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Chapter 6
Wood-Based Energy as a Strategy for Climate 
Change Mitigation in the Arctic-Perspectives 
on Assessment of Climate Impacts 
and Resource Efficiency with Life Cycle 
Assessment

Laura Sokka

Abstract Northern countries are committing themselves to large cuts in the green-
house gas (GHG) emissions within the next decades. For example, the EU has 
agreed to cut down its GHG emissions by 40% by 2030. In a similar manner, 
Norway has announced commitments to reduce its GHG emissions by 40% by 2030 
compared to 1990. Achievement of these emission reduction targets will mean shift-
ing the balance of energy consumption in the region towards renewable sources 
such as wind, solar and biomass. There are large forest resources in the Nordic 
countries. Moreover, as a result of warming climate, the boreal forest line is expected 
to move northwards, displacing 11–50% of the tundra by boreal forests within the 
next 100 years. Increasing the use of bioenergy can provide emission reductions 
while also simultaneously help to reduce regional reliance on fossil fuels. On the 
other hand, increased mobilisation of forest biomass for energy decreases the 
growth of forest carbon sink and may in some cases even turn it into a carbon 
source.

In the present chapter, the use of forest bioenergy to ensure energy security and 
climate change mitigation is discussed. In addition, conclusions are drawn on how 
to simultaneously enhance energy security and resource efficiency, and contribute to 
emission reduction.
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6.1  Introduction and Background

In order to efficiently limit climate change, drastic changes in our present energy 
systems are needed. Increased use of forest and other biomass for energy has been 
identified as one central measure for climate change mitigation (Matthews et  al. 
2014). Forests also have an important role as carbon sinks in the mitigation of cli-
mate change (Pan et al. 2011). Increased mobilization of forest biomass for energy 
decreases the growth of this sink and may even turn it into a carbon source.

While forests and other bioenergy are considered an important source of energy, 
there are also many other existing and new uses for biomass. In the Arctic, in addi-
tion to being a source of materials and fuels, forests have important roles for exam-
ple for reindeer herding and recreational use, including berry and mushroom 
picking. Forests are also a central source of biodiversity, particularly the old-growth 
forests (Koponen et al. 2015). Therefore decisions on alternative forest use options 
have to be made under complex and uncertain conditions. This calls for comprehen-
sive assessments.

In this study, the use of forest biomass for energy under these complex condi-
tions is discussed. The problematics related to the climate impacts of the use of 
slow-rotating forests are presented. In addition, the multiple use of forest biomass 
and the possibilities to combine the different uses are discussed.

Fig. 6.1 Forest area as percentage of total area in the Arctic countries (FAO 2016)
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6.2  Forests in the Arctic Countries

Many of the Arctic countries have large forest resources and forests play a substan-
tial economic role in several of them (Fig. 6.1). For example, the USA, Canada, 
Sweden, Russia and Finland are among the world’s largest exporters of pulp, paper 
and saw mill products (FAO 2015). In Norway, forest industry’s role in the national 
economy is much smaller. Furthermore, in Alaska forest industry is fairly small and 
wood exports make up only a few percent of the State’s exports (Alaska Forest 
Association 2016).

In some of the Arctic countries, forest biomass also plays an important role in the 
energy mix (Fig. 6.2). This is particularly true for Finland, Sweden and Norway. On 
the other hand, in the USA, Canada and Russia, the use of forest biomass ranges 
from zero to a few percent.

6.3  Climate Impacts Related to the Use of Forest Biomass 
for Energy

During the recent years, several studies have assessed the climate impacts of the use 
of boreal forests (for review see e.g. Matthews et al. 2014). The idea of the carbon 
neutrality of the use of forest biomass is based on the notion that in sustainable 
forestry, the extracted wood will eventually grow back, and re-absorb the carbon 
that was released (Helin et al. 2013). However, if wood is used for energy or for 

Fig. 6.2 Share of biomass of the total electricity and heat production (IEA 2015a, b)
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other short-lived products, the carbon contained in it is released into the atmosphere 
quickly. As boreal forests are slow-growing, it takes from decades to even centuries 
for it to absorb the released CO2 from the atmosphere. The so-called climate debt 
from the utilisation of forest biomass for energy, that has been discussed a lot during 
the past years, stems from the following: when biomass is taken from the forest, an 
unavoidable reduction in forest carbon stock is caused compared to a situation 
where biomass is not taken (Pingoud et al. 2015).

