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ABSTRACT 

Although the climate mitigation implications of bioenergy trade have been analyzed fairly extensively 
in recent years, inclusion of climate adaptation in such analyses has hitherto been rare. This working 
paper provides an overview of mitigation-adaptation inter-relationships relating to bioenergy 
systems and bioenergy trade based on the situation in the Nordic countries (Denmark, Finland, 
Iceland, Norway and Sweden). Given the increasingly international characteristics of bioenergy 
markets, global aspects are covered to a certain extent as well. Climate change is likely to impact all 
stages of bioenergy supply chains. Increased prevalence of droughts and pests can impact cultivation 
systems for energy crops, warmer winters can reduce need for bio-based heating and fuel supply 
systems can be disrupted by flash floods. The overall impacts on bioenergy markets in Nordic 
countries are however most likely to be benign, with climate change resulting in increased biomass 
productivity while at the same time reducing demand. This means that the Nordic region could grow 
in importance as a supplier of renewable energy for e.g. parts of Europe that will be adversely 
affected by climate change. However, the Nordic countries are currently substantial importers of 
bioenergy, which means that not only are they exposed to climate change impacts on global 
bioenergy supply chains, their demand for bioenergy can also indirectly impact adaptive capacities in 
other regions. Increased understanding of the inter-relationships between bioenergy markets and 
climate change risks and responses—for both mitigation and adaptation—is imperative to ensure 
long-term sustainability of bioenergy as a valuable component in low-carbon futures. 
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1 Introduction 

1.1 Background 
Regardless of the level of success of efforts to mitigate anthropogenic climate change, a certain level 
of climate change will be inevitable. It has become increasingly clear in recent years that in addition 
to mitigation, adaptation to climate change therefore has to be an integral part of strategies to 
reduce climate risks (IPCC 2007). According to available scenarios, the Nordic countries – Denmark, 
Finland, Iceland, Norway and Sweden – do not seem to be among the most vulnerable regions in 
terms of adverse effects from climate change. In fact, the Nordic countries have among the highest 
adaptive capacities among European regions (ESPON 2011) and climate change is also likely to bring 
opportunities, through increased productivity in agriculture and forestry. However, there are still 
non-negligible climate risks in the region that need to be addressed, including more severe extreme 
one-day precipitation events and rising sea levels (Klein and Juhola 2013). 

An additional factor to consider is that all the Nordic countries are small and open economies, which 
means that they are very intertwined with the world at large. Globalization means that climate 
change can have indirect effects in places that are geographically very distant from the actual point 
of impact. In other words, although adaptation is generally seen as more site-specific in contrast to 
the global scale of mitigation, local climate impacts can have global consequences and thus 
adaptation as a concept should not be limited strictly to a regional focus (Benzie et al. 2013).  

It is also imperative to take adaptation aspects into account in order to ensure the long-term viability 
and sustainability of climate change mitigation strategies. One mitigation option for which this is 
especially important is bioenergy. There are several reasons why this is the case.  

• Bioenergy is a vital component of global climate change mitigation strategies (Edenhofer et 
al. 2010). Although its share of renewable energy is expected to decrease, bioenergy will 
have to play an important role if low stabilization scenarios for 2050 are to become reality 
(Chum et al. 2011). The importance of bioenergy is even more significant in the shorter 
timeframe, as can be seen from developments at the EU level. Bioenergy is expected to 
contribute with more than half of the increase in renewable energy from 2005 to 2020 as 
stipulated by the European Union in its Renewable Energy Directive (AEBIOM 2012).The 
share of bioenergy in final energy consumption in the EU is expected to increase from 5.4% 
in 2005 to 12% in 2020 (Atanasiu 2010).  

• The reliance of bioenergy systems on land use means that bioenergy supply chains are 
dependent on, and can be vulnerable to, weather patterns and climate change (Smith et al. 
2007). At the same time, a growing demand for bioenergy can also support adaptation in 
agriculture as several crops commonly used as bioenergy feedstock also have properties that 
are important for climate change adaptation, including drought resilience and water 
efficiency (Berndes 2008).  

• Solid and liquid biofuels are increasingly becoming globally traded commodities (Junginger et 
al. 2013). This means that European or Nordic mitigation strategies based on bioenergy 
cannot be evaluated strictly from a European/Nordic perspective. In particular, the inherent 
climate dependence of bioenergy supply chains necessitates that the interaction between 
bioenergy and adaptation in other parts of the world also needs to be taken into account 
when designing bioenergy-based mitigation policies.  
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This working paper aims to review the research on mitigation-adaptation interactions in relation to 
bioenergy markets in general and bioenergy trade in particular, thus including all stages of the supply 
chain in the analysis from cultivation and production through logistics and transportation to end-user 
demand. Focus is on the “modern” bioenergy systems that are of most relevance to the energy 
situation and energy policies of the Nordic countries. Thus, traditional use of biomass as an energy 
source is covered only briefly. However, given the increasingly international characteristics of 
bioenergy markets, certain global (i.e. non-Nordic) climate impacts on bioenergy supply chains and 
possible adaptation-mitigation inter-relationships are included.  

1.2 Outline of the working paper 
This working paper is structured as follows. Chapter 2 gives a brief overview of bioenergy markets 
and international bioenergy trade. Chapter 3 introduces the current status of renewable energy in 
general and bioenergy in particular in Denmark, Finland, Iceland, Norway and Sweden. The chapter 
also presents the respective strategies of the five countries for continued expansion of bioenergy as 
mandated by the EU Renewable Energy Directive. Chapter 4 presents the two concepts mitigation 
and adaptation, with special focus on the potential synergies and conflicts between the two. Chapter 
5 discusses the impact from climate change on bioenergy markets and Chapter 6 presents available 
research on possible mitigation-adaptation synergies and conflicts in the context of bioenergy trade. 
Chapter 7 concludes and offers suggestions for areas that require further research. 
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2 International bioenergy markets 

2.1 Biomass, bioenergy and biofuels  
In this working paper, the term “bioenergy” is used to designate all energy derived from biomass. 
Bioenergy can come in different physical states, including solid (e.g. wood pellets), liquid (e.g. 
bioethanol) or gaseous (e.g. biomethane) and can be used for a wide variety of purposes, be it as 
transportation fuel (biofuels), heat production (bioheat) or electricity generation (bioelectricity). 
Note that the term “biofuels” is herein restricted to designate liquid biomass-based fuels used for 
transport (AEBIOM 2012).  Focus is on internationally traded fuels, which means that gaseous forms 
of bioenergy will not be covered1. 

The use of biomass for energy purposes is by no means a novel phenomenon. For thousands of 
years, mankind has used biomass for the provision of heat, cooking fuel and in later years electricity 
and transportation fuel (Smil 1994). Traditionally utilized biomass is still a vital source of energy for 
heating and cooking for many millions of people around the world today. In total, bioenergy provides 
about 10% of global primary energy supply, out of which traditional bioenergy makes up more than 
60% (Chum et al. 2011).  

However, bioenergy utilization has in recent decades begun to take new forms. High fossil fuel prices, 
concerns about security of energy supply and ambitions to mitigate anthropogenic climate change 
have resulted in a renewed interest in the use of biomass for energy purposes. This has led to a 
transformation of bioenergy utilization on both a technological and organizational level. One of the 
more notable developments is how advances in technology and logistics – coupled with a general 
growth in the demand for renewable energy – have enabled the establishment of long-distance trade 
in bioenergy. Whereas bioenergy markets have traditionally been quite limited geographically, 
bioenergy is now traded on a global level (Junginger et al. 2013). 

2.2 Bioenergy markets and climate policy 
In order to understand mechanisms of bioenergy markets and policies relating to bioenergy markets, 
it is important to note that bioenergy has certain characteristics that distinguish it from other 
renewable energy sources such as solar, wind or hydro power. 

2.2.1 Key characteristics of bioenergy markets 
To begin with, bioenergy markets are intrinsically interconnected with several other established 
markets. This is partly in its capacity as a renewable source of energy, where it is a possible substitute 
to other energy sources, fossil and renewable. Perhaps even more important however is that the raw 
material sources from which bioenergy is extracted – be it forestry, agriculture or municipal solid 
waste – all have many alternative uses. Thus, bioenergy markets also interact with agricultural 
markets, forest products markets and waste management systems. Consequently, bioenergy policy 
also interacts with these markets, not to mention the policies governing them, most notably 
agricultural and forest policy (Chum et al. 2011; Olsson and Hillring 2012).  

1 There are reports of cross-border trade in biomethane (Kovacs 2013), but these markets are only in their very 
infancy in comparison to markets for liquid and solid biomass-based fuels.  
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Another fundamental difference between bioenergy and other established renewables is that 
bioenergy comes in the form of gaseous, liquid or solid fuels. This means that there are many 
similarities between bioenergy and fossil energy, not only in a chemical sense but also when it comes 
to the technological systems used. A result of the similarities between fossil fuels and biomass-based 
fuels - including the fact that biomass offers stored energy just like fossil fuels – is that bioenergy 
tends to be easily integrated into fossil fuel technology and infrastructure2 (Chum et al. 2011). The 
fact that bioenergy can be delivered as fuels also means that it can be converted to a wide range of 
energy carriers (including electricity and heat but also hydrogen). It can also easily be traded on a 
global level (Junginger et al. 2011), which arguably is one of its distinguishing features compared to 
other forms of renewable energy.  

2.2.2 Bioenergy markets & bioenergy policy 
Bioenergy systems hence combine three key features: 

• High degree of interaction with markets for energy, forest products and agricultural produce 
• Simple implementation through integration into existing infrastructures 
• Rapidly growing degree of market internationalization  

 
In essence, this means that bioenergy systems may be relatively simple to establish, whereas the 
actual functioning and mechanisms of ensuing markets are highly complex. These features are a key 
factor when it comes to understanding the controversies surrounding bioenergy markets that has 
been a continuous source of debate in recent years (Brännlund et al. 2010; Rosillo-Calle and Johnson 
2010; Berndes et al. 2013).  

