-term 

transition away from the fossil fuel-based economy 

(6.2). We then examine whether there is demand for a 

higher regulatory output in support of the wood-based 

bioeconomy (6.3). Based on this analysis, we discuss 

whether the transition towards a bioeconomy equilib-

rium is supported by the policy market in the German 

case and, if not, what possible strategies are available 

to overcome a lock-in situation (6.4). 

6.2 Supply of Wood-based Bioeconomy 
Policies in Germany 

As discussed in Section 2, policies for supporting the 

bioeconomy transition can encompass indirect poli-

cies which reduce the use of fossil resources as well as 

direct policies which support the bioeconomy resource 

base and bio-based processes and products. A coordi-

nated policy mix combining supply push and demand 

pull measures is required to successfully promote a 

transition process (GRUBLER et al., 2012; FOXON et 

al., 2005). Currently, important drivers of the German 

bioeconomy include strategies relating to climate 

change (e.g. the Climate Action Programme 2020 

(BMUB, 2014) and the Energy Concept (BMWI and 

BMU, 2010)), sustainability (e.g. German Sustainabil-

ity Strategy (GERMAN FEDERAL GOVERNMENT, 

2002)), and innovation (e.g. German High Tech Strat-

egy (BMBF, 2014b)), all of which are aimed specifi-

cally at reducing fossil resource use and fostering 

sustainability in general. Such policies (see Table 1) 

are generally supported politically by consumers and 

voters who are aware of sustainability issues and by 

parts of the business community that see prospects for 

profit making in the medium and long term. 

6.2.1  Policies Supporting the Wood-based  
Bioeconomy Resource Base 

Conventional wood production in forests is influenced 

mainly by the German National Forest Act and the 

Federal Forest Acts, which establish sustainability as a 

guiding principle. The sustainability of wood imports 

is regulated by a German law aimed at safeguarding 

the timber trade (HOLZHANDELS-SICHERUNGS-GESETZ, 

2011), transposing into national law the EU Action 

Plan for Forest Law Enforcement Governance and 

Trade (EC 2173/2005; EC 1024/2008) as well as the 

European Union Timber Regulation (EC 995/2010).  

Figure 4.  The market for bioeconomy policies 

 
Source: authors 
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Financial support for projects that enhance the 

production and provision of wood is provided, for 

example, by the German Joint Task for the Improve-

ment of Agricultural Structures and Coastal Protec- 

tion (GAK) (BMEL, 2014b) and agri-environmental 

schemes, which form part of the EU’s Common Agri-

cultural Policy (CAP) and are co-funded and imple-

mented by the Federal States (see for instance RL 

AuW/2007). Afforestation measures are an example 

of the projects receiving support (BMEL, 2014b). 

Innovative wood production in short rotation coppices 

can be supported under the CAP’s greening pillar, 

provided that no mineral fertilizer and pesticides are 

used (MICHALK, 2015). No special sustainability re-

quirements are defined for securing GAK support for 

short rotation coppices (BMEL, 2014b). Given uncer-

tainties about import price developments and import 

sustainability, the German Forest Strategy 2020 em-

phasizes that the availability of domestic wood re-

sources (including timber, residuals, wood from short 

rotation coppices and residuals) needs to be increased 

further, along with resource use efficiency improve-

ments (BMELV, 2011). Perspectively, resource sup-

ply could be influenced by regulatory support for cas-

cade use concepts through incentives, the amendment 

of waste charges, or recycling regulation (cf. LUDWIG 

et al., 2014). However, such regulations would imply 

additional costs either for the state or market actors. 

As a result, they can be expected to manifest only 

when there is sufficient policy demand. 

6.2.2  Policies Supporting Bio-based Products and 
Processes 

Many sectoral policies influence bio-based products 

and processes such as the Construction Products Reg-

ulation (EC 305/2011) and the German Energy Saving 

Ordinance (EnEV), which brings advantages for wood 

constructions in new buildings (BMVEL, 2004). The 

German Directive for the Procurement of Wood pro-

motes the use of conventional wood products in public 

procurement, but wood sources must be verified as 

sustainable (GERMAN FEDERAL GOVERNMENT, 2011). 