To conclude how efficiently biomass harvesting works in climate change mitiga-
tion, forest biomass harvesting needs to be studied in relation to a reference situation 
where less biomass is harvested for energy (see Fig. 6.3). In Fig. 6.3, two scenarios 
with different levels of extraction of forest biomass have been compared. The amount 
of carbon stored in the forest increases in both of them over time. Thus, forests form 
a carbon sink in both scenarios. However, in the case where forest is more intensively 
harvested, the resulting carbon stock is smaller. This impacts the atmospheric C bal-
ance. What the resulting actual total impact of the wood stemming from either one of 
these scenarios is, will depend on the use of the biomass, and what is replaced by it.

Life cycle assessment (LCA), which is a tool for quantitatively and systemati-
cally evaluating the potential environmental impacts of a product throughout its 
whole life cycle, has been applied in many studies that assess the climate impacts of 
wood biomass use (e.g. Holtsmark 2013; Mitchell et al. 2012). As in principle, in 
LCA all the inflows and outflows of substances, and the impacts of these, in a cer-
tain system, are assessed, LCA provides means to identify effective policy options. 
It also provides the kind of knowledge that reduces the risk of problem shifting. This 
implies e.g. situations where an improvement in one part of the life cycle leads to 
weakening in another time or place.

6.4  Adjusting the Different Uses of Forest Biomass

The on-going big initiatives for increased forest biomass use in the Finnish Lapland 
are driven first and foremost by climate change mitigation. However, climate change 
mitigation and energy industries are not the only users of forest biomass in the 
Finnish Lapland.

Fig. 6.3 Schematic figure of a difference between intensive and less intensive forest harvest sce-
narios (Figure adapted from Koponen et al. 2015)
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There are several different users of the forest biomass in the Arctic (e.g. Horstkotte 
et al. 2016). Even just in the Finnish Lapland, forests are used by forest and energy 
industry, reindeer herding, source of berries and mushrooms, tourism and even min-
ing operations. Wood and forests are also influenced by policies focused on resource 
efficiency, energy, biodiversity, reindeer husbandry and tourism, among others.

Some previous research has studied the visions of the different stakeholders on 
forest biomass use [e.g. Horstkotte et al. 2016; Sténs et al. 2016; Lindahl 2015]. As 
could be expected, these studies indicate that the different groups have different 
visions of forest biomass use. However, synergies can also be identified. For exam-
ple, increased energy use of wood implies increased self-sufficiency in energy use. 
Forests also have an important role as a source of employment in rural areas. This 
could mean, for example, rural-based small-scale entrepreneurship, ranging from 
the development of new wood products, berry and mushroom picking (as both sub-
sistence use and for commercial purposes) and reindeer husbandry to tourism and 
recreation.

In Finland, there is a long tradition of policies concerning bioenergy production 
with specific recommendations for energy wood harvesting. Forests are also a key 
element in the national renewable energy policy, and increased use of bioenergy is 
also considered a potential way to improve the economic situation in the forest sec-
tor. Nevertheless, involvement of the local people in the decision-making through 
participatory methods and public hearings in e.g. environmental impact assessment 
is of central importance in order to implement climate change mitigation in the for-
est management planning (Ogden and Innes 2009). Furthermore, as different uses 
of forest biomass are often conflicting, management strategies that take into account 
the multiple values and uses have been found to be the best (Waeber et al. 2013).

Future research in the sustainable use of forest biomass for energy, particularly 
in the Arctic, should increasingly focus into identifying pathways that are sustain-
able from multiple perspectives. Understanding the impacts and challenges result-
ing from climate change need also further consideration.
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