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As a part of its climate policy, Finnish government facilitated the creation of low-carbon roadmaps by sectors of
industry. The roadmap process and the roadmaps were promoted as an international benchmark in COP26. They
also form a part of the policy process towards the government’s goal of carbon neutrality by 2035. We analyse

gmmfss the need and role of biomass use contained in the roadmaps of the key sectors and compare it to data on available
ores! . . . . . . .
Finland forest biomass. The combined need for forest biomass in the roadmaps is well over 140 Mm?, which is over

double that of the logging level in 2019, and drastically over the roadmaps’ projection of future sustainable yield.
This creates a challenge for the carbon neutrality goal via the loss of carbon sinks in forests, risking the carbon
neutrality target and other sustainability goals. Although, up to date, the roadmaps present the most detailed
picture of industrial transformation towards carbon neutrality in an EU member state, they are made unrealistic
by the omission of a comprehensive material perspective. The addition of such a perspective and a clear setting of

boundaries would increase the viability of the roadmaps as a policy tool.

1. Introduction

As the understanding of the scope and speed of climate change has
become more concrete [1-4], countries have announced more ambitious
climate targets. Concepts like “net-zero” and “carbon neutrality” have
become more common in the expressed goals. These concepts rely on
accounting where an entity, such as a nation or a company, tallies both
its emissions and sinks, with the goal of the sinks being at least as big as
the emissions.

The role of natural carbon sinks is especially important in Northern
Europe where large tracts of land are forested. In many northern
countries forests are central for multiple industrial sectors, as well as for
biodiversity and carbon storage and sinks. Forests form a crucial hub in
the material metabolism [5,6] of these societies, calling for careful
attention in the face of rapid and far-reaching socio-ecological trans-
formations [2]. As industries capture a major part of material and energy
resources and cause environmental pressures [7,8], a comprehensive
and realistic understanding of available resources and their limits is

needed especially in industrial policies.

In this context, Finland’s low-carbon industrial roadmaps are an
interesting case for a number of reasons. Finland has been described as
an “environmental state”, meaning that environmental questions are an
established site of politics, objects of political process and disagreement
(e.g., Ref. [9]. Accordingly, Finland has been seen as belonging to the
group of environmental leaders [10]. Recently, the government
announced a goal of carbon neutrality by 2035 [11]. One policy tool
towards this goal has been the preparation of low-carbon roadmaps by
sectors of industry. The government initiated in 2019 the preparation of
low-carbon roadmaps where industry sectors estimate when and how
they will be carbon neutral [12]. Historically, the early inclusion of
stakeholders in policy processes has been seen as a reason for the success
of progressive environmental policy in Finland [13]. Along these lines,
the roadmaps were prepared by the federations of the industry sectors,
with guidelines set by the Ministry of Economical Affairs and Employ-
ment [12]. The commitment of the industry sectors is demonstrated by
the fact that the Confederation of Finnish Industries promoted the
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roadmaps in the COP26 as an “international benchmark” [14].

At the same time, bioeconomy, a strategy that aims towards sus-
tainable transition by promoting the increasing use of biomass [15,16],
has occupied a key role in Finland’s industrial policy and its energy and
climate strategies for more than a decade [17,18]. The forest industry
has promoted bioeconomy [19,20] and forest biomass plays an impor-
tant role in the roadmaps of the energy and chemical sectors.

The government did not set clear limits for resource use in it’s
guidelines, thus making it possible for several industry sectors to project
increased biomass use, leading to an unrealistic total in biomass use.
This result is made possible by the lack of a comprehensive material
perspective in the roadmap process. Consequently, we find that a policy
process targeting carbon neutrality should pay more attention to bio-
physical limits, and that more research is needed on the relationship
between efforts of emission reduction and resource use, both on the
national and international scale.

2. Research question, data and methodology

The framing of our study is guided by Finland’s national carbon
neutrality target by 2035. Our first research question is: how big a role
does forest biomass play in the Finnish national carbon neutrality target
according to the sectoral low-carbon roadmaps, and what kind of un-
certainties and risks does the role of biomass include for achieving
carbon neutrality? Second, we investigate how could the roadmap
process be developed so that the uncertainties and risks would be
reduced. Accordingly, the first research task is to establish what the
sectoral roadmaps’ projections of emissions mean in term forest biomass
use. Then we discuss the risks of the projected biomass use, and evaluate
what features of the policy process have made the inclusion of these risks
possible and how a similar result could be avoided.

