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The Nordic-Baltic region faces urgent challenges in reducing CO, emissions,
requiring a joint effort towards sustainable energy solutions. Leveraging bio-
energy solutions emerges as a key strategy to meet emission goals. It offers the
potential to diminish reliance on fossil fuels across various sectors including
heating, electricity generation, and transportation.

Commissioned by the Nordic Council of Ministers and supported through the
Bioeconomy programme, this scoping paper delves into the intricate landscape of
bioenergy innovations within the region. Employing a mixed-method approach
combining desktop research and interviews, the study identifies opportunities
for further knowledge transfer activities in the Nordic-Baltic region.

A technology neutral approach is vital for knowledge exchange activities as
highlighted by experts included in the study. The interviews moreover led to the
following observations:

v Current biomass challenges are directly linked to geopolitical conflicts

v/ Bioenergy has to rely on by-products, low value biomass, and waste

v/ Bioenergy innovations are required to be flexible

v Regional areas of excellence provide opportunity for knowledge sharing

v/ Nordic-Baltic strongholds lie in integrated systems of bioenergy solutions

v Nordic-Baltic experts would benefit from a cooperation platform and regional

funding

v Universities are a useful meeting place for experts to build solutions for local

contexts

The Nordic-Baltic region gathers a wealth of expertise and industry interest in
biomass use for energy production. Additionally, the region showcases various
integrated system solutions for bioenergy—knowledge that could be applicable
to other areas lacking such comprehensive approaches. This context provides
a fertile foundation for fostering regional knowledge exchange and facilitating
the adoption of innovative practices. Yet, amidst geopolitical uncertainties and
fluctuating markets, the need for adaptability and flexibility in bioenergy strate-
gies becomes apparent. In response to these findings, a series of recommenda-
tions are proposed for further knowledge sharing activities:

v/ Facilitating industry and academy interactions via a Nordic-Baltic cooperation

platform

v/ Supporting existing Networks active in the region

v Creating a Nordic- Baltic call to promote regional cooperation

v/ Identifying successful integrated local solutions for knowledge sharing

v Involving tomorrow’s talents: Organisation of Nordic-Baltic hackathons



The Nordic-Baltic region has ambitious CO,
emission reduction goals

The Nordic Vision 2030 reflects the Nordic
objective of becoming the most sustainable
and integrated region in the world by 2030.
To achieve this target, three strategic areas
have been prioritised; a green Nordic Region,
a competitive Nordic Region, and a socially
sustainable Nordic Region (see Figure 1).!
The objective is further institutionalised by
several important agreements and milesto-
nes. For instance, the Nordic countries adop-
ted the Helsingfors declaration in 2019, con-
cretising the goal of reducing greenhouse gas
emissions (GHG)?.

In the Baltic-Nordic roadmap for Co-opera-
tion on Clean Energy Technologies decarbo-
nisation of industry is places as a main goal
for the period 2030-2050°. Furthermore, in
the Nordic Energy Ministers’ Declaration of
October 2023, the importance of freeing the
region from its dependence on fossil fuels
was stressed against the backdrop of the si-
multaneous climate- and geopolitical crises
and their impact on energy imports and pri-

ces™.

To reduce emissions regional

cooperation is key

To reach the region’s ambitious goal of redu-
ced GHG emissions, cooperation is identified
as a key element.

The Baltic-Nordic Roadmap for Co-opera-
tion on Clean Energy Technologies (CETs)
highlights the importance of strengthening
existing collaborative efforts.

It also recommends initiating new areas
of collaboration and exploring the future
potential of CETs in the regional context®.

Our Vision 2030

The Nordic
region will
become

the most
sustainable
and
integrated
region in the
world

A competitive Nordic region
Together, we will promote green growth in the
Nordic regionbased on knowledge, innovation,
mobility and digital integration.

A green Nordic region

Together, we will promote a green transition of our
societies and work towards carbon neutrality and a
sustainable circular and bio-based economy.

A socially sustainable Nordic region
Together, we will promote an inclusive, equal and
interconnected region with shared values and
strengthened cultural exchange and welfare.

