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The pace of transition
must be accelerated!

To facilitate implementation of the 22 roadmaps for
fossil free competitiveness produced by the industry
sectors, Fossil Free Sweden is now working to develop
strategies in collaboration with various companies in

the respective value chain. We previously developed
strategies for both a sustainable battery value chain and
hydrogen development, and have now set our sights on
bioenergy and bio-based feedstock, which can contribu-
te to several sectors becoming fossil-free.

Bioenergy, which is Sweden’s largest source of energy,
has been a key factor in reducing Sweden’s greenhouse
gas emissions by 29 percent compared to 1990 in the of-
ficial statistics. Bioenergy will continue to play a crucial
role in the rapid phase-out of fossil feedstock in Sweden
and the EU, including in what is predicted to be a very
rapid electrification of the transport sector.

This bioenergy and green carbon strategy that you now
hold in your hands does not aim to resolve all the inte-
resting and important issues that are now shaping the
discussion, such as how much removal from forests is
sustainable or how much agricultural land can be used
to replace fossil resources.

Instead, the primary aim is to show how the puzzle of
the 22 roadmaps will fit together. According to our as-
sumptions, the total need for bioenergy and bio-based
feedstock expressed in the roadmaps would require a
significant increase in biofuel imports.

It may seem strange and unsustainable that a leading
country like Sweden with a relatively large amount of
forest would suck the market dry of biofuels in order to
meet the Swedish climate goals. This strategy instead
shows that efficiency improvements, new technology
and increased refinement of Swedish bio-based feed-
stock with the help of the price mechanism can increase
Swedish exports of technical solutions and bio-based

products so that emission reductions can be accelerated
in other countries as well.

Presenting a bio-strategy is a bit like walking into a mi-
nefield. The subject is extremely complex, and new rese-
arch is emerging all the time. An underlying aim is there-
fore to also bring more balance to the bioenergy issue,
thus preventing increased polarisation from slowing the
pace of political decision-making and pure investments
at a time when we actually need to accelerate the pace
to become fossil-free quickly.

In its coordinating role, Fossil Free Sweden has tried to
find a stable common denominator in how Sweden can
achieve a credible narrative on the changing role of bio-
energy and bio-based feedstock over time as different
roadmaps are implemented. The dialogue with the va-
rious companies and sectors in the value chain has been
extremely constructive, with everyone having to give
and take in order to take some common steps forward. It
is always a difficult challenge for companies and sectors
when the market is changing due to factors such as ra-
pid electrification, higher emissions prices, and expected
price increases for bioenergy.

| hope this strategy can lay the foundation for accelera-
ting the phase-out of fossil feedstocks and contribute to
a different tone in the conversation on the role of bioen-
ergy in a fossil-free Sweden and EU.

Svante Axelsson
National Coordinator, Fossil Free Sweden

PREFACE
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Companies behind the
strategy

Fossil Free Sweden has had a dialogue with a number of companies and organisations, which support the strategy
as a whole, but not necessarily all the individual formulations and proposed measures.

Alarik Sandrup, Director of Public and Regulatory Affairs, Lantmannen
Alf Engqvist, MD, Goteborg Energi AB

Anders Egelrud, MD, Stockholm Exergi

Anders Ericsson, CEO, Adven AB and Varmevarden AB
Anders Froberg, MD, Borealis

Anders Ostlund, MD, Oresundskraft AB

Andreas Teir, MD, Neste Sverige

Christian Schwartz, MD, Mo6Indal Energi AB

Dag Waldenstrom, Secretary General, Svenskt Flyg

Hakan Carefall, MD, Sala-Heby Energi AB

Lotta Lyra, MD and CEO, Sédra

Lovisa Fricot Norén, Director, Varme Sverige Unit, Vattenfall
Magnus Heimburg, MD, Preem

Maria Fiskerud, CSO, Braathens Regional Airlines (BRA)
Mattias Bergman, MD, Bil Sweden

Per-Anders Tauson, MD, E.ON Varme Sverige AB

Per-Arne Karlsson, Director of Public Affairs, St1 Sverige
Rikard Engstrom, MD, Svensk Sjofart

Sezgin Kadir, MD, Kraftringen AB

UIf Larsson, MD and CEO, SCA

COMPANIES BEHIND THE STRATEGY
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22 roadmaps for fossil
free competitiveness

In the roadmaps for fossil free competitiveness 22 sectors describe how
they can contribute to the Swedish climate target of climate neutrality by
2045. Together they also show in what key areas decisive action needs to
be taken in order to succeed with the transition in a way that strengthens
competitiveness. Because of that, Fossil Free Sweden has developed hori-
sontal strategies together with the actors in the the different value chains

to pave the way and show the road ahead.
MINING AND
I‘l\d‘g:.l\:l%': MINERALS
INUSTRY
MARITIME

FOOD RETAIL
SECTOR

. o .
FAST-MOVING
CONSUMER
GOODS
INDUSTRY

SKI RESORT
SECTOR

AUTOMOTIVE PETROLEUM AND
INDUSTRY BIOFUEL
HEAVY VEHICLES INDUSTRY

22 ROADMAPS FOR FOSSIL FREE COMPETITIVENESS
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Summary

Together with electrification and efficiency improve-
ments, bio-based feedstocks are a key component in
replacing fossil feedstocks and fuels in the transition to
a fossil-free Sweden. Bioenergy is currently the largest
source of energy in Sweden and is the main reason why
Sweden has reduced its territorial emissions of carbon
dioxide by 29 percent in official statistics since 1990. In
order to achieve the phase-out of fossil energy, the use
of bioenergy will continue to increase, both in Sweden
and within the EU.

The good availability of bio-based feedstock in Sweden
offers great opportunities in various sectors to replace
fossil feedstocks while strengthening competitiveness.
However, like many other inputs, bio-based feedstock is
a limited resource. It is therefore important to increase
the value added to the resources in order to develop the
bioeconomy in Sweden, while at the same time leading
to efficiency improvements and the development of al-
ternative solutions when bio-based feedstock becomes
too expensive to use.

The purpose of this bio-strategy is to show how the
market and policy, through factors such as the price
mechanism, contribute to solving the high demand

for bio-based feedstock that has emerged in the 22
roadmaps for fossil free competitiveness. The strategy
identifies obstacles and challenges to the efficient use
of the energy crops and the residues and by-products of
agriculture and forestry, and highlights opportunities to
use other fossil-free alternatives where possible, so that
exports to other countries can be increased. The goal is
to enable the realisation of the potential of bio-based
feedstocks in the climate transition and implementation
of the roadmaps.

A possible solution to the puzzle

Many sectors point to the increased use of bio-based
feedstock in their roadmaps as an enabler of fossil free-
dom, but if the increased demand is tallied together, it
exceeds the amount of Swedish bio-based feedstock
available for energy purposes (mainly estimated based
on the report “Potential for dkad tillférsel och avséattning

av inhemsk biomassa i en vaxande svensk bioekonomi”
[Potential for increased supply and sale of domestic
biomass in a growing Swedish bioeconomy] by Pal Bér-
jesson of Lund University), which is not sustainable if
Sweden is to be an international role model.

Current bioenergy usage is about 158 TWh, of which 26
TWh is imported as biofuels, mainly for the transport
sector. Estimates based on the future needs expressed
in the roadmaps for fossil free competitiveness are ex-
pected to increase to 241 TWh by 2045, which would
require large imports. This bio-strategy shows how this
challenge can be met through measures such as acce-
lerating the electrification of the road transport sector,
efficiency improvements and technology development
in the heating sector, and efficiency improvements and
electrification in the forest industry, all while creating
opportunities for increased export.

By 2030, this bio-strategy estimates that the need for
bio-based feedstock will increase to around 193 TWh,
which is an increase of 22 percent compared to the cur-
rent use of bioenergy. The increase is largely due to the
road transport sector’s need for biofuels to meet the tar-
get of reducing emissions from domestic road transport
by 70 percent compared to 2010. This means that im-
ports of biofuels at this time are expected to remain at
current levels, but represent a smaller share of total bio-
fuels, as an increase in domestic production is planned.

By 2045, it is anticipated that electricity will be the do-
minant fuel in the road transport sector, while aviation
and maritime transport will have an increasing need for
biofuels. A large part of industry is expected to become
fossil-free by 2045 through electrification and hydrogen
technologies. Industry’s need for bio-based feedstock
may nevertheless increase slightly because the chemical
industry in particular is likely to carry out much of its
transition after 2030 and will only then have an increa-
sed need for renewable feedstock for its products. The
development of the use of biofuels in the heating sector
is expected to be largely driven by price developments,
increasing the possibility that alternative technologies
such as deep geothermal energy, solar heating, and

SUMMARY
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increased use of waste heat will become more compe- By 2045, domestic demand is estimated to be around
titive and may account for a larger share of the energy 135 TWh, which means that Sweden is no longer ex-
supply in 2045. Increased energy efficiency in housing pected to be dependent on imports of bio-based feed-
will also reduce heating demand in the future. stocks for energy purposes, although this does not
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exclude imports and exports of either feedstocks or
products. Instead, there are opportunities to use large
proportions of the fuel used to fill tanks in Sweden for
international transports, such as aviation and maritime
transport. Something that is not included in the initial
demand of the roadmaps. Another possibility is export
based on Swedish bio-based feedstock. The total esti-
mated demand for bio-based feedstock in 2045 would
then be about 184 TWh, which is a 16 percent increase
compared to today’s use.

Key premises for sustainable supply and use of
bio-based feedstock

The use of bio-based feedstocks has an important role
to play in climate change mitigation. In a future bioeco-
nomy, strict sustainability criteria will be crucial to ma-
intain and increase the value of bio-based feedstocks.
The sustainability of each individual value chain must
be assessed, all the way from production to end use,
regardless of the fuel used. The bio-strategy therefore
highlights some key premises for sustainable supply
and use of bio-based feedstock:

* Substitution - bio-based feedstock must replace
fossil feedstock and be used efficiently. Bio-based
feedstock can replace fossil feedstocks and thereby
reduce fossil greenhouse gas emissions. Emissions
from the use of bioenergy must always be compa-
red with how the same purpose would be satisfied
through other energy sources, including efficiency
improvements and conservation, where the emis-
sions of the entire value chains are included. To
maximise the substitution effect, as much as pos-
sible of a felled tree, including its by-products and
residues, should be used for products.

* Land stewardship. Land is a valuable resource
that should be protected against irreversible ex-
ploitation. Sweden is a country where large areas
of arable land is abandoned or left fallow. Thus,
there is currently no conflict between the produc-
tion of bio-based feedstocks and food production.
However, the use of bio-based feedstock could have
effects beyond the country’s borders, and it is the-
refore important for there to be traceability of re-
sources so that the whole sustainability picture can
be assessed, regardless of whether the feedstocks
are imported or produced domestically.

» Carbon sequestration in a systems perspective. An
important prerequisite for bio-based feedstock to
be considered sustainable is that it comes from a
system where removal from forestry and agriculture
does not exceed growth, but carbon sequestering
instead increases over time. The reasonable system
boundary is not the tree or the grove, but the na-
tional area for which Sweden has authority and is
responsible for to the UN. Biogenic carbon dioxide
is fundamentally different from carbon dioxide from
fossil sources. Fossil extraction uses carbon that has
been underground for millions of years, adding new
carbon dioxide to the cycle when it is burned.

» Sustainable bio-based feedstock takes environ-
mental objectives into account. How agriculture
and forestry are conducted affects the possibility of
achieving most of the Swedish environmental qua-
lity objectives. The EU Renewable Energy Directive
(Directive 2018/2001) also contains sustainability cri-
teria for solid, liquid and gaseous biofuels. A premise
for the strategy is therefore that the supply of biofu-
els should always be within the scope of meeting set
requirements and environmental quality objectives.

Focus on by-products and residues, and increased use
of abandoned land

This bio-strategy focuses on the supply and use of
agricultural and forestry by-products and residues, i.e.
bio-based feedstock outside the traditional forest in-
dustry and from agricultural food and feed production.
In the case of agriculture, it also includes pure energy
crops, such as energy forests and wheat and rape-
seed, which are currently used for biofuel production.
However, there is a strong dependence on the traditio-
nal forestry and agricultural value chains, as they will
continue to be the economic drivers of forestry and
agriculture.

Furthermore, the strategy assumes that future forestry
harvesting levels will be similar to today’s levels in rela-
tion to the growth of productive land. This means that
forests will continue to increase their carbon stocks and
act as a carbon sink, while harvesting levels can increa-
se, assuming that forest growth increases as expec-
ted. However, this assumption may be affected by the
European Commission’s recent proposal to revise the

SUMMARY
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LULUCF Regulation. The proposal implies that Sweden,
through natural carbon sinks, should increase its annual
uptake of carbon dioxide from about 38 million tonnes
to 47 million tonnes, which would probably have major
conseqguences for Swedish forestry, resulting, among
other things, in a reduction in harvesting.

The potential for increased use of bio-based feedstock
from agriculture consists of both better use of residues
from food production and increased production of en-
ergy crops on abandoned arable land. The availability of
bio-based feedstock from agricultural land is based on
the assumption that the area used for energy, food and
feed production will be the about the same in 2030 and
2045 as it is today.

Sweden’s ambition is to be the world’s first fossil-free
welfare country. With its large supply of bio-based feed-
stock, it can ensure that strict sustainability criteria are
followed for the domestic bio-based feedstocks. In a
changing world, the demand for bio-based feedstock is
expected to increase, which also means there is an in-
creased risk of losing biodiversity and other negative en-
vironmental impacts. Long-term sustainable bio-based
feedstocks from Sweden can thus contribute to enabling
a sustainable transition globally as well, and the strategy
assumes that by 2045 Sweden will be a net exporter of
bio-based products for energy purposes and industrial
use outside of the traditional forest industry.

Greatest willingness to pay in sectors with no other
fossil-free alternatives

The increased demand for bio-based feedstock identi-
fied in the industries’ roadmaps for fossil free competi-
tiveness, together with policy instruments at both the
national and the European level, will most likely result in
increased prices. This will lead to bio-based feedstock
being steered towards sectors with the greatest willing-
ness to pay, which will probably be the sectors where
relatively cheap fossil-free alternatives are not available.
In the coming years, the greatest willingness to pay for
bio-based feedstock is expected to be in the road trans-
port sector. Although new car sales will be largely elec-
trified by 2030, there will still be many internal combus-
tion engines in the fleet that need continued access to
sustainable, low-carbon fuels. In the longer term, bio-ba-
sed feedstock is expected to be used, for example, as

biojet fuel for aviation or as a renewable feedstock for
the chemical industry.

If we are to achieve the goal of climate neutrality by
2045, there will have to not only be significant emission
reductions, but also negative emissions. This can be
achieved through bio-CCS, where biogenic carbon dioxi-
de is captured and stored. Carbon capture technology is
available today, but has relatively high costs and energy
consumption. Plans for a Swedish market for negative
emissions were recently presented by the Government,
and bio-CCS may then also become an area of increa-
sing willingness to pay for bio-based feedstock.

Action plan

In several sectors, there are thus potentially cheaper al-
ternatives to using bio-based feedstock to achieve fossil
freedom. However, the maturity of the technology and
the conditions for implementation vary between sectors
and alternatives, and can therefore have different im-
pacts. Although development is expected to be largely
market-driven, there is also a need to introduce policy
instruments in certain areas to accelerate or facilitate
development.

In order to realise the potential of bio-based feed-
stocks from agriculture and forestry in climate change
mitigation, Fossil Free Sweden presents the following
prioritised proposals for increasing the added value for
Swedish bio-based feedstocks. However, to enable the
implementation of the roadmaps, solutions in other se-
ctors will also be crucial to free up resources for areas
where other alternatives are lacking. This bio-strategy
therefore also highlights proposals for increased energy
and resource efficiency and for an increased pace of
electrification of society. An in-depth and complete list
of all proposals is presented in Chapter 9.

Prioritised proposals: Increased added value of
Swedish bio-based feedstocks

* In order to secure continued tax exemption for clean
and highly blended biofuels, the Government should
work to implement the European Commission’s pro-
posal to allow for this within the state aid framework
(point 77 of the CEEAG). Until this change is in place,
the current tax exemption should be extended. In
the event that tax exemptions are not granted in the

SUMMARY



12

STRATEGYFORFOSSIL FREECOMPETITIVENESS - BIOENERGY AND BIO-BASED FEEDSTOCK ININDUSTRY TRANSITION

long term, one option is to include clean and highly
blended biofuels in the reduction obligation.

The Government should stimulate the domestic pro-
duction of biofuels from lignocellulose, for example
through an advanced quota in the reduction obliga-
tion, which should be possible to introduce in 2024.

By 2022, the Government should set the blending le-
vels in the reduction obligation for aviation kerosene
for the years 2030-2045 and work towards equiva-
lent targets in the EU. The final target should be 100
percent blending by 2045 in both cases.

In 2022, the Government should introduce the
targets for supplementary measures proposed in
the Climate Policy Roadmap Inquiry’s report (SOU
2020:4), where the target for bio-CCS is up to 10
million tonnes/year.

Selection of other proposals:

In 2022, the Government should commission the
National Board of Housing, Building and Planning,
to develop building regulations that require the
reporting of energy used instead of energy purcha-
sed when calculating the energy performance of a
building, with the aim of steering the regulations
towards more energy-efficient buildings. Incenti-
ves for self-produced energy remain important,
but should be separated from energy performance
regulations.

In 2022, the Government should commission the
Swedish Energy Agency to investigate the possibi-
lities for increased utilisation of waste heat. The as-
signment could, for example, include amending the
Electricity Act so that conditions set for system solu-
tions can ensure that the residual energy generated
in new plants is used to the maximum, removing
obstacles to the recovery of waste heat, and putting
instruments in place that encourage and provide
incentives for adaptations of customer plants to ena-
ble lower temperatures in district heating networks.

In 2022, the Government should commission the
Swedish Energy Agency to develop an action plan
with timetable and concrete milestones for electrifi-
cation of light and heavy transport. The assignment
should also include securing the infrastructure for
passenger cars, heavy-duty vehicles and vessels.
The action plan should include a needs analysis and
proposals for measures to ensure there are charging
points for heavy-duty vehicles at loading and unloa-
ding areas, in depots for overnight charging, public
fast charging along major roads, and electricity

supply and charging facilities at airports and ports.