However, based on the low uptake of bio-based prod-

ucts it can be concluded that the procurement law has 

not yet led to a significant increase in demand. The 

reasons for this may include the voluntary nature of 

the law’s provisions to include environmental or so-

cial aspects, an alleged disproportional increase in the 

complicatedness of the associated public tendering 

process as well as information deficits (LUDWIG et al., 

2014). Indeed, LUDWIG et al. (2014) question the 

law’s ability to provide sufficient momentum given 

the current legal situation, although there might be 

ways of developing its potential. 

Information instruments such as labelling can al-

so promote the use of bio-based products and process-

es. Up to now, relevant labels have been developed 

predominately by market actors and non-governmental 

organizations, for instance environmental product 

declarations, which are based on international norms 

(DIN EN ISO 14025:2011-10; DIN EN ISO 14040: 

2009-11) as well as on the European DIN EN 15804: 

2014-07. Labels such as the Blue Angel eco-label, 

which is owned by the German Environmental Minis-

try, offer voluntary sustainability certificates for wood 

products (BLUE ANGEL, 2015). The aim of interna-

tional norms and standards for bio-based content (EN 

15440) and the recovery of packaging is to support 

bio-based products without requiring further sustaina-

bility certification. Despite labelling, however, de-

mand for bio-based products remains low (cf. WYDRA 

et al., 2010) – moreover, research indicates that con-

sumers’ willingness to pay significant price premiums 

for “green” product characteristics is limited (CARUS 

et al., 2014; PACINI et al., 2013; SCHUBERT and 

BLASCH, 2010).  

Incentives for the energetic use of wood without 

explicit sustainability requirements exist in the elec-

tricity sector via feed-in tariffs and feed-in premiums, 

as well as in the heating sector. Here, relevant instru-

ments include mandatory minimum shares of renewa-

ble energy sources (RES) in new buildings, grants and 

loans for RES-based heating installations, and a re-

duced value-added tax on firewood. In the transport 

sector, wood-based biomass-to-liquid applications are 

supported in principle by means of the biofuels quota, 

but they are still at the R&D and demonstration stage 

(NAUMANN et al., 2014: 9). As transport biofuels, 

these applications would be subject to mandatory sus-

tainability requirements according to the EU Renewa-

ble Energy Directive (2009/28/EC). 

R&D policies such as cluster promotion (for in-

stance the German Excellence Cluster “BioEconomy” 

and the Cluster “Forest and Wood”)
2
 promote innova-

tions and provide incentives for companies to look for 

substitutes for fossil resources. New technologies are 

emerging as a result of this, but without effective de-

mand pull measures they are unlikely to overcome 

carbon lock-in. One exemption to this is the energy 

sector, where incentives for wood use have proven 

                                                           
2  For further information, see http://www.bioeconomy.de and 

http://www.cluster-forstholzbayern.de. 
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highly effective (BRUNS and ADOLF, 2013; THRÄN  

et al., 2011); discussions about the necessity of intro-

ducing binding sustainability requirements at European 

or national level are still ongoing (EC, 2014; FRITSCHE 

et al., 2013). 

6.2.3  Policies Directed at Reducing Fossil  
Resource Use  

LUDWIG et al. (2015a) refer to climate policies, the 

chemicals regulation, and the Waste Management Act 

(Kreislaufwirtschaftsgesetz) as contributing indirectly 

to fostering the development of a wood-based bioe-

conomy by reducing fossil resource use. However, 

existing indirect climate policy instruments, such as 

the European Emissions Trading System (EU ETS)