Our primary data is formed by sectoral low-carbon roadmaps, and
the governments guiding documents for the roadmap process [21-23],
supported by interviews with actors in the roadmap work and other
experts. Altogether 13 sectoral roadmaps were published by the end of
2020. Four key sectors, technology (including metal, electronics and
electricity, ICT, and design and consultancy industry), energy, chemical
and forest sectors, were prioritised by the Ministry, as they are respon-
sible for the majority of emissions [12]; 16). We focus on three of these
sectors, energy, chemical and forestry, as the roadmap for technology
has only indirect bearing on biomass use via increased demand for clean
electricity [24]. We also draw on roadmaps from other sectors (traffic
and logistics, bioenergy), when relevant for forest biomass.

For each of the three main sectors, “the roadmap” consists of a
different number of documents. The forest sector roadmap consist of five
documents: a summary, an emissions scanario, a report on the climate
effects of wood-based products, a report on forestry models, and a report
on the economical effects of the roadmap. The roadmap for the chemical
industry consists of a summary and a scenario analysis, the roadmap for
the energy sector consists of a scenario analysis and a background re-
view, and the technology sector roadmap of a summary, a scenario
analysis and a technology review (see appendix A for a listing of all the
analysed roadmap documents).

The primary method in our study is document review. We have read
the above-mentioned material, focusing on the need for forest biomass.
As suggested in the literature [5,6], we analysed what the roadmaps
mean in material terms, in this case forest biomass inputs, and compared
this resource need with information on current resource availability.
The forest biomass requirement is in some cases expressed explicitly,
and in other cases, the requirement is implicit or can be deduced from
other quantitative information. In these cases, we established the ma-
terial need through rough “ballpark” calculations, with conservative (i.
e., systematically lowballing) estimates (premises for calculations in
footnote 1).

Secondarily, we performed semi-structured interviews with partici-
pants in the roadmap process, including representatives of the MEAE,
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and other experts during spring 2021 (see Appendix A for details). The
goal of these interviews was to deepen our understanding of the road-
map process, and to confirm our interpretations of the metabolic con-
straints on biomass use. The role of the interviews is supportive, and
consequently we do not refer directly to them in the text.

3. Finland’s carbon neutrality goal and the sectoral roadmaps

The current coalition government of Finland, with PM Sanna Marin
representing the Social Democrats, set ecological sustainability high on
its agenda, including it in the subtitle of its programme “Inclusive and
competent Finland - a socially, economically and ecologically sustain-
able society” [11]. The goal of carbon neutrality by 2035 can be seen as
more ambitious than Finland’s obligations as a member of the EU, even
if the target years differ. Currently the EU mandates a 40% reduction in
emissions from the levels in 2005 by 2030; the EU Fit for 55 program
increases the emission target to 55% [25], whereas the Finnish Climate
Change Panel projects a reduction of over 60% by 2030 in its assessment
of the 2035 target [26]. Basing on the UN climate change convention’s
equity principles, the FCCP has recommended that the target for carbon
neutrality should be set to the early 2030’s [27]. The present national
climate law from 2015 mandates emission reductions of 80% compared
to the level of 1990 by 2050 [28]. Currently, both the national energy
and climate strategy and the climate law are under revision, and the
sectoral roadmaps function as data for the revision [12]; 13).

During the 2000’s, Finnish national emissions have decreased from
70 MtCO2eq in 2000 to 53 MtCO2eq in 2019, with a high of 85 MtCO2eq
in 2003 [29]. At the same time, the land use, land use change and forest
sector (LULUCF), has on average, formed a carbon sink of 21 MtCO2eq
[27], with a high of 24 MtCO2eq in 2004 and a low of 10 MtCO2eq in
2018. Using the yearly average of 21 MtCO2eq for LULUCF sector sinks,
the FCCP noted that current actions in the government’s climate policy
entail reductions for ca. 45% of the emissions, leaving ca. 55% with no
actionable reduction measures [26]; 59).

Sectoral low-carbon roadmaps are a key part of the governments
climate policy [12]. It is important to note that the roadmaps present the
views of the industry sectors, not of the government. In the context of the
functioning of the “environmental state” they are part of a political
process, and their importance derives from the economic weight of the
industry sectors, their role in the overall climate strategy and the pro-
motion they have received on international fora [14].

To our knowledge, the fact that the roadmaps are used as basis for
national climate and energy policy makes them, at the moment, unique
in the world. Other European states which have produced similar
roadmaps differ considerably how they use them in the policy processes.
In Britain, the government commissioned in 2013 eight sectoral low-
carbon roadmaps [30]. These roadmaps were not directly tied to spe-
cific policy processes. In Sweden, the government started in 2015 a
multi-stakeholder Fossil Free Sweden initiative that has together with
industry partners produced 22 sectoral roadmaps [31]. These roadmaps
are not directly linked to a government strategy or its policies. In
contrast, the Finnish low-carbon roadmaps are used as basis for the
updated climate and energy strategy [12]; 13), and the mid-term climate
plan [21]; 1), and have already been used as supporting information in
the government’s Sustainable Growth Programme [32], as part of the
Next Generation EU recovery instrument. As such, the roadmaps provide
the most detailed available picture to date of sector-specific trans-
formation included in national carbon neutrality policy in an EU
country.