By 2022, the Government should set a planning target
of 3 GW of installed electrolytic power by 2030 and at
least 8 GW by 2045 to enable fossil-free development
through hydrogen production and use in most sectors.

SUMMARY
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1. Introduction

Sweden aims to have zero net greenhouse gas emissions
by 2045. As a step towards achieving this goal, 22 indu-
stries have developed roadmaps for fossil free competi-
tiveness within the framework of Fossil Free Sweden.

In the roadmaps, the industries show how they will
become fossil-free by 2045 with increased competiti-
veness, as well as what measures they themselves need
to take and what political conditions are needed to ac-
celerate the pace. The focus is now on implementing the
roadmaps. To speed up this work, Fossil Free Sweden is
developing horizontal strategies to address a number of
challenges common among the industries.

Bioenergy, electrification and efficiency improvements
are all key components in the transition to a fossil-free
Sweden. Sweden is a sparsely populated country, 63
percent of which is covered by forest land and 6 per-
cent by agricultural land.? Today, forests contribute to
competitiveness, growth and export revenue through
the forest industry’s traditional products, such as wood
products and pulp. Efficient use of land, residues and
by-products from forestry and agriculture can signifi-
cantly increase the value of these resources and help
forestry and agriculture to further contribute to Swedish
competitiveness and welfare.

One reason why bio-based feedstock has been iden-
tified as an important tool for the transition to fossil
freedom is that switching feedstock or fuel is often
already possible in the short term, without waiting for
further research and technology development. Another
reason is that the use of bio-based feedstock is now
often cost-effective compared to other alternatives for
transition. Biomass is a source of biogenic carbon that
can be used to replace fossil carbon in various forms of
products containing carbon, both as a material and as
an energy carrier. These advantages mean that many
sectors can and want to use bio-based feedstocks in the
transition.

Bioenergy is currently the largest source of energy in
Sweden and is the main reason why Sweden has re-
duced its territorial emissions of carbon dioxide by 29

percent in official statistics since 1990. Already today,
Sweden’s access to biomass offers opportunities to
greatly facilitate the transition to fossil freedom, and
strengthen competitiveness in a variety of sectors and
industries.

In order to achieve the phase-out of fossil energy, the
use of bioenergy will continue to increase, both in
Sweden and in the EU. However, an increased demand
for bio-based feedstock will cause prices to rise, and
this limited resource will, in practice, not be enough

for the transition without reprioritisation, efficiency
improvements and the development of other potential
fossil-free alternatives. The supply of Swedish bio-based
feedstocks does not match the needs identified in the

INTRODUCTION
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roadmaps and several other scenarios for the transition
to fossil freedom. The strategy tries to show how this

puzzle can be solved by identifying obstacles and chal-
lenges for other fossil-free alternatives, where possible.

1.1 Implementation

The strategy has been developed at the initiative and
under the leadership of Fossil Free Sweden. The work
was carried out with the support of the RISE Research
Institutes of Sweden and the industry sectors, and is ba-
sed on knowledge gathered from literature, input from
and discussions with specially formed reference and in-
dustry groups as well as other stakeholders from e.g. the
forest industry, the iron and steel industry, energy com-
panies, the chemical and refinery industry, and the en-
vironmental movement. The majority of the companies
also support the strategy, as listed in the introduction.

The reference group consisted of: Christian Azar, Chal-
mers; Géran Berndes, Chalmers; Pal Bérjesson, Lund
University; Jonas Ericson, Swedish Environmental Pro-
tection Agency; Hillevi Eriksson, Swedish Forest Agency;
Soren Eriksson; and Malin Lagerquist, Swedish Energy
Agency.

The industry group consisted of: Johan G Andersson,
Drivkraft Sverige; Helén Axelsson, Jernkontoret; Magnus
Berg, Swedish Forest Industries Federation; Erik Dotzau-
er, Stockholm Exergi; Birgitta Govén, Swedish Construc-
tion Federation; Elin Hermansson, Hallbar Kemi 2030;
Raziyeh Khodayari, Swedenergy; Jenny Naslund, Fede-
ration of Swedish Farmers (LRF); Karin Comstedt Webb,
Cementa.

1.2 Purpose of the strategy

The purpose of this bio-strategy is to show how the mar-
ket and policy, through factors such as the price mecha-
nism, contribute to solving the high demand for bio-ba-
sed feedstock that has emerged in the 22 roadmaps.
The strategy identifies obstacles and challenges to the
efficient use of the energy crops and the residues and
by-products of forestry and agriculture, and highlights
opportunities to use other fossil-free alternatives where
possible, so that exports to other countries can be incre-
ased. The goal of the strategy is to enable realisation of
the potential of bio-based feedstocks in climate change
mitigation and implementation of the roadmaps.

It is important to point out that the aim is not to make a
guantitative allocation of the amount of bio-based feed-
stock available. Instead, a qualitative assessment and
analysis is presented based on the alternatives available
in many sectors and their potential to influence the use
of bio-based feedstock to make the roadmaps feasible.
This will allow domestic demand to be met without the
need for Sweden to use less sustainable feedstock, and
will also enable the export of sustainable bio-based pro-
ducts, feedstocks and energy.

1.3 Key premises for sustainable supply
and use of bio-based feedstock

The most important premise in a bio-strategy is that
renewable resources should be used efficiently and that
consumption should be in proportion to what nature
can sustainably provide. The use of bio-based feed-
stocks has an important role to play in climate change
mitigation. Strict sustainability criteria are therefore also
important in a future bioeconomy. The sustainability of
each individual value chain must be assessed and ensu-
red, all the way from production to end use, regardless
of which fuel is used. This chapter discusses a number of
key premises for sustainable supply and use of bio-ba-
sed feedstock.

Substitution - bio-based feedstock must replace fossil
feedstock and be used efficiently

Limiting emissions, both in the short and long term, is
essential to achieving climate targets. In the shorter
term, leaving forests standing increases their carbon
sequestration. However, this has to be weighed against
what the products produced from forest feedstock re-
place. Bio-based feedstock can replace fossil feedstocks
and thus reduce fossil greenhouse gas emissions, which
is called the substitution effect. For long-life products,
such as structural timber, carbon dioxide is absorbed
during the growth of a tree and then withheld from the
atmosphere for the lifetime of a building. But even for
short-life products from bio-based feedstock, such as
fuels or solid biofuels, there is a clear climate benefit if
they replace fossil fuels, as emissions of fossil carbon
dioxide to the atmosphere are avoided. It is therefore

an important principle to always compare the emissions
from the use of bioenergy with a reference scenario, i.e.
how the same purpose would have been satisfied with
other energy sources, including efficiency improvements
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and conservation. The emissions of the complete value
chains should be included, as required by the EU Re-
newable Energy Directive (Directive 2018/2001).

Another important principle is that bio-based feedstock
should be used efficiently, so that the substitution effect
is maximised. The more fossil products that are displa-
ced, the higher the climate benefit. For this reason, as
much of a felled tree as possible, including residues and
by-products, should be used for products.

Land stewardship

In Sweden, the EU and other countries with large areas
of arable land that are abandoned or left fallow, there is
no conflict between the production of bio-based feed-
stocks and food production. Instead, growing energy
crops becomes a way of keeping the land open so it
can be easily converted to food production if the need
arises. However, in an international context and in view
of soil erosion, soil depletion, building and other land-
using consumption, arable land is a valuable resource
that should be protected from irreversible exploitation.
Land scarcity in other countries may also mean that the
use of domestic feedstocks has an effect outside the
country’s borders where competition for arable land is
fiercer. The traceability of resources is therefore extre-
mely important, so that the entire sustainability picture
can be assessed regardless of whether the feedstocks
are imported or domestically produced.

So-called indirect land use change (ILUC) means that
increased bioenergy production in one country can
lead to land use change in other countries. For example,
forests may be converted to agricultural land, with ne-
gative consequences for the climate. Another example
is the use of land that was previously fallow, which may
instead have positive consequences for the climate

due to increased carbon sequestration in the soil. Mult-
ifunctional leys also have the potential to be used as
protein feed, replacing imported protein feed, which
can bring indirect climate and environmental benefits.?
The relationship between increased bioenergy demand
and indirect land use change is complex and difficult to
attribute to just one factor. It should instead be asses-
sed based on each country’s unigue circumstances. The
EU Renewable Energy Directive (Directive 2018/2001)
classifies agricultural feedstocks according to the risk

of indirect land use change, with the aim of phasing out
high-risk crops by 2030.

By focusing on bioenergy use on by-products and re-
sidues, i.e. parts of the bio-based feedstock that are
already harvested but not used or cannot be used ef-
fectively, together with energy crops from unused land,
the risk of undesirable land use change decreases. One
example is using branches, tops, bark, sawdust or lignin,
which are residues of trees that are felled to become
sawn wood products, paper products or textiles. Other
examples include using by-products from agriculture,
where the energy in e.g. cereals and rapeseed are ex-
tracted before the nutrients are used for food and feed,
or other biomass from farmland that is not used for food
and feed production.

Carbon sequestration in a systems perspective

An important prerequisite for bio-based feedstock to be
considered sustainable is that it comes from a system
where forestry and agricultural removal does not exceed
growth, but carbon sequestering instead increases over
time. Carbon dioxide is absorbed from the atmosphere
over the lifetime of the plants. The carbon dioxide is re-
generated when the plant dies and decays, or (if used as
bioenergy) when it is burned. New carbon dioxide is ab-
sorbed when the plant is replaced with new plants which
then grow in the same soil. From a cyclical perspective,
this means that there is no net addition of carbon dioxi-
de from the feedstock itself if replanting takes place.

Biogenic carbon dioxide is thus fundamentally diffe-
rent from carbon dioxide from fossil sources, where the
carbon has been underground for millions of years and
provides a net increase in carbon dioxide to the natural
cycle when burned. This means that burning more fossil
fuels will result in a need to sequester more carbon in
the ecosystem. So, although the molecules are similar,
biogenic and fossil carbon dioxide are not equal when
it comes to their impact on the climate. Swedish forest
legislation and the EU’s sustainability criteria for bioe-
nergy contain absolute requirements for regeneration.
However, it is important that the forest and agricultural
sectors continue to phase out the use of fossil fuels to
minimise the climate impact of the use itself.

There are also so-called organogenic soils, i.e. peat and
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wetland soils, that give rise to significant greenhouse
gas emissions when cultivated or trenched. The most
effective way to reduce emissions from these soils is to
restore them to wetlands.

For forest bio-based feedstock, harvesting cycles are
long (up to a hundred years), and it takes a long time
for a new tree to grow up in the same place. But it is
misleading to count on the re-sequestration time of
an individual tree or forest when the forest as a whole
sequesters carbon through photosynthesis. The rea-
sonable system boundary for carbon sequestration is
Swedish agriculture and forestry as a whole, i.e. the
entire area over which Sweden has jurisdiction and is
accountable to the UN.

Emissions and uptake of biogenic carbon dioxide are
reported under the EU LULUCF Regulation (2018/841)
on land use, land use change and forestry and regula-
ted together with the UN Framework Convention on
Climate Change. Reporting includes changes in carbon
stocks in living and dead biomass as well as soil carbon.
Harvested biomass and its use for products with diffe-
rent lifetimes are also reported. This means that carbon
stocks in, for example, wooden houses are included in
the carbon stock, while feedstock that is burned, such as
bark from pulp mills and branches and tops, is recorded
as going directly to the atmosphere.*

Overall, this gives a holistic picture of carbon flows and
carbon stocks and hence the climate impact of biogenic
carbon dioxide, even if these are not reported together
with other energy sources. The national estimates are the
basis for international climate negotiations and for calling
countries to account if the Paris Agreement is not met.

The LULUCF Regulation also requires that biomass re-
moval in the EU is balanced by at least as much uptake of
carbon dioxide from the atmosphere through growth, i.e.
that carbon stocks in soil and vegetation do not decrease
and that uptake exceeds removal so that carbon stocks
are constantly increasing. In Sweden, uptake exceeds re-
moval by 35-40 million tonnes of carbon per year.

The LULUCF Regulation is currently being revised and a
proposal from the Commission proposes an increase of

Swedish uptake to 47 million tonnes annually from 2030.
Statistics clearly show that carbon stocks in the Swedish

landscape have been increasing continuously for a long
time and contribute to a sequestration equivalent to
60-70 percent of Sweden’s terrestrial emissions.®

Sustainable bio-based feedstock takes environmental
objectives into account

How agriculture and forestry are conducted affects the
possibility of achieving most of the Swedish environme-
ntal quality objectives, such as the objectives of living
forests, fresh air, rich plant and animal life, no eutrop-
hication and a rich agricultural landscape.® This means,
among other things, that sustainability assessments
and sustainability criteria are a key issue in the supply
of bio-based feedstock for a transition to a sustainable,
fossil-free society.

The EU Renewable Energy Directive (Directive
2018/2001) aims to promote the sustainable use of
renewable energy sources, including bioenergy, and
includes sustainability criteria for solid, liquid and gase-
ous biofuels.

A premise of this bio-strategy is that the supply of
bio-based feedstock should always be within the scope
of meeting set requirements and environmental quality
objectives. In addition to the environmental benefits, this
also increases the value of the bio-based feedstock and
their international acceptance. For example, land that is
valuable for biodiversity conservation needs to be set
aside from use or developed in a way that safeguards
biodiversity, based on a holistic approach at the lands-
cape level. Loss and fragmentation of habitats is a major
threat to biodiversity that must be actively countered if
sustainable agriculture and forestry are to be achieved.
When removing branches and tops, it is important to
also leave a certain amount of dead wood and to return
ash in order to minimise the impact of removal on the
long-term productive capacity of the forest land and on
biodiversity.

In some cases, biodiversity can also benefit from the re-
moval of bio-based feedstock, for example by removing
brushwood in agricultural landscapes and roadside
verges. Reduced nutrient leakage can also be achieved
by growing grasses and catch crops whose biomass can
then be used for e.g. biogas production. Leys can also
lead to increased carbon sequestration in the soil.”8
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1.4 Delimitations and assumptions

In this strategy, Fossil Free Sweden has chosen a “conser-
vative” approach and tried to solve the challenges of the
roadmaps by starting from current levels of some impor-
tant environmental factors that may affect the outcome
of the potential and the sectors’ needs for bio-based
feedstock. These include, for example, forest harvesting
levels, agricultural land area and waste incineration levels.
Through this approach, the strategy can demonstrate
that the bio-puzzle from the roadmaps can be resolved
without dramatic changes compared to today. However,
the strategy does not aim to resolve all other forest-rela-
ted issues, nor does it take a position on these issues.

Focus on by-products, residues and energy crops from
agricultural land

Bio-based feedstock from forestry and agriculture are
currently largely used in traditional applications to produ-
ce e.g. wood products, paper products, food and feed.

This strategy addresses the availability and use of
bio-based feedstock mainly outside these areas, focu-
sing on what is often referred to as bioenergy. However,
bioenergy is a somewhat misleading term, as there are
several important uses where bio-based feedstock is not
primarily used for energy content but rather as e.g. feed-
stock for bio-based plastic.

Sawlogs, pulpwood, animal feed crops and food crops
are not included in the supply and demand estimates
given, with the exception of the current use of wheat
and rapeseed for biofuel production. In the case of agri-
culture, pure energy crops such as energy forest are also
included. However, there is a very strong dependence on
the traditional forestry and agricultural value chains, as
they will continue to be the economic drivers of forestry
and agriculture. Naturally, the quantities of by-products
depend on the production level.

Household and commercial waste, containing both bio-
genic and fossil fractions, are used as fuel in combined
heat and power (CHP) plants. A large part of biogenic
household waste and other biowaste is or can also be
used for biogas production. This strategy does not ex-
plicitly address waste as a feedstock, but it is included
implicitly through the impact on the need for other
bio-based feedstocks.

Assumption of forest harvesting at similar levels as
today in relation to growth

It is difficult to assess future harvesting and produc-
tion levels in the forest industry. There are many ana-
lysts who believe that there is room for an increase in
stemwood removal due to the expected growth.®™© At
the same time, there are several actors in society who
instead highlight the need to set aside a larger share
of forest land for ecological purposes as part of the
environmental objectives, and to move towards other
forms of forest management, such as continuous fo-
restry.m 2

In terms of bio-based feedstock availability, the bio-stra-
tegy assumes that forest harvesting is at a similar level
as in recent years in relation to the growth of productive
land. This means the forests will continue to increase
their carbon stocks and act as a carbon sink. At the
same time, if forest growth increases as expected,
mainly due to climate change, the harvesting levels may
increase and more resources can thereby be used to re-
place fossil energy.

The strategy also assumes that the traditional forest in-
dustry’s production of sawn timber and pulp will continue
to be the economic driver of harvesting, and that this will
be distributed in much the same way as today, even if the
product mix changes, for example with a greater propor-
tion of packaging at the expense of printing paper.

The strategy does not aim to determine how high futu-
re harvests can be or how forestry should be managed
to achieve the environmental objectives set, but rather
makes the assumption in order to show that the industry
roadmaps can be implemented without major changes
compared to today.

No large-scale abandonment of agricultural land

In agriculture, the amount of land available, together
with the availability of food production residues, is an
important factor in the potential for increased produc-
tion of feedstocks for bioenergy.

Since 1990, actively used arable land has decreased by
about 10 percent. In addition, it is estimated that a fur-
ther 10 percent is surplus leys that are not needed for
feed production due to a reduction in livestock. More-
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over, the amount of fallow land that could be used for
energy crops amounts to about 5 percent.”

There are projections that indicate that the abandonme-
nt of agricultural land will continue. At the same time,
the increase in organic farming and increased focus on
domestically produced food are trends that indicate a
move in the opposite direction, i.e. increased need for
cultivated land. A small proportion of agricultural land
also consists of organogenic soils, drained peat and wet-
lands with high topsoil levels, which produce high gre-
enhouse gas emissions and may therefore be considered
for restoration to wetlands. This strategy’s estimation of
the availability of bio-based feedstock from agricultural
land is based on the assumption that the area used for
energy, food and feed production will be about the same
in 2030 and 2045 as it is today.