The ease by which bioenergy can be introduced into already existing market structures is an 
important reason for its prevalence in policy strategies aiming to reduce the use of fossil fuels and 
mitigate climate change (Chum et al. 2011). However, the actual reasons why countries have used 
bioenergy to wean themselves off fossil fuels have varied over the decades. The first wave of 
promotion of modern bioenergy came in the wake of the oil crises in 1973-1974 and 1979-1980 
when bioenergy was seen as beneficial primarily because of its potential to reduce dependence on 
imported energy. Many of the policy measures that later have resulted in international trade in solid 
and liquid biofuels, were originally implemented with the purpose to stimulate domestic bioenergy 
supply as a means to increase energy security. The recent emergence of large-scale international 
trade in bioenergy seems to have developed largely as an unforeseen consequence rather as a 
conscious strategy of policy makers (Franco et al. 2010; Lamers et al. 2011). This is likely to be an 
important factor that helps explain the general absence of comprehensive and stable bioenergy 
policies, not least in the EU (Westberg and Johnson 2013).  

The integration of bioenergy into existing market systems means that there are plenty of already 
established market actors continuously seeking the most cost-efficient and profitable methods to 
adjust to policy frameworks mandated by governments on national and supranational levels 
(HEC/CABI 2010). A consequence of this is that the effects (intended or unintended) of bioenergy 

2 Two examples of such integrations are blending of bioethanol with petrol for use as automotive fuel and the 
co-firing of wood pellets with coal for production of heat and electricity. 
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policies become visible very quickly. As weaknesses and loopholes in policy design or policy 
implementation thus rapidly are revealed, policy makers continuously find themselves in a reactive 
rather than a proactive position (Lamers et al. 2011). Instead of setting predictable and long-term 
rules within which markets can develop and function, policy makers have continuously had to 
respond to previously unforeseen effects from bioenergy market developments, either to new 
developments in research - such as the recent focus on the potential problems of ILUC, Indirect Land 
Use Change (Berndes et al. 2013)  - or from market spillover effects, including food price increases 
resulting from growing demand for food crops for energy purposes (Johnson et al. 2012; Persson 
2014).  

Failure to fully anticipate the effects of - and public reaction to – possibly well-meaning but ill-
designed policies aiming to support bioenergy development has thus become a reoccurring 
phenomenon. Most attention on the possibly adverse effects of increased demand for bioenergy has 
been directed towards liquid biofuels based on agricultural crops. The short rotation times in 
agriculture (i.e. compared to forestry) and consequential flexibility in changing between crops means 
that the effects on the ground from changes in market conditions rapidly become apparent. In 
addition, there are obviously strong emotional connotations attached to all discussions on using food 
crops for non-food purposes, especially in the context of worries about global food security (Gomiero 
et al. 2010).  

This has resulted in several cases where policy makers on national as well as EU levels have, under 
pressures from public opinion and NGOs, had to make several ad hoc modifications to policies 
already under implementation. With market actors in vital need of a stable long-term regulatory 
framework to take the substantial economic risks, the unpredictability of bioenergy policy is 
becoming an obstacle to the realization of bioenergy as a sustainable energy path and as a means of 
GHG mitigation (Johnson et al. 2012)3 

2.3 International bioenergy trade: overview 
Bioenergy trade allows regions rich in biomass resources and/or technology platforms to exploit their 
comparative advantages and thereby improve overall economic efficiency. Through trade, efficiency 
can be gained by importing goods that are produced with higher quality and/or lower cost elsewhere 
instead of producing the same goods domestically. Additionally, interaction with other geographical 
markets enables hedging of risks related to supply as well as demand (Nelson et al. 2009).  

The rationale for trade in bioenergy is thus the same as for trade in general. For example, wood 
pellets are imported to the European Union from North America because they constitute a less 
expensive source of supply than pellets produced within the EU, despite the additional costs of 
transatlantic transport (Trømborg et al. 2013). Trade exploits the comparative advantage of one 

3 It should be recognized that the principal issues leading to discussions surrounding the effects of an increased 
demand for biofuels are valid also for other forms of bioenergy such as solid fuels based on forest biomass. 
There has been plenty of discussions in the Nordic countries about the impact on traditional forest industries 
from increased demand for wood-based bioenergy (Brännlund et al. 2010).  
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region over another in terms of the cost of inputs, the availability of market distribution channels and 
infrastructure and other factors that facilitate reliable supply in relation to demand. 

Both liquid and solid biofuels are traded internationally to significant extent. The emergence of 
international trade in bioenergy is a process that has taken place mainly in the first decade of the 21st 
century in parallel with the rapid growth in demand and corresponding production volumes. From 
2000 to 2009, global production of bioethanol increased from 340 PJ to 1540 PJ. At the same time, 
the global biodiesel market grew from less than 30 PJ to more than 572 PJ, while total wood pellet 
production went from 8.5 PJ to more than 100 PJ (Lamers et al. 2011; Lamers et al., 2012).  

2.3.1 Trade in biomass-based commodities in general 
Bioenergy markets are closely related to markets for agricultural commodities and forest products in 
general. One example of this is that it can be difficult or even impossible to separate trade in 
bioenergy from trade in non-energy biomass. For example, the primary purpose of trade in high 
quality saw timber is for use in, e.g., construction, but it will also provide energy as sawmill residues 
in the form of sawdust, chips and bark are combusted within the sawmill itself or sold externally (Kalt 
and Kranzl 2012; Olsson and Hillring 2013).  

Inter-dependencies can also be seen in the end-use markets for biofuel raw materials, especially 
vegetable oils used for production of biodiesel. Palm oil and soybean oil are both used as raw 
material in biodiesel production, but this only makes up small fractions of the markets, with the vast 
majority of demand coming from the food sector (Sanders et al. 2012). The point here is that in 
addition to the trade in commodities that are traded with energy as an explicit end-use there are 
large trade flows in both agricultural and forest products that may or may not include cargos that will 
be used for energy purposes. 

In order to make international bioenergy trade economically viable, well functioning logistics systems 
are crucial. Compared for example to fossil fuels, biomass-based commodities are in general quite 
complicated when it comes to transportation, handling and storage, which can be clearly exemplified 
by comparing the logistical properties of coal and wood pellets. Firstly, the energy density is 
significantly lower for pellets, which means that significantly larger volumes need to be transported 
for any give amount of energy required. Secondly, pellets are vulnerable to moisture and tend simply 
to dissolve if exposed to moisture. Thirdly, there have been repeated reports of the deaths of 
crewmembers on ships transporting pellets, due to carbon monoxide poisoning (Deutmeyer et al. 
2012). 

2.3.2 Bioethanol 
Although there is evidence showing the advantages of bioethanol as a substitute for traditional 
firewood as cooking fuel in developing countries (Schlag and Zuzarte 2008), consumption of 
bioethanol for energy purposes is dominated by its use in road transportation. The global bioethanol 
market is to a very large extent dominated by two countries: the United States, where bioethanol is 
predominantly produced from corn (maize), and Brazil, in which the industry is based on sugar cane. 
These two are both the largest producers and consumer of bioethanol, together accounting for 87% 
of the market. Also, production in both countries is primarily aimed at the domestic market. Hence, 
the share of net international trade in bioethanol relative to the total size of the global market was 
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only 2-3% in 2009 (Lamers et al. 2011). This share might increase in the future as there is a growing 
trade in bioethanol between the US and Brazil. This is partly to compensate for seasonal differences 
in production cycles, but also a consequence of discrepancies in policy design in the two countries. 
The US Renewable Fuels Standard mandates a specific share of “advanced” bioethanol, among which 
Brazilian sugar cane ethanol is the only alternative that is widely available.  This has led to an 
increase in the export of Brazilian ethanol to the US and concurrently an increase in the export of US 
corn ethanol to Brazil, as well as to the EU (Meyer et al. 2013).  

2.3.3 Biodiesel 
The biodiesel market has hitherto primarily been a European matter. There are mainly two reasons 
for this: a) EU policy measures aimed at increasing the share of renewable energy used for 
transportation and b) the high penetration of diesel-powered automobiles in the European market. 
In 2012, 55% of all cars sold in the European Union were diesel-powered (ACEA 2013). For 
comparison, the share was only about 5.5% in the United States (Diesel Technology Forum 2013). In 
Europe, diesel makes up about 70% of road fuel consumption and gasoline about 30%, whereas the 
situation is approximately the other way around in the US, see Figure 1.  

 

Figure 1. Consumption of diesel and gasoline in road transportation in Europe and the US in 2010. (Data source: World 
Bank, 2013) 

Correspondingly, more than 70% of global biodiesel consumption took place in the European Union 
in 2009. The EU is also the largest importer of biodiesel and make up the lion’s share of international 
trade, which accounted for about 14% of global production in 2009. The US is the largest exporter of 
biodiesel, followed by Indonesia, Malaysia and Argentina (Lamers 2012). However, it is important to 
note that there is also a large international trade in raw materials for biodiesel production in the 
form of different kinds of vegetable oils (Johnson 2011).  

2.3.4 Wood pellets 
In the market for solid biofuels, wood pellets is by far the fuel category that has seen the most rapid 
growth in the recent decade, in terms of both total market volumes and international trade. Wood 
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pellets can be used for production of heat and/or electricity in a wide variety of applications, ranging 
from small-scale boilers for detached houses to large-scale production of electricity. It should 
however be emphasized that the vast majority of international trade in wood pellets is destined for 
large-scale production of electricity (Sikkema et al. 2011).  

The largest producers in the world in 2012 were the US and Germany. The wood pellet market is to a 
large degree a European market, and US production is primarily directed export to electricity utilities 
in the European Union, although in the US North-East there is also substantial domestic market for 
residential wood pellets. Recent years have seen rapidly growing consumption of wood pellets in 
large power stations in Denmark, the Benelux countries and especially the United Kingdom. In the 
UK, conversion of power stations from coal to wood pellets is leading to a situation where some 
individual UK power plants each consume an amount of wood pellets equal to or above that of the 
entire country of Sweden (Verhoest and Ryckmans 2012). Between 2012 and 2013, annual wood 
pellet consumption in the UK is estimated to have increased from 1.3 million tonnes to more than 4.5 
million tonnes (AEBIOM 2013).  