Source: Nordic Council of Ministers, 2021°

In addition, decision makers attending the
Nordic Council of Ministers’ High-Level

Inspiration Conference on 28 September

2023 reiterated the key role of co-operation
to reach the Nordic Vision 2030 goals’.

Bioenergy for fuel and heating can support

emission reductions

A potential area for collaboration to reduce

GHG emissions in the Nordic-Baltic region

is the production and usage of sustainable

bioenergy for fuel and district heating. In

the policy brief by Nordic Energy Research

“Sustainable use of biomass for heating and
transport fuel” published in 2020, several
recommendations are presented to decrease

the use of fossil fuels in favour of biofuels.

Amongst others, it was recommended to

deepen current efforts on knowledge and

technology transfer between researchers,

policymakers, and industry actors within

the region®.



The sustainability of bioenergy is a debated
area

Bioenergy is an important topic in the
Nordic-Baltic region due to its potential in
reducing in GHG emissions by replacing fos-
sil fuels. The sustainability of bioenergy use
remains however a debated area and potential
negative impacts need to be addressed. The
use of biomass for energy production can put
a strain on other sectors also requiring bio-
mass. An increase in demand for biomass for
bioenergy production might create market in-
stabilities and momentarily increase prices or
induce shortages. These disturbances can ne-
gatively impact biomass reliant sectors such
as the agricultural sector, food industry and
construction sector. Moreover, biomass ex-
traction might have a detrimental impact on
local ecosystems and their biodiversity. Final-
ly, some biomass sources such as crops resi-
dues and branches from harvested wood are
playing a crucial role in maintaining soil qua-
lity, their harvesting can consequently have a
negative impact on soils. Biomass extraction
therefore requires adequate control measures
to prevent reduced soil quality and threats to
biodiversity? '°.

The EU Taxonomy perspective on bioenergy

The EU taxonomy provides companies, in-
vestors and policymakers with definitions for
which economic activities can be considered
sustainable. The taxonomy has six environ-
mental objectives with specific technical
screening criteria (TSC). Climate change mi-
tigation and climate change adaption are the
only two TSC that have been implemented to
date. An activity needs to fulfil a defined set
of sub-criteria (“substantial contribution cri-
teria”) for each TSC to be aligned with the

taxonomy. A substantial contribution criteri-
on determines whether the activity has a po-
sitive impact on climate change mitigation/
adaptation'!,

Bioenergy is covered by the taxonomy
through five different activities; Electricity
generation from bioenergy, Cogeneration
of heat/cool and power from bioenergy,
Production of heat/cool from bioenergy,
Manufacture of biogas and biofuels for use
in transport and of bioliquids, and District
heating/cooling distribution.

The substantial contribution criterions
related to climate mitigation for all five
activities except district heating/cooling
distribution include:

v Using agricultural and/or forest biomass,

v/ GHG emission savings of 80% compared

to a fossil fuel alternative

v Efficiency requirements on production

of anaerobic digestion of organic
materials and thermal input'?.

The substantial contribution criterions for
the district heating/cooling distribution acti-
vity, which is fulfilled if:

v/ It uses at least 50% renewable energy,

v 50 % waste heat,

v 75% cogenerated heat or

v 50% of a combination of such energy

and heat™".

LW

Summary

The Nordic-
Baltic region
has ambitious
CO, emission
reduction goals.
To reach these
goals, increased
regional
cooperation is
necessary and
bioenergy for
fuel and heating
may play a vital
role due to its
potential to
reduce reliance
on fossil fuels
and hence curb
overall GHG
emissions.



Biomass has multiple use cases for heating
and electricity generation

The use of biomass for energy production and
heating purposes is widely spread across the
Nordic-Baltic countries, which makes the re-
gion a front runner in bioenergy use in the
EU. Municipalities play an important role for
the region’s energy production and consump-
tion, with developed systems for district hea-
ting in which biomass is commonly used.
Sweden and Finland primarily use biomass
produced in their respective territories, while
Denmark imports a large share of its biomass
and utilises almost all domestic non-recycled
waste for energy production. Differentiating
itself from other Nordic countries, Iceland
mainly relies on its considerable geothermal
resources' .