As for forestry above, this is a conservative assumption
regarding the potential for bio-based feedstock, as it
implies that additional land for growing energy crops is
not cultivated.

Independence from net imports of bio-based feedstock

Sweden’s ambition is to be a pioneering country in cli-
mate change mitigation, and the design of policy instru-
ments and the technological development that takes
place here should therefore also help to accelerate the
transition in other countries. In a changing world, the
demand for bio-based feedstock is expected to increase,
which also means there is an increased risk of losing bio-
diversity and other negative environmental impact. Here,
Sweden has a unique role to play in using its favourable
situation, as relates to the availability of bio-based feed-
stock, in a global perspective. Although electrification
and hydrogen have great potential as enablers of climate
change mitigation, there are sectors where electrification
is not possible and where long-term sustainable bio-ba-
sed feedstocks from Sweden can contribute to enabling
the transition even globally. The strategy work has there-
fore been based on the assumption that Sweden will be a
net exporter of bio-based products for energy purposes
and industrial use outside the traditional forest industry
and agriculture by 2045. This does not exclude imports
of feedstocks or products. These will be traded interna-
tionally, as different types of bio-based feedstocks have
different characteristics and applications.

Carbon capture may influence the future use of
bio-based feedstock

Carbon capture and storage (CCS) technologies are a
complement to reduce parts of industry’s fossil carbon
dioxide emissions that are very expensive or technically
difficult to manage by other means with current tech-
nologies. CCS is also an important opportunity to redu-
ce fossil carbon dioxide emissions in the shorter term,
before the transition to new fossil-free technologies
takes place.

As this strategy deals with the use of bio-based feed-
stock for a fossil-free transition of society, fossil CCS is
outside of its direct focus. However, it is important to
point out that the implementation of CCS, where and
when it takes place, will have an indirect impact on how
bio-based feedstock is used in the transition.

In contrast, bio-CCS, i.e. the capture and storage of
biogenic carbon dioxide, is directly linked to the use of
bio-based feedstock and can have an impact on its use
in different sectors.

Carbon capture and utilisation (CCU), where the carbon
dioxide captured is used as a feedstock in materials and
products, can also have an impact on the use of bio-ba-
sed feedstock.

Conversion to primary energy

Many sources do not distinguish between different ty-
pes of biofuels/bio-based feedstocks when tallying up
bio-based feedstock requirements, which means that
the sums include everything from biogas and liquid

fuels to bark and harvesting residues. An estimation of
primary energy demand has therefore been carried out,
so that figures for bioenergy use and need represent pri-
mary energy (mostly unprocessed biomass).

Where this information is not available from the source,
a rough estimate of an average 70 percent efficiency
from primary energy to liquid or gaseous fuels has been
used, based on efficient biorefinery concepts. The actual
efficiency will of course vary greatly depending on the
choice of feedstock and conversion process, but 70 per-
cent is considered realistic to achieve on average in the
longer term for the main alternatives available. Depen-
ding on technology choice and development, this could
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be both higher and lower. Note that this efficiency refers
to that between processed product and unprocessed
feedstock, but energy inputs in other forms may also

be required, usually electricity. In addition, waste heat
can in many cases be recovered, especially for process
alternatives with lower efficiency levels. In cases where
unprocessed bio-based feedstock can be used, such

as incineration in combined heat and power plants, no
adjustment is made.

The estimate of demand is thus comparable to the
estimates of potential made and discussed in this stra-
tegy. As losses always occur when bio-based feedstock
is converted to a more refined form, such as fuel, the
needs reported are sometimes higher than those found
in the sources, which often do not take into account the
degree of refinement.
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2. How is bio-based
feedstock currently used

in Sweden?

Sweden’s total bioenergy use is approximately 140
TWh/year (Figure 1). More than 100 TWh of this comes
from forests, of which more than half is used for the fo-
rest industry’s own energy consumption. Approximately
20 TWh are biofuels, most of which are imported, and
approximately 20 TWh come from household waste,
agriculture, etc. Thus, of the current domestic supply of
bioenergy, about 85 percent is forest-based.

The total bioenergy use shown in Figure 2 is almost 160

TWh/year, converted to primary energy; see Chapter 1.3.

The use is mainly in industry, which is mostly the forest
industry and electricity/district heating, but also some
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Figure 1: Bioenergy use in Sweden 2005-2019.

Source: Swedish Energy Agency (2021) Energy in Sweden Facts and Figures.®

2019

other heating. The use of bioenergy for electricity in
Figure 2 (18 TWh/year) includes electricity production
in both industry and district heating. The amount of en-
ergy for district heating (38 TWh/year) also includes the
biogenic fraction of various waste streams.

The amount of bio-based energy in the transport sector
has increased significantly over the last ten years, mainly
through imports. It is important to note that net import
relates to feedstock for bioenergy, not biomass in general
and bio-based products, where Sweden is a net exporter.
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Figure 2: Bioenergy use in Sweden, converted to
primary energy.
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2.1 Bio-based feedstock from forests

Sweden currently has about 23 million hectares of pro-
ductive forest land, with a timber stock of 3.3 billion cu-
bic metres, equivalent to 12,000 TWh. Annual growth is
about 120 million cubic metres, or just over 400 TWh.
About 20 million hectares are under cultivation and
about 75 percent of the growth was harvested in 2015
(Figure 3).7°

Energy flows in the forest sector are illustrated in Figure
3, which also includes the growth and use of pulpwood
and sawlogs. It clearly shows the interdependence
between the supply of residues and by-products and the
traditional forest industry, which produces sawn wood
products, pulp and paper. Forestry today is economi-
cally driven entirely by the production of sawn wood
products, pulp and paper. About half of the stemwood
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Firewpod: 5.0 TWh

that goes to sawmills and pulp mills becomes pulp and
sawn timber. The other half, approximately 75 TWh/year,
becomes by-products and residues used for energy pur-
poses, mainly black liquor, pitch oil, bark, sawdust and
wood chips.

In addition to stemwood, the residual products bran-
ches and tops are produced during forest harvesting.
Although branches and tops have potential as a bio-
energy feedstock, they have a much lower value than
stemwood due to factors such as high transport costs.
They are therefore currently taken out and only used to
a limited extent.

Most of the residues and by-products from sawmills and
pulp and paper mills are used internally for their own
energy supply, but about 20 TWh/year is used outside

Recycled paper: 4.0 TWh

Paper
millls

Paper pulp:
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Industry  Pellet: 4.0 TWh
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Figure 3: Annual energy flows in the Swedish forest sector, 2015.

Source: Svebio (2020), “Fardplan Bioenergi - s& méter vi behovet av bioenergi fér fossilfritt Sverige” [Bioenergy roadmap - How to meet the bioenergy need for fossil-free Sweden].°4
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of the forest industry, almost exclusively for production
of electricity and heat. Residues and by-products that
come directly from forestry are also used mainly for
electricity and heat, and consist of about 10 TWh/year
of branches and tops, about 5 TWh/year of damaged
wood, and about 10 TWh/year of firewood. The latter is
used directly for small-scale heating.

Most of the biofuel production that takes place in
Sweden today from forest feedstock is based on tall
oil formed during pulp production. The production of
tall oil currently amounts to 1 TWh/year. This, together
with a small production of methanol at Ménsteras
pulp mill and ethanol at Domsjé Fabriker, is the only
forest-based biofuel production currently taking place
in Sweden.

2.2 Bio-based feedstock from agriculture

The production of crop products (mainly for food and
feed) in the agricultural sector amounts to 53 TWh/year,
of which 25 TWh are cereals, 21 TWh are grasses, 2 TWh
are oilseeds and the rest are mainly sugar beet, potatoes
and legumes. At the same time, approx. 21 TWh/year of
residues are produced in the form of stalks and haulm.
Grain stalks account for the largest share, approximately
16 TWh/year.”

The energy-related use of agricultural production of
crop products is mainly fuel production:

» Ethanol is produced from wheat at the Lantmannen
Agroetanol plant in Norrkdéping. This has the capacity
to use approximately 2.5 TWh/year. The proportion of
domestic feedstock varies, but overall Sweden is a net
exporter of wheat. A significant proportion of ethanol
production has historically been exported.

Domestically grown rapeseed is used for the produc-
tion of biodisel (RME). The total domestic production
capacity is 1.5-2 TWh/year. This is currently supplied
by a mix of domestic and imported rapeseed oil.

The main feedstocks for biogas production are residues
and wastes, mainly sludge from wastewater treatment,
manure, food waste and waste from food production.”®
Biogas production in Sweden is currently about 2.1 TWh/
year, of which about two-thirds is upgraded to vehicle
gas quality. Total biogas use amounts to about 4 TWh,
of which about half is imported.

As for the residues stalks and haulm, only a very limited
proportion is currently used for biogas production and
energy production. Approximately 4 percent of Swedish
arable land is used for biofuel production.’® The cultiva-
tion of energy forest is marginal today, and it is used as
fuel for heat production.
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3. Demand for bio-based
feedstock in a fossil-free
Sweden 2045

To achieve the climate target of zero net greenhouse Roadmaps for fossil free competitiveness? provide

gas emissions by 2045, there must be a total system a picture of the need for bio-based feedstock for the
transformation, with major changes in many sectors that  transition in different industries and sectors. However, in
currently use fossil feedstocks. The transition is expec- many cases the picture in the roadmaps is only qualita-
ted to lead to a significant increase in the demand for tive. Quantitative compilations of electricity and biofuel

bio-based feedstock, as this is currently a cost-effective needs in the roadmaps were carried out by Sweco in
solution in many industries. This chapter aims to provide 2019 on behalf of the Confederation of Swedish Enter-

a summary of what that demand looks like. prise® and in the Royal Swedish Academy of Engine-
Bioenergy 2030 Bioenergy 2045
Primary energy Use form Primary energy Use form

Steel 3-6 2,5-4 7-9 4-6,5
Mining and minerals 3-4 2-3 3-4 2-3

> Cement 2-3 2-3 4-5 4-5

g Chemicals A 1,5-2,5 1-2 0-25 0-13

£ Metal 0 ) 1-2 1-2
Forest B 2-3 2-3 2-3 2-3
Subtotal 12-19 10-15 17-48 14-33

- Road 20 14 20 14

g_ Domestic aviation and maritime transport 3 2 4,5-6 3-4

é Machinery 7-10 5-7 8,5-9 6-6,5

. Subtotal 30-33 21-23 33-35 23-25

} N District heating C 0 0 0] 0

‘© g Electricity C 0 0 0 0]

“é 8 Heating C 0 0 0 0

W Subtotal o o [o) (o)
Total 42-52 31-38 50-83 37-58

Table1 Compilation of projections for increased bioenergy and bio-based feedstock needs for transition by 2030
and 2045, based on Roadmaps for fossil free competitiveness, Sweco and the IVA.2%2%22 Primary energy needs in
bio-based feedstock are estimated. All values in TWh/year.

A The chemical industry has not drawn up a roadmap within the framework of Fossil Free Sweden. The estimate is instead based on the IVA’'s data (see text).

B Relates to the phase-out of fossil fuels used and some additional energy requirements for bio-CCS. Sawlogs and pulpwood are not included.

C Some additional energy requirement for bio-CCS in the district heating sector. The roadmaps for the electricity and heating sectors do not include any
quantification of increased need for bio-based feedstock.

DEMAND FOR BIO-BASED FEEDSTOCK IN A FOSSIL-FREE SWEDEN 2045
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ering Sciences’ (IVA) work in the project “Vagval for
klimatet” [Choices for the climate].”s- 2021 22

Sweco’s analysis of the roadmaps is based on the first
nine of the roadmaps. Where necessary, dialogues have
been held with industry representatives to quantify the
need. The transport sector, which plays an important
role in several roadmaps, has been singled out and
handled separately. The same applies to machinery,
which is handled together with the transport sector.

The compilation shown in Table 1is limited to the use of
bio-based feedstock to reduce territorial emissions. It
should be noted the fuel needs for international trans-
port bunkered in Sweden are significant, approximately
10 TWh/year for aviation (excluding the effects of the
pandemic) and approximately 24 TWh/year for mariti-
me transport.

Figure 4 shows the current use of bio-based feedstock
together with the estimated need for 2030 and 2045
based on data from the roadmaps, Sweco and the IVA.
The maximum need has been calculated as 211 TWh for
2030 and 241 TWh for 2045. In its report “Klimatagenda
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Transport
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for Sverige” [Climate agenda for Sweden], Material Eco-
nomics made a similar estimate of the need for bio-ba-
sed feedstock for 2045 based inter alia on the industries’
roadmaps, and came to a similar conclusion of a potenti-
al future demand of about 250 TWh.

3.1 Industry sector

The needs of bio-based feedstock for industry transition
in 2045 is largely based on the roadmaps and Sweco’s
analysis of these. With the addition of the new plant
that H2 Green Steel plans to erect in Boden (which was
not known at the time the roadmap was created), need
within the steel industry will be 7-9 TWh/year in 2045
if the same assumptions on the use of bio-based feed-
stock for biochar and heating are made for this plant as
for similar production in the roadmap. Both the mining
and minerals industry and the cement industry will have
a high demand for biofuels for heating. According to
Sweco’s analysis, the need is 2-3 TWh/year and 4-5
TWh/year, respectively. The forest industry needs 2-3
TWh/year of fuel to phase out the last fossil fuels.

Potentially the largest volumes of bio-based feedstock

241

21

Max. need 2045

Figure 4: Current use of bio-based feedstock compared to need estimated based on data from Roadmaps for fossil

free competitiveness, Sweco and the IVA17,'®22 for 2030 and 2045, reported as primary energy. The maximum need

is used from intervals in Table 1.
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in the industry sector may be required in the chemical
industry - but this is also where the greatest uncertain-
ties exist. The chemical industry has not made a road-
map within the framework of Fossil Free Sweden, so the
estimate for 2045 is instead based on an assessment

by the IVA.® It indicates that the chemical industry can
make different choices that result in completely different
needs for bio-based feedstock, from zero to 13 TWh/
year of processed feedstock (biomethanol and biogas).

According to the IVA, up to 25 TWh/year of bio-based
feedstock could be required for this. For 2030, it is as-
sumed that only 1-2 TWh/year of biogas will replace
natural gas.

3.2 Transport sector

The analysis of the transport sector and the fuel needs in
the Sweco report is not directly based on the underlying
roadmaps for fossil freedom, as the roadmaps are often
not quantitative in terms of transport, have large overlaps
between each other, and scenarios for the transport se-
ctor as a whole require assumptions beyond what is inclu-
ded in the individual roadmaps. At the time of the Sweco
report, there were no roadmaps from the automotive in-
dustry, maritime industry, petroleum and biofuel industry,
and the gas sector. Sweco’s analysis of the road transport
sector is instead based on the FFF study [fossil-free ve-
hicle fleet study] from 2013.2°

The total demand for gaseous or liquid fuels for road
transport, machinery, domestic aviation and domestic
maritime transport is estimated at around 44 TWh/year in
2045. Of this, around 34 TWh/year is liquid fuel for road
transport, compared to around 20 TWh/year today. The
level of passenger car electrification assumed by Sweco
is lower than indicated by the automotive industry’s ro-
admaps for heavy-duty vehicles and passenger cars. The
Sweco compilation’s estimated need of fuel for machine-
ry is 6 TWh/year. This estimate is based on assumptions
of electrification equivalent to 15 percent of the energy
need today, and 35 percent efficiency improvement.

Sweco’s analysis of domestic fuel demand for 2030 is
based on the Swedish Energy Agency’s reduction obli-
gation scenarios from 2019,% which is about 40 TWh/
year for road transport in 2030. In the petroleum and
biofuel industry’s roadmap, the industry points out that

scenarios with a higher proportion of biofuel may have
lower overall costs compared to scenarios with a higher
degree of electrification. The industry states that member
companies have a total production ambition of more than
100 TWh/year, but does not make a distinction between
Swedish and foreign production growth or between use
in a domestic and international market.

3.3 Electricity and heating sectors

Today’s Swedish electricity system is characterised by lar-
ge shares of hydropower and nuclear power, wind power
under rapid expansion, and biofuel and waste-based CHP
production. When it comes specifically to the demand

for bioenergy, the electricity and heating systems must
be analysed together, as at present there is virtually no
bio-based electricity production that does not also pro-
duce heat. For reasons of efficiency and cost, this is not
likely to change in the future.

Both the heating and the electricity sectors have crea-
ted roadmaps. The heating sector’s vision is to be fossil
fuel free by 2030 and a carbon sink by 2045. The sector
points to increased use of various types of residual heat
and, in addition to CHP-based district heating production,
for high overall efficiency and to help reduce the power
challenge of the electricity system. The sector argues that
a significant reduction in the use of biofuels in the heating
sector could jeopardise the transition of the energy sys-
tem, but does not predict a significant increase either.

for en hdg totaleffektivitet och for att bidra till att mins-
ka elsystemets effektutmaning. Branschen menar att en
avsevart minskad anvandning av biobranslen i varmesek-
torn kan aventyra omstéllningen av energisystemet men
prognosticerar heller inte ndgon omfattande 6kning.

DEMAND FOR BIO-BASED FEEDSTOCK IN A FOSSIL-FREE SWEDEN 2045
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%. Availability of
bio-based feedstock

Like many other inputs, the availability of bio-based
feedstock is physically limited. However, within the phy-
sical constraints, the sustainable potential of bio-based
feedstock is determined by a number of economic and
environmental assessments, trade-offs and assump-
tions. This chapter briefly describes a resulting estimate
of a sustainable amount of bio-based feedstock that
could be used in the transition, given the environmental
considerations and the forest industry production levels
discussed in Chapter 1. The estimate is based primarily

on the report “Potential fér 6kad tillférsel och avsattning

A summary of the increased availability of bio-based
feedstocks, compared to the current situation, is given
in Table 2. In addition to today’s use, it is estimated that
there will be an additional bio-based feedstock supply
of about 40 TWh per year in 2030. In 2045, the corres-
ponding figure will be about 53 TWh/year.