  

and taxes on electricity, energy carriers and vehicles 

focus on reducing fossil fuel use in the energy sector, 

not in materials sectors (cf. RODI et al., 2011). In the 

case of the EU ETS, carbon certificate prices have 

been too low and volatile in recent years to make in-

vestments in dedicated biomass plants or even the co-

firing of wood in coal power plants profitable (TUERK 

et al., 2011; KANGAS et al., 2009). Moreover, alt-

hough the EU ETS favours cost-effective technology 

choices, incentives for investing in comparatively 

expensive innovative technologies remain limited due 

to influences from market failure in technology mar-

kets (LEHMANN and GAWEL, 2013). The German en-

ergy tax does not apply to wood, therefore increasing 

its competitiveness to fossil resources (geothermal, 

  

Table 1.  Policies relating to the wood-based bioeconomy in Germany (selected issues) 

Policy Type Policy Focus 

 Supporting the  

bioeconomy resource base 

Supporting bio-based  

processes and products 

Reducing  

fossil resource use 

Con-

ven-

tional 

Policies  

with  

sustainability 

requirements 

- Forestry Law, e.g. German 

Federal Forest Act; 

- Financial support for e.g. 

afforestation, e.g. GAK, 
agri-environmental schemes; 

- Trade law for imports, e.g. 

Timber Trade Safeguarding 

Act, EU Timber Regulation 
(EC 995/2010). 

- R&D, e.g. Cluster Promotion: 

Cluster Forest and Wood; 

- Voluntary eco Labels, e.g. Blue 

Angel Eco Label, Environmental 
Product Declarations; 

- Procurement Law, e.g. Directive for 
the Procurement of Wood. 

 

Policies  

without  

sustainability 

requirements 

 - Energy Saving Ordinance;  

- Incentives for energetic wood use 

in the electricity sector; 

- Incentives for energetic wood use 

in the heating sector (mandatory 

minimum RES shares, grants and 
loans, reduced VAT on firewood). 

- EU Emissions Trading System 

(electricity sector); 

- Taxes, e.g. electricity tax, 

energy taxes for heating and 
transport fuels; 

- Grants and loans for energy 
efficiency investments; 

- Energy efficiency standards 
for products and buildings; 

- Energy labelling for house-

hold appliances (EU Energy 
Labelling Directive); 

- Waste management act, waste 
prevention programme. 

Inno-

vative 

Policies  

with 

sustainability 

requirements 

- Financial support for e.g. 

short rotation coppices, e.g. 
under CAP (greening pillar). 

- R&D: e.g. Cluster Promotion: 

Cutting edge cluster BioEconomy; 

- Incentives, e.g. for Biomass to 
Liquid through biofuels quota. 

 

Policies  

without  

sustainability 

requirements 

- Financial support for short 

rotation coppices, e.g. by 
GAK; 

- Support of wood recycling, 

e.g. recycling regulation. 

- Norms and standards, e.g. Bio-

based Content (EN 15440); Wood- 

Polymer Composites (WPC, 

CEN/TS 15534),  

Compostability of plastics  
(EN 14995). 

- Chemicals regulation 

(REACH). 

Note on nomenclature: “Conventional”: policies relating to conventional wood resources and applications. “Innovative”: policies relating 

to innovative wood resources and applications. “Policies with sustainability requirements”: mandatory requirements exist in relation to 

sustainability claims such as the protection of natural resources. ”Policies without sustainability requirements”: no mandatory sustaina-

bility requirements exist; the sole precondition for constituting “sustainability” is resource substitution. Norms and standards constitute 

private forms of governance rather than policies, but are included for the sake of completeness.  

Source: authors 
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solar and wind power are likewise not subject to the 

tax) (GAWEL and PURKUS, 2015); however, as with 

electricity and vehicle taxes, the energy tax is not 

closely aligned with the climate impacts of allocation 

decisions (GAWEL, 2010; GAWEL and PURKUS, 2015). 

Neither EU ETS nor tax regulations lay down sustain-

ability requirements for wood. Besides incentive-

based instruments, indirect climate policies also en-

compass various command-and-control instruments 

such as standards for buildings and transport; however, 

the availability and stringency of measures differs 

between sectors, and the coordination of instruments 

needs to be improved (cf. RODI et al., 2011). 