In the Baltic countries biomass plays a major

role in the energy production and its contri-

bution to the overall energy mix is growing.
In Latvia a steady growth rate of biomass
and renewables-based energy production
helped significantly reduce its dependency
on imported energy resources from 64% in
2005 to 36% in 2022'°", In Estonia 50% of
the countries heat production is created from
biomass and more than 20% of the country’s
energy production is based on biomass'®. In
Lithuania biomass contributes to a total of
75% of the country’s heat production and
around two-thirds of its domestic energy
production."

Biomass offers different solutions for trans-
port fuel

The transportation sector can benefit from
using biomass to reduce its carbon footprint.
Today, transportation remains heavily reli-
ant on fossil fuels and was responsible for
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Share of biogas and biofuels in final consumption

for transport in 2020 in %, by country.

Source: Eurostat, 2022%

Biofuels and their production processes

Four main types of biofuels are current-
ly available as alternatives to fossil fuels:
biodiesel, biogas, ethanol, and synthe-
tic fuels. Liquid biofuels aren’t feedstock
agnostic, meaning that different types of
biofuels can be created, depending on the
type of biomass used as input. They are
produced with the following processes?
26-

v/ Biodiesel: created from oils and fats
from animal or vegetal sources such as
vegetable oil, it is transformed via various
chemical transformation processes.

v/ Biogas: created from wastes of organic
or animal sources such as sewage slud-
ge, household waste or agricultural waste,
it is transformed via digestion processes.
v/ Ethanol: created from crops with high
starch or sugar content such as grains,
corn, sugar beets, it is transformed via
fermentation processes.

v Synthetic fuels: created from cellulosic
materials deriving from wood and plants, it
is transformed via gasification processes.

22% of total CO, global emissions in 2022%.
While CO, emissions reduced significantly
in 2020 due to the COVID-19 pandemic, the
return to normalised transport activities in
2021 resulted in a continuation of the growth
trend of CO, emissions* **. Alternative fuel
solutions are required and must be adapted
to the unique needs of the different types of
transport they target. For instance, heavy land
vehicles, light land vehicles and aircrafts re-
quire different solutions tailored to their tech-
nical specificities. Biofuels are considered a
prime substitute for fossil fuel, especially for
aviation, marine freight, and heavy-duty road
transports for which electrification solutions
are not yet fully developed® 2. For example,
bioethanol and biodiesel, replacing petrol and
diesel respectively, are the two most common
biofuels in the transportation sector.

The share of biofuels in the transportation
sector differs between the Nordic countries
(Figure 2).

Sweden has the largest share of biofuels used
as fuel source for transportation in the EU
(29%), followed by Finland (11,9%) and Nor-



way (11,1%). Iceland (8,0%), Denmark (7,0%),
and the Baltics with Estonia (6,6%), Lithua-
nia (5,4%) and Latvia (4,8%) are behind their
Nordic partners Sweden, Norway and Finland
in terms of biomass fuels in transportation.

Various biomass options are available for land
vehicles

Road transports are currently responsible
for 15% of total CO, global emissions*. The
transport sector’s demand for renewable en-
ergy has increased considerably and the main
solution adopted is blend-in fuels (biofuels
mixed into gasoline or diesel).

Alternative options such as biodiesel and
biogas are also increasingly gaining impor-
tance. For instance, biodiesel has recently
grown in use for heavier land vehicles such
as buses and goods vehicles. Alternatives
for other land vehicles requiring significant
power, such as machinery used in forestry,
construction, and agriculture also include al-
cohol derived from biomass. For lighter land
vehicles, such as light and mid-duty goods ve-
hicles and short distance passenger vehicles,
electricity and hydrogen solutions are consi-
dered the most suitable for replacing fossil
fuels.

Biomass offers multiple solutions for aviation
traffic

The aviation sector accounts for 2,5% of to-
tal CO, global emissions®. It is one of the
fastest growing transportation sectors and if
not addressed its emissions are expected to
grow and account for 22% of total CO, glo-
bal emissions by 2050. Sustainable Aviation
Fuels (SAFs) are considered the main mitiga-
tion solution to the growing CO, emissions of

the sector as electrification of planes is not a
foreseeable solution on the short or medium
term?°,

Despite their recognised importance, SAFs
currently represent only 0,1% of the sector’s
fuel demand. Amongst others, SAFs prices
are a deterrent for the demand, as they tend
to be 2 to 5 times more costly than traditio-
nal jet fuels®.