The government’s objectives for the roadmaps were delineated in
three guideline documents, prepared by the ministry [21-23]. The ob-
jectives were: collecting information for climate and energy policy
scenarios, identifying needs for research and development funding,
avoiding overlaps in resource allocation, promoting economic growth
and helping create a favourable policy environment [21]. The summary
of the roadmaps notes that the coordination by the ministry was “light”,
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consisting of guidelines and support in terms of discussion events and
seminars [12]; 16). The task set by the government is: “to map out the
year when the sector will be carbon neutral” [23]. The documentation
mentions that the government did not want to set target dates or other
binding boundaries, since the sectors are experts on their own fields and
the roadmaps are expected to be realistic, motivating engagement [12].
The documentation points out that even if Finland needs to be carbon
neutral by 2035, individual sectors may reach the target later, which, in
turn, entails a need for sinks [21,22].

4. Overview of the roadmaps of key sectors: energy, chemical,
forestry

4.1. Energy sector

In 2017, the energy sector was responsible for emissions of 14.3
MtCO2eq, divided between electricity production 8.5 MtCO2eq and heat
5.8 MtCO2eq. In the roadmap the emissions drop to 2.4 MtCO2eq by
2035, with electricity at 1.1 MtCO2eq and heat at 1.3 MtCO2eq [33].
The roadmap projects a rapid increase in electricity production: from 86
TWh in 2017 to 112 TWh by 2035 [34]. One major source of increased
demand is the technology sector, whose roadmap sees the sector’s
electricity use grow from the current 30 TWh/a to 50 TWh/a by 2035
[24]. Increased energy production with reduced emissions is possible
mainly due to two low-carbon sources, nuclear and wind. The energy
sector roadmap counts on two new nuclear plants by 2035, Olkiluoto 3
and Hanhikivi 1. Wind power is expected to power 22 TWh in 2035.

The roadmap notes that the emission reductions are mainly due to
the end of coal use and decline in the use of oil and gas [33]. The use of
coal in energy production is banned by law by 2029, and the roadmap
expects that the use of oil and gas are marginalised by 2035. However,
the need for heating during winter provides a challenge to the
end-of-burning picture. Especially in large cities, district heating sys-
tems are hard to operate without burning [35]. Consequently, the
roadmap sees that the use of wood as fuel will grow by 11 TWh/a by
2035, corresponding to ca. 5.5 Mm® of wood.” In addition, some
continued use of peat and natural gas is expected. Therefore, while the
specific emissions for electricity are projected to be 10 kgCO2/MWh (90
kgCO2/MWh in 2017), the specific emissions for district heating are
expected to be 50 kgCO2/MWh (150 kgCO2/MWh in 2017).

4.2. Chemical sector

The emissions were 5.4 MtCO2eq in 2019, and the carbon-neutral
scenario projects emissions of 2.6 MtCO2eq in 2035 [36]; 51). The
prerequisite is a doubling of energy consumption from 7 TWh to 15 TWh
by 2035 [36]; 52), due to the adoption of power-to-x technologies,
carbon sequestration and utilization, and electrification of heat [36];
62). A condition of success is a change in feedstock, currently dominated
by fossil fuels, with annual use of ca. 15 Mt [37]; 12). The sector is
already producing liquid fuels from biomass, as demand for them is
created by the EU and national obligations for including renewable, in
practice bio-based, fuel in traffic fuel. Nationally, the obligation will be
raised to 30% by 2030 [38]. With current traffic volumes, the increased
number would mean ca. 13.5 TWh of liquid fuel, corresponding to ca.
11 Mm? of wood.®

2 The energy gain from wood varies widely depending on wood species,
moisture content and wood type (stem, branches, bark, etc.). Following [78];
we use a (high) average of 2 MWh per one m? of wood.

3 Efficiencies of conversion from wood to liquid fuel depend on details of the
process. Following [79] we use 0.6 as the average conversion efficiency.
Consequently, 13.5 TWh of liquid fuel would demand ca. 11 Mm?® of wood.
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4.3. Forest sector

The roadmap consists of five documents, each with different authors.
This relatively intensive involvement can be explained by the sector’s
multi-faceted importance. Economically, the forest sector is responsible
for ca. 20% of exports [39]. Ecologically, the preservation of biodiver-
sity depends on forestry practices, as the most important reason why
species become threatened and regionally extinct in Finland is forestry
[40]; 103). In terms of climate policy, the forest sector is paramount.
This is due to the trade-off between logging and carbon sinks and stor-
age. Harvested wood can replace fossil fuels and fossil feestocks, thus
reducing emissions. At the same time, loggings affect carbon sinks and
storage for some periods of time as the forest grows back. The details of
how logging levels relate to levels of carbon sinks and storage are
complicated, as the biophysics is complex (different types of logging,
different types of forest, short- and long-term effects on soil and aerosols,
etc.). However, the research consensus is that in Finnish forests with
current or comparable forestry practices, increased loggings decrease
sinks so that for the period of several decades net emissions increase
[41-43]. The existence of this trade-off is explicitly noted in the docu-
ment on forestry models [44]; 13).

In 2017, the emissions of the sector were 3 MtCO2eq, and the
roadmap projects emissions of 0.3 MtCO2eq in 2035 [45]. This is due to
electrification and replacement of fossil fuels and peat in industry pro-
cesses [46]; 9); the roadmap expects that carbon capture and storage
technology will be utilised only after 2035. At the same time, the
roadmap projects an increase in production, so that the increment value
of 12.1 billion euros in 2017 will be 19.4 billion euros by 2035 [46]; 13).
Together these two goals, emission cuts through replacement of fossil
fuels and increased production, mean that the forest sector will be uti-
lising more wood. The roadmap expects that the need for wood in 2035
will be ca. 90 Mm?, up from 70 Mm? in 2017. This oversteps the 2019
maximum level of sustainable (in terms of wood production, not taking
into consideration biodiversity and other ecological issues) yield of 83
Mm? [47], so the roadmap presents also a model of intensified forestry
practices [44] intended to increase forest growth, for instance, via
widespread use of fertilisation and seedlings that have been selected or
genetically modified for faster growth and changed climate. At the same
time, the roadmap’s report on the climate-effects of wood based prod-
ucts [48]; 1) explicitly omits considerations of biodiversity and carbon
sinks, i.e., the other side of the trade-off.

5. The role of wood biomass in the three key sector’s roadmaps

None of the three key sector’s roadmaps project carbon neutrality by
2035, necessitating sinks in national accounting. The summary by the
ministry [12] gathers together the needs for energy, investments, and
capacity-building in the roadmaps, but not the combined need for
biomass, or other natural resources. This is unfortunate, as the roadmaps
for energy, chemical and forest sectors all contain increased use of
biomass. In addition, the roadmap for bioenergy (separate from the
roadmap for energy), notes that the volume of bioenergy is projected to
grow between 10 and 20% until 2030 [49]; 110). Likewise, the roadmap
for traffic and transportation includes an increase in the obligation of
renewable energy use in road traffic from 30 to 34% by 2030 [50]; 57).

The most prominent domestic biomass produced and used in Finland
is wood, with annual logging of ca. 70 Mm® in 2019 and energy pro-
duction from wood at 105 TWh [47]. In comparison, the potential
non-wood feedstock from food sector waste and agricultural residues is
estimated at 11-15 TWh [51]. Consequently, the demand for domestic
biomass will largely be dependent on forest biomass.

The forest sector’s roadmap projects an annual use of 90 Mm® of
wood [46]. The forest sector sees the main increase in production
coming from wood products, fibre packaging and hygiene and textile
products [46]; 6; [52]. The energy sector projects an increased pro-
duction from wood at 11 TWh/a [33], corresponding roughly to 5.5
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Mm? of wood. The largest additional demand for biomass comes from
the chemical sector. Currently, only 17% of feedstock is renewable or
recycled, and the roadmap estimates an annual need corresponding to
15 M tons of fossil feedstocks [37]; 12). The sector also uses 15 TWh of
fossil based process heat [36]; 81). We assume here, conservatively,4
that the sector would replace ca. 40% of fossil feedstock by forest
biomass, giving a demand of ca. 35 Mm®; with process heat adding 7.5
Mm?>. The bio-obligation for traffic fuel projected in the roadmap for
traffic and transportation [50] will demand 11 Mm? (this comes in
addition to the replacement of the chemical sectors fossil feedstock).
Altogether, the roadmaps would put the level of annual wood use over
140 Mm?, well above the annual logging maximum of 90 Mm? in the
model of intensified forestry practice, not to speak of the current sus-
tainable logging maximum (see Fig. 1).

6. Risks with regard to climate, economy and global fairness

The first risk, paradoxically, concerns the goal of carbon neutrality
itself. When targeting carbon neutrality, the net emission numbers are
derived by subtracting the amount of carbon sinks from the amount of
total emissions. When the emissions and sinks of the different parts of
the LULUCF sector (including emissions and sinks from forests, crop-
land, grassland, deforestation, afforestation, etc.) are counted together,
the sector in total can form an emission source or a sink. Sinks appear, in
countries with large forest cover such as Sweden and Finland, due to
uptake of carbon in forests. Furthermore, the emissions of biomass
burning are reported in the LULUCF sector emissions (contributing to
the reduction in the LULUCF sector sink), not as end-of-pipe emissions
on the energy sector when wood is burned. Thus, when loggings are
increased and the wood is used for energy, the national accounting gains
carbon-free energy, but loses carbon sinks. This trade-off is significant,
as in Finland 57% of harvested wood ended up used as energy in 2019
[471.

As noted above, the national path to carbon neutrality is dependent
on sinks being at the level of 21 Mt in 2035. According to recent esti-
mates, increased loggings of 1 Mm® decrease the forest carbon sink
between 1.21 and 2.29 Mt in Finnish forests, with the average from six
different models being 1.7 Mt [41]; 26; see also [53]. [54]; present
similar results from the perspective of displacement factors, i.e. substi-
tution of wood for other materials). Thus, when continued, increased
logging levels may jeopardise the needed level of sinks, if forest growth
does not rise in the same degree.

The increased wood use in the roadmaps is, to a major extent, a
consequence of the substitution of wood for fossil fuel and fossil feed-
stock. Whether substitution is beneficial for the climate depends
crucially both on the details of the substituted fossil material and the
used wood biomass, including details on the species of wood, the age-
structure of the felled forest, the time period under consideration and
so on [42,43,55,56]. Given the relatively slow-growing forests in
Finland, it typically takes several decades before a forest is regrown after
felling. In an analysis of substitution impacts for various wood utiliza-
tion scenarios, Soimakallio et al. ([60], 5133) conclude that “[i]t is
exceptionally unlikely (cumulative P < 1%) that the wood utilization in
Finland provides significant unit reductions in net carbon emissions
within the upcoming 100 years.” The result is mostly due to the loss of
carbon sinks via felling. In a similar vein, Kalliokoski et al. [42] find in
an analysis of different harvest scenarios for Finnish forests that « [i]
ncreasing harvests from baseline (65% of Current Annual Increment)

4 As the possibilities for future feedstocks are highly speculative, we will
consider the current fossil feedstock of 15 Mt, and disregard the annual volume
growth of 0.75% in the roadmap [36]; 48). Circa 40% of the revenue of the
sector comes from energy-bearing products [36]; 14), so we will use this pro-
portion of feedstock replacement, and assume that the fossil feedstock is crude
oil with energy content 42 GJ/ton.
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decreased the total carbon sink (carbon in trees, soil and harvested wood
products) at least for 50 years.”

Using harvested wood for long-lived products that store carbon for
decades if not longer, such as timber for construction, typically implies
greater emission reductions than using it for bioenergy ([80]; [43,57].
Unfortunately, a great part of the increased use of wood implied by the
roadmaps aims wood for energy use (all of the increase in the energy
sector, all of biofuels, and the chemical sector process heat, and, with
current practices, over 50% of forest sector increase; [47]. Likewise,
when wood is used as feedstock for the chemical industry, a substantial
number of the potential end products are going to release the carbon
relatively shortly.

In terms of climate goals, the time-frame of carbon re-uptake is
crucial [58-60]. It has been argued that for urgent climate mitigation,
the use of biomass should be limited to feedstocks that have re-uptake
times within the timeframe of the Paris agreement [61]. Given the
multi-decadal re-uptake times in Finnish forests, the increased logging
levels implied by the roadmaps clearly risk increased net emissions
within the timeframe of the carbon neutrality goal by 2035.

In addition to jeopardizing the climate goal, increased harvesting
also presents problems for goals with regard to the use of natural re-
sources. According to the proposal for a national circular economy
program, the use of natural resources in 2035 should not be higher than
it was in 2015 [32]. Although the used indicator for resource use, raw
material consumption (RMC), does not reflect the consumption of ma-
terials that end up in products that are exported, the increased use of
forest biomass puts pressure for reductions in resource use in other parts
of the economy.

The second risk is economic. Estimations of substitution benefits in
modeling are often dependent on assumptions of what increased
biomass demand means for future forestry practices. For instance, like
the model of intensified forestry practices included in the forest sector
roadmap [44], models may expect more efficient forest management. If
these assumptions are not fulfilled, substitution benefits may be off-set
by reductions in the forest sink [62]. In the literature, the sustainabil-
ity of resource use is hierarchised as “theoretical > technical > eco-
nomic > sustainable” [63]. The model of intensified forestry practices is,
in this hierarchy, a technical scenario, with no economic or sustain-
ability evaluation. This fact considerably increases the uncertainty of the
low-carbon roadmaps.

The economic risk ties closely to the third risk, that of forest biomass
availability. As noted above, the combined need of the three key sectors
exceeds the annual growth of forests. The projected wood requirement
of the forest sector alone is feasible only through a model of intensified
forestry. Two factors make the intensification uncertain. First, it requires
that the intensified practices are taken into use on all forest land
immediately [44]; 10). Second, the scenario increases the costs for the
forest owner by 16% [44]; 23). In Finland, ca. 60% of the forests are in
private ownership [47]. The increased costs make voluntary adoption
uncertain.

Barring an unforeseeable breakthrough in biomass production
technologies, such as algae production, mentioned by the chemical
sector roadmap as a potential future source [36]; 86), the other possi-
bility to satisfy increased demand is to increase imports. The roadmaps
do not contain an assessment of what kinds and how much sustainably
produced biomass will be available in the coming 15 years. In Finland,
the imports of wood have fluctuated between 10 and 20 Mm® during the
past 20 years, with Russia and the Baltic states as biggest sources [47].

However, increasing imports are problematic from the perspective of
climate mitigation and biodiversity [64]. For exporting countries,
increased production includes potential problems such as over-
exploitation, displacement of local biomass/land use, low value-added
exports and dependency on shifting EU policy [81]. Researchers and
policy-makers have called for unified criteria of sustainable biomass as a
solution to regulate out high-risk feedstocks [61,65,66]. As biomass
imports to EU have relied to a large extent on North America [67], it is
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important to notice that those jurisdictions increasingly recognise that
the export of pellets is not compatible with their domestic emission
reduction goals [68].

Rogelj et al. [69], emphasise that carbon neutrality goals should be
precise, transparent and fair, and suggest the question “would it be fair
to apply the same logic to all countries?” to assess fairness. If it transpires
that Finland, an affluent country with one of the largest percentage of
forest cover in all EU countries, attains carbon neutrality through
biomass imports, fairness is not achieved. From the point of view of
global sustainable development goals, a practice where a highly devel-
oped country imports biomass in order to reach carbon neutrality is
problematic [70]. Similar considerations have led groups of scientists to
call on the EU to restrict forest biomass use [71,72]. Likewise, calls have
been made to the EU to close the loophole where an importing country
can record imported biomass as zero emission on combustion [73]. As
the increased use of biomass also increases the consumption of energy
and other resources, such as land and water, and increased carbon
emissions within the time-frame of the Paris agreement [43,61], the
reliance on biomass in carbon neutrality goals may result in a form of
“greenwashing” [74].

7. Results and discussion

The most detailed documents on Finnish carbon neutrality 2035
target, the sectoral low-carbon roadmaps, are based on forest biomass
use that, already on account of one sector, the forest sector, relies on
unrealistic assumptions on future forest biomass availability. When
taken together, the low-carbon roadmaps of three key industrial sectors,
energy, chemical and forest sectors, and the roadmap for the traffic
sector, contain a biomass demand of well over 140 Mm?, which is ca.
double that of the logging level in 2019, and drastically over the pro-
jected intensified forestry logging levels of 90 Mm? included in the forest
sector roadmap.

The projected unrealistic level of use is possible for two reasons.
First, the roadmap process itself did not contain an assessment of com-
bined material use and the guidance by the government did not limit the
use of material resources in any way. Thus, the industry sectors com-
bined were free to overstep the available domestic forest biomass.
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Fig. 1. Forest biomass use in the roadmaps compared
to current use. Forest growth per annum was 110
Mm® (in 2019), giving a maximum (taking into ac-
count only sustainability of logging, not biodiversity
or other environmental issues) yield of 83 Mms; in
2019, the logging total was 70 Mm?® [47]. The road-
map for forestry relies on 90 Mm?® of loggings, the
energy sector plans to increase wood use by 5.5 Mm?,
11 Mm® is needed for biofuel production, and, in
addition, the chemical sector roadmap needs 35 Mm®
for feedstock and 7.5 Mm?® for process heat.

Second, an incentive for the increased use of biomass is created by the
fact that the emissions from wood use are accounted in the LULUCF
sector of the country in which the wood was harvested, so that they
matter in the national accounting in terms of loss of sinks, and not in the
emission accounting and eventual emission trading costs of the indus-
trial sector using the wood.

The roadmaps’ lack of an overarching material perspective produces
a number of lacunae of knowledge and concomitant risks. As noted
above, the first risk concerns the climate target. The estimate of the
climate effects of forest products [48] in the forest sector roadmap
explicitly omits the effects on carbon sinks and biodiversity. Conse-
quently both its effects on climate mitigation (via sinks) and ecological
sustainability (via biodiversity) are uncertain. This omission means that
the roadmaps’ impact on the national level, where both emissions and
sinks are accounted for, is unknown. As recent research suggests that
increased logging in Finnish forests increases CO2 emissions for several
decades [42,43,53,54,60], the effect of the roadmaps, if carried out,
might mean an increase in carbon emissions by 2035. In addition, as the
Red List of Finnish Species [40] contains several forest species, increased
logging puts biodiversity goals at risk.

If the need for biomass is not domestic forest biomass, but imported
biomass, the roadmaps present challenges with regard to fairness and
climate justice. Securing the sustainability of imported biomass is one
problem, but can be handled with proper diligence. A bigger problem
concerns the implications of a situation where an affluent and amply
forested country like Finland imports biomass resources, most likely,
from less affluent areas of the world. This produces an unfair situation
with regard to sustainable development goals [70].

The roadmap process was a success in promoting engagement from
the industry sectors [14]. In this it follows the general pattern, according
to which early engagement from stakeholders has been seen as a reason
for the progress of the environmental state in Finland [13]. It also pro-
vides, up to date, the most detailed and comprehensive picture of in-
dustrial transformation towards carbon neutrality in a member of the
EU, which, unlike the Swedish and British roadmaps, is directly con-
nected to governmental policy work.

In contrast to this success, the roadmaps fall short of parts of the
assignment set by the ministry. The guidelines for the roadmaps mention
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that the scenarios should assess risks and uncertainties, and avoid
overlaps in resource allocation [12]; 118). However, the availability of
sustainably produced biomass is evaluated neither in the sectoral
roadmaps nor in the summary by the ministry. Both also omit evaluation
of sinks, even though sinks will be necessary, as the sectors will not be
carbon neutral by 2035. Thus, the roadmaps continue the overly opti-
mistic assumptions on the availability of biomass and on the climate
effects of increasing forest use in the preceding Finnish bioeconomy
strategies, repeatedly criticised by researchers [19,20,75].

The uncertainties in the numbers for biomass use presented in Fig. 1
are considerable, and not readily quantifiable. The roadmaps present
scenarios of paths toward carbon neutrality, not scientifically evaluated
predictions. Furthermore, some of the background information, such as
quantities of biofuel feedstock [76], relevant to the scenarios is not
public, due to commercial reasons. At any moment technological de-
velopments, new legislation or rapid changes in demand on global or
domestic markets may change the need for biomass. However, these
uncertainties do not invalidate the fact that the roadmaps have been
presented as “[showing] that the Government’s goal of a carbon neutral
Finland in 2035 is achievable for industry and other sectors with existing
or upcoming technologies” [12]; desciption page). The roadmaps have
already been used in informing policy [32], and will continue to be used
so. Thus the uncertainties included in the numbers emphasise the need
for more rigorous attention to material metabolism in the policy process.

In addition to uncertainties, the numbers on biomass use contain
potential overlaps. The increase in the wood use in the energy sector is
due to the needs of district heating, and consequently does not overlap
with the forest or chemical sector, nor the need for biofuels. Potential
overlaps are, therefore, between the forest sector and the need for bio-
fuels, between the forest sector and the chemical sector, and the
chemical sector and the need for biofuels.

The forest sector does produce some amount of liquid fuels and raw
materials (such as tall oil) for liquid fuel and chemical products. How-
ever, the production of liquid fuels, chemical products and raw materials
for these by the sector is orders of magnitude smaller (in monetary terms
millions rather than billions, and in volume terms kilotons rather than
millions of tons) than its production of pulp, paper and board and of
sawn and planed goods; and the roadmap projects no major change in
this distribution (Finnish Forest, 2020, 6 [45]; 10).

The needed biofuel can be produced by both the forest sector and the
chemical sector. Currently, over 80% of Finnish biofuel production
comes from the chemical industry and is mainly biodiesel [76]; 8). In
biodiesel production wood (tall oil) has a role, typically around ten
percent of the feedstock [76]. For the increase in the wood use of the
chemical sector, we calculated, conservatively, only replacing the
feedstock for the energy-bearing products (see footnote 3). As the
amount of wood-based feedstock currently used as feedstock of
energy-bearing products in the chemical sector is very small (tall oil in
diesel production), we can safely assume that the feedstock to be
replaced is nearly completely fossil material. Consequently, the wood
needed for the production of biofuel is additional with regard to the
replacement of the fossil feedstock. As noted above, the same goes for
the forest sector: as the sector sees no major shift in the relative amounts
of its product groups, the needed amount of biofuel production (corre-
sponding to 11 Mm?® of wood) is additional to the forest sector’s pro-
jected wood use.