The aim of the chemicals regulation REACH (EC 

1907/2006) is to promote the substitution of hazard-

ous substances in production processes with less haz-

ardous ones in order to reduce harmful impacts on 

human health and the environment (KÖCK and KERN, 

2006). A strict information and control system could 

lead to a partial abandonment of hazardous substances 

(LUDWIG et al., 2014). Even though the chemicals 

regulation may trigger innovation processes, it does 

not give preference to bio-based substances over sub-

stances derived from fossil resources, nor does it in-

clude sustainability requirements. 

HERRMANN et al. (2012) regard the German 

Waste Management Act as a powerful instrument to 

increase the prevention of waste and propose the in-

troduction of a recycling quota of up to 80% in the 

future. At present this instrument is limited in its ef-

fectiveness, as recycling requirements are bound to an 

assessment of “economic reasonableness” which 

leaves considerable room for interpretation (HERR-

MANN et al., 2012; LUDWIG et al., 2015a). To summa-

rize, indirect policies affecting fossil resource uses 

exist but have so far failed to provide comprehensive 

incentives to significantly reduce fossil resource in-

puts in production processes. With the exception of 

REACH, there are few incentives to adopt innovative 

material biomass applications; the German Waste 

Management Act is limited in its effectiveness, and 

climate policy instruments focus on the energy sector. 

If, however, indirect instruments would trigger signif-

icant demand for wood resources, the lack of sustain-

ability requirements would prove problematic. 

6.2.4  How Effective are these Wood-related  
Bioeconomy Policies? 

The analysis of policy supply demonstrates that there 

are currently a variety of instruments in place that 

affect the resource base, the products and processes of 

the wood-based bioeconomy, and fossil resource use. 

However, so far these instruments have failed to con-

stitute a coordinated policy mix, which in its entirety 

might provide an impulse for a long-term transition to 

a bioeconomy equilibrium. Three major problems are 

apparent: 

1. Uncertainty about the resource base: despite se-

lective measures aimed at increasing the bioe-

conomy resource base, uncertainty about the fu-

ture availability of innovative and conventional 

wood resources remains high (HÄNNINEN et al., 

2014). Also, there is uncertainty about the effec-

tiveness of governance options for safeguarding 

the sustainability of large-scale wood imports 

(UPHAM et al., 2011; COATH and PAPE, 2011). In 

this context, the promotion of cascading uses 

proves attractive (BIOÖKONOMIERAT, 2012), but 

this would require adjustments of the German 

waste regulation (BAUR, 2013) and is limited by 

the amount of waste wood available (MANTAU, 

2012). 

2. Insufficient demand pull for material wood-based 

products: policies supporting bio-based products 

and processes are aimed primarily at the R&D 

stage, but in order to ensure an eventual progres-

sion to the market diffusion stage, demand pull 

measures also need to be in place (cf. GRUBLER 

et al., 2012; FOXON et al., 2005). Voluntary certi-

fication may provide an impetus for conventional 

bio-based products close to markets, but, given 

consumers’ limited additional willingness to pay 

for public good characteristics of products, are 

unlikely to create significant demand for innova-

tive products and processes. Direct policy support 

measures, meanwhile, are primarily effective when 

it comes to energetic wood uses – however, this 

impacts negatively on the availability of resources 

for material uses (cf. THRÄN et al., 2011). Simi-

larly, indirect climate policy instruments focus on 

the energy sector. If certificate prices in the EU 

ETS were to increase sufficiently to make co-

firing profitable, it could lead to a significant ad-

ditional demand for wood. Comprehensive incen-

tives for reducing fossil resource use in material 

applications could result from adjustments in 

waste regulation or new climate policy instru-

ments targeted at the materials sector – so far, 

however, policies are not geared towards signifi-

cantly reducing fossil resource inputs in produc-

tion processes, and it is likely that the political 

costs of such measures would be high.  