Biomass fuels’ potential must be further
investigated, and many hurdles have yet to
be cleared, for a wider adoption to occur.
Commercial supply chains must be imple-
mented for SAFs to allow a reliable flow of
high-performance fuel supply. Policy in-
centives could also be a solution to support
financing and adoption of SAFs**.

The maritime sector can adopt different
biomass solutions

The maritime sector constitutes the backbo-
ne of goods transportation. Every year, up to
70% of the global trade in terms of value is
shipped through maritime transports and the
sector accounts for 3% of total CO, global
emissions. The International Maritime Or-
ganization (IMO) is actively addressing the
sector’s emissions and has pledged to reduce
them by 50% from their 2008 levels for the
year 2050, The maritime sector is flexible
and can adopt various solutions due to the
technical characteristics of vessels’ engines,
for instance, existing biofuels can already
be blended and used in traditional vessels’
tanks. Electrification is already available
for shorter distance; however, the current
battery technology and storage capacity is
not suited for longer transoceanic maritime
freight.

Summary

Heating,
electricity
generation, and
transports are
responsible for
considerable
GHG emissions,
in particular
the transport
sector which

is accountable
for 22% of

total CO, global
emissions in
2022. Biomass
for heating

and transport
fuel represents
a solution to
decrease these
emissions.
Different
bioenergy
solutions

are however
necessary
depending on
the sector and
use case.



Over the years, the Nordic Council of Minis-
ters have issued several activities related to
bioenergy. Nordic Energy Research, Nordic
Forest Research and Nordic Agri Research
have produced several reports and leaflets
on the topic and have also been engaged in
Nordic seminars discussing how to define and
ensure a sustainable production of bioenergy
(Table 1).

This scoping paper was commissioned by
the Nordic Council of Ministers and funded
through the Bioeconomy programme. The
aim with the paper is to act upon one of the
recommendations presented in the report
”Sustainable use of biomass for heating and
transport fuel” from 2020, namely:

Enhancing knowledge and technology
transfer within the Nordic countries in order
to support the development of relevant tech-
nological innovations and implementations.
Solutions
between Nordic researchers, policymakers,
and industry actors through joint projects and

include increased collaboration

networks?®.

Consequently, the aim of this project is to
identify bioenergy bioenergy innovations re-
levant for further knowledge transfer efforts
within the Nordic-Baltic region. In addition,
this scoping paper include recommenda-
tions on knowledge sharing activities in the
Nordic-Baltic region to support the develop-
ment of relevant innovations and implemen-
tations.

3.2. Multi method approach for data
analysis

To manage the wide range of countries and
biomass sources covered by the scope of this
assignment, a multi-method approach was

10

Selections of Nordic deliverables on Bioenergy

Leaflets Seminars
* Bioenergy in *Biofuel strategy for the
the Nordics coming decade — The

Nordic region at the
forefront of technology and
sustainability

Gothemburg 6 nov 2019

¢ Food waste to
biofuels

» Sustainable
jet fuel
« Sistanable biomass in the
Nordics — How should we
farm the ocean?

Oslo 14 Nov 2019

* Biomass in the heating
sector — how, how much
and how long?

Copenhagen 21 Nov 2019

* Bioenergy sustainability:
A view from Finland
towards Nordic policy
makers

Helsinki 2 Nov 2019

used. It included a systematic desktop resear-
ch and document analysis, enabling an over-
view of the topic, as well as semi-structured
interviews with bioenergy experts to identi-
fy and prioritise areas relevant to focus on in
the Nordic-Baltic context. The multi-method
approach resulted in a mapping of bioenergy
related innovations, a set of criteria to pri-
oritise among the identified innovations, a
list of organisations and experts relevant to
invite to knowledge sharing activities, and
finally a set of recommendations for further
knowledge sharing in the Nordic-Baltic re-
gion.

Reports

* Sustainable
use of biomass
for heating and
transport fuel



Nordic/Baltic added value

» Collaboration: Is the innovation the result of a Nordic/
Baltic collaboration?