8. Conclusion
Combining information of increased use of biomass in the roadmap

documents of the chemical, forest and energy sectors, and the roadmap
for traffic, we find that the roadmaps require over 140 Mm?® of wood,

Appendix A
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well over any existing projections of sustainable yield (90 Mm? in the
model of intensified forest practices; [44]. This increased demand for
biomass can be satisfied by massively increased forest growth or
increased biomass imports, or a combination of both. Both of these
options are problematic. It is unclear if the model of intensified forestry
can be implemented, and, even if implemented, it’s maximum yield of
90 Mm? will not suffice. Also, given that increased logging by 1 Mm?>
will, according to modeling results, decrease the carbon sink in the range
of 1.7 Mt [41], the projected logging levels jeopardise the 2035 climate
neutrality goal. In addition, increased logging is a risk to biodiversity
goals, as forestry is the most important cause of regional extinction in
Finland [40]; 36). The picture given by the roadmaps is risky, unrealistic
and potentially unfair, as the effects that the biomass needs would have
on carbon sinks and biodiversity, both domestically and via imports, are
unassessed and unknown.

The summary by the ministry [12]; desciption page) contends that
“The roadmaps show that the Government’s goal of a carbon neutral
Finland in 2035 is achievable for industry and other sectors with existing
or upcoming technologies”. The message has been operationalised in the
government’s plan for green growth, where it is repeated, somewhat
more ambiguously: “The carbon neutrality goal is dependent on sub-
stantial emission cuts in industry. The sectoral low-carbon roadmaps
show that the reductions are possible.” [32]; 30). Unfortunately, the
summary of the roadmaps does not address the need for biomass, or any
other material resource, thus also omitting any analysis of uncertainties
and risks. These uncertainties and risks are entrenched when the road-
maps are used as the basis of further policy work.

In the roadmaps, the achievement of carbon neutrality is deferred via
unstated material preconditions, specifically, radical biomass use in-
crease. As an aspect in the development of the Finnish environmental
state, the roadmap process represents a deeper engagement of industrial
actors in low-carbon transition; an inclusion often recommended by
environmental transition scholars [13,77]. However, our analysis in-
dicates that the mere inclusion of industries is not enough to result in
realistic overall scenarios, when an assessment of the material and
environmental limits, risks and uncertainties is lacking. It is these as-
pects of material metabolism that environmental states as well as
environmental scholars need to pay more careful attention to in order to
promote successful socio-ecological transformations.
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Interviews
Interviewee Date
1 Confederation of Finnish Industries (CFI), participant in the roadmap process 3.2.2021
2 Chemical Industry Federation of Finland, participant in the roadmap process 17.2.2021
3 University of Eastern Finland, expert on forest sector 22.2.2021
4 MetsaGroup Ltd, senior director 26.2.2021
5 Finnish Environment Institute, expert on material flow accounting 8.3.2021
6 Lappeenranta-Lahti University of Technology LUT, expert on energy systems 11.3.2021
7 Finnish Energy Federation, participant in the roadmap process 30.3.2021
8 Ministry of Economic Affairs and Employment (MEAE), participant in the roadmap process 31.3.2021
9 Ministry of Economic Affairs and Employment (MEAE), representative of working group on sector intergration 6.4.2021
10 MetsaGroup Ltd, MetsaSpring, three senior representatives 6.4.2021
11 Finnish Forest Industries, three senior representatives 16.4.2021
Assessed roadmap documents
Sectoral roadmap, and responsible industry federation Documents In
bibliography
Technology, 1. Roadmap report 1 [24].
Technology Finland
Energy, 1. Scenario analysis 1 [34].
Finnish Energy 2. Background review 2 [33].
Forest, Finnish Forest Industry 1. Summary 1 [46].
2. Roadmap on emissions 2 [45].
3. Report on the climate effects of wood- 3 [48].
based products 4 [44].
4. Report on forestry models 5 [52].
5. Report on the economical effects of the
roadmap
Chemical sector, The Chemical Industry Federation of Finland 1. Summary 1[37].
2. Scenario analysis 2 [36].
Bioenergy, The Bioenergy Association of Finland 1. Roadmap report 1 [49].
Traffic ands logistics, seven different federations, including Finnish Freight Forwarding and Logistics 1. Roadmap report 1. [50]
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