http://www.dict.cc/englisch-deutsch/reasonableness.html
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3. Safeguarding the sustainability of wood-based 

products: Major uncertainties remain with regard 

to the sustainability aspects of biomass availabil-

ity and the environmental impacts of bio-based 

production (WEISS et al., 2012). The way sus-

tainability requirements are addressed in policies 

remains selective – if wood demand for energy or 

material uses increased further, it would be nec-

essary either to take sustainability constraints into 

account more comprehensively when designing 

instruments or to “package” them together with a 

sustainability certification scheme. To avoid dis-

tortions and leakage effects, sustainability certifi-

cation would need to be independent of the end 

use of wood, and a coordination of standards on 

the EU level and beyond would be desirable (cf. 

SCARLAT and DALLEMAND, 2011). 

6.3  Demand for Wood-based Bioeconomy 
Policies in Germany 

The analysis above has demonstrated that the German 

policy framework provides only few incentives for a 

path transition towards a wood-based bioeconomy. 

These results might not be surprising if it turns out 

that there is a significant lack of policy demand that 

could reward politicians for developing transition-

oriented policy programmes.
3
 Analyzing the demand 

side of bioeconomy policies helps in determining 

whether there might be a demand for transition poli-

cies and, if there is, in which policy arena. 

The business sector comprises a large group of 

heterogeneous actors. These include conventional 

wood-related industries such as timber producers and 

saw mills as well as the construction, woodwork and 

paper industries. It is also necessary to consider the 

production of consumer goods and the chemicals in-

dustry, comprising innovative applications such as 

bio-based chemicals, plastics and materials, deter-

gents, body care products and lubricants (FNR, 2014: 

115). This broad range of actors in the wood-based 

bioeconomy alone is reflected in the variety of their 

interests as well as their influences. Many actors  

– especially in the chemical industry – lack interest in 

transition policies (VCI, 2012; BIOÖKONOMIERAT, 

2015). 

Moreover, domestic forestry actors have few in-

centives to support the increasing material use of 

wood, because high demand from the energy and con-

                                                           
3
  By comparison, consider the clear demand for climate 

mitigation by various actors that contributed to the in-

troduction of the ETS (cf. BRAUN, 2009). 

ventional wood products sectors has already generated 

favourable market conditions (cf. FNR, 2014: 56). An 

increase in demand for wood applications might simp-

ly serve to increase the amount of imports (cf. MAN-

TAU, 2012), but whether a political lobby exists for 

such an increase is unclear. At the same time innova-

tive material uses are often not competitive as fossil-

based substitutes. An increase in biomass availability 

is possible, but is currently not being actively pursued. 

On the demand side, voters and consumers be-

long to the key actor groups. Voters’ preferences re-

garding sustainability policies (whether in support of 

them or in opposition) influence political decision 

making, because without voters’ support the credibil-

ity of bio-based policies remains limited. However, 

voters have reason to prefer environmental and sus-

tainability-oriented policies which do not (at least per-

ceivably) burden them with additional costs (SCHNEIDER 

and VOLKERT, 1999; HANSJÜRGENS, 2000; GAWEL, 

1995). Environmental interest groups or the Green 

political party could influence public opinion, but they 

need to become actively engaged in the debate. A few 

environmental protection organizations are in the pro-

cess of establishing their positions on the bioeconomy 

and it can be expected that they will become further 

engaged as the bioeconomy grows (MCCORMICK, 

2011). Currently, the link between the bioeconomy 

and nature conservation has not been addressed at the 

European level (OBER, 2015). At the national level 

civil society is unable to get involved in the issues due 

to a lack of corresponding structures in the Bio-

economy Council and the relevant government  

ministries, BMEL and BMBF (FORSCHUNGSWENDE, 

2015). 