* Raw material (RM) availability: Is the innovation de-

pending on rare/abundant RM in the Nordics?

* RM security: Is the innovation depending on stable/
unstable RM in the Nordics?

Multiple Criteria Analysis framework
Source: Analysys Mason, 2023

Financing need
* Maturity: Is the innovation in its early/final stage
of development? When will it be operational?

INNOVATION

P

Economic

\

Environmental

* Demand in the Nordic/Baltics: is the market demand high? * Alternative: Is the innovation

* Novelty: Is the innovation a new technology, process or

system?

an alternative to environmentally
harmful products?

* Demand on the outside of the Nordics/Baltic: Is the market

demand high?

* Transferability: Can the innovation be reproduced?

3.2.1 Desktop research for the mapping
of bioenergy innovations

The initial mapping of relevant innovations
was based on a systematic desktop research
carried out in September 2023. The search
was made via the Google search engine and
covered the Nordic-Baltic region for the pe-
riod 2020-2023. The timespan was chosen to
focus on innovations implemented since the
publication of NEF’s report “Sustainable use
of biomass for heating and transport fuel”
in 2020. The keywords used were derived

from the previous report to cover the sub-
ject area and include all the areas of interest
(biomass for heating and electricity, biofuel
for watercrafts, aircraft, and land vehicles).
The search included eight countries and was
made in Danish, Estonian, Finnish, Icelan-
dic, Latvian, Lithuanian, Norwegian, and
Swedish. An additional snowball research
was conducted as a complement to the sys-
tematic research. It started from local insti-
tutions’ — and universities’ webpages and
databases, exploring various project pages

11



to identify additional relevant innovations.
To ensure consistency, the snowball research
followed the same set of screening criteria as
the systematic research. Although extensive,
the mapping should not be seen as all encom-
passing, but rather providing an overview of
innovations of relevance for future knowled-
ge sharing activities.

3.2.2 Criteria for prioritising bioenergy
innovations

At the outset of the project the ambition was to
prioritise among innovations identified in the
desktop research and focus knowledge sha-
ring activities on prioritised innovations. To
enable this prioritisation, a set of criteria was
developed. The criteria were informed by the
multiple criteria analysis (MCA) framework
developed by UNEP Copenhagen Climate
Centre. In addition to this framework, inspira-
tion was taken from previous work assessing
technologies for climate change adaptation®’.
The set of criteria covered items such as eco-
nomic value, environmental value, institutio-
nal/implementation barrier, financing needs,
and Nordic-Baltic added value (Figure 3).

3.2.3 Semi-structured interviews with
bioenergy experts

A total of 19 respondents representing pri-
vate companies, research institutions, in-
terest organisations and universities in the
Nordic-Baltic region were interviewed (Ta-
ble 2). A total of 19 respondents represen-
ting private companies, research institutions,
interest organisations and universities in the
Nordic-Baltic region were interviewed. The
interviews served to validate and extend the
list of innovations derived from the desktop

12

research. In addition, local strongholds with
regards to bioenergy were discussed and
with regards to bioenergy were discussed
and the respondents provided useful input
on essential aspects of bioenergy develop-
ment and insights on useful knowledge sha-
ring activities for experts in the field. The
interviews were of a semi-structured format
with a set of predefined questions in combi-
nation with the possibility for the respondent
to elaborate on topics adjacent to the ques-

tions.
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Organisations interviewed per country
Source: Analysys Mason, 2023

Aarhus University, Organic Fuel Technology A/S

The Faroese Environment Agency

VTT Technical Research Centre of Finland, Bioenergy
Association of Finland, Lapperenranta -Lahti University
of Technology (LUT)

Icelandic Centre for Research (RANNIS)*

Estonian Biomass Association

Latvian Biomass Association (LATbio)

Centre for Physical Science and Technology, Lithuani-
an Energy Institute®, Litbioma

Ergon Nordic, The Norwegian Institute of Bioeconomy
Research (NIBIO)

Chalmers University of Technology, Phoenix BioPower,
SveBio, Bioenergy Innovation