A substantial intra-European trade and especially the large and growing transatlantic trade flows 
combine to make wood pellet markets quite internationalized. In 2010, 44% of all wood pellets 
produced were traded internationally (Lamers et al., 2012). This share is likely to grow with the rapid 
expansion of EU imports from North America. 

2.3.5 Wood chips 
The market size of wood chips used for energy purposes is difficult to assess to a satisfactory degree. 
There are several reasons for this. Firstly, wood chips are by no means solely used for energy 
purposes. Lamers et al (2012) estimate that less 10% of all wood chips reported in available statistics 
are traded for energy purposes. The vast majority of international trade in wood chips consists of 
chips destined for use as raw material for production of pulp & paper and particleboard. Secondly, 
wood chips do not constitute a homogeneous commodity. Particle size, moisture content and energy 
density can vary substantially. In combination with the fact that statistics for trade and consumption 
of wood chips is generally provided in volumetric or weight units, this makes it very difficult to 
estimate traded volumes in energy units. Thirdly, the physical characteristics of wood that is 
eventually combusted in the form of chips, might very well change across the supply chain, e.g. if 
wood used for energy is transported in the form of roundwood and chipped at the site of combustion 
(Olsson et al. 2012; Lamers et al., 2012).  

Regardless of these limitations in terms of data availability, it is clear that wood chips constitute an 
important source of energy, not least in the Nordic region. However, wood chips have a significantly 
lower energy density (about 3 GJ/m3) compared to wood pellets (approximately 11 GJ/m3). This leads 
to difficulties in making transportation of wood chips economically viable over longer distances and 
hence wood chip markets tend to be geographically smaller than those for wood pellets (Alakangas 
et al. 2007)4.  

4 Although it should be noted that Japan for a long time has been importing wood chips for its pulp & paper 
industry (Iwai 2002).   
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2.3.6 Charcoal 
Charcoal is an often overlooked but very important source of energy in many parts of the world, in 
particular in underdeveloped countries. This is especially the case in urban regions, where the 
relatively clean combustion of charcoal makes it suitable as cooking fuel5. With the ongoing process 
of rapid urbanization and the unavailability or high costs of electricity, charcoal use is likely to 
continue to grow (Schure et al. 2013). The consequence is a substantial and growing rural-urban 
trade.  

However, there is very little reliable market data regarding production, consumption and 
international trade in charcoal, as a result of the “clandestine nature of production, poor regulation 
and informality of the sector”(Mwampamba et al. 2013, p.78). In fact, even discerning trends in 
market developments from available charcoal market statistics can be difficult. For example, 
according to data from the International Energy Agency, charcoal production in Colombia decreased 
from slightly more than 700 000 tons to less than 500 000 tons in the time period 2003-2006, after 
which production rapidly increased to more than 1 million tons in 2007. According to FAO data 
however, Colombian charcoal production remained basically flat at about 500 000 tons from 2003 to 
2010 (Mwampamba et al. 2013).  

The country with the largest charcoal market in the world is Brazil, with approximately 15% of total 
global consumption according to FAO data, but Brazil is also atypical in the sense that the majority of 
its charcoal consumption takes place in large-scale industrial applications. In contrast, the vast 
majority of charcoal consumption in Sub-Saharan Africa is for domestic cooking purposes (Bailis et al. 
2013). 

2.3.7 Waste-to-energy 
Similar to bioenergy markets, waste management has predominantly been a local issue, where 
decisions by and large are taken and implemented on a municipal or city level (Bogner et al. 2007). 
This has changed in recent years, partly as a result of legislation (e.g. European Parliament and 
Council of the European Union 2008) aiming at reducing waste generation and make more efficient 
use of waste. This process has been especially prevalent in European management of combustible 
waste. The waste hierarchy (see Figure 2) presents a framework of how to make the most efficient 
use of resources. The aim is to move towards options higher up in the hierarchy. One such strategy 
that is being widely implemented in Europe is the shift from landfilling to combustion with energy 
recovery.  

5 Combustion of charcoal in traditional stoves can however still result in significant emissions of harmful 
pollutants (Zulu and Richardson 2013).  
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Figure 2. The waste hierarchy. 

Waste combusted for energy in the EU is made up by approximately 50-60%6 renewable material, i.e. 
different forms of biomass-derived waste (EurObserver 2012; Swedish Energy Agency 2013), 
although this share can vary depending on the actual composition of the waste in a given location. In 
Europe7, about 90 million tonnes of waste was combusted with energy recovery in 2010 (Eurostat 
2013c), generating more than 700 PJ of energy. The share between renewable and non-renewable 
waste was almost exactly 50% each (Eurostat 2013b). 

 

  

6 The figure 50-60% is based on energy content. 

7 EU-28 + Iceland, Norway, Former Yugoslav Republic of Macedonia, Serbia and Turkey  
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3 Bioenergy in the Nordic region 

3.1 The role of bioenergy in the Nordic energy mix 
The Nordic countries constitute a pioneering region in terms of utilization of renewable energy 
(Thorsteinsson and Björnsson 2012). When it comes to bioenergy, the picture is a bit more mixed. 
Whereas renewable energy in Denmark, Finland and Sweden is dominated by bioenergy, it plays only 
a minor role in Norway and Iceland (see Figure 3).  

 

Figure 3. Gross inland consumption of renewable energy in the Nordic countries in 2011. Next to country names are the 
percentage of biomass & waste in energy supply (Data sources: Eurostat & National Energy Authority of Iceland. Note: 

Icelandic data is for primary energy supply) 

The prevalence of forestry and forest industries in Finland and Sweden are key components in 
explaining the high level of bioenergy in the two countries, together with ambitious policy measures 
promoting the use of biomass for energy purposes. Such policies were first instigated in both 
countries as a response to the oil crises of the 1970’s, with the prime objective to reduce 
dependence on imported oil (Björheden 2006; Hakkila 2006). Denmark’s rationale for promotion of 
bioenergy was also based on experiences from the oil crises, but differing circumstances led to 
different approaches to the problem. Denmark initially focused heavily on energy efficiency 
measures and exploitation of the country’s North Sea oil & gas resources, but also on support for 
renewables in the form of wind power as well as heat and electricity from biomass (Lund 2010). 
Another important factor for end-use market development for biomass in Denmark as well as Finland 
and Sweden has been the wide dissemination of district heating, which has enabled large-scale 
conversion from fossil energy to biomass-based fuels.  

Bioenergy development has been slow in both Norway and Iceland. A key reason in Iceland is that 
the country only has very small domestic biomass resources. Furthermore, both Iceland and Norway 
are awash with other forms of energy: Iceland has large resources of geothermal energy as well as a 
substantial hydropower production. Norway is one of the world’s largest oil exporters in addition to 
having a very large hydropower sector. In Norway, the large supply of low-cost hydroelectricity has 
led to low electricity prices to the point where domestic heating is dominated by electricity, thus 
reducing the competitiveness of other forms of heating such as bioenergy (Trømborg 2011). District 
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heating systems are for example quite rare in Norway, especially relative to its importance in the 
other Nordic countries (Clarke et al. 2011).  

3.2 Bioenergy trade in the Nordic countries 
Among the Nordic countries, Denmark, Finland and Sweden all use significant amounts of 
bioethanol. All three rely to a large degree on imports for their supply, although roughly half the 
Swedish market is supplied by domestic production. As for the origin of the imports, lack of 
comprehensive statistics makes it difficult to give a reliable overview of this.  

 

Figure 4. Market data for bioethanol in the five Nordic countries in 2011. Apparent net import is defined as consumption 
minus production. Data source: US EIA (2013) 

For biodiesel, the situation is somewhat different to that in bioethanol markets. As with bioethanol, 
the largest biodiesel market in the Nordic countries can be found in Sweden, which is both the 
largest producer and consumer of biodiesel among the five countries. There is no import of biodiesel 
to Sweden, although almost all raw material for biodiesel production is imported from countries such 
as Denmark (24%), Lithuania (22%), Ukraine (21%) and Germany (13%)  (Swedish Energy Agency 
2012a). A similar situation can be seen in Norway, where biodiesel production is based on imported 
rapeseed oil (Trømborg 2011). Denmark imports substantial volumes of biodiesel, but exports are 
larger, making the country as a whole a net exporter. The Danish export is a result of unfavorable tax 
conditions in the country compared to export markets (Nikolaisen 2012). Finland is also a net 
exporter, with about half the domestic production of biodiesel consumed outside the country. Here 
as well, production is largely based on imported raw materials, mainly palm oil but also different 
forms of waste fats (Heinimö and Alakangas 2011; Neste Oil 2013).  
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Figure 5. Nordic biodiesel market data for 2011. Apparent net imports are defined as consumption minus production. 
Data source: US EIA (2013) 

Among the five Nordic countries, Denmark and Sweden are the dominating users and importers of 
wood pellets. In 2012, Denmark imported about 2 million tonnes (roughly 34 PJ) and Sweden 
approximately 665 000 tonnes (≈11 PJ). Both countries primarily import from countries around the 
Baltic Sea with Estonia, Latvia, Russia and Germany as key suppliers. For Denmark, Portugal is also an 
important supplier whereas the US and Canada – which both export large amounts to the UK, 
Netherlands and Belgium – only contributed with marginal quantities to the Nordic region. Sweden 
and Finland also export wood pellets to Denmark (Eurostat 2013a). Norway has only a very small 
domestic market, although there have been plans to initiate export-oriented wood pellet production 
based on imported raw material (Trømborg 2011)8. An overview of international wood pellet trade in 
the Nordic countries can be seen in Figure 6. 