Finally, an expansion of the bioeconomy also 

gives rise to sustainability risks (see 3.2). So far, con-

sumer awareness of bioeconomy products is rather 

low; it is not easy to communicate their advantages 

because they have similar features as fossil-based 

products but are higher in price (VANDERMEULEN et 

al., 2012). For the future, different scenarios are pos-

sible where voters and consumers either generally 

support sustainable production or support sustainable 

products when their prices are not higher compared to 

conventional products (HAGEMANN et al., in prep.). 

On the other hand, consumers may raise sustainability 

concerns, as has been the case with bioenergy and 

biofuels (cf. PFAU et al., 2014: 1234). 

To sum up, the interests of consumers and voters 

in relation to bio-based production are diverse. The 

voter market is also heterogeneous as a consequence 

but tends to be risk-averse with respect to costs. If 
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consumers and voters provide little support for poli-

cies aimed at transitioning away from the fossil equi-

librium, bioeconomy initiatives will peter out, and 

indeed currently the political conditions for a bio-

economy equilibrium are not yet given. Instead, poli-

ticians are resorting to symbolic policies (EDELMANN, 

1964; HANSJÜRGENS, 2000): although they state that 

the transition towards a bioeconomy is desirable, the 

actual policies they are implementing (such as infor-

mation dissemination) are insufficient to dislodge the 

economy from the fossil equilibrium. What a success-

ful transition requires above all are adequate regula-

tions that sanction the use of fossil resources – how-

ever, this would generate a political backlash from 

fossil interest groups. 

6.4  Policy Recommendations to  
Overcome Lock-in Situations 

Overcoming the current carbon lock-in and switching 

from the fossil equilibrium to the sustainable bio-

economy equilibrium requires a gradual extension of 

existing policies. As SÖDERHOLM and LUNDMARK 

(2009: 15) suggest, these policies have to be carefully 

specified: “An important policy lesson, however, is 

not to directly regulate the allocation of forest re-

sources between different sectors or promote a certain 

industrial structure. The rationale for policy interven-

tion lies instead in identifying situations in which 

essential societal costs and benefits do not enter into 

the private decision-making process.” 

An indirect demand pull for bioeconomy prod-

ucts and processes can result primarily from a 

strengthening of climate and recycling policies. How-

ever, stringent regulations in climate politics could 

lead to resistance and thereby paralyze the transfor-

mation process. The lack of demand for policies that 

increase the costs of fossil resource use could there-

fore constrain the development of the bioeconomy. In 

addition, such policies would primarily support the 

use of wood applications with good prospects for 

competitiveness (such as the energetic use of wood in 

the heating sector) rather than more expensive innova-

tive approaches. As a result, R&D support and 

measures designed to create demand for innovative 

bioeconomy applications are also required as part of 

the policy mix (cf. GRUBLER et al., 2012; FOXON et 

al., 2005). The latter in particular may contribute to-

wards the formation of an advocacy coalition for bio-

economy pathways, which may bring about political 

support for more stringent climate and recycling poli-

cies in the long term (LEHMANN et al., 2012). 

Labelling and R&D are the current methods of 

choice (BMEL, 2014a), and are important in terms of 

increasing the knowledge and acceptance of bio-based 

processes and products among companies, consumers 

and voters as well as fostering learning effects. How-

ever, experiences from bioenergy sustainability certi-

fication (PACINI et al., 2013) and other products with 

public good characteristics (see SCHUBERT and 

BLASCH, 2010, for an overview) make it doubtful 

whether voluntary certification alone can create a 

sufficient demand pull to enable the transition from 

R&D and demonstration stages to market diffusion. 

Potentially, consumers’ willingness to pay for bio-

based products could increase if products combined 

credible environmental benefits with quality ad-

vantages over fossil fuel-based products (SCHUBERT 

and BLASCH, 2010). 