4.1 Forestry by-products and residues

Forestry by-products and residues consist primarily of
branches and tops, which are the parts of the tree that
(together with stumps and roots) are not considered

2030 2045
Forest
Branches and tops 16-18 18-21
Damaged roundwood 3-4 3-4
Thin roundwood (clearings, etc.) 2-3 3-4
Subtotal 21-25 24-29
Agriculture
Stalks 2-4 2-4
Biogas residues 4-6 A 4-6 A
Woodland B 3-4 5-7
Energy forest on abandoned land 2-6
Subtotal 9-14 13-23
Brushwood 5-8 8-10
Total 40 (35-47) 53 (45-62)

Table 2 Estimated increased potential for feedstocks from bio-based feedstock from forestry and agriculture. All

values in TWh/year.

Source: Borjesson, P. (2021), “Potential for 6kad tillforsel av inhemsk biomassa i en vaxande svensk bioekonomi - en uppdatering” [Potential increased supply of domestic biomass in a growing
Swedish bioeconomy - An update],?” but with adjustments for other assumptions about harvesting levels; see Chapter 1.4.

A For these items, the potential for biogas production is given rather than the feedstock energy, as the efficiencies of the conversion are so different. Re

sidues refers to e.g. manure.

B From woodland, grass is probably the most important feedstock that is not currently used.

AVAILABILITY OF BIO-BASED FEEDSTOCK
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stemwood. Branches and tops can also be collected
during thinning.

The limits for what constitutes ecologically sustainable
branch and top removal are set primarily by the environ-
mental objectives of Sustainable Forests, A Rich Diver-
sity of Plant and Animal Life, and Natural Acidification
Only.?® Bark from sawmills and paper mills and sawdust
from sawmills are also by-products and residues addres-
sed in the strategy.

According to Borjesson?” and de Jong et al.?, it is pos-
sible to increase the removal of branches and tops by
16-18 TWh/year compared to the current level without
impacting other environmental objectives. This ad-
ditional potential implies a removal of 70 percent of
the branches and tops resulting from harvesting from
about 50 percent of the harvested areas suitable for
this purpose. The potential for increased branch and top
removal varies between different parts of the country.
A larger proportion is currently removed in southern
Sweden than in northern Sweden due to greater de-
mand, which in turn leads to lower costs. By 2045, the
potential is somewhat greater due to the increased
growth expected.®?

Stumps are not included in the potential for bio-based
feedstock presented here. Stump grinding entails risks
of negative ecological consequences, and is not appro-
ved under the certification used in forestry today. It is
therefore concluded that stump harvesting will not oc-
cur to any significant extent.

Damaged and infested roundwood cannot be used for
timber or pulp, but can be used as biofuel. The amount
of insect infestation in Swedish forests is expected to
increase with global warming. A reasonable assumption
is that the amount of damaged roundwood that thereby
becomes available for bioenergy production can be ex-
pected to increase by an additional 3-4 TWh/year from
today’s approximately 5 TWh/year.

4.2 Agricultural crops and by-products

The potential for increased use of bio-based feedstock
from agriculture consists of both better use of residues
from food production and increased production on
abandoned arable land. As by-products cannot be used
as food or feed, they are not limited by the “cap” on

crop-based feedstocks in the EU’s Renewable Energy
Directive (Directive 2018/2001). This strategy’s esti-
mation of the availability of bio-based feedstock from
agricultural land is based on the assumption that the
area used for food and feed production will be about
the same in 2030 and 2045 as it is today, as discussed in
Chapter 1.4.

Borjesson?” estimates the future availability of stalks
for bioenergy as 2-4 TWh/year. This is a relatively mo-
dest share of the total production of grain stalks, which
amounts to 16 TWh/year, and the limitation is made for
practical, environmental and economic reasons.

Borjesson estimates the potential increase in biogas
production from other residues, such as manure, food
waste, haulm and sludge, as 4-6 TWh/year for 2030
(for feedstocks that have no reasonable use other than
biogas production through anaerobic digestion, the
amount is given as biogas potential rather than energy
in feedstock). This estimate fits well with the 2030 tar-
get of the biogas study.?®

In addition, there is a surplus of grasses, which can be
used as feedstock for biogas or other types of bioenergy,
mainly from woodland. Bérjesson?’ estimates this poten-
tial as 3-4 TWh/year today and 5-7 TWh/year in 2050,
with this potential being used for 2045 in this strategy. As
discussed above, this strategy does not make any major
assumptions about land use change in the longer term.
The increase between 2030 and 2050 is mainly due to
improved and adapted harvesting systems.

There are currently about 100,000 hectares of abando-
ned arable land and about the same amount of abando-
ned pasture land.” The latter may have high ecological
values, but it would be advantageous to use the aban-
doned arable land to grow so-called energy forests (e.g.
poplar or hybrid aspen), with a potential of 2-6 TWh/
year. As the number of such plantations is marginal to-
day, and the production cycle for a tree generation takes
20-30 years, the potential is from 2040 and onwards. As
no large-scale abandonment of agricultural land is ass-
umed, the area available for energy forest cultivation is
today’s abandoned land.

4.3 Brushwood

Brushwood refers to young trees and bushes, often de-

AVAILABILITY OF BIO-BASED FEEDSTOCK
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ciduous, found e.g. along roads, in power lanes, along
the edges of fields, and in overgrown pastures. There

are large amounts of overgrown land, and harvesting
brushwood often has a positive effect on biodiversity283°
The potential of brushwood harvesting is estimated at
5-8 TWh/year, based on a study by the Swedish Uni-
versity of Agricultural Sciences,’ and 8-10 TWh/year in
2045 due to the development of harvesting technologi-
es and the increased need to support biodiversity in the
agricultural landscape.?”

AVAILABILITY OF BIO-BASED FEEDSTOCK
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5. Technology and price
development for bioenergy

The conditions for the production and use of bioenergy
are changing due to both technological developments
and external trends. These include what types of biofu-
els are used in the transport sector and how the price of
bio-based feedstock is expected to develop in coming
years. All this will affect the demand for bioenergy and
its ability to compete with other solutions.

5.1 Near-term technology options for bio-
fuel production

Most scenarios for road transport biofuel need indicate
a higher need in 2030 than in 2045, mainly due to elec-
trification as discussed in more detail in Chapter 7.1. The
Swedish Transport Administration3? estimates the 2030
need to be 70 percent higher than today’s approximate-
ly 34 TWh/year, while several other projections instead
land on a need of 30-50 TWh/year in 2030.26 For avia-
tion, the recently decided reduction obligation gives a
demand of about 4 TWh/year in 2030.

The total biofuel production capacity in Sweden is cur-
rently about 5 TWh/year. Today’s import need combined
with the expected increase in demand within both road
transport and aviation leads to several actors to plan for
an increased domestic production capacity of biofuel.

In terms of volume, the predominant biofuels in Sweden
today are HVO and biodiesel based on fats and oils as
feedstock base. Almost all of the existing and planned
investments for biofuel production in Sweden are also
based on fats and oils rather than domestic residues
from forestry and industry.

Examples of major existing plants are Preem’s HVO pro-
duction in Gothenburg (200 kt/year) and Adesso Biopro-
ducts’ biodiesel production in Stenungsund (150 kt/year).

Examples of planned plants are St1’s in Gothenburg
(200 kt/year) (under construction), Preem’s in Gothen-

burg (1 Mt/year) and Preem’s so-called SynSat project in
Lysekil (650-950 kt/year). If all of the planned plants are
built, altogether this will provide up to 30 TWh/year of
the fat and oil-based fuels HVO, HEFA and biodiesel.

Sweden currently has little additional supply of oil and
fat feedstocks that can be used in these plants, although
there is some supply of used frying oil and slaughter-
house waste. By investing in and developing pre-treat-
ment of e.g. lignin or liquefied lignocellulose, other types
of feedstocks could also be used in the plants. But since
the plants are designed for oils and fats, there is a risk,
for technical and economic reasons, that this will only be
done to a limited extent and that the feedstocks will the-
refore continue to have to be imported to a large extent.

Palm oil and PFAD, which is produced at the same time
as palm oil, are currently important feedstocks for bio-
fuel production. In a delegated act, the EU Renewable
Energy Directive (Directive 2018/2001) classifies agri-
culture feedstocks according to risk of indirect land use
change (ILUC risk). Feedstocks classified as high risk
are to be phased out in the EU by 2030. Palm oil is cur-
rently classified as a high-risk feedstock, and, in Sweden
and those Member States where PFAD is classified as

a co-product, PFAD is also classified as high risk. In the
agreed proposal of reduction obligations for petrol, die-
sel and aviation kerosene, palm oil and PFAD cannot be
used in meeting these obligations from 2022, as these
feedstocks are classified as high-risk feedstocks under
the Renewable Energy Directive.??

At the same time, a sharp increase in global demand

for biofuels is expected, for example as a result of the
recently announced tightening of the EU’s 2030 climate
ambitions, which is expected to require 24 percent re-
newables in the transport sector compared to 8 percent
today.** This is leading to a major ongoing and upco-
ming expansion of production capacity globally, parti-
cularly for HVO, and a subsequent sharp increase in in-

TECHNOLOGY AND PRICE DEVELOPMENT FOR BIOENERGY
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ternational competition for bio-based feedstocks of the
type oils and fats. This may also be a driver towards the
use of feedstocks with a greater environmental impact.?

Sweden has good prospects for increased domestic
production of renewable fuels, including biogas, from
domestic residues from forestry, the forest industry and
agricultural crops and by-products, which can also have
other positive effects on society.>®> However, alternative
biofuel production technologies, which can use feed-
stocks from the forest industry in particular, have so far
not been competitive, largely due to high investment
costs combined with the fact that the technologies are
often not yet implemented on a commercial scale.

An ongoing assignment at the Swedish Energy Agen-
cy aims to investigate policy instruments to promote
Swedish production of biofuels, including renewable
gas, using new technologies. This could be a very im-
portant piece of the puzzle for realising the potential for
biofuel production from sustainable feedstocks that are
available in larger quantities in Sweden.¢

Willingness to pay for renewable biofuels

5.2 Cost trends for bio-based feedstock
and electricity

This strategy takes a qualitative approach to the impact
of electricity and bio-based feedstock prices on diffe-
rent areas of bio-based feedstock use, as a quantitative

estimate of future prices is very difficult and uncertain.

Bio-based feedstock

Increased demand for bio-based feedstock is likely to
lead to higher prices as more countries align with the
Paris Agreement. In the coming years, the highest wil-
lingness to pay for biofuels is likely to be in the road
transport sector, while in the longer term it is likely to be
highest in those sectors where other fossil-free alternati-
ves are lacking; see Figure 5. Bio-CCS may also become
an area of increasing willingness to pay for bio-based
feedstock in the future, and will thus compete with other
bio-based feedstock use.®”

Price increases may also be due to increased removal
and transport costs. For forestry residues, studies3® 3°

(increased quantity of renewable variable electricity production)

= 14

ij /

Maritime
transport

Aviation fuel
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Figur 5: Value diagram to illustrate the future use of bioenergy and how the willingness to pay might look over time.
The need to reduce fossil carbon dioxide emissions will steer the use of bio-based feedstock to the sectors where
there is the highest willingness to pay and it is difficult to replace fossil carbon sources with other alternatives.

Source: Kungl. Skogs- och Lantbruksakademiens tidskrift (2018), Forests and the climate. Manage for maximum wood production or leave the forest as a carbon sink?
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suggest that the cost-supply curve for the removal of
branches and tops is relatively flat.

However, increased removal will likely result in longer
transport distances, leading to increase costs. Howevet,
increased demand for bio-based feedstock makes it more
profitable to harvest/exploit available resources to a gre-
ater extent than today, despite increased transport costs.

For residues from sawmills and mills, there is no well-de-
fined production cost. The market price instead varies
with demand and transport distance.

Energy forests can be produced at a slightly higher cost
compared to the collection of forestry residues, and a
switch to such feedstock only involves a minor change in
feedstock costs.*°

Electricity

Investments in new fossil-free production technolo-

gy will mean a sharp increase in Swedish electricity
consumption in 20-25 years’ time. Both industry and
politicians have pointed to a forecast of a doubling from
today’s 130 TWh by 2045. The major transformation of
industry, the transport system, and the energy sector
will place great demands on the development of the
energy system. To succeed in the transition to fossil free-
dom, the development needs to be both rapid and far-
reaching, requiring major investments in both electricity
production and distribution, as well as faster and more
predictable permitting processes. Solar energy costs
have fallen sharply in recent years, and it is now the
cheapest way of generating electricity globally. Wind
power, which often generates most of its electricity at
night and in the winter when the sun is not shining, has
also had a very favourable cost trend, with costs almost
halved over the last decade.

The rate of expansion of renewable electricity produc-
tion in Sweden is high. Wind power production incre-
ased from 20 TWhin 2019 to 28 TWh in 2020, repre-
senting a 40 percent expansion of total production in
one year. The same rate of development is expected to
continue in the coming years, and the Swedish Energy
Agency’s main scenario is 80-120 TWh of renewable
electricity production in 2045.

With a large proportion of weather-dependent renewa-

ble electricity production, solutions to balance the sys-
tem will be important, as will the costs of these.
Electricity storage will be an important solution. Both
batteries and chemical storage, where electricity is used
together with e.g. carbon dioxide to produce electrofuel
or hydrogen, will be important in different ways depen-
ding on the need for the time interval of storage. Both
technologies currently have high costs for large-scale
storage, but costs are now falling rapidly. Other techni-
cal solutions will also be important, such as the use of
wind power’s own balancing capacity, demand flexibility,
and the interaction with the heating system and future
large-scale hydrogen storage.

How solutions based on direct or indirect electrification
can compete with bio-based solutions will depend on
factors such as the evolution of the cost of renewable
electricity, electrolysers and storage facilities, and how
the price will be affected by increased demand. The
visions for and expansion rate of solutions for e.g. hydro-
gen are largely the result of expectations of low costs
for renewable electricity, which will also determine the
scale of the initiatives.

Swedish transmission system operator’s long-term
market analysis,* launched in May 2021, presents four
scenarios with varying degrees of renewable electricity
production, with three of the four scenarios showing
continued low or falling annual average prices in the four
electricity markets in 2045. In some scenarios, prices in-
crease until 2035 and then decrease until 2045.

The scenarios assume different levels of growth in
electricity use, making pure comparisons difficult.
However, some important trends can be identified:

1. Electricity prices generally become more volatile and
are even more linked to variations in production.

2. Renewable electricity production, such as offshore
wind power, can contribute to a high proportion of
hours with low electricity prices.

3. A'low rate of expansion of renewable electricity
production would lead to a weaker electrical energy
balance in the Nordics and thereby a high proportion
of high-price hours.

4. The average annual price varies greatly depending
on both weather conditions and electricity prices in
Europe.

TECHNOLOGY AND PRICE DEVELOPMENT FOR BIOENERGY
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6.Political conditions

There is a wide range of regulations that affect in diffe-
rent ways the use of bio-based feedstock for the type of
applications addressed in this strategy, both at the EU
and the national level. This chapter briefly discusses the
most important of these regulations, and some ongoing
processes that are considered to have a major impact on
their future development and thus on the conclusions
drawn in this bio-strategy.

6.1 EU

The Green Deal

In June 2021, the Parliament decided to raise the level
of ambition of the Union’s climate target to 55 percent
greenhouse gas reduction by 2030 compared to 1990.
A major policy package (“Fit for 55”) related to this
new target was presented by the Commission in July
2021. The package aims to specify where emission re-
ductions should take place, and includes proposals for
maritime transport to become part of the Emissions
Trading Scheme (ETS), a parallel trading scheme for
emissions related to buildings and road transport, and
also so-called climate border tariffs (CBAM) for trade
flows that generate large greenhouse gas emissions,
such as iron and steel, cement and electricity. The
proposals included in the “Fit for 55” package will be
negotiated with the Parliament and Member States in
the coming years.

The EU already has a target of net zero greenhouse gas
emissions by 2050. In addition, a number of strategies
have been published as part of the European Green
Deal, such as biodiversity strategies, the Farm to Fork
Strategy, the Hydrogen Strategy, and the Sustainable
and Smart Mobility Strategy. A forestry strategy has also
been presented, which sets out guidelines for forestry

in the EU. The strategy focuses on the conservation of
biodiversity, the protection of valuable nature and clima-
te, and states, for example, that clearcutting should be
avoided. The EU forestry strategy thus has a potentially
major impact on how Swedish forestry will be conduc-
ted in the future.

The two initiatives RefuelEU aviation and FuelEU mariti-
me contain proposals for regulations that steer towards
increased use of sustainable fuels in aviation and ma-
ritime transport. For aviation, a quota obligation for
sustainable aviation fuel in the EU is proposed, starting
at 2 percent in 2025, 5 percent in 2030 and 63 percent
in 2050, with electrofuels accounting for 0.7 percent
and 28 percent in 2030 and 2050, respectively. For the
maritime industry, the suggested levels for renewable
and low-carbon fuel are 6-9 percent for 2030 and 86-88
percent for 2050.

Taxonomy

The so-called EU Taxonomy is part of the EU Green Deal
and aims to define a classification system for sustainable
economic activities to guide private capital towards the
transition. The Taxonomy is expected to have a major
impact on climate and sustainability work in the EU. Ac-
tivities classified as green under the Taxonomy are likely
to find it easier to attract capital, especially from inve-
stors focused on transition. In the final proposal from
the Commission, bioenergy is classified as a sustainable
solution if sustainability criteria linked to the Renewable
Energy Directive (Directive 2018/2001) are met.

Renewable Energy Directive

The Renewable Energy Directive (RED, Directive
2018/2001) aims to promote the sustainable use of
renewable energy sources, including bioenergy. The
Renewable Energy Directive contains renewable energy
targets as well as sustainability criteria for solid, liquid
and gaseous biofuels, covering both the land they come
from and the climate performance of the fuels from a
life-cycle perspective. In order to meet both climate and
environmental objectives, there are specific sustainabi-
lity criteria for forest feedstock used for the production
of automotive and other biofuels to be considered sus-
tainable. The Commission’s proposals in the “Fit for 55”
package include the following changes with a target
year of 2030: Target increased to 2.2 percent for “advan-
ced biofuels” and 2.6 for electrofuels.

POLITICAL CONDITIONS



35

STRATEGYFORFOSSIL FREECOMPETITIVENESS - BIOENERGY AND BIO-BASED FEEDSTOCK ININDUSTRY TRANSITION

* Sustainability criteria and emission calculations for
electrofuels, which are proposed to reduce emis-
sions by at least 70 percent. This applies to both
“recycled carbon fuels” (from fossil carbon dioxide/

waste) and “renewable fuels of non-biological origin”

(from renewable carbon sources).

* Target increased from 32 to 40 percent for the pro-
portion of renewable energy used in the EU. Sectoral
targets to be developed for transport, heating and
cooling, buildings and industry.

In addition, sustainability criteria for the use of bio-
energy are strengthened and Member States must
design any bioenergy support systems in a way that
respects the cash-flow principle for the use of forest
biomass.

The Commission’s proposals will be considered by the
European Parliament in autumn 2021, and the way in
which the use of bio-based feedstock is classified and
how sustainable it is will have a major impact on the
potential for using bioenergy to meet climate targets,
and will also influence the conclusions and proposals for
action presented in this strategy.

Also highly relevant to the efficiency improvement and
electrification of the road transport sector is the EU re-
gulatory framework on carbon dioxide emissions from
new heavy-duty vehicles (Regulation 2019/1242) and
passenger cars (Regulation 2019/631), which pushes for
zero emission solutions in the use phase, i.e. hydrogen
and battery electrification. These regulations are also
part of the “Fit for 55” framework, and the Commission
has proposed that emissions from new passenger cars
and light-duty trucks should be reduced to zero by
2035. Emissions reductions of 30 percent by 2030 are
already required for heavy-duty vehicles.

LULUCF Regulation

Proposals on emissions and removals from forests and
land under the LULUCF Regulation are part of the “Fit
for 55” package, which may have major consequences
for Swedish forestry and possible harvesting levels.
Under the Commission’s proposal, 310 million tonnes
of carbon dioxide are to be sequestered in natural car-
bon sinks in the EU by 2030. For Sweden, the proposal
means that uptake in forests and land must increase by

almost 10 million tonnes per year from 2030. Under the
proposal, Bio-CCS cannot be included as a carbon sink.

The EU Emissions Trading Scheme

The EU Emissions Trading Scheme (EU ETS) aims to
reduce greenhouse gas emissions in the EU in a cost-ef-
fective way. The scheme includes industrial activities as
well as electricity and district heating production. Avia-
tion within the EU is also included in the scheme, but no
other modes of transport.

The Commission has proposed expanding the EU ETS to
include the maritime industry, the transport sector and
buildings. However, under the proposal, the transport
sector and buildings will be in a separate scheme be-
cause the costs of reducing emissions are very different
from the sectors included in the current scheme. Like
aviation, the maritime industry will be included in the
regular ETS.

Taxes and state aid rules

The Energy Taxation Directive has an impact on the pos-
sibilities for national support for different forms of bioen-
ergy. This directive is also part of the “Fit for 55” package,
where the Commission proposes to harmonise taxation of
all fuels in the EU in line with the directive. The proposal
includes removing the tax exemption for aviation and ma-
ritime transport for a 10-year period and setting minimum
levels of taxation based on energy content, environmen-
tal performance and area of use. However, the proposal

is likely to require a unanimous decision from Member
States and will therefore be difficult to get through. A
revision of the state aid rules is also underway and may
ease Sweden’s exemption allowing tax exemptions for
highly blended biofuels other than biogas. The EU Com-
mission has currently approved continued tax exemptions
for highly blended biofuels until 2022. The revision is also
likely to stop many of the tax exemptions that exist for
fossil fuels around Europe today.

Investments in sustainable technology development
The EU also offers significant opportunities for financing
investments in the development of sustainable tech-
nologies, including those using bio-based feedstock.
The most important example is the Innovation Fund,
which plans to allocate about EUR 10 billion by 2030

for demonstration projects. These could be projects in
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different areas, such as hydrogen, bioenergy, CCS and
electrification.

6.2 Sweden

The main national instruments that directly affect the use
of bioenergy are carbon tax, energy tax and reduction
obligation for road and air transport. Many other taxes,
such as the waste incineration tax, also have an impact.

It is clear that the reduction obligation, and other mar-
ket-based instruments that existed before it was intro-
duced, have been effective in increasing the use of bi-
ofuels in Sweden. However, partly because Sweden has
not had corresponding production-related instruments,
it has not led to a corresponding expansion of domestic
production capacity. Instead, Sweden is currently hea-
vily dependent on imports of biofuels and biofuel feed-
stocks, as discussed in Chapter 5.1.

In an ongoing assignment, the Swedish Energy Agency
is analysing the need for additional instruments to pro-
mote biofuel plants with new technologies, including the
promotion of domestic production. The Swedish Energy
Agency’s preliminary proposal is a targeted quota in

the reduction obligation for feedstocks that cannot be
converted into fuels with established technologies, i.e.
feedstocks based on lignocellulose. It also advocates the
possibility of investment support for production facili-
ties, for example through Industriklivet [Industrial Leap].
There are also opportunities for aid through Klimatklivet
[Climate Leap].

In June 2021, the Phase-out Inquiry (M2019:04) presen-
ted, among other things, proposals to phase out the use
of fossil fuels in domestic transport and machinery in
Sweden by 2040. The inquiry estimates that phase-out
can be achieved through a combination of extensive
electrification, reduced traffic volume through a more
transport-efficient society, and a transition to long-term
sustainable renewable fuels, and also includes proposals
for instruments on how this can be achieved.*?

As a first step, the Biogas Market Inquiry (SOU
2019:63)?° has proposed production support for biogas
through anaerobic digestion and upgrading of this to
vehicle gas. In a second step, production support is also
proposed for biogas produced through other technolo-

gies, which opens up opportunities for more feedstocks
and greater potential, for example via gasification of
lignocellulose.

The Government has announced that a system for
operational support for bio-CCS in the form of reverse
auctioning will be introduced by 2022, with the first pay-
ments for stored carbon dioxide planned for 2026. The
aim is to create 400,000 tonnes of stored carbon dioxi-
de per year. The Swedish Energy Agency has submitted
a proposal for the design in a government commission
and will submit a final report on the commission with
further details and legislative proposals in the autumn
of 2021.4* The introduction of such support could have a
major impact on the development of bio-CCS and also,
in the long term, on where bio-based feedstock is used.

POLITICAL CONDITIONS
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7. Impact of technology
development on the role
of bio-based feedstock in

the transition

This chapter discusses a selection of technological solu- and stored chemically as e.g. hydrogen for easier
tions whose development is expected to have a major im- use in many applications.
pact on the demand for bio-based feedstock in the tran- 2. Bio-CCUS (Chapter 7.2)

sition to fossil freedom. The factors discussed have been

divided into six different categories. The technological - May have animpact on the use of bio-based feed-

solutions have different implications for the sectors’ de- stock, as the storage of captured carbon dioxide

mand for bio-based feedstock, as summarised in Table 3. can increase the competitiveness of bio-based
feedstock use in certain sectors. Captured carbon

1. Electrification and hydrogen in industry transition dioxide can also replace the use of both fossil and

(Chapter 7.1) biogenic feedstocks.

3. Electrification and hydrogen in the transport sector
(Chapter 7.3)

— Electrification is expected to be an extremely im-
portant part of the transition, and is divided into
direct and indirect. — Divided into direct and indirect electrification in

- “Direct” electrification includes various technolo- the same way as in the section on "Electrification

gical solutions where electricity is used to reduce and hydrogen in industry transition”.

the need for fuels. 4.Circular economy - material recycling (Chapter 7.4)

- With “indirect” electrification, energy is converted - Recycling and reuse are a key factor in reducing
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Forest industry X X

Chemical industry X X X

Steel and metal industry X

Cement industry X

Transport sector and machinery X X X

Electricity and heating X X X X

Table 3 Overview of technological solutions and the sectors in which they are expected to have the greatest impact
on the use of bio-based feedstock in the transition to fossil freedom.
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the need for virgin materials, including bio-based
feedstock.

5. Efficiency improvement and electrification in the
forest industry (Chapter 7.5)

- The development of the forest industry is an im-
portant enabler for bio-based feedstock use in
more sectors to a greater extent than today.

6. District heating of the future (Chapter 7.6)

— Alternative heat sources, such as geothermal hea-
ting, deep geothermal energy, solar heating, waste
incineration and waste heat, are alternatives to
district heating which could provide opportunities
to reduce the use of biofuel. For some of these, heat
pumps and/or energy storage may be required.

- Efficiency improvements in the building stock
combined with reduced heating needs due to cli-
mate change will result in reduced heating needs,
despite population growth.

For each factor, there is a discussion on their technical
and economic potential to influence the demand for
bio-based feedstock. Conclusions are then drawn on
how the factor is estimated to affect the amount of bio-
energy used in different sectors.

A summary of the estimated need for bio-based feed-

Current need, incl. net

stock based on the impact of the technical solutions
listed above in each sector is given in Table 4.

7.1 Electrification and hydrogen in
industry transition

The industry sector accounts for one-third of Sweden’s
greenhouse gas emissions. The largest emitter is the
iron and steel industry, which accounts for more than

10 percent of territorial emissions. The cement industry
and refineries each account for about 5 percent, while
the chemical industry accounts for just under 3 percent.
However, both the chemical and refinery industries also
handle large quantities of fossil feedstocks, which end
up in their products. Bio-based feedstock in the refinery
sector is covered in the discussion of the transport se-
ctor in Chapter 7.3 and is therefore not addressed here.

Iron and steel industry

In the iron and steel industry, hydrogen has been esta-
blished for some time as the main tool on the road to fos-
sil-free production, replacing the coke-based blast furnace
process for reducing iron ore. SSAB, LKAB and Vattenfall
are collaborating in the Hybrit project with a pilot plant in
Luled and plans for scale-up in Géllivare. Meanwhile, the
start-up H2 Green Steel is planning a plant in Boden.

For the iron and steel industry to succeed in the trans-

Estimated need, incl. net Estimated need 2045

Sector import (TWh/year) import 2030 (TWh/year) (TWh/year)
Road transport 27 49 1

Machinery 2 10 6

Aviation and maritime industry (¢} 3 6

Forest industry incl. bio-CCS 58 51 50
Electricity and heating sector incl. bio-CCS 71 64 56
Chemical industry 0 3 9

Iron and steel industry (0] 6 5

Metal 0] 0] 2

Cement industry 0 3 0

Mining and minerals industry (0] 4 (0]

TOTALT 158 TWh/ar 193 TWh/ar 135 TWh/ar

Table 4 Estimated domestic bio-based feedstock need in 2030 and 2045, based on the maximum estimated im-

pact of alternative technological solutions described in Chapter 7. Note that the values in the table have been con-

verted to primary energy.
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ition to fossil-free production, some 4-6.5 TWh/year of
processed bio-based feedstock (fuel and biochar) will be
needed in steel production, even after the transition to
hydrogen-based processes. Coal is used in the Héganas
process as a reducing agent, in electric arc furnaces as

an alloying agent and additive, and for electrodes. These
uses are considered difficult to make fossil free other than
with biochar, produced from e.g. forest feedstock.

The steel industry’s roadmap estimates that 2-3 TWh/
year of energy gases for heating will continue to be
needed. This largely involves burning biogas or other
biogenetic gases in various types of furnaces.

The industry is currently investigating whether hydrogen
can also be used to meet the heating need. Ovako, in
cooperation with Linde Gas, demonstrated this technolo-
gy in 2020 and is now looking at the possibility of imple-
menting the technology on a large scale. Full implemen-
tation in Sweden could involve electrolysers in the 800
MWel range. The possibility of using hydrogen as a fuel
may vary between companies. If the technology becomes
established, the future bio-based feedstock need for the
Swedish steel industry could thus be limited to 2-4 TWh/
year of biochar and biofuels. The reduction of 3 TWh/
year corresponds to about 50 percent of the approxima-
tely 4-6.5 TWh/year indicated as needed in Chapter 3.

Mining and minerals industry

Like the iron and steel industry, the mining and mine-
rals industry can replace energy gases for heating with
direct electrification or indirect electrification through
hydrogen. This means that the need for 2-3 TWh/year of
bioenergy use indicated for 2030 could be completely
eliminated by 2045.

Cement industry

In total, the cement industry uses about 3.5 TWh of
energy. In 2017, about 20 percent of the fuel used was
bio-based. To fully replace fossil fuels, 4.5 TWh/year of
bio-based feedstock would be required, as calculated
in Chapter 3. However, not all carbon dioxide emissions
from the industry come from the fuel; two-thirds are
emissions from the limestone in the cement production
process. CCS technology is needed to address these
emissions, which requires additional energy.

A possible alternative to biofuels is the electrification of

cement kilns with plasma technology. In the CemZero
project, Cementa and Vattenfall have shown that there
may be technical conditions for developing an electri-
fied production process for cement in Sweden.44 The
carbon dioxide released from the limestone must also
be captured with CCS, but this is cheaper and more ef-
ficient with electric heating, since no flue gases are pro-
duced by combustion.

With electric heating of cement production, the need
for biofuels in the process would largely disappear, and
the scenario for bio-based feedstock needs made below
therefore includes no bio-based feedstock for the ce-
ment industry in 2045. For 2030, however, an increased
need is seen, as electrification is not expected to have
been developed and implemented by then.

Chemical industry

The chemical industry currently uses large amounts of
fossil feedstocks that could be replaced by bio-based
feedstock. By far the largest process using fossil feed-
stocks is the Borealis cracker, which produces 770 kt/
year of olefins from fossil feedstocks for further proces-
sing. Olefins can instead be produced from bio-based
feedstock, for example via the intermediate biomethanol
through a process called methanol-to-olefins (MTO). As
discussed in Chapter 3, this represents up to 25 TWh/
year of biogenic primary energy if all fossil feedstocks
are to be replaced. However, the industry is working on
several different pathways for transition to fossil-free
production. Efficiency improvements and electrification
can offer great opportunities. Increased circularity is
another very important factor, which is discussed under
a separate heading below.

One possible alternative to bio-based feedstocks is to
use carbon dioxide and electricity as feedstock through
CCU. An example of this is Perstorp’s initiative in Ste-
nungssund that aims for 200 kt/year of fossil-free me-
thanol production via a combination of captured carbon
dioxide, electrolysis-based hydrogen and biogas starting
in 2025. Another possible solution in Stenungssund is to
replace fossil cracker fuel with hydrogen from electroly-
sis, either fully or partially, which could reduce the need
for other feedstocks by about 2-3 TWh/year. Electrically
heated processes are also of interest for further investi-
gation in order to reduce the amount of fossil feedstock.
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These are deemed to have great potential.

Companies from the chemical industry have estimated
that technologies based on electrification, CCU and
efficiency improvement could replace about one-third
of today'’s fossil feedstocks. This would mean that one-
third of the projected consumption of bio-based feed-
stock could be avoided by 2045, compared to 8-9 TWh/
year of unprocessed bio-based feedstock.

7.2 Bio-CCUS and CCU
Bio-CCS

The Climate Policy Roadmap Inquiry has set a goal that
bio-CCS will contribute to the capture of 3-10 million ton-
nes of carbon dioxide/year by 2045. This corresponds to
10-30 percent of today’s available biogenic carbon diox-
ide emissions from large point sources in the forest indu-
stry and district heating and CHP production.*®> Thus, the
Climate Policy Roadmap Inquiry’s goal of up to 10 million
tonnes/year of bio-CCS can be achieved even if conside-
rably less bio-based feedstock is used for heat produc-
tion than today. However, there may be an increased need
for fuel to drive the process itself.

Large-scale carbon capture is advantageous from a
cost perspective. Geographical location and access to
infrastructure are also crucial, as they affect the cost of
transporting the carbon dioxide prior to storage.

This type of large point emission source is currently found
in the forest industry.*> The energy consumption for
capture can be around 3 MJ/kg of carbon dioxide with
current technology. Achieving half of the bio-CCS target
in the forest industry may require 1.5-5 TWh/year in incre-
ased fuel demand in 2045 and about 1 TWh/year in 2030.
This energy need can technically also be met with electri-
city, as discussed for the district heating sector below, but
this is less likely in the forest industry and this bio-strategy
is based on the assumption that bioenergy is used. Energy
consumption is discussed in Chapter 7.5 in the context of
efficiency improvements in the forest industry.

District heating and CHP production also have large
point sources of emissions and, like the forest indu-
stry, can contribute to achieving the bio-CCS target!
However, there is an opportunity for efficiency impro-
vements by combining electrification and smart inte-

gration with district heating, which is one of the aspects
Stockholm Exergi is investigating in its study on bio-CCS
in its Vartaverket plant. This could save 0.5-2 TWh/

year of fuel when capturing 1.5-5 million tonnes/year in
connection with district heating production. The imple-
mentation of bio-CCS can thus be said to come together
with a partial electrification of heat production.

Bio-CCU and CCU

The carbon dioxide captured can also be used as feed-
stock for new products in e.g. the chemical industry (see
Chapter 7.1), as well as for so-called electrofuels in the
transport sector. The carbon dioxide can be of either
fossil or biogenic origin. In some markets, bio-based car-
bon dioxide already has a higher value than fossil carbon
dioxide, and could in the long term become an impor-
tant source of carbon for society.

The electrofuel-based drop-in fuels can be used in
conventional internal combustion engines and existing
distribution systems. Examples of fuels that can be
produced are drop-in diesel, drop-in petrol, drop-in av-
iation fuel and gas (methane). Ammonia and methanol
are alternative electrofuels currently being developed,
particularly with marine applications in mind. There are
several industrial initiatives for electrofuel production
facilities in Sweden and neighbouring countries today.
Examples include Liquid Wind in Ornskéldsvik and
Jamtkraft in Ostersund.

7.3 Electrification and hydrogen in the
transport sector

There are two main options for the electrification of the
transport sector: battery-based electrification and hy-
drogen-powered vehicles and vessels.

Battery-based vehicles

There is currently a very strong development in bat-
tery-based vehicles for road transport. For passenger
cars, battery electric vehicles already have significant
and rapidly growing market shares. In 2020, 32 percent
of newly registered passenger cars were rechargeable
(fully electric cars or plug-in hybrids), compared to 11
percent in 2019, while the share for trucks is still very
small.*®¢ The energy efficiency from grid electricity to
useful energy for battery electric vehicles is high, around
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70-80 percent, making battery-based electrification a re-
source-efficient alternative in a world where the demand
for various forms of renewable energy is high. An accele-
rating trend towards more battery-based electrification is
also being seen within aviation and the maritime industry.

Hydrogen

Many vehicle manufacturers believe that hydrogen-ba-
sed fuel cell vehicles will be relevant in the longer-term
heavy transport segment and are currently making major
investments in this area.#’ The efficiency from electricity
to useful energy for propulsion is around 30-40 percent
for hydrogen fuel cell vehicles today, i.e. about half that of
battery-based vehicles. However, the range of hydrogen
vehicles is longer than that of battery-based ones. For
aviation, hydrogen is seen as a viable option, although
considerable technological development is required. For
the maritime industry, hydrogen is also a potential alter-
native in the long term, but more efforts are currently be-
ing made with other renewable alternatives.

Costs of transport sector transition

The realisable potential of battery electrification, hy-
drogen and electrofuels in the transport sector will be
determined in competition with biofuels.

A recently published research study“® predicts that bat-

tery vehicles will have the lowest transport costs for
heavy-duty vehicles in both 2030 and 2045; see Table 5.
The cost of hydrogen and electrofuel-powered vehicles in
2030 is higher than both batteries and biofuels. In 2045,
hydrogen fuel cell vehicles may come down to about the
same cost as biofuels. It should be stressed that these cost
projections are highly uncertain, especially for the longer
time horizon to 2045.

Battery electrification is thus expected to take hold whe-
re it is technically feasible in the road transport sector.
Hydrogen is expected to play a certain role in longer and
heavier transport. For other sectors, maritime and avia-
tion, the situation is different, as a larger share of transport
is expected to require liquid or gaseous fuels even in the
longer term. However, electrification on shorter distances
is relevant for both aviation and shipping.

The production of hydrogen and electrofuels requires lar-
ge amounts of electricity, and presupposes the expansion
of wind and solar power. Producing 1 TWh of hydrogen for
vehicles requires about 1.3-1.4 TWh of electricity. The cor-
responding figure for electrofuels is around 1.5-1.6 TWh. If
the production plants are built in the right location, there
is the possibility of recovering large parts of the losses as
district heating.

In Fossil Free Sweden’s hydrogen strategy, the

Vehicles Fuel 2030 2045
SEK/vkm SEK/vkm
Battery electric vehicles* Electricity 4,4 3,8
Internal combustion engine Diesel (fossil ref) 4.4 4,3
Internal combustion engine diesel/DME Biofuel 4,6 4,4
Internal combustion engine compr. gas Biofuel 5,0 4,5
Fuel cell Hydrogen 5,9 4,6
Internal combustion engine diesel/DME Electrofuel 5,9 5,0
Internal combustion engine compr. gas Electrofuel 6,5 5,4
Internal combustion engine diesel/DME Electrofuel 5,9 5,0
Internal combustion engine compr. gas Electrofuel 6,5 54

Table 5 Projected total transport costs, expressed as cost per vehicle kilometre (SEK/vkm), for different vehicle and
fuel options for long-distance heavy (40 tonne) road transport in 2030 and 2045.

Source: Swedish National Road and Transport Research Institute (2021), “KNOGA - Fossiloberoende framdrift fér tunga langvéga godstransporter pa vag - kostnadsférdelning och risker fér

olika aktorer” [KNOGA - Fossil-independent heavy long-distance freight transport by road - cost distribution and risks for different actors].*®

* The “large battery, fast charging” case from the study.
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Government has set a planning target of at least 8 GW
of electrolysis capacity by 2045. By comparison, 1 GW of
electrolysis capacity can provide about 2-4 TWh/year of
electrofuels or 3-6 TWh/year of hydrogen.

Electrification scenarios

There are different scenarios for the speed and scale of
electrification of the road transport sector. The automo-
tive industry’s roadmap for passenger cars sets a target
of 80 percent of new car sales to be plug-in electric ve-
hicles by 2030. Power Circle forecasts a higher rate, and
that 90 percent of new car sales will be fully electric cars
by 2030. They also estimate that plug-in hybrids will

be phased out by then.*® This is a rate of increase that
would mean that around 85 percent of the entire pas-
senger car fleet will be battery powered by 2045. The
Swedish Transport Administration’s scenarios for 2040
show 68-84 percent battery-powered passenger cars.
There is thus a consensus on a high electrification of at
least 70 percent of passenger cars by 2045, which has
been chosen here as the low scenario, with 100 percent
as the high scenario; see Table 6.

For freight transport, the uncertainty is greater, but
there is very rapid development. Several manufactu-
rers offer battery-powered models of both buses and
trucks, and in 2021 Volvo Trucks will also launch bat-
tery-powered heavy-duty trucks. According to the
Swedish Transport Administration’s scenarios,*® 10 and
30 percent of freight transport will be carried out by
electrified vehicles in 2030 and 2040 respectively,
which has been chosen here as the low scenario; see Ta-

Low electrification

ble 5. According to the automotive industry’s roadmap
for heavy transport, in a high-electrification scenario,
electric vehicles are expected to account for 50 percent
of new vehicle sales already in 2030, indicating that the
share of electrified heavy-duty vehicles could be signi-
ficantly higher by 2045. Discussions with the industries
indicate that as high as 95 percent is possible, which was
chosen as the high scenario for 2045; see Table 6. For
very heavy and long-distance transport, for example in
the forestry industry, hydrogen propulsion may become
relatively more important due to difficulties with batte-
ry-based electrification.

Machinery is an important category, which is divided
into different types of machines and use in different
sectors with different potential for electrification.
Construction machinery, which accounts for more than
one-third of carbon dioxide emissions, has good po-
tential for electrification and there is already extensive
development.” Volvo CE launched fully electric models
of both smaller wheel loaders and smaller excavators in
2020. In some industries, such as mining, electrification
is already well advanced, and the industry estimates that
machinery could be close to fully electrified by 2035.
Electrification of other types of machinery, such as
tractors and forestry machinery, is more challenging.

Implications for biofuel need

The results of the analysis in Figure 6 clearly show that
the rate of electrification has a very strong influence on
the amount of biofuels required, especially for 2045.
The results, which also include the Transport Adminis-

High electrification

2030 2045 2030 2045
Machinery 10% 50% 25% 75%
Passenger cars 30% 70% 50% 100%
Buses 30% 75% 70% 95%
Trucks 10% 30% 20% 95%

Table 6 Electrification scenarios - the figures indicate the share of traffic work for each type of vehicle carried out
using electricity as fuel. The low electrification scenarios are based on the Swedish Transport Administration’s scenarios
for achieving the climate target for domestic transport.>® The high electrification scenarios are based on individual dis-

cussions with industries and companies.
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tration’s scenarios for traffic work growth,*? also clearly
show that the need for biofuels will increase until 2030 to
meet the 70 percent target for the road transport sector,
regardless of the scenario. Vehicles are used for a long
time before they are replaced, and even if new sales of
electric vehicles are high, by 2030 there will still be many
vehicles with internal combustion engines that need ac-
cess to sustainable fuels with a low carbon footprint.

The difference between the 2045 scenarios is about 20
TWh/year of fuel, which corresponds to about 30 TWh/
year of unprocessed bio-based feedstock - a large share
of the domestic potential. A very high rate of electrifica-
tion implies a low demand for biofuels by 2045, regard-
less of transport developments.

Overall potential for electrification of the
transport sector

The bio-strategy has based its estimates of the transport
sector’s biofuel need on the scenarios of high electrifi-
cation and high transport work in Table 6. In summary,
the estimated biofuel need in 2030 could be around

35 TWh/year (refined energy) for road transport and
machinery. For 2045, it may be possible to reduce the

60
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40

30

20

Sustainable fuel TWh/year

Low electrification

2030

High electrification

need to as low as 5-6 TWh/year (refined energy), most
of which would be used in machinery. For 2045, this
need is 35 TWh/year less than the need for road trans-
port and machinery, as presented in Table 1in Chapter 3.

For the aviation and maritime sectors, battery-based
electrification is relevant in niche applications, such as
some regional air routes and ferry services. It is unlikely
that electrification will reduce the need for liquid fuels
to a greater extent in these transport modes by 2045.
Domestic transport fuel use is around 2 TWh/year in the
aviation sector and around 1.5 TWh/year in the maritime
sector. For international transport, the amount of fuel
used in Sweden is much higher: about 10 TWh/year for
aviation (before Corona) and about 24 TWh/year for
maritime transport.

7.4 Circular economy - material recycling

The circular economy is a key issue in reducing the
need for virgin materials, including bio-based feed-
stock. Today, 50 percent of total household waste goes
to energy recovery (incineration), while about 35 per-
cent is recycled.>®

Working towards a circular economy, where materials

Low transport work High transport work

Low electrification High electrification

2045

Figure 6: Estimated future need for liquid or gaseous sustainable fuels for road transport and machinery for low and

high transport work. This need can be met by biofuels, electrofuels or hydrogen. The bio-strategy has based its esti-

mates of the transport sector’s biofuel need on the scenarios of high electrification and high transport work.
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are used more efficiently to reduce the removal of new
feedstocks and reduce waste volumes, can lead to a
change in composition and lower waste volumes in the
longer term. For example, the EU recently introduced
a levy on non-recycled plastic packaging and has set a
target of 50 percent recycled by 2025. The EU waste
package also includes a target for recyclable municipal
waste in particular, with zero percent going to landfill
starting from 2030.

Longer product and material lifetimes, more reuse and
resource- and energy-efficient processes are essential
to achieving a more circular economy. In such a system,
energy recovery through waste incineration is only used
when products cannot be further circulated.

Recycling in the chemical industry

Today, the Swedish chemical industry uses virgin fossil
feedstock almost exclusively, mainly for the production
of plastics, base chemicals and speciality chemicals. A
transition to fossil freedom based on bio-based feed-
stocks would require very large quantities, as discussed
in Chapter 3.

An important part of the circular economy that can have
a significant impact on the use of bio-based feedstock in
a fossil-free society is the recycling of plastic materials.
Today, only 16 percent of plastic waste is recycled. Tech-
nological developments and increased source separation
are expected to increase the proportion of plastics that
can be mechanically recycled, but there will still be a lar-
ge fraction of plastic waste where this is not possible.

The Swedish chemical industry is therefore investing, in
parallel with developments to use biogenic raw materials,
in the development of a so-called recycling refinery with
chemical recycling of plastics. Here, plastics that cannot
be mechanically recycled will instead be chemically re-
cycled and become the feedstock for new plastics. Bo-
realis has conducted several studies on the possibility of
converting plastic waste into a form that can be used as a
feedstock and was granted support from Industriklivet in
the spring of 2021 for a feasibility study on the construc-
tion of a pyrolysis-based recycling refinery.

Several companies in Europe are investing in chemical
recycling of plastics, such as Neste, Total, Fortum and

BASF. Neste aims to use 1 Mt/year of recycled plastic
by 2030 and Total aims to have 30 percent of its plastic
production circular by the same year.

Companies in the chemical industry have estimated that
technologies based on chemical recycling of plastic
waste have the potential to replace about one third of
today’s fossil feedstocks, equivalent to about 8 TWh/
year of unprocessed bio-based feedstock.

Together with the third that can potentially be achieved
through electrification and efficiency improvement (see
Chapter 2.1), this means that there remains one-third of
the fossil feedstocks used in Stenungssund that need to
be replaced with biogenic feedstocks.

7.5 Efficiency improvement and
electrification in the forest industry

The trunk of a felled tree is used as sawlogs and
pulpwood. More than half of the trunk becomes sawn
timber and pulp. The rest becomes residues and by-pro-
ducts such as bark, sawdust and lignin, which are cur-
rently used mainly for the industry’s own energy supply
(see Chapter 2). The forest industry uses just under 60
TWh/year of process heat from the combustion of these.
The forest industry’s roadmap points to efficiency im-
provement and new technologies in the industry as an
opportunity to reduce its own energy needs. Efficiency
improvement can be achieved by switching to more en-
ergy efficient technologies (as part of maintenance/new
investments), but also in part through electrification.
This increases the volumes of residues and by-products
from the forest industry that can be used outside the
traditional forest industry processes, e.g. for biofuel pro-
duction, in the chemical industry or in the steel industry.

The forest industry has an efficiency potential that can be
realised if investments in equipment with modern tech-
nology are made. An efficiency improvement rate of 1-2
percent per year by 2030 would result in savings of 6-12
TWh/year of biofuel, which could then be released with
production of sawn timber and pulp at about the same
rate as today. This implies a potential 30-60% increase

in bio-based feedstock from forests that can be used
outside the forest industry, compared to today’s approx-
imately 18 TWh/year. To realise this potential, the right
incentives must be in place. For example, the value of the
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residues that can be released must be sufficiently high.

Historically, these efficiency rates are not optimistic.

For example, S6dra Skogsagarna has reduced heat
consumption in the production of pulp and sawn pro-
ducts by 3 percent per year over the last five years.>*
However, as discussed in Chapter 7.4, an increased fuel
demand of about 1 TWh/year is expected to cover the
heat need for bio-CCS, so the available, released amount
could be 5-11 TWh/year in 2030.

In the longer term, after 2030, it is reasonable to assume
that the expected shift of the forest industry towards hig-
her proportions of cross-laminated timber, packaging and
textile fibres will lead to a slight reduction in the share of
pulp mill by-products. For 2045, a total of 10-16 TWh/
year less residues than today are estimated to be used for
the industry’s own energy supply.?” Once the 1.5-5 TWh/
year increased fuel need for bio-CCS is deducted, the av-
ailable, released amount is 9-11 TWh/year in 2045.

The release of bio-based feedstock here refers to both
increased sales of by-products and residues from plants
with energy surpluses, such as sawmills and modern
pulp mills, and reduced imports of biofuels to plants
with energy deficits, such as integrated pulp and paper
mills. It is likely that some of this released feedstock will
be upgraded into new products in connection with the
forest industry and in its own operations.

In addition to the potential quantified above, there is
also the potential for more transformative energy saving
measures, in particular through electrification. Clean
electric boilers for process steam are already in use,

but even higher energy efficiency can be achieved with
heat pumps to supply those parts of the process that
need heat at relatively low temperatures, such as paper
machines, evaporators and wood dryers.

These have the potential to replace large amounts of bi-
ofuel with electricity, but their realisation depends on se-
veral factors, including the price evolution of bio-based
feedstock and electricity, and is therefore not included
in the efficiency improvement potential of this strategy.

The potential for energy efficiency improvements and
electrification in the forest industry, before the need for
bio-CCS fuel is taken into account, is thus 6-12 TWh/year

of bio-based feedstock up to 2030, which represents 10-
20 percent and 10-16 TWh/year (15-25 percent) by 2045.

7.6 District heating of the future

The heating industry is strongly market-driven and
currently uses a considerable amount of fuels that are
difficult to use for other applications and therefore
have a lower cost, such as various types of waste and
biogenic residues.

Bio-based heat production has high energy efficiency,
especially when combined with renewable electricity
production in CHP plants that contribute to plannable
electricity production. It is important that these plants
can be fully used for electricity production at times of
peak electricity demand, which often coincides with
high heat demand. Today, electricity production is so-
metimes not prioritised at these times for cost or capa-
city reasons.%®

As the prices of bio-based feedstocks increase, there
are good reasons to refrain from using more biofuel
combustion to produce district heating without simulta-
neous production of electricity. In 2015, about 15 TWh/
year of biofuel was used for district heating production
without electricity production in so-called hot water
boilers, both as base load and peak load.® Another im-
portant part of the heating system today is heat pumps
to use low-temperature heat for heating homes and
premises, with small-scale geothermal heating as an im-
portant example.

Efficiency improvements and climate change

Energiforsk’s project “Klimatférandringarnas inverkan
pa fjarrvarme och fjarrkyla” [Climate change impacts on
district heating and cooling] has estimated the reduc-
tion of total heating need as a result of climate change
to be about 3 TWh/year at 1.5 degrees of warming.%”

Together with the expected efficiency improvements of
12 TWh/year indicated by the Swedish Energy Agency,>®
this means a reduced heating need despite population
growth. The combined effect of a larger building stock
and the reduced specific heating need for residences
and premises is estimated at around 5 TWh/year in
2030 and around 7 TWh/year in 2045.

District heating accounts for about half of the total hea-
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ting need, so the district heating need could be reduced
by about 2-3 TWh/year in 2030 and about 3-4 TWh/
year in 2045 thanks to efficiency improvement measures
and reduced heating need due to climate change.

Geothermal energy and geothermal heating

Deep geothermal heating is a technology considered to
have the potential to provide sustainable district heating
at low cost and is being investigated by several energy
companies.®® The technology can provide district hea-
ting through boreholes several kilometres deep without
the need for a heat pump, but has relatively low tech-
nological maturity for Nordic geological conditions. The
cost of deep drilling is currently high and needs to be
reduced for the technology to become competitive. The
conditions for deep geothermal heating are also highly
dependent on ground conditions, limiting its use depen-
ding on location.

Waste heat

High-temperature waste heat from industries is already
widely used today, where geographical and economic
conditions allow. The IVA20 identifies the need to use
waste heat in traditional industry to a greater extent
than is currently the case, and there are a number of are-
as where the potential for increased utilisation of waste
heat could be significant by 2030 and 2045:

» Biorefineries, producing e.g. biofuels, generally ge-
nerate large amounts of waste heat that can be used
for heating if the location of the plant allows. The
production of 1 TWh of fuel can produce as much as
0.3 TWh of heat. A promising possibility being ex-
plored in several places in Sweden is to co-locate bi-
ofuel production with CHP plants, which can reduce
costs and facilitate the use of existing infrastructure.

* Production of biochar from bio-based feedstock can
be combined with heat production, as demonstrated
by Stockholm Exergi and the City of Stockholm.

» Fossil Free Sweden’s hydrogen strategy sets a target
of 8 GW of electrolysis capacity by 2045, which can
provide up to 10 TWh/year of heat. However, there is
a risk that large parts of the capacity will be located
in locations that make waste heat difficult to exploit.

* An expected large expansion of data centres offers
the potential to capture all the heat that is cooled

down. This technology is already used in Stockholm
on a small scale.

If the waste heat occurs at a lower temperature, a heat
pump will have to be used in many cases, but new en-
ergy-efficient buildings and low-temperature district
heating networks can more easily use low-temperature
waste heat for heating.

With planned fossil-free electricity production, CHP
contributes to a stable renewable energy system. A shift
to a greater share of waste heat-based district heating
means a reduction in such plannable production and
potentially an increase in electricity consumption, where
waste heat is at low temperature and requires heat pum-
ping. Thus, it is of high importance that the electricity
system is taken into account when new sources of heat
production are discussed and analysed.

The Swedish Energy Agency estimates the potential for
low-temperature waste heat at 9 TWh/year in 2050 and
proposes that low-temperature waste heat should be
included in the Act (2014:268) on Certain Cost-Benefit
Analyses in the Energy Sector.>®

Solar heating

Solar heating is used to a very limited extent in Sweden,
but has been highlighted as a technology with potential
for large-scale use in district heating networks. An IEA
analysis®® of the potential of the technology has focused
on small towns, partly because space constraints may li-
mit its use in large cities and also because of the greater
availability of waste heat in cities. In Europe, there are
about 400 plants producing about 1 TWh/year.?' There is
no commercial installation in Sweden, but a demonstra-
tion project is underway in Harn6sand, funded by the
Swedish Energy Agency.

Like solar electricity, solar heating has limitations, as
solar radiation does not align with heat need. Solutions
where solar heating is important during the winter se-
ason therefore require a thermal store, which increases
costs. At the same time, development work is under-
way that can be expected to reduce the production
costs of solar heating. The IEA estimates the potential
for solar heating without seasonal storage in Sweden
at 1.5-2 TWh/year.t° The Swedish Society for Nature
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Conservation®? estimates the potential for solar heat-ba-
sed district heating at 8 TWh/year in Sweden, and the
Swedish Energy Agency has an ongoing assignment to
assess the potential for solar heating in Sweden, to be
reported in the autumn of 2021.%3

Waste incineration

Waste incineration is an important contribution to
district heat production today, and may increase, at least
in the short term. Working towards a circular economy
where materials are used more efficiently to reduce the
removal of new feedstocks and reduce waste volumes
(as mentioned in Chapter 7.4) will probably lead to a
change in composition and lower waste volumes in the
longer term.

Waste incineration will continue to be the final solution
when products have reached the end of their life and can-
not be circulated further, and in Sweden there are good
opportunities to dispose of waste, both from Sweden and
other parts of the EU, with high cost and energy efficien-
cy through the well-developed district heating system. If
incineration is also carried out using CCS, the climate im-
pact is minimised. In the scenarios presented in this stra-
tegy, waste incineration is therefore assumed to remain at
approximately the same levels as today.

Overall potential of district heating of the future

Overall, there are several possibilities for reducing the
amount of biofuel used for heating, as outlined above.
This may be due to natural market developments and
the development of new technologies. Climate change
and energy efficiency improvements are also reducing
the overall need for heating.

The amount of available (cheap) waste heat will increase
with the production of fuels and hydrogen, and as a re-
sult of new data centres. Solar heating and geothermal
energy will be further developed and become cheaper.
There are also “difficult” fractions of (bio)waste that
cannot be used for fuel, but are suitable for incineration.

Two technological factors that facilitate efficiency im-
provement in the district heating sector are energy
storage and low-temperature district heating networks.
Energy storage, such as borehole storage, provides
opportunities to move heat between seasons and can

facilitate the implementation of many of the options
discussed above, as it allows the use of different forms
of heat even in summer. At the same time, the price of
bio-based feedstock will increase as demand from trans-
port and industry increases. This increase in the cost of
bio-based feedstock will cause district heating compa-
nies to gradually look for cheaper energy sources.

It is difficult to predict exactly which technologies will be
adopted, but overall it is estimated that the use of bio-
fuels in the heating sector could be reduced by up to 15
TWh by 2045. However, this does not mean that the hea-
ting system will reduce the actual use of biofuel by the
same amount, as much of the waste heat that will be used
will come from the increasing production of biofuel.

The reduced need for district heating is linked to effi-
ciency improvements and climate change and, in com-
bination with the implementation of bio-CCS, offers the
potential to save about 3.5-6 TWh/year of biofuel; see
Chapter 7.2 on the potential of bio-CCS in the heating
sector. This can be completed with e.g. about 3 TWh/
year from conversion from biomass boilers to heat
pumps in detached houses and multi-family properties,
and 6 TWh/year of converted district heating in a com-
bination of waste heat, solar heating and geothermal
energy. The waste heat is expected to come mainly from
the new sources discussed above, such as biorefineries.

CHP plants are located in close proximity to the electricity
use and contribute to plannable electricity production.
They are thus an important complement to wind and solar
energy, and current combined heat and power production
from biofuels is likely to continue in the long term.

For 2030, the potential for new technologies to make an
impact is less. The scenario presented for 2030 includes
2 TWh/year of small-scale heat pumps to replace com-
bustion and 2 TWh/year of new technologies in district
heating together with the reduced district heating de-
mand of 2-3 TWh/year.
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S.Qonclusions

8.1 A possible solution to the puzzle

Bio-based feedstock makes it possible to switch out
feedstocks or fuels already in the relatively short term,
and is one of the key components in the transition to a
fossil-free Sweden. Many sectors point to the increased
use of bio-based feedstock as an enabler for their tran-
sition, but when the increased need exceeds is summed
up, the need exceeds the supply of Swedish bio-based
feedstock for energy purposes.

From a global perspective, Sweden has a relatively
large supply of bio-based feedstocks. In a changing
world, the demand for bio-based feedstock is expected
to increase, which also means there is an increased risk
of losing biodiversity and other negative environmental
impact. The fact that Sweden will eventually become
an exporter of bio-based products for energy purposes
and industrial use makes the premises for a sustainable

supply of bio-based feedstock discussed in Chapter 1.3
even more important.

There are a number of areas of development and new
technologies that have the potential to reduce the need
for bioenergy, as presented in the industries’ roadmaps
for fossil free competitiveness. The impact of these
factors on the use of bio-based feedstock are presen-
ted in Figure 7 for 2030 and Figure 8 for 2045. They
should not be seen as a forecast of future developme-
nts, but rather show a possible solution to the puzzle of
demand and supply of bio-based feedstock.

Development up to 2030

The need for bio-based feedstock in 2030 will be sig-
nificant in the three sectors industry, transport and
electricity/heating. Like today, the largest use in indu-
stry will be by far in the forest industry. However, the
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Figure 7: Estimated need for bio-based feedstock in unprocessed form 2030. The maximum need is based on road-
maps and published studies; see Chapter 3. Note that net imports are assumed to remain at current levels. The same
applies to the use of biogenic waste, in particular in the heating sector. The input values in the diagram are based on
maximum estimated need and maximum estimated impacts of measures.
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steel, mining, cement and chemical industries may also
have started to use bio-based feedstock to a greater
extent than today. In the transport sector, there is a ma-
jor need for the transition of road transport and machi-
nery to meet the 70 percent emission reduction target
by 2030, but also some use in aviation in line with avia-
tion’s reduction obligation.

By 2030, the use of bio-based feedstock in electricity
and heat production is expected to be slightly lower
than today due to increased use of small-scale heat
pumps to replace small-scale combustion, some incre-
ased use of waste heat and other alternative heat sour-
ces, and a reduced need for district heating.

The high need for bioenergy, particularly in the transport
sector, means that biofuel imports are likely to remain

at current levels in 2030. However, it will account for a
smaller share of the total volume of biofuels used, as do-
mestic production is expected to increase from around 5
TWh/year today to more than 30 TWh/year in 2030.

Fuel imports, which are expected to continue to be

dominated by HVO diesel, pose a risk of lower sustaina-
bility quality of fuels. This is particularly true given the
large increase in demand for renewable fuels expected
worldwide by 2030 and the pressure this will put on the
sustainable supply of feedstocks. Maintaining relevant
sustainability criteria will be of paramount importance
for these volumes, as well as for domestic production.

In total, the Swedish need for bio-based feedstock in un-
processed form in 2030 will be about 35 TWh/year hig-
her than today, while maintaining net imports of about
26 TWh/year. This corresponds to a 22 percent increase
compared to current use of bio-based feedstock.

Development up to 2045

By 2045, the need for biofuels in the road transport
sector is expected to be greatly reduced due to electrifi-
cation. For domestic aviation and shipping, the need will
have grown slightly. The need for bio-based feedstock
will have also increased within industry, especially in

the chemical industry, which is likely to carry out much
of its transition after 2030. The iron and steel industry

2045
f) 300
S Increased feedstock potential 2045
B 250 241 -50
[
[
L =
T 200 . 22 +49 184 185
25 34
Qo >
+53

gg v = [
53

=
% 100 .
o
8 | ]
o 50
1
Q
c
2 0

Max. need Electrification Electricity Efficiency Estimated Estimated Estimated Potential
transports and hydrogen imps. + New demand demand intl. demandincl. feedstock
inindustry  heat sources domestic transports intl. transports

Industry @ Transport

Electricity and heating

Figure 8: Estimated need for bio-based feedstock in unprocessed form 2045. No net import is assumed. The use of
biogenic waste, especially in the heating sector, is assumed to remain at current levels in 2045. The maximum need

is based on roadmaps and published studies; see Chapter 3.
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will have some need for bio-based feedstock to make
the transition to fossil-free steel, while the need in the
cement industry may disappear through electrification.
The electricity and heating sectors have the potential to
reduce their use of bioenergy through efficiency impro-
vements and new heat sources.

In total, the domestic need in 2045 may be about 20
TWh/year less than today, which means that it is pos-
sible that Sweden will be independent of net imports

of bio-based feedstocks for energy purposes. These
figures are well within the estimated available potentials
presented in Chapter 4.

For 2045, where the estimated increased potential for
bio-based feedstock is more than 50 TWh/year whi-

le domestic demand is relatively small, there are also
opportunities for exports based on Swedish bio-based
feedstock, or alternatively that large parts of the need
for the international transport that refuelled in Sweden
are also produced here. This is about 10 TWh/year for
aviation and 24 TWh/year for shipping, which makes a
total of about 49 TWh when converted to primary ener-
gy. However, it is possible that growth in certain industry
sectors will result in increased need for bio-based feed-
stocks in 2045 that has not been included in the estima-
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tes in this strategy. The total need in 2045, including in-
ternational aviation and shipping, is estimated at about
184 TWh, which represents an increase of 16 percent
compared to the current use of bio-based feedstock.

A comparison between the current use of bio-based
feedstock and the estimated future needs for 2030 and
2045 can be seen in Figure 9.

8.2 Value and willingness to pay for
agricultural and forestry by-products and
residues

Forestry in Sweden is primarily carried out for the
purpose of producing sawn wood products, pulp and
papet, as this is where the economic value lies. The
amount of available bio-based feedstock thus depends
on the traditional forest industry, a situation that is not
expected to change in the foreseeable future. Efficient
use of harvested forests by also using the residues and
by-products generated contributes to the transition to a
fossil-free society, while at the same time strengthening
Swedish competitiveness and welfare. In agriculture,
more efficient use of by-products and land can serve the
same purpose.

Since these by-products and residues are such a valu-
able resource in the transition, with the potential to
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Figure 9: Current use of unprocessed bio-based feedstock compared to estimated total need by 2030 and 2045.

International transport includes the aviation and maritime transport, and is estimated to be supplied with domestically

produced fuel by 2045.
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replace fossil materials and energy with fossil-free alter-
natives, they should primarily be used to replace fossil
carbon atoms where there are no other alternatives, for
example as feedstock in the chemical industry. This is
also likely to happen as increased demand for bio-based
feedstock, together with policy instruments at both the
national and European level, will influence prices, and
the willingness to pay is likely to be highest in those se-
ctors where fossil-free alternatives are lacking or have
very high costs.

Biofuels in the transport sector

Biofuels will play a crucial role in Sweden’s ability to
reach the target of a 70 percent reduction of emissions
from the transport sector by 2030, compared to the
2010 level. Biofuels are a solution that can be implemen-
ted relatively quickly, as they can in many cases be used
in existing vehicles and infrastructure. Based on the set
levels in the reduction obligation, the transport sector is
expected to be a very large user of bio-based feedstock
by 2030, estimated in the strategy at around 35 TWh/
year, which means around 49 TWh/year when converted
to primary energy. Even if new sales of electric cars are
high in 2030, there will still be many internal combustion
engines in the fleet. A prerequisite for reducing climate
emissions from these vehicles is therefore the availability
of sustainable, low-carbon fuels even after 2030. The
reduction obligation for aviation also implies a need for
biofuels beyond 2030.

There is significant potential to increase domestic pro-
duction of biofuels, mainly based on by-products and
residues from the forest industry and possibly also en-
ergy crops. However, investments in biofuel production
require a longer time horizon than 2030 to materialise.
Although the need for biofuels for road transport is ex-
pected to remain to some extent beyond 2030, electrifi-
cation will almost certainly take over an increasing share
of the transport sector. By 2045, it is estimated that

100 percent of passenger cars and about 95 percent of
heavy transport, excluding machinery, will be electrified.
To make the economics of the plants needed to meet
the biofuel need in 2030 work, they need to be able to
export their production in increasing quantities after
2030, or be able to switch or combine production with
other products, such as biojet for aviation, fuel for ship-
ping, or renewable feedstock for the chemical industry.

The energy carriers used in the production of biofuels
are in many cases similar to the intermediate products
used in the chemical industry as well as those used in
the production of aviation fuel.

Bio-based feedstock for the chemical industry

The Swedish chemical industry produces mainly plastics,
base chemicals and speciality chemicals, and currently
almost exclusively uses fossil virgin feedstock for pro-
duction. The potentially largest volumes of bio-based
feedstock in the industry sector may therefore be requi-
red in the chemical industry. A transition of the chemical
industry to fossil freedom through efficiency improve-
ments, CCU, electrification and chemical recycling is
estimated to require around 9 TWh/year of bio-based
feedstock by 2045.

Current policy instruments direct bio-based feedstock
to the transport sector, and the use of biogenic feed-
stocks for the chemical industry is therefore not on the
same footing as the transport sector. As in refineries,
most of the chemical industry’s fossil inputs do not be-
come carbon emissions, but end up in products such as
plastics. However, the willingness to pay that currently
exists for fuels and that is created by reduction obliga-
tions and tax exemptions does not exist here.

Release of bio-based feedstock through efficiency
improvements in the forest industry

Efficiency improvements in the use of bio-based feed-
stocks for energy purposes in the forest industry occur
naturally as part of the maintenance and new invest-
ments required when old technology is replaced by
new. In this strategy, these efficiency improvements are
estimated to be in line with historical levels and lead to
6-12 TWh/year of bio-based feedstock being released in
2030 if the production of sawn timber and pulp remains
at current levels. For 2045, 10-16 TWh/year of bio-based
feedstock is estimated to be released.

Further efficiency improvements can release more
bio-based feedstock than estimated here if the eco-
nomic incentives are high enough, i.e. the value of the
bioenergy that can be released is higher than the cost of
the investment. Thus, the price of the forest industry re-
sidues that can be released will determine whether such
further efficiency improvements take place.
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The efficiency improvements release bio-based feed-
stock that can be used outside the traditional forest
industry processes, e.g. for biofuel production, in the
chemical industry or in the steel industry. The prices
of bio-based feedstock and electricity affect how the
released bio-based feedstocks will be used. They can
be used to expand production, replace electricity use,
or for sale.

The heating sector’s role in the transition

District heating plays an important role in the transi-
tion to a fossil-free Sweden. It can use residual energy,
and also low-value heat to an increasing extent, from
industries, data centres and other operations. At the
same time, district heating can contribute to highly ef-
ficient, plannable and renewable electricity production
through bio-based CHP. The bio-based CHP produc-
tion also has the potential to develop into biorefineries
where biofuels are co-produced with electricity and
heat,64 and to be a cost-effective alternative to negati-
ve emissions through bio-CCS.

Higher demand and competition for bio-based feed-
stocks combined with lower renewable electricity pri-
ces means a likely transformation of the district heating
sector. Efficiency improvements, reduced heating needs
due to climate change, waste heat and new technolo-
gies, such as solar heating and geothermal energy, may
make it attractive to replace biofuels for district heating
with other heat sources. The development of cost-effec-
tive energy storage provides opportunities for seasonal
storage of heat, facilitating the implementation of e.g.

waste heat and solar heating.

Overall, this strategy estimates that the heating sector’s
need for bio-based feedstock could be reduced by up to
15 TWh by 2045. However, this does not mean that the
heating system will reduce the actual use of biofuel by
the same amount, as much of the waste heat that will be
used will come from the increasing production of biof-
uel. Current CHP production from biofuels with positive
effects on local electricity supply is assumed to continue
in the long term.
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9. Action plan

The focus of the strategy is to show how markets and
policies, including the price mechanism, contribute to
making alternative solutions competitive to solve the
future need for bio-based feedstock highlighted in
the roadmaps. An increasing number of countries are
now moving to achieve the Paris Agreement, which is
likely to result in increased global demand for bio-ba-
sed feedstock and hence prices. This, in turn, will steer
bio-based feedstock to the sectors with the highest
willingness to pay, which are likely to be those sectors
where few or no fossil-free alternatives other than
bio-based feedstock exist, or such alternatives have
very high costs.

In several sectors, there are alternatives to using
bio-based feedstocks to achieve fossil freedom. In the
transport sector, electrification is expected to become
the dominant “fuel” by 2045, and for much of industry,
electrification and hydrogen technologies are expec-
ted to enable fossil freedom. Development in the use
of biofuels in the heating sector are expected to be
largely driven by price development. Thus, there may
be an opportunity for alternative technologies like
deep geothermal energy, solar heating and increa-
sed use of waste heat to become more cost-effective
alternatives that can make up a larger share of the
energy supply in 2045. However, the maturity of the
technology and the conditions for implementation
vary between sectors and alternatives, and can there-
fore have different impacts. Although development is
expected to be largely market-driven, there is also a
need to introduce policy instruments in certain areas
to accelerate or facilitate development.

To realise the potential of bio-based feedstocks in cli-
mate change mitigation, obstacles and proposals for
increasing the added value of Swedish bio-based feed-
stocks are presented below. However, to enable the im-
plementation of the roadmaps, solutions in other sectors
will also be crucial to free up resources for areas where
other alternatives are lacking. For this reason, obstacles
and proposals for increased energy and resource effi-
ciency as well as for an increased pace of electrification
in society are also highlighted.

9.1 Increased added value of Swedish
bio-based feedstocks

Challenges

The estimated need for biofuels in the transport sector
is estimated at 30-40 TWh/year in 2030, while the total
domestic production capacity today is about 5 TWh/
year. Several actors are planning for increased domestic
production, but this is largely dependent on imported
feedstock, such as fats and oils. The world demand for
biofuels is expected to grow strongly, and competition
for feedstocks will thereby increase. The increased de-
mand may also drive the use of feedstocks with greater
environmental impact.

In order to increase the value of Swedish agricultural
and forestry by-products, residues and energy crops,
and also to ensure that a higher proportion of the biofu-
els used in climate change mitigation are of a high sus-
tainability class, biofuel production based on Swedish
feedstocks should increase. However, alternative biofuel
production technologies that can use feedstocks from
the forest industry in particular have not been compe-
titive so far. This is largely due to high investment costs
combined with the fact that the technologies are often
not yet implemented on a commercial scale. In many
cases, the economic risk needs to be reduced in order to
scale up various technological advances.

The Swedish Energy Agency is currently investigating
policy instruments to promote Swedish production of
biofuels using new technologies. This could prove to

be a very important piece of the puzzle in realising the
potential for biofuel production from Swedish sustai-
nable feedstocks.3¢ In its report, the Phase-out Inquiry
proposed, among other things, that a special quota for
advanced biofuels and electrofuels be introduced in the
reduction obligation.*?

Sweden recently had its application for an extended tax
exemption for highly blended liquid biofuels extended

for a further year. The EU review of state aid rules is like-
ly to allow Sweden’s exemption to remain in place in the
long term. Should this not be implemented, other policy
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instruments for highly blended biofuels than tax exem-
ptions from year to year are needed to make these fuels
more competitive on the market.

For Swedish road transport, the pace of electrification is
expected to reduce the need for biofuels significantly af-
ter 2030. At the same time, it is important to ensure sus-
tainability and continued favourable conditions for other
renewable fuel alternatives that are already available in
the existing vehicle fleet and infrastructure, not least for
heavy transport needs.

Global demand for biofuels is expected to increase, which
will also increase the opportunities for exports of sustai-
nable biofuels from Sweden. Nevertheless, it is important
that future investments in biofuel production are flexible
and can shift between or co-produce different products
in varying proportions. This could include plants with the
capacity to produce biofuels for road transport, biojet for
aviation, or renewable feedstock for the chemical indu-
stry. Policy instruments to help bring about these plants
should therefore not be limited to fuels alone, and should
promote both liquid and gaseous fuels.

The chemical industry is one sector where there is
unlikely to be any alternative to the use of bio-based
feedstocks to achieve the target of being fossil free

by 2045. The sector currently uses large quantities of
fossil feedstocks, and is working on several different
tracks to transition to fossil-free production. Efficiency
improvements, CCU and electrification are estimated to
have the potential to replace one-third of today’s fossil
feedstocks. Technologies based on chemical recycling
of plastic waste could replace another third. This means
that the last third of the fossil feedstocks used will need
to be replaced with biogenic feedstocks if the industry is
to achieve the target of being fossil free.

However, current policies steer bio-based feedstock to
the transport sector, which means that the chemical indu-
stry, where the willingness to pay is still low, cannot com-
pete for the feedstocks. To gradually increase the share
of bio-based feedstock, one approach is to work towards
developing a mass balance model. The mass balance
approach is based on a certain volume of bio-based feed-
stock being added to the same system as the fossil feed-
stock. A volume of bio-based products corresponding to
the volume of the bio-based feedstock input is then sold.

Renewable gas has the potential to contribute to
achieving climate targets in several sectors of society, as
a feedstock and energy source for industry, in vehicles
and vessels, and for electricity and heating production.
In Sweden, there is also domestic biogas production
which, with existing technology, can be scaled up at a
rapid pace if the right economic conditions are in place.
At present, Swedish production of biogas is hampered
by production subsidies in other countries that distort
competition in favour of biogas imports as well as diffi-
culties in competing on price with fossil alternatives in
several potential sectors, not least in industry. The Bio-
gas Inquiry (SOU 2019:63) has made proposals for na-
tional targets for Swedish biogas production and various
forms of support for biogas production.®®

Achieving the goal of climate neutrality by 2045 will re-
quire significant emission reductions combined with ne-
gative emissions. These negative emissions can be made
possible through bio-CCS, where biogenic carbon dioxide
is captured and stored. However, the carbon dioxide
storage made possible through bio-CCS cannot be coun-
ted on as a carbon sink under the Commission’s proposed
revision of the LULUCF Regulation, which would facilitate
Member States’ ability to achieve increased carbon sink
requirements. Carbon capture technology is available
today, but has relatively high costs and energy consump-
tion. Enabling negative emissions via bio-CCS will require
policy instruments that technically and economically
support a more large-scale implementation of the tech-
nology. The Government has announced that a system
for operational support for bio-CCS in the form of reverse
auctioning will be introduced by 2022, with the first pay-
ments for stored carbon dioxide planned for 2026.

Proposals:

1. In order to secure continued tax exemption for clean
and highly blended biofuels, the Government should
work to implement the European Commission’s pro-
posal to allow for this within the state aid framework
(point 77 of the CEEAG). Until this change is in place,
the current tax exemption should be extended. In
the event that tax exemptions are not granted in the
long term, one option is to include clean and highly
blended biofuels in the reduction obligation.

2. The Government should stimulate the domestic pro-
duction of biofuels from lignocellulose, for example
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through an advanced quota in the reduction obliga-
tion, which should be possible to introduce in 2024.

3. By 2022, the Government should set the blending le-
vels in the reduction obligation for aviation kerosene
for the years 2030-2045 and work towards equiva-
lent targets in the EU. The final target should be 100
percent blending by 2045 in both cases.

4. The Government should promote changes in the EU
Air Services Regulation that allow for fossil-free air
transport requirements on appropriate domestic
routes procured by the state. In December 2020, the
Swedish Transport Administration submitted a fea-
sibility study on the possibilities for procurement of
fossil-free flights to the Government. [66]

5. To stimulate new technologies and larger volumes
of renewable gas, and to enable the necessary in-
vestments, it is important for a long-term production
subsidy to be introduced as soon as possible for
biogas from anaerobic digestion, proposed in line
with the Biogas Market Inquiry’s proposal for subsidy
package 1, and for the proposal for subsidy package
2 to be fully developed through a commission to the
Swedish Energy Agency on industrial use.

6. In 2022, the Government should introduce the
targets for supplementary measures proposed in
the Climate Policy Roadmap Inquiry’s report (SOU
2020:4), where the target for bio-CCS is up to 10 mil-
lion tonnes/year. [1]

7. In 2022-2023, the Government should support the
development of the mass balance concept in order
to increase the share of bio-based plastic in a safe,
traceable and sustainable way.

8. In 2022, the Government should instruct the Swedish
Forest Agency to submit proposals on how require-
ments for ash recycling can be introduced to minimi-
se the environmental impact of increased branch and
top removal.

9.2 Other areas significant to the use of
bio-based feedstock

Challenges to increasing energy and resource
efficiency

Challenges to increasing energy and resource efficiency
Efficient use of energy is crucial to achieving climate

and energy policy goals. Energy efficiency improve-
ments for buildings free up resources and reduce pro-
blems with local capacity and infrastructure needs to
supply and produce electricity and heating. The existing
systems to support the transition to fossil freedom, such
as Klimatklivet and Industriklivet, largely lack an energy
efficiency perspective at present. It is therefore not pos-
sible to obtain support for investments that use renewable
energy more efficiently to the same extent as it is possible
to obtain support for investments that aim to replace fos-
sil energy use with fossil-free energy use. Both types of
investment are important for the success of the transition
to a fossil-free society.

According to the building regulations of the National
Board of Housing, Building and Planning, purchased
energy is currently reported instead of used energy
when a building’s energy performance is calculated. This
means that energy generated in the building or on its
site and then used by the building is not included in the
building’s energy use. The installation of self-generated
energy can therefore be counted as an energy efficiency
improvement measure, but does not necessarily mean
that less energy is used.

Swedish heat production is largely bio-based and gener-
ally has high energy efficiency, especially when combined
with renewable electricity production in CHP plants that
contribute to plannable electricity production. It is im-
portant that these plants can be fully used for electricity
production at times of peak electricity demand, which
often coincides with high heat demand. Today, electricity
production is sometimes not prioritised at these times
for cost or capacity reasons.>®> There are opportunities

to substitute biofuels for district heating with other heat
sources, but the industry is sensitive to competition, and
currently largely uses fuels that are difficult to use in
other sectors and therefore have a lower cost.

If the competition for bio-based feedstock increases,
the district heating industry will turn to less costly en-
ergy sources. However, this shift will take time as it may
require the erection of new plants or the modification
of existing ones. Research and development of alterna-
tive heat sources such as deep geothermal energy and
solar heating are therefore required in the near future
to have the potential to be a competitive alternative for
heat production.
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District heating networks, which exist in most Swedish
cities, allow for the use of residual energy from industri-
es. High-temperature waste heat is already widely used
where the geographical and economic conditions exist.
The use of waste heat is resource efficient and needs to
be used to a greater extent than is currently the case.
There is also increasing potential to use more low-grade
heat from e.g. data centres or new processes such as hy-
drogen or biofuel production.

An important prerequisite for this is that these plants are
located close to heat production and infrastructure so
that waste heat can be utilised. One resource-efficient
technology with great potential is to co-produce electri-
city and heat in existing bio-based CHP plants with bio-
oils, which can then be further refined into biofuels.®*

A larger proportion of waste-based district heating may
mean that there is a risk of the plannable fossil-free
electricity production contributed by today’s CHP plants
decreasing. The electricity system therefore needs to

be considered as a whole when discussing alternative
heat sources. For example, more flexibility in the system
could be achieved by adding more heat pumps to the
district heating network, which could increase the po-
tential to use wind power during periods of low electrici-
ty prices and CHP when prices are higher.

The use of residual energy is a resource-efficient way of
utilising energy, whether of biogenic or fossil origin. It
may therefore be counterproductive that residual ener-
gy from fossil industries and energy from waste incinera-
tion are not currently defined as sustainable.

Waste incineration is an important contribution to to-
day’s district heating production. In this strategy, it is
estimated that in 2045, waste incineration will remain at
approximately the same levels as today. Reducing the
amount of plastic in waste over time is a prerequisite for
making this type of energy recovery more sustainable.
The Swedish Environmental Protection Agency has been
commissioned to submit proposals in 2021 on product
groups or material flows where quota obligations for
the use of recycled feedstock would be appropriate, and
also to propose measures to increase the recycling of
plastics in non-toxic cycles in Sweden.%” 68

The waste volume in society will decrease due to incre-

ased incentives for reuse and recycling. However, inci-
neration will continue to be a good final solution when
products have reached the end of their life and cannot
be circulated further, and Sweden already has good
conditions for dealing with waste, both from Sweden
and other parts of the EU. If this incineration is also done
with CCS, climate emissions can be further reduced

or even become negative. In order to make use of the
Swedish prerequisites for final treatment and recycling
of residual waste remaining after sorting, it needs to be
promoted that policy instruments for Swedish waste
incineration plants compared to plants in the rest of the
EU are put on an equal footing.

Proposals:

9. In 2022, the Government should reintroduce the
state subsidy “Energisteget” [Energy Step], which
in 2018-2020 supported energy efficiency improve-
ments in industry. In the previous period, the subsidy
amounted to SEK 105 million. But if reintroduced, it
should be expanded and run for a longer period.

10. In 2022, the Government should commission the Na-
tional Board of Housing, Building and Planning to de-
velop building regulations that require the reporting
of energy used instead of energy purchased when
calculating the energy performance of a building,
with the aim of steering the regulations towards
more energy-efficient buildings. Incentives for
self-produced energy remain important, but should
be separated from energy performance regulations.

11. In 2022, the Government should commission the
Swedish Energy Agency to investigate the possi-
bilities for increased utilisation of waste heat. The
assignment could, for example, include amending
the Electricity Act so that conditions set for system
solutions can ensure that the residual energy genera-
ted in new plants is used to the maximum, removing
obstacles to the recovery of waste heat, and putting
instruments in place that encourage and provide
incentives for adaptations of customer plants to ena-
ble lower temperatures in district heating networks.

12. In 2021, the Government should implement the
Swedish Energy Agency’s proposal that low-tempe-
rature waste heat be included in the Act (2014:268)
on Certain Cost-Benefit Analyses in the Energy
Sector [56].
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13. The Government should review and clarify that re-
newable and recovered energy should be treated
equally in all relevant legal contexts, such as the buil-
ding regulations of the National Board of Housing,
Building and Planning, and in negotiations within the
EU. The use of residual energy is a resource-efficient
way of utilising energy, regardless of origin.

14. In 2022, the Government should commission the
Swedish Energy Agency to review the possibilities
of introducing incentive schemes for deep geother-
mal energy and solar heating in the district heating
system, and develop Industriklivet to include new
technologies for heat production. The assignment
should also include reviewing the possibilities to
support increased heat storage in the district hea-
ting system.

15. In the years 2022-2026, the Government should
allocate funds for further research and technologi-
cal development of alternative technologies for the
heating sector, such as deep geothermal energy and
solar heating.

16. In 2022, the Government should introduce a natio-
nal quota obligation system with recycling certifi-
cates for plastics to boost demand for waste-based
recycled plastic feedstock and increase incentives
for further waste sorting. The Government should
work towards a common European system in the
long term.

Challenges to increasing the pace of society’s
electrification

The expected increase in global demand for bio-based
feedstocks will mean higher prices, which means that
alternative solutions such as electrification may become
more competitive. However, increased electrification will
require investment in grid expansion, resources, a holistic
approach, and systems thinking to realise the potential.

With increased demand for fossil-free electricity from

all industries that are now in transition, coupled with

the increased demand from hydrogen production, more
fossil-free electricity production will be required. The
majority of projections show that wind power is the type
of power that achieves the lowest electricity production
costs, and electricity production from wind power in
Sweden is expected to increase from 36 TWh in 2021 to
50 TWh in 2025, according to the Swedish transmission

system operator short-term market analysis. But after
that, the development is more uncertain. The Swedish
Energy Agency and the Swedish Environmental Protec-
tion Agency find it worrying that very few new permits
are being issued, and many applications are being rejec-
ted or reduced in the course of the process. Faster and
more predictable permitting processes are needed to
get the electricity needed on time.

Sweden’s well-developed district heating system ful-

fils an important function in an increasingly electrified
society, where electricity can be used in industry or
transport, for example, instead of heating buildings. The
bio-strategy assumes that today’s bio-based CHP pro-
duction will continue to exist, but competitiveness needs
to be ensured for this to happen.

For the electrification of the transport sector to take
place, charging infrastructure for passenger cars,
heavy-duty vehicles and vessels as well as infrastructure
for hydrogen-based fuel cell vehicles must be developed
at pace with electrified vehicle fleet growth. In this stra-
tegy, the market is expected to steer towards a high rate
of electrification, as long as the infrastructure is expan-
ded at pace with market growth, and a national target
year for 100 percent zero emission passenger cars is
therefore not considered necessary.

The Government is working to develop an electrification
strategy with the aim of taking a holistic approach to the
conditions in the energy sector in order to enable increa-
sed electrification. The strategy is expected to be adop-
ted by the Government in October 2021. The Government
has also appointed an Electrification Commission to
accelerate work on electrification of heavy road transport
and the transport sector as a whole. In consultation with
relevant actors, the Commission will identify measures
that can be taken to accelerate the pace of electrification
in the transport sector. All forms of electrification for pas-
senger and freight transport in all modes of transport are
covered by the Commission’s work.

A number of proposals to facilitate the role of electri-
fication in the transition to a fossil-free society have
previously been put forth by Fossil Free Sweden in va-
rious contexts. Some of these are repeated below and
are considered to be of particular importance for the
bio-strategy, supplemented by new proposals.
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Proposals:

17.

In 2022, the Government should commission the
Swedish Energy Agency to develop an action plan
with timetable and concrete milestones for electrifi-
cation of light and heavy transport. The assignment
should also include securing the infrastructure for
passenger cars, heavy-duty vehicles and vessels.
The action plan should include a needs analysis and
proposals for measures to ensure there are charging
points for heavy-duty vehicles at loading and unloa-
ding areas, in depots for overnight charging, public
fast charging along major roads, and electricity
supply and charging facilities at airports and ports.

. The Climate Premium (formerly the Green Truck Pre-

mium) introduced from 7 September 2020 should be
maintained as present, but, for an introductory peri-
od for electric trucks (including hydrogen-powered
ones), increased to 25 percent of the purchase cost,
preferably accompanied by an increased budget.

. In 2022, the Government should commission the

authorities (Swedish Energy Agency, the Swedish

20.

21.

transmission system operator, and the Swedish
Environmental Protection Agency) to draw up a na-
tional strategy for ensuring that CHP production is

maintained.

In 2022, the Government should initiate work to mo-
dernise relevant laws and regulations for a faster and
more predictable permit assessment process that
contributes to a faster pace of climate change miti-
gation. A first step should be to implement the pro-
posal of the Committee for Technological Innovation
and Ethics (Komet) to establish a special committee
to which municipalities, regions and state authorities
can report regulatory obstacles that hamper experi-

mental activities.

By 2022, the Government should set a planning tar-
get of 3 GW of installed electrolytic power by 2030
and at least 8 GW by 2045 to enable fossil-free de-

velopment through hydrogen production and use in

most sectors.
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