 

 

8 In 2010 a pellet production facility with a capacity of 450 000 tonnes/year was established on the west coast 
of Norway. Following severe problems related to market conditions and technical production issues, the plant 
was closed in early 2013 (Biowood Norway 2013). 
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Figure 6. International trade in wood pellets in the Nordic countries in 2012. Data source: UN Comtrade 

As was discussed in section 2.3.5, the amounts and patterns of trade in wood chips for energy 
purposes are for several reasons difficult to estimate. It is clear however that this is an important 
phenomenon in the Nordic countries, especially Denmark and Sweden. In Denmark, about 25% of 
domestic consumption came from imports in 2012, mainly from countries around the Baltic Sea 
(Dansk Skovforening et al. 2013) but also from Ghana in the form of wood chips made from discarded 
rubber trees (Gibson 2011). Sweden also imports significant amounts of wood chips, again mainly 
from other countries in the Baltic Sea region and predominantly by ship (Olsson et al. 2012). There 
are however also trade flows of wood chips from Norway to Western Sweden via train (Valente et al. 
2012). Concurrent with these flows of wood chips explicitly destined for energy purposes, there is 
also an indirect trade in woody biomass that will eventually be used as energy. This is a consequence 
of the large trade in wood used for raw material in pulp & paper production, especially in Finland and 
Sweden. During the Kraft pulp production process, parts of the wood is used to produce process heat 
within the pulp mill (Heinimö and Alakangas 2011).  

Landfills are increasingly being phased out as a waste management option in much of Europe, 
including the Nordic countries. This means that there is increasing demand for alternatives higher up 
the waste hierarchy, such as waste-to-energy. Between the five Nordic countries, there are 
substantial differences in management of municipal solid waste (MSW), see Figure 7.  
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Figure 7. Treatment of municipal solid waste (MSW) in the Nordic countries. Data source: Eurostat 

In Denmark, Norway and Sweden, waste combustion with energy recovery is an established part of 
energy supply in many urban areas, especially in district heating systems, see Figure 8. In 2012, waste 
incineration provided more than 40% of fuel input in district heating in Norway, about 18% in 
Denmark and Sweden and less than 2% in Finland (Danish Energy Agency 2013; Finnish Energy 
Industries 2013; Statistics Norway 2013; Swedish District Heating Association 2013).  
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Figure 8. Production of heat & electricity from waste in 2010. Data source: CEWEP (2012) 

There is increasing international trade in combustible waste. In the Nordic countries, there are 
significant amounts of trade from Norway to Sweden, which provides some explanation to the data 
seen in Figure 9.  
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Figure 9. International trade in combustible waste in 2010 (Norway & Sweden) and 2011 (Denmark). No data was found 
for Finland and Iceland. Data sources: (Danish EPA 2013; Norwegian Climate and Pollution Agency/Environment.no 2011; 
Swedish EPA 2012) 

Apart from Norway, Sweden also imports from the UK, the Netherlands and Ireland (Avfall Sverige 
2013). Danish imports are primarily from the UK and Germany (Wittrup 2013). 

3.3 The role of bioenergy in the climate policies of the Nordic countries 
Up until 2020, the main determinant for developments in markets for renewable energy, including 
bioenergy, is the framework established by the European Union in the so-called Renewable Energy 
Directive (2009/28/EC). The EU aims to increase the share of renewable energy in the Community as 
a whole to 20%. In order to reach these goals, each member state has been assigned an individual 
goal that is to be reached in order for the EU as a whole to achieve the 20% target (Council of the 
European Union 2009). Three of the Nordic countries – Denmark, Finland and Sweden – are 
members of the European Union and as such have received individual national goals for 2020. 
Norway and Iceland are not part of the EU but of the European Economic Area (EEA) and are hence 
participating in the RED process as of the 2011 incorporation of the RED into the EEA agreement 
(Quaderer and Rübig 2012; Roggenkamp et al. 2012). In other words, both Iceland and Norway also 
have national goals to be fulfilled until 2020. For an overview of the goals and current progress of the 
RED goals in the five Nordic countries, see Figure 10.  
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Figure 10. The base point, current status and goals for the share of renewable energy in the energy systems of the five 
Nordic countries (Data source: Eurostat & Icelandic Ministry of Industries and Innovation). 

For comparison, in the European Union as a whole, the share of renewable energy was 13% in 2011. 
All the Nordic countries have a higher share than this and are making significant progress towards 
reaching their goals for 2020. As can be seen in Figure 10, Iceland has already surpassed its goal.  

All countries adhering to the RED are mandated to present their respective strategies for how to 
reach the 2020 goals in National Renewable Energy Action Plans (NREAPs). In the EU-27 as a whole, 
the contribution of bioenergy to the total energy consumption is expected to more than double 
between 2010 and 2020 (AEBIOM 2012). The Nordic countries are also expected to see an increase in 
the use of bioenergy, although the increase will be more moderate, approximately 30% (see Figure 
11). This relatively slow growth of bioenergy in the Nordic countries is mainly a result of the already 
high share of biomass-based fuels in the region’s energy systems.  
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Figure 11. Expected increase in bioenergy consumption in the Nordic countries 2010-2020 (Data sources: Iceland’s 
Ministry of Industries and Innovation 2012; Norway Ministry of Petroleum and Energy 2012; AEBIOM 2012). 

In addition to the targets regarding the total energy mix of each country, there is also a specific 
target concerning the share of renewables in the transportation sector. This mandates that all RED 
signatories are to have a national share of 10% renewable energy in the transportation sector by 
2020 (Council of the European Union 2009). Here, there are significant differences between the 
Nordic countries in terms of their progress towards the goal. The share of renewables in 
transportation in the five Nordic countries in 2011 can be seen in Figure 12. Sweden’s high share is 
due in part to the fact that it began experimenting with alternative fuel vehicles already in the 1980s 
on the basis of policies aimed at regional air quality improvements, which was in addition to the 
national energy security rationale that was becoming common in many countries (Eklöf et al. 2012). 
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Figure 12. Share of renewable energy in the transport sector in the Nordic countries in 2011. ((Data sources: Eurostat & 
Second National Progress Reports on the Promotion and Use of Energy from Renewable Sources). No data was found for 
Iceland.) 

In the National Renewable Energy Action Plans (NREAPs), the respective countries are asked to 
estimate the amount of transportation biofuels that will be produced domestically and how much 
that will be imported. Here it is informative to note some distinct differences in the strategies of the 
five Nordic countries. Whereas Norway and Denmark will fully rely on imports, Finland and Iceland 
aim for 100% domestic production. Sweden aims to import 60% of the national demand for 
bioethanol whereas all biodiesel is expected to be produced domestically (Beurskens et al. 2011; 
Norway Ministry of Petroleum and Energy 2012; Iceland’s Ministry of Industries and Innovation 
2012).  In response to questions from the European Commissions regarding the specifics of the 
biofuel imports in the NREAPs, Sweden states that although all biodiesel is expected to be produced 
domestically, imports of raw material for biodiesel production will likely be necessary (Swedish 
Government 2011).  
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Figure 13. Planned imports of transportation biofuels to the Nordic countries in 2020 according to the NREAPs. ETBE 
(Ethyl tert-butyl ether) is an ethanol-based petrol additive. (Data sources: Beurskens et al. 2011; Norway Ministry of 
Petroleum and Energy 2012) 

An additional issue worth noting is the recently proposed changes to the RED concerning the share of 
renewable energy in the transportation sector. According to an analysis conducted by Bowyer (2010) 
of the NREAPs of the EU countries, 92% of the biofuels used in the transport sector would consist of 
conventional crop-based biofuels. In total this would amount to 8.8% of total transportation energy 
use in the EU. However, in July 2013, the European Parliament’s environment committee voted to 
limit crop-based biofuels to 6% of total transportation use (Euractiv.com 2013). If this becomes part 
of EU legislation, it will clearly entail that changes have to be made in the 2020 strategies of most 
European countries.   
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4 Inter-relationships between mitigation and adaptation  

4.1 Mitigation of, and adaptation to, climate change: overview 
Two general approaches have been distinguished as means by which society can confront climate 
change risk. Mitigation, which puts focus on minimizing climate change by reducing emissions of 
greenhouse gases and enhancing carbon sinks, and adaptation, which primarily entails reducing 
vulnerability to climate change (Klein et al. 2005; Schipper 2006). 

Up until the beginning of the 2000’s, climate change policy discussions were heavily dominated by a 
focus on mitigation. However, it has become increasingly clear that regardless of current and future 
mitigation efforts, climate change will occur and adaptation is thus necessary (Klein et al. 2005). The 
growing focus on adaptation is exacerbated by the absence of a binding post-Kyoto international 
agreement on the limitation of greenhouse-gas emissions (Dow et al. 2013). However, it is important 
to note that an all-out shift of emphasis from mitigation to adaptation is not a viable route as this 
would imply such a significant level of climate change that adaptation measures would become 
exceedingly costly or impossible to achieve.  

Traditionally, there has been much focus on the inherently different characteristics of adaptation and 
mitigation. To a certain extent, this view has merit. Adaptation measures tend to be local or regional 
in their geographical scope and are effective in the near term by immediately increasing resilience to 
climate change effects (Klein et al. 2007; Moser 2012). Mitigation efforts have on the other hand 
predominantly consisted of long-tem endeavors, aimed at minimizing climate change by reducing 
emissions of greenhouse gases into the atmosphere. As a result of time lags in the global climate 
system, this is to a large extent a process that is acting over time periods of decades or more.  
Furthermore, whereas the benefits from mitigation efforts are shared widely, adaptation efforts tend 
to be beneficial primarily at the local level. There are also notable differences in terms of the actors 
involved in carrying out mitigation and adaptation. Whereas the bulk of mitigation measures have 
traditionally been designed and implemented on levels of government or corporations in a limited 
number of sectors, adaptation takes place at all levels in society and by a wide variety of actors (Klein 
et al. 2007).  