Enhanced “green public procurement” may be a 

further strategy for supporting niche creation. When 

designing direct demand pull instruments, a trade-off 

emerges in that a critical mass is required to increase 

profitability. However, if policy-induced increases in 

the demand for wood are significant, it may lead to 

inefficiencies caused by a distortion in allocation de-

cisions between alternative resource uses; also, sus-

tainability problems may emerge. For example, safe-

guarding the sustainability of wood supply can prove 

problematic, particularly if large-scale imports are 

required to satisfy demand (UPHAM et al., 2011; 

COATH and PAPE, 2011). Furthermore, when selecting 

bioeconomy products or processes for direct support, 

policy makers are faced with high information require-

ments regarding a wide variety of alternative options, 

their impacts, and associated uncertainties (PURKUS et 

al., 2015). Appropriate alternatives are (preferably in 

the following temporal order): i) a focus on reforming 

framework conditions such as climate and waste poli-

cies, ii) targeted niche support for innovative technol-

ogies and products, and iii) conditions for a market-

induced selection of the most sustainable and cost-

effective ones from a broad range of bioeconomy 

products and technologies. Furthermore, a long-term 

orientation – especially important to investors – has to 

be an inherent part of policies (DAMMER and CARUS, 

2014). Currently, however, there are no signs of this. 

Whereas the transition in the renewable energy sector 

has been accompanied by the formation and support of 

interest groups (LEHMANN et al., 2012), in the bioe-

conomy it is more difficult to reach a critical mass of 

supporting interests because these interests are much 

more heterogeneous. 
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7  Conclusion 

The transition from a fossil-based economy to a bioe-

conomy is non-linear. Policy interventions are re-

quired to overcome path dependencies and lock-in 

effects in this process. The challenge for “bioeconomy 

policies” is multi-dimensional: heterogeneous actors 

require different levers. To overcome lock-in effects, 

a critical threshold towards the bioeconomy needs to 

be crossed; afterwards, the transition process might be 

self-sustaining, with bioeconomy technologies essen-

tially becoming a “backstop”. Such a critical transition 

can be prepared, but it cannot be achieved through 

R&D support alone, which is currently the dominant 

bioeconomy policy approach when it comes to inno-

vative applications. Complementary policies which 

directly support niche formation for the wood-based 

bioeconomy and reduce the use of fossil resources are 

equally necessary. Policies which result in a large-

scale direct demand pull for selected material wood 

uses, on the other hand, seem less promising, due to 

associated distortions in wood markets and the high 

information requirements that policy makers face 

when designing interventions. 

Our analysis has shown that a range of policies 

currently exists but that the overall effect is insuffi-

cient to actually initiate a path transition. From a nor-

mative perspective, incentives should be set only in 

order to overcome market failures. Presently, we con-

clude that politicians are not inclined to initiate com-

prehensive path changes due to the low demand for 

regulation on “policy markets”. Rather, the politically 

rational strategy is to provide symbolic policy answers 

or to focus on support policies for R&D. On the de-

mand side, actor groups either have no substantial 

interest in strong bioeconomy policies or are unable to 

take an effective stance, whereas fossil interest groups 

are in a position to promote the further use of fossil 

resources.  

Consequently, the wood-based bioeconomy in 

Germany could be fostered by gradually making exist-

ing policies more rigorous – the ones focused directly 

on biomass and production processes as well as the 

ones aimed at reducing the use of fossil resources (e.g. 

strengthening the EU ETS, complementary climate 

policy instruments for non-ETS sectors) – while 

communicating a clear long-term commitment to path 

transition. Additionally, these policies need to be 

specified further to focus primarily on sustainable 

production and re-use (e.g. through instruments of the 

law on circular flow economy removing existing bar-

riers for re-use and waste processing – see LUDWIG et 

al. (2015b) on HTC processes) and to enhance innova-

tive niche development (e.g. by encouraging the use 

of sustainably sourced timber products through Green 

Public Procurement (EU, 2011), including for instance 

wooden tubes for civil engineering (see SANDBERG et 

al., 2013: 80ff.)). At the same time, more research is 

required on the design and implementation of more 

(cost-) effective waste regulation, as well as on in-

strumental options for a (cost-) effective climate poli-

cy for the materials sector. 
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