Summary

This scoping paper was
commissioned by the Nordic
Council of Ministers and
funded through the Bioe-
conomy programme. The

aim of the project is to iden-
tify bioenergy innovations
relevant for further knowledge
transfer efforts within the
Nordic- Baltic region and
suggest activities enabling
increased knowledge sharing.
In addition, this scoping paper
include recommendations. A
mixed method approach was
adopted combining desktop
research with, a multiple crite-
ria analysis, and interviews.
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4. Bioenergy innovations in the Nordic-Baltic region

4.1 High-level overview of bioenergy
innovations in the region

The desktop research conducted in Septem-
ber 2023 resulted in a list of 53 innovations.
These innovations range from production
planning models to material development (see
a full list in annex) and encompass different
types of innovations.

While the list is not comprehensive it provi-
des an overview of most of the relevant current
bioenergy innovations in the Nordic-Baltic
region. In this paper inspiration is taken from
innovation theories providing a framework
for categorising the innovation types (Figure
4)®, The framework distinguishes between
system innovations as innovations focused

on distribution systems, process innovations
as innovation focused on production opera-
tions, and technical innovations as innova-
tions focused on scientific method.

The innovations are split between the
Nordics and Baltics countries (Figure 5).
The list however gathers more examples
from Sweden and Denmark with 25 and 15
innovations respectively. This gap might be
explained by the availability of biomass in
these countries alongside the lack of fossil
fuel resources and lesser imports of biogas.

The type of biomass used for the different
innovations varies (Figure 6). Most common
is biomass from forestry with 15 innovations,
waste is specified in 12 of the innovations,

Figure 4: Framework categorising the innovation types

14

Source: Analysys Mason, 2023



Number of projects by country*

1
3 2

Sweden

25

Denmark

. Norway

Finland

. Estonia
14 I Lithuania

Latvia
. Faroe Islands

Source: Analysys Mason, 2023
Note: One project can involve several countries.

agricultural biomass for ten innovations and
blue biomass in three. For a majority of the
innovations however, the source of biomass
was not specified.

The majority of innovations listed (23) are
targeting biomass fuels, it is followed by 15
innovations not targeting a specific area of
application and a minority in the sample is
divided between projects working with bioli-
quids for heating and/ or electricity, biofuels
for aircraft, watercraft, or land vehicles (Fi-
gure 7).

4.2 Expert input on bioenergy innova-
tions in the region

Interviews were held from September to De-
cember 2023. The following sections details
results of the conversations led with respon-
dents.

Source of biomass*

Source: Analysys Mason, 2023

I Blue

Agriculture

B Waste
B Forest

Not precised

*Note: One project can involve several sources of biomass.

4.2.1 Challenges affecting the Nordic-Bal-
tic bioenergy sector

Current biomass challenges are directly lin-
ked to geopolitical conflicts

The development of biofuels is heavily im-
pacted by the current geopolitical climate in
Europe.

Respondents emphasized the effects of
Russia’s invasion of Ukraine on security of
supply, through both the supply of imported
energy and the supply of imported biomass.
The war has impacted stock levels, prices of
energy and raw material.

This constrain on biomass availability
creates competition between different bio-
mass-dependent sectors. Affordability and
access to bioenergy for individual consu-
mers and companies is therefore currently
a challenge.

15



Area of application

2

15

Source: Analysys Mason, 2023

23

Biomass fuels
Not precised
I Bioliquids for heating and/or electricity
Biofuels for aircraft
[l Biofuels for watercraft
Biofuels for land vehicles

*Note: One project can involve several areas of application.

Bioenergy has to rely on by-products, low
value biomass, and waste

Improved energy efficiency, coupled by flex-
ible production and consumption, will be
necessary to support a secure and well-func-
tioning energy market. In this context, an in-
creased focus on only using by-products and
waste for bioenergy is of the utmost impor-
tance as it will avoid unnecessary competi-
tion between sectors. Respondents stressed
the importance of targeting the use of lower
value biomass products such as waste from
biomass-based industries and raw material
of low economic value to avoid competition
with other uses of biomass such as food items,
building materials, furniture items.

Bioenergy innovations are required to be
flexible

Biological diversity within the biomass field
poses a challenge to the production of sustai-

16

nable bioenergy. When discussing biomass
for bioenergy with respondents, a key term