However, recent research emphasizes that the conceptual discrepancy between mitigation and 
adaptation may be less severe than was previously envisioned. Firstly, the globalization of the world 
economy in the form of intercontinental supply chains means that local adaptation efforts can have 
positive effects on a global level (Benzie et al. 2013). In addition, there is growing awareness of the 
importance of short-lived climate forcers. Mitigation efforts focused on black carbon and ozone 
precursors are interesting in that not only can they can reduce near-term warming, in addition 
“…most substantial benefits will be felt immediately in or close to the regions where action is taken to 
reduce emissions.” (UNEP and WMO 2011, p.3) which contradicts the view of mitigation as a strategy 
without near-term benefits for the very actors involved in practical implementation. Finally, the 
absence of a globally binding agreement aimed at emission reductions has also led to a development 
where individual businesses and consumers are increasingly viewed as important actors when it 
comes to driving mitigation (Sheth et al. 2010).  
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To a growing extent, adaptation and mitigation are being seen as complementary strategies. Here as 
well, there is a certain conceptual difference where adaptation is a form of direct damage prevention 
and mitigation an indirect strategy (Verheyen 2005; Klein et al. 2007), but the final objectives of the 
two strategies are the same: to prevent damages from climate change. Discussion on the two 
strategies is sometimes framed as a dilemma of choosing one over the other (Tol 2005) but there are 
plenty of conceivable policy measures where mitigation and adaptation can be combined and 
produce synergy effects. This could not only reduce the cost of policy implementation but also 
produce more sustainable and resilient systems. It can be argued that any coherent strategy aiming 
at minimizing the risks of catastrophic climate change should thus consist of a combination of 
mitigation and adaptation efforts (Klein et al. 2005; Klein et al. 2007).  

It is nevertheless important to emphasize that combining mitigation and adaptation in actual 
implementation can be very challenging, and there is a risk of adaptation measures working against 
mitigation efforts9 or vice versa (Moser 2012). The inherent gains to be made by pursuing mitigation 
and adaptation in tandem have therefore been questioned (Klein et al. 2005) but more recent 
research suggests that there are indeed plenty of potential substantial synergy effects in combining 
mitigation and adaptation (Klein and Juhola 2013).  

As will be discussed in further detail below, bioenergy systems have been put forward as examples of 
implementations where the synergies can be substantial (Juhola et al. 2012). This is connected 
mainly to the possibilities that bioenergy can help alleviate problems related to the temporal 
discrepancy between the long-term gains from mitigations and the more immediate benefits from 
adaptation.  

In this context it is also worth mentioning a recently proposed perspective on adaptation, one that 
includes not only adaptation to climate change, but to the consequences of climate policy as well 
(Klein and Juhola 2013), i.e. adaptation to mitigation. It has been recognized that implementation of 
climate policy can itself create positive and negative environmental, social and economical effects 
that need to be taken into account. Perhaps the most publicly recognized example of the complex 
interactions that can arise is related to bioenergy trade and the so-called “food vs. fuel” dilemma. 
This centers around the impact of increased demand for bioenergy on food markets and the 
consequences that this might have for global food availability and malnutrition, i.e., possibly adverse 
effects of mitigation policies (e.g. Rosillo-Calle and Johnson 2010; Bryngelsson et al. 2012).  

4.2 Adaptation-mitigation inter-relationships in Nordic policy 
In order to review the level of interaction between the two strategies in practice, it can be 
informative to review some relevant policy documents in the Nordic countries. So far, only Denmark 
and Finland have published formal National Adaptation Strategies, and hence other documents are 
analyzed for the remaining three countries. The selection of the latter is based on the comprehensive 
review of Nordic adaptation policies found in Klein & Juhola (2013).  

9 A commonly cited example is how a warmer climate could increase the need for air-conditioning (an 
adaptation measure) which would increase demand for electricity, which could lead to increased GHG 
emissions.  
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Denmark published its National Adaptation Strategy (The Danish Government 2008) in 2008, and 
although it indirectly includes elements on mitigation-adaptation interactions (in a discussion of the 
impact of climate change on renewable energy production), there is no clear appreciation of the 
potential synergies or conflicts between the two.  
 
Finland was a pioneer in terms of governmental involvement in adaptation with the publication of its 
2005 National Adaptation Strategy (NAS) (Marttila et al. 2005).  A 2009 evaluation (Ministry of 
Agriculture and Forestry 2009) of the strategy complimented the progress that was being made in 
terms of implementation of the NAS, but pointed out that “[t]he next Adaptation Strategy should 
also deal with the synergies and potential conflicting objectives of the mitigation and adaptation 
measures”(Ministry of Agriculture and Forestry 2009, p.17). The Finnish NAS is currently (2011-2013) 
undergoing a new review process.  

The key climate change policy document in Iceland is the 2007 Climate Change Strategy (Ministry for 
the Environment 2007), which combines policy strategy on mitigation and adaptation. This suggests 
an inherent appreciation of the inter-relationships between the two approaches, but the main focus 
of the Strategy is on mitigation aspects. Indirectly however, there are discussions that touch upon 
mitigation-adaptation inter-relationships, e.g. by highlighting the consequences of increased 
transport of oil and gas in the Arctic.  
 
In 2008, a document presenting national key adaptation issues was published by the Norwegian 
Directorate for Civil Protection and Emergency Planning (2008). Without explicitly discussing the 
inter-relationships between adaptation and mitigation, the issue is touched upon in several 
occasions, especially in relation to climate change impacts on the energy sector. For example, the 
strategy acknowledges the expected increased supply of energy from both hydropower and 
bioenergy.  
 
Sweden has thus far not published a formal National Adaptation Strategy (Glaas 2013) although 
adaptation is covered to a substantial degree in the 2009 government bill on climate and energy 
policy (Swedish Government 2009). The integration of mitigation and adaptation could – as in the 
Icelandic case – be seen as a sign of recognition of the role of adaptation-mitigation inter-
relationships. Although a conceptual discussion of the issue is absent from the bill, it does give 
examples of mitigation-adaption inter-relationships, including impacts of climate change on supply 
systems of forest-based bioenergy. 
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5 Effects of climate change on bioenergy markets 
As was noted in section 2, bioenergy markets are very complex phenomena as a result primarily of 
their interconnections with many other economic sectors. The consequence is that it is difficult to 
predict all possible effects of climate change on bioenergy markets and bioenergy trade. This is 
especially true if one tries to forecast the spillover effects into bioenergy markets from climate 
change on adjacent sectors. Hence, in the following, the ambition is to focus on more direct 
consequences of climate change on bioenergy markets. The analysis is divided according to the 
different parts of the bioenergy supply chain, starting with the supply side (cultivation etc.), moving 
on to climate impact on the demand side of the market and then finally the link between production 
and consumption, i.e. distribution and logistics.  

5.1 Impact of climate change on bioenergy supply 

5.1.1 General impacts on the supply of bioenergy from agriculture and forestry 
Biomass used for energy purposes is to a dominating extent produced in agricultural or silvicultural 
systems, both of which are inherently weather- and climate dependent. Hence, bioenergy supply will 
be affected by climate change as forestry and agriculture are among the sectors that will be most 
affected by a changing climate (Adger et al. 2007).  

New fluctuations in precipitation patterns and temperatures will have effects on the production of all 
forms of biomass, be it for energy purposes, for food or for production of pulp & paper. These 
impacts can be direct or indirect. Direct impacts include climate changes that make a particular 
region outright unsuitable for certain crops, e.g., as a result of insufficient annual amounts of rainfall 
or increased incidence of frosts or droughts, whereas indirect impacts include e.g. improved 
conditions for pests as a result of a warmer climate (IPCC 2012). For an example of how the latter can 
impact bioenergy markets, see Example Box 1.  

 
Example box 1: Warm Canadian winters, insect-damaged trees and wood pellet markets 

An example of the damages from indirect climate impact can currently be observed in in 
British Columbia (BC) in Western Canada. Here, periodical outbreaks of infestation by the 
Mountain Pine Beetle (Dendroctonus ponderosae) have historically occurred from time to 
time. However, the life cycle of the beetle is quite sensitive to temperatures which means 
that the occasional very cold winters in BC has traditionally kept a lid on the geographical 
and temporal extent of the infestations. However, in recent decades, the cold winters 
needed to halt MPB expansion have become increasingly rare (c.f. Williams and Liebhold 
2002) which has resulted in a currently ongoing infestation of previously unseen 
proportions. The result is an immense amount of damage to the standing timber, increased 
risk of wildfires, massive capital destruction as well as a large net source of emissions of 
carbon into the atmosphere. In terms of climate impact, there are also albedo-related 
effects from the infestation that increase the speed of snow melt. In other words, this 
means that the mountain pine beetle infestations are having a feedback effect, in effect 
enhancing the climate change that has contributed to the current situation (Kurz et al. 
2008). As a means to take care of and make use of the massive amounts of damaged trees, 
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and thereby possibly reduce the risk of wildfire, wood pellet production based on MPB-
damaged wood has been proposed as a productive approach. The economic viability of this 
endeavor has been questioned, as lack of roads and other infrastructure could make harvest 
costs excessive (Johansson 2012; Niquidet et al. 2012). Nevertheless, there is here the 
potential of substantial net carbon savings, especially if the wood pellets are used to replace 
coal (Lamers et al. 2013).  

 
Tropical regions will be most hardly hit when it comes to reduced crop yields from climate change, 
e.g., as a result of problems with water supply. It is worth noting that problems can be expected in 
both irrigated and rainfed fields (HEC/CABI 2010). Additionally, flooding can also impact production, 
as has been displayed in rainfall-induced flood damages to planting operations in corn-producing 
regions of the US (US DOE 2013)10.  

Temperature increases could also prove highly detrimental, although this depends to a degree on the 
level of warming, as modest temperature increases could lead to higher crop yields for many grains 
(Easterling et al. 2007).  When it comes to indirect impacts, these could include positive effects such 
increased productivity as a result of higher CO2 levels, but also increased prevalence of pest insects 
and plant pathogens (Ebinger and Vergara 2011; Juroszek and von Tiedemann 2013). Drier climates 
could also increase the risk of soil erosion, which is the topic of Example box 2.  
 

Example box 2: Corn ethanol & soil erosion in the US midwest 

Increased demand for corn, partly for production of bioethanol, has meant that cultivation 
in the US Midwest is being expanded to fields that are susceptible to erosion (Neuman 
2011). This is problematic especially as climate change is likely to lead to an increase in 
storms that can lead to large and rapid loss of topsoil, something that has had catastrophic 
consequences in the past. Rapid expansion of farmland and several continuous years of 
drought were among the main causes of the 1930’s Dust Bowl, which is among the largest 
environmental disasters in United States history (Montgomery 2007). In addition, there are 
fears of the depletion of aquifers in corn-producing regions of the US, resulting from 
excessive use of underground water sources for irrigation of cornfields, as irrigation itself 
was introduced as a vital part solution to the difficult climatic and soil conditions of the US 
high plains. More efficient water use is imperative if cultivation of corn, which is a very 
water-demanding crop, can expand further without the reoccurrence of the conditions that 
lead to the catastrophic soil erosions of the 1930’s (Brodwin 2013).  

 

5.1.2 Impacts from climate change on bioenergy supply in the Nordic region 
The impact of climate change on the supply potential of renewable energy in the Nordic countries is 

10 In the context of market impacts, adaptation to mitigation and the food vs. fuel debate, results from a recent 
study suggest that climate change can be an even more important factor than increased biofuel demand when 
it comes to increasing food prices (Lotze-Campen et al. 2014). 
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expected to be mainly positive. For example, hydropower production is likely to increase, although 
dams and related infrastructure will have to be adapted to new seasonal patterns in runoff. 
(Norwegian Water Resources and Energy Directorate 2006; Bergström et al. 2012).   

As regards bioenergy production, a warmer climate will increase productive capacity in most forests 
in the Nordic region. Although it is difficult to estimate the share of increased forest growth that will 
be available for energy purposes, an increase in the supply of forest-based bioenergy is to be 
expected (Fenger 2007; Gode et al. 2007; Kellomäki et al. 2012). A similar development can also be 
expected in agriculture, although extreme weather events can become a larger threat to both 
agriculture and forestry (IPCC 2012) although this is not necessarily through an increased frequency 
of extreme events. Warmer winters in the Nordic countries could mean that soils are frozen for 
shorter time periods of the year. This increases the likelihood that trees fall over when exposed to 
high winds. Norway spruce (Picea abies) is especially vulnerable in this regard and this vulnerability 
was a contributing reason to the severe effects of hurricane Gudrun on Nordic forests in early 2005.  
This storm also caused severe disruptions in the supply systems for bioenergy, see Example box 3.  

Example box 3: Extreme weather event impacts on wood fuel supply systems 

Logging residues, which make up large parts of Finnish and Swedish bioenergy supply, are 
typically removed as a part of final fellings in order to maximize efficiency. However, this 
system is rather complex, requires planning and is thus vulnerable to outside disturbances. 
In the turbulent situation following Hurricane Gudrun (which during a few hours in January 
2005 felled trees amounting to an entire annual felling in Sweden) all logging resources were 
focused on salvaging high-quality timber as quickly as possible in order to prevent damages 
by insects and fungi. This meant that removal of logging residues was not a priority and 
between 2004 and 2005, the area from which logging residues were extracted decreased by 
60% in Southern Sweden (Swedish Forest Agency 2013). As it turns out, the actual market 
effects were not as great as might first have been imagined, as the reduced supply of logging 
residues was to a degree made up by an increase in the supply of sawmill residues and 
downgraded timber (Olsson 2006; Swedish Energy Agency 2006; Björheden 2007).  

 

In terms of positive developments, climate change is likely to improve conditions for agriculture in 
the Nordic region in general. A longer growing season and the introduction of new crops would lead 
to increased overall yields, although this can come with the cost of increased pest problems 
(Maracchi et al. 2005). In terms of conditions for energy crops in particular, climate change is also 
likely to lead to improved conditions for cultivation of perennial grasses in the Nordic region. 
Miscanthus spp. is one example of a perennial grass that is currently not ideally suited for the Nordic 
countries, since it can have trouble overwintering in colder climates (Lewandowski et al. 2003; 
Swedish Board of Agriculture 2011). High yields are also expected from Salix spp., which to a certain 
degree is grown for energy purposes especially in Sweden (Oliver et al. 2009).   
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5.2 Impact of climate change on bioenergy demand 
Bioenergy demand will also be affected by climate change, both in ways that are specific to 
bioenergy but also as an energy source among others. For example, demand for electricity, including 
bioelectricity is likely to increase in many regions of the world as a result of increased need for 
cooling. At the same time, other regions will experience lower demand for heating with less severe 
winter temperatures (US DOE 2013). In this context, it is however important to note that only 
producing electricity (i.e. without utilization of associated heat production) from biomass-based fuels 
is not necessarily a very efficient use of biomass as a resource, i.e. other means of producing 
renewable electricity might be more competitive. 

On a global level, it is generally expected that the costs from increased demand for cooling will be 
larger than the benefits from reduced demand for heating (Adger et al. 2007). In the Nordic context 
however, the situation is likely to be the opposite, i.e., the gains from reduced demand for heating 
will be greater than the costs of increased demand for cooling (Swedish Government 2007; Pilli-
Sihvola et al. 2010). As could be seen in Figure 11, heating is the most important category in terms of 
bioenergy consumption in the Nordic region. Climate change is expected to bring about a general 
warming of the geographical region that includes the Nordic countries. For example, by 2040, annual 
demand for heating in Swedish buildings is expected to have decreased by 15% (Gode et al. 2007). 
Bioenergy is also an important part of heat supply in Denmark, Finland and (albeit to a lesser extent) 
Norway. A general reduction in heat demand will thus also impact bioenergy demand.  

As was noted above, demand for air-conditioning and thus electricity is on the other hand likely to 
increase with a warmer climate (Fenger 2007). Even though this effect is expected to be smaller in 
the Nordic countries than the reduction heat demand, the effect on electricity markets in the region 
could still be substantial. As European electricity markets are increasingly being integrated through 
interconnection of physical infrastructure and institutional reform, the Nordic electricity market – 
possibly including Iceland (Quaderer and Rübig 2012) – will to a larger degree interact with electricity 
markets in other parts of Europe.  Depending on the progress of integration, increasing energy 
demand for cooling in Southern Europe could spill over into Nordic electricity markets (Aaheim (ed.) 
2009). 

Another possible effect on bioenergy demand for heating could come from impacts of climate 
change on the criteria that consumers use to choose residential heating systems. In detached houses 
in the Nordic region – especially Sweden and Denmark – homeowners often choose between 
bioheat11 and different kinds of heat pumps. In recent years, the market share of heat pumps has 
been growing. A problem with heat pumps is that their efficiency is reduced with very cold 
temperatures (Swedish Energy Markets Inspectorate 2012). With warmer winter temperatures in the 
Nordic countries, this drawback of heat pumps becomes less important. Furthermore, heat pumps 
can also function in reverse, i.e. providing cooling instead of heating. If climate change leads to 
warmer summer temperatures in the Nordic region, this could be an additional advantage for heat 

11  This can be in the form of indirect bioheat (in the form of bioenergy-based district heating) or direct bioheat 
(boilers or stoves fueled with firewood or pellets).  
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pumps relative to bioenergy-based heating solutions. Consequentially, this might be another factor 
that impacts the demand for bioenergy.  

5.3 Impact of climate change on distribution and logistics in bioenergy 
markets 

An important component of bioenergy markets that tends to be overlooked and that will also be 
affected by climate change, is logistics. The relatively low energy density of solid biomass fuels in 
particular means that fuel transportation becomes a crucial part especially of systems based on solid 
biomass-based fuels. The problem can take many different forms, from the arduous task of procuring 
firewood facing rural poor in developing countries to the complex logistics systems necessary to 
provide European power stations with wood chips and wood pellets.  

The switch from fossil fuels to bioenergy comes at a cost of increasingly complicated logistics, 
especially with district heating plants and power stations located in urban areas with limited space 
available for on-site fuel storage. Fuel logistics tends to be based on continuous fuel supply either via 
fuel terminals or directly from external suppliers (Sycon 1999; The Swedish Association of Road 
Transport Companies 2011). This increased reliance on fuel transportation is an important 
component to take into account when assessing the adaptive capacities of bioenergy systems. 
However, there is not very much compiled knowledge about the vulnerability of these supply chains 
and many issues are yet not researched to a satisfactory level (Swedish Energy Agency 2009).  

The vulnerability of fossil fuel logistics to weather-related disturbances in recent years has on the 
other hand been well documented, with both droughts and floods affecting coal barges in the 
Mississippi river system (US DOE 2013). Again, as a result of the lower energy densities and hence 
increased transportation requirements of bioenergy, such problems are likely to be exacerbated 
rather than alleviated with the transition from fossil fuels to biomass-based fuels. It is important to 
note that this is not relevant only for direct disturbances to fuel supply (e.g. flooding of inland 
waterways used for barge transport of wood pellets) but also for indirect disturbances such as 
damages to communications infrastructure on which all modern day supply chains are highly reliant 
(Swedish Civil Contingencies Agency 2009).  

All these problems make wood fuel supply chains vulnerable to disturbances, weather-related or 
other. In addition, there is also the directly weather-related issue that pellets have to be kept away 
from water12. For example, it has been reported that loading of pellets on ships destined for export 
from British Columbia is stopped during rains (Bradley et al. 2009; Dahlberg 2010; Hashemi 2013). 
Scenarios indicate that large parts of British Columbia will become wetter with climate change, which 
could exacerbate these problems (Lemmen et al. 2008). 

In the Nordic region, solid biofuels are a key component of the energy systems of Denmark, Finland 
and Sweden and there is an established trade of wood chips, especially from Russia, Estonia and 
Latvia to Sweden and Denmark (Lamers et al., 2012). Thus, ensuring that these supply chains are 

12 It is important to note that moisture-related logistics problems are not limited to modern bioenergy carriers, 
but can be a very serious concern in traditional use of fuelwood in developing countries as well (Hossain et al. 
2004). 
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resilient to the consequences of climate change is an increasingly important factor for general energy 
security, but one that has so far been analyzed to a very small degree (Swedish Energy Agency 
2012b). Here, there are potential benefits from climate change in the Nordic region. Ice build-up is a 
recurring problem for Baltic Sea shipping (Lamers et al., 2012) and one that could be alleviated by 
warmer winters.  

Storage of biomass is another factor that could be impacted by a warmer climate. If wood chips are 
stored for longer periods of time, microbial activity can lead to large increases in temperatures that 
eventually may result in fire. A warmer and moister climate would mean better conditions for 
microbes to thrive which would lead to an increased risk of spontaneous combustion (Gode and 
Holmgren 2007).  

An advantage of bioelectricity is that generation can take place close to large consumer regions, 
which is an advantage in comparison with, e.g., hydropower stations that tend to require long-
distance power lines. Transmission over long distance could constitute a vulnerability as it requires 
very large high-voltage power lines that could be vulnerable to weather disturbances, such as 
windthrows (Swedish Energy Agency 2006), ice storms (Chang et al. 2007) or wildfires (Kearney 
2013).  
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6 Mitigation-adaptation synergies and conflicts in bioenergy 
systems 

As was discussed in chapter 5, the expected impacts of climate change on bioenergy systems are 
likely to come in many forms, be both positive and negative, and affect bioenergy supply chains from 
the cultivation of biomass to its conversion into useful energy. In this section, focus is on the possible 
conflicts and synergies between climate change mitigation - in the form of bioenergy systems - and 
climate change adaptation ambitions and implementations.  

6.1 Climate change adaptation in bioenergy supply chains 
Whereas research on adaptation in bioenergy systems as such is only really in its infancy, climate 
effects on, and adaptation in, forestry and agriculture has been studied for a relatively long time. 
Many findings from research on these two sectors can hence be extrapolated into bioenergy 
systems. Such adaptation measures could include irrigation schemes or introduction of new species 
or crop varieties. The latter process can occur autonomously to a certain extent (as plants 
continuously and naturally adapt to new external conditions) but can also be aided by human 
intervention (Easterling et al. 2007). Similarly, new management systems in forestry might be 
necessary to prevent damage from extreme weather events (Swedish Forest Agency 2006).  

6.1.1 Trade as a means of adapting 
It is important to note the value of bioenergy trade itself as a means of adapting to climate change. 
This point is made in the context of agricultural markets by Easterling et al (2007) but is equally 
relevant for bioenergy systems. Integration through trade of geographically separated bioenergy 
markets means that climate effects on supply or demand can be distributed between regions, 
countries or continents. In the case of crop failure in one specific region, this can be alleviated by 
increased imports from another region (Nelson et al. 2009). Although this could very well be at a 
higher cost, the effects of a region-specific supply/demand shock will be less severe than if there was 
no trade.  

Examples of the use of trade to balance regional supply/demand fluctuations are continuously seen 
in markets for bioenergy based on seasonal crops (Gordon 2012). Similar developments have also 
taken place in the context of extreme weather events on Nordic wood fuel markets, e.g., within 
Sweden in the aftermath of hurricane Gudrun in 2005 (Olsson 2006) and with imports of storm-
damaged wood to Sweden from France after the cyclone Klaus in 2009 (Söderenergi 2009).  

6.1.2 Adaptation measures related to bioenergy logistics 
If bioenergy and especially wood fuels is to be part of a viable strategy for adaptation, climate 
vulnerabilities of logistics (see section 5.3) need to be addressed. A solution to many of the problems 
associated with transport of wood pellets is to treat the biomass with a process known as 
torrefaction before pelletization and transportation to the end-user. Torrefaction is a process similar 
to the one used during roasting of coffee beans. The biomass is heated to about 300 °C in a low-
oxygen atmosphere, driving off all moisture and parts of the volatile matter content. The result is a 
product with a significantly higher energy density that is also purported to be a lot less vulnerable to 
water contamination. This could potentially provide a means to increase climate resilience of 
biomass supply chains (Koppejan et al. 2012; Deutmeyer et al. 2012). 
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6.1.3 Perennial grasses 
In terms of combining climate mitigation and adaptation in bioenergy, there is much to be said for 
the potential of perennial grasses to provide both renewable energy and reductions in climate 
vulnerability. As energy crops, perennial grasses such as Miscanthus spp., switchgrass (Panicum 
virgatum) and reed canary grass (Phalaris arundinacea) have many preferable characteristics, 
including high yields, high water productivity, low moisture contents, good competitiveness against 
weeds and low demand for fertilizer (Lewandowski et al. 2003; Berndes 2008). In terms of water use, 
commercialization of 2nd generation liquid biofuels based on perennial grasses would be highly 
beneficial. For example, production of cellulosic ethanol from switchgrass uses very marginal 
amounts of water relative to current production of corn ethanol (US DOE 2013). The extensive root 
systems of perennial grasses mean less need for irrigation and can also help prevent erosion (Glover 
et al. 2007; van Dam et al. 2009). Reed canary grass is on the other hand tolerant to wet areas and is 
commonly cultivated on peat bogs in Finland, a practice which has been shown to reduce GHG 
emissions from the bogs (Mander et al. 2012).  

However, one potential problem with perennial grasses is that the same properties that make them 
suitable as raw material for bioenergy also introduces the risk that they become invasive. In fact, all 
of the above mentioned grasses are classified as noxious weeds or invasive species in several states 
in the US. Hence, it is imperative that implementation of bioenergy based on perennial grasses is 
conducted with utmost care and with local conditions and vulnerabilities taken into account (Glaser 
and Glick 2012).  

6.1.4 Utilization of harvest residues 
Harvest residues from agricultural crops have been suggested as potentially important source of raw 
material for bioenergy. However, in the perspective of climate change adaptation, it is important to 
note that harvest residues left on the field also are an important source of soil organic compounds 
needed to preserve soil vitality (Berndes et al. 2013). A similar trade-off exists for forest residues, 
which are widely used for energy purposes in especially Finland and Sweden. Depending on soil 
conditions, removal of harvest residues could mean nutrient deficiencies at the logging site, which in 
turn could result in impaired long-term productivity of the site.  

In addition, forest residues are also used in the logging operations. Tops and branches are spread out 
on the forest floor to reduce damage from harvesting machinery in the form of soil compaction 
(Eliasson and Wästerlund 2007). This is especially important on moist un-frozen soils. In other words, 
there is a certain trade-off between using the forest residues to reinforce the soil or to use them for 
energy purposes (Eliasson 2005). In the Nordic countries, climate change is expected to bring about 
warmer winters and more precipitation, which could increase the need for the use of harvest 
residues as soil protection rather than as fuel.   

6.1.5 Bioenergy supply from agroforestry systems 
Agroforestry is a term that includes all “land-use systems and technologies where woody perennials 
[…] are deliberately used on the same land-management units as agricultural crops and/or animals” 
(Nair 1993, p.13). Examples of agroforestry systems are plentiful and can be found in most parts of 
the world, although they are most common in tropical countries. Agroforestry systems can be 
characterized by their components as follows (Nair 1993): 
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• Agrisilvicultural systems, composing of a mixture of agricultural crops and trees 
• Silvopastoral, which combines pasture and cultivation of trees 
• Agrosilvopastoral, where pasture is combined with both agricultural crops and trees 

 

A common theme and a defining trait of all agroforestry systems is their capacity to procure several 
different products and/or services from the same plot of land. In addition, agroforestry systems tend 
to function simultaneously in two (or more) time frames, e.g., with a seasonal or annual perspective 
in the case of the agricultural crops and a multi-year perspective for the trees. Moreover, relative to 
conventional agriculture, agroforestry can have many beneficial effects that are especially relevant in 
a context of climate change adaptation. Root systems of trees help stabilize the soil and conserve soil 
moisture (Verchot 2007). From a mitigation perspective, agroforestry systems can act as carbon sinks 
or as a source of bioenergy in the form of wood fuel from the trees (Kürsten 2000; Gruenewald et al. 
2007).  

Agroforestry could thus be a valuable means of combining mitigation and adaptation. As was 
discussed in section 4.1, a problem with combining implementation of mitigation and adaptation is 
that the two concepts exist in different time frames, with adaptation providing immediate benefits 
whereas mitigation might only have effects in a time frame of several decades or more. In 
agroforestry, there is a possibility of bridging this time gap by combining annual crops that provide 
short-term goods in the form of food crops with trees that provide both short-term adaptation 
benefits - improving soil resilience – and long-term mitigation benefits in the form of renewable 
energy or carbon sequestration (Verchot 2007).  

6.2 Systemic mitigation-adaptation inter-relationships pertaining to bioenergy 

6.2.1 Indirect adaptation effects 
The debate on Indirect Land Use Change (ILUC) in the context of cultivation of bioenergy crops has 
highlighted the complexities of bioenergy markets. The interconnections of bioenergy with other 
markets and the global extent of bioenergy markets means that increased demand for bioenergy can 
have spillover effects in other markets in regions very far from the actual site of cultivation (Berndes 
et al. 2013).  The focus of the ILUC debate has been on the consequence on bioenergy life cycle GHG 
emissions of including ILUC effects, but the reasoning can easily be extrapolated to adaptation 
effects. An example could be if increased demand for bioethanol from the Nordic countries leads to 
expansion of farmland into erosion-prone areas in the US for the purpose of planting corn (recall Box 
2).  

To an extent, the ILUC processes that lead to adverse changes in carbon stock could coincide with 
processes that lead to reductions in adaptive capacity, but these potential problems have not yet 
been investigated to any significant degree. The great complexities and uncertainties associated with 
ILUC analysis are not encouraging when it comes to identifying relevant measures or policy 
prescriptions (Ahlgren and Börjesson 2011), but this is still an issue that could be well served by 
increased attention from researchers as well as policy makers. Given the severe impacts of climate 
change on tropical regions and the low adaptive capacities of tropical countries, the uncertainty of 
ILUC becomes especially important in a sustainable development context. The Nordic countries have 

36 

 



Bioenergy trade in a changing climate NORD-STAR WP 2014-01 

 

high ambitions when it comes to development aid, and thus more attention in development 
cooperation to the potential implications of land use change would be valuable.  

6.2.2 Adaptation inter-relationships between bioenergy and hydropower 
It is important to emphasize that bioenergy trade is not necessarily limited to trade in fuels, but could 
also entail trade in energy carriers derived from biomass, such as electricity. In this context, it is 
worthwhile to note the potential adaptation-mitigation synergies of an increasingly integrated 
European electricity network. This could help even out climate stress between on the one hand 
Southern Europe, where energy demand will increase and hydropower supply will decrease (Lehner 
et al. 2005; Hamududu and Killingtveit 2012), and on the other hand the Nordic countries, where an 
increase in energy supply from both bioenergy and hydro is expected to coincide with reduced 
demand.  

The inter-relationships between hydropower and bioenergy have been analyzed in other 
geographical contexts as well. For example, Malawi is very dependent on hydropower and has a 
significant sugar cane processing industry, where electricity can be produced based on the by-
product bagasse. This provides an opportunity to diversify the country’s electricity production mix, 
thereby reducing climate change vulnerability (Johnson and Jumbe 2013). However, analysis of the 
situation in Brazil indicates that it is difficult to predict the value of this type of strategy. Brazil relies 
to a very large degree on hydropower for its electricity supply with 85% of all electricity produced in 
the country coming from hydro. This is positive in the sense that it provides Brazil with large amounts 
of renewable electricity, but it also means that the country is vulnerable to droughts.  Severe 
drought-induced disturbances in electricity supply were seen in, e.g., 2000 and 2001 (US EIA 2012). 
Climate change is expected to bring about an increase in the vulnerability of electricity supply 
especially in the poorer regions of Brazil (de Lucena et al. 2009). One way to alleviate this problem 
could be an increase in the share of electricity from sugar cane processing by-products or using small 
scale biodiesel generators (Pires de Campos et al. 2004; Ebinger and Vergara 2011). However, this 
approach is potentially problematic as well. Brazil is a large country with varying climate conditions, 
and depending on the development of regional weather patterns, both soy bean (commonly used as 
raw material for biodiesel) and sugar cane production could be both positively and negatively 
affected by climate change (de Lucena et al. 2009; Ebinger and Vergara 2011). The actual correlations 
in any given region between the climate impacts on production potentials of bioenergy and 
hydropower will thus have important consequences. 

6.2.3 Reduced demand for bioheat -> reduced supply of bioelectricity? 
In Sweden, Denmark and Finland, biomass-based heat is commonly produced in combined heat and 
power (CHP) plants, i.e., with electricity and district heating produced in tandem in the same 
facilities. This means that the electricity output of CHP plants depends on the production of district 
heating, and in turn on the demand for heat in the local region. A reduction in heat demand could 
thus lead to a decrease in the production of biomass-based electricity, since CHPs need a heat sink to 
produce electricity (Gode et al. 2007; cf. Åberg et al. 2012). 

6.2.4 Adaptation benefits from trade in waste-to-energy? 
In terms of impacts from climate change on waste-to-energy, the actual climate change 
vulnerabilities of markets for combustible waste have been deemed rather insignificant (Bogner et al. 
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2007). This could mean that waste-to-energy is more resilient to climate change than, e.g., bioenergy 
systems based on virgin biomass where productivity and supply can be sensitive to climate-related 
disturbances. However, vulnerabilities in the waste sector as a whole are far from negligible, 
especially when it comes to uncontrolled waste disposal, which can introduce severe hazards in case 
of flooding. Climate change impacts on controlled landfill sites are expected to be less severe but 
there also seems to be a certain lack of integration of climate change adaptation into planning of 
landfills. For example, in the US Midwest, landfills are required only to withstand impacts from a 25-
year storm (US EPA 2013) and recent studies have highlighted the potentially detrimental effects of 
flooding of landfills (Laner et al. 2009). 

This means that waste combustion could be a viable adaptation-mitigation strategy as it can provide 
life-cycle GHG emission reductions and reduce climate risks related to other waste management 
options, i.e., if waste is combusted for energy purposes instead of being landfilled. In this context, it 
is however important to note that the potential vulnerabilities of waste-to-energy logistics and fuel 
transportation systems are similar to those for solid biomass fuels in general.  

There are several issues of controversy surrounding waste combustion and trade in waste-to-energy. 
Other options higher up the waste hierarchy could be preferable to waste combustion if the end goal 
is to optimize resource efficiency. In particular, the creation of demand for waste could work against 
the ultimate goal of preventing the generation of waste. There is also the so-called “proximity 
principle” that states that treatment of hazardous wastes should take place as close to the source as 
possible (Krueger 1999). However, if trade in waste enables a move up the waste hierarchy, rigid 
adherence to the proximity principle might not be the most productive way forward. 

6.3 SWOT analysis of bioenergy systems in a changing climate 
In order to summarize the different aspects of bioenergy as an adaptation strategy for the Nordic 
countries in a changing climate, a SWOT (Strength-Weaknesses-Opportunities-Threats) matrix 
consisting of key issues has been composed (Table 1).  
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Strengths 

• Off-the-shelf technology => low-cost 
implementation 

• Fuel-based, can be integrated rapidly 
within fossil fuel systems 

• Integration with forestry & agriculture 
means that lessons can be learned 
from available adaptation work in 
these sectors 

 

Weaknesses 

• Interaction with other sectors 
leads to very complex markets 

• Logistics sensitive to disturbances 
• High operating costs compared to 

other renewables 

 

Opportunities 

• Bioenergy trade provides geographical 
hedging and risk sharing  

• In the Nordic region, reduced demand, 
higher crop yields and more rapid 
forest growth implies a possibility to 
use trade to compensate for shortfalls 
elsewhere 

• Increased production and reduced 
demand opens up possibilities for 
Nordic exports 

• Trade in waste-to-energy can create 
incentives to move up the waste 
hierarchy and reduce climate-sensitive 
waste management practices 

• Expanded bioenergy markets can 
support sustainable and well-managed 
wood fuel production (e.g. based on 
agroforestry)  

• Dissemination of perennial crops can 
support adaptation  

• Bioenergy can compensate for 
climate-induced shortfalls in 
production of hydroelectricity 

 

Threats 

• Increases competition over scarce 
land resources, which could 
contribute to increased 
deforestation and higher food 
prices, already risk issues as a 
result of climate change 

• Increased demand for biofuels 
could lead to expansion of annual 
crops into currently forested 
areas & increase threats of 
erosion and associated problems 

• Sector complexities and lack of 
political consistency could lead to 
reduced investor confidence and 
public support 

• Residues from agriculture and 
forestry could be of more value as 
soil protection than as fuels 

• Co-occurring climate-induced 
disruptions in supply of 
hydropower and bioelectricity 
 

Table 1. Problems and possibilities pertaining to bioenergy and climate change presented in a SWOT framework.  

As can be seen in Table 1, there are plenty of important issues to take into account if mitigation-
adaptation aspects are to be included as a component of policies on bioenergy markets and 
bioenergy trade. The conflicts and synergy effects can be seen in all steps of the bioenergy supply 
chain itself and extends beyond it as a result of the interconnections between bioenergy markets on 
the one hand and the energy, agriculture and forestry sectors on the other hand.  
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7 Concluding discussion and suggestions for further research 
In this review, currently available research and analysis on mitigation-adaptation inter-relationships 
in the context of bioenergy systems and trade have been investigated and synthesized. Given that 
little attention has been paid thus far to the climate adaptation implications of bioenergy trade and 
biomass supply chains, a number of issues that necessitate further inquiry have been identified.  

In a global perspective, bioenergy and hydropower are the two most important sources of renewable 
energy. Both could also be very sensitive to climate change. The extent to which climate change 
impacts on hydro power compensates for shortfalls in bioenergy production and vice versa in 
different regions is a field of study that demands more attention. In the Nordic region, the general 
view is that the productive potential of both hydropower and bioenergy is expected to increase with 
climate change, but whether this is valid for all scenarios is not clear. Furthermore, this line of 
thinking should be expanded to include other renewables as well, in particular wind and solar which 
are expanding rapidly and are expected to constitute key components in mitigation strategies, 
especially in the longer term. In the Nordic perspective, climate change effects on the interaction 
between wind energy (prevalent especially in Denmark and Sweden), hydropower (Norway and 
Sweden) and bioenergy (Denmark, Finland and Sweden) should be analyzed. In addition, the 
potential gains from linking Iceland to the European electricity market should be expanded to include 
a perspective of climate change adaptation. 

Specifically for bioenergy used in heat & power production, it is worth noting the lack of 
comprehensive analysis of the vulnerability of the supply of solid biofuels to district heating and/or 
combined heat & power plants in the Nordic region. The dependence on continuous fuel supply 
means that external disturbances in the form of extreme weather events could have detrimental 
effects on urban societies. This is especially relevant for Denmark, Finland and Sweden where 
bioenergy-based district heating is the most common form of space heating in urban dwellings.  

An additional issue that should be addressed is the need in Nordic adaptation policy for increased 
awareness of mitigation-adaptation inter-relationships in general and aspects pertaining to 
bioenergy systems in particular. Several of the Nordic countries do briefly touch upon how climate 
change could affect bioenergy production potential, but this review has showed that the topic 
requires increased attention from policy makers. One field that could be explored further is the ways 
in which the growing productivity in Nordic agriculture and forestry can be used to support long-term 
reductions in climate risk on an international level.  

Although this review does not address waste management per se, waste combustion is linked to 
bioenergy systems and thus waste management is indirectly connected to bioenergy markets and 
bioenergy trade. Climate change impacts on management systems for municipal solid waste is an 
area of research that has not been investigated to a sufficient degree. The same is true for 
investigating the possibilities of adaptation-mitigation synergies in waste-to-energy, but should also 
include other options higher up the waste hierarchy.  
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Finally, the impact of indirect land use change on adaptive capacities in third party regions is a matter 
that closely relates to and is an extension of the ongoing discussions about the impact of indirect 
land use change on life cycle carbon emissions from bioenergy systems. On the one hand it could be 
argued that indirect adaptation effects is a topic that requires increased attention. On the other 
hand, bioenergy’s potential for climate change mitigation cannot be realized if more and more 
criteria are added onto what is an already extensive list of indirect issues to consider, especially 
considering the total lack of sustainability criteria for the fossil fuels with which it competes. 
Although the complexities of bioenergy markets require comprehensive and cohesive regulation to 
steer implementation in the correct direction, this is likely to be a process characterized by 
diminishing marginal returns. Consistent and cohesive long-term policies are a necessity for 
bioenergy to fulfill its potential as a tool for mitigation as well as adaptation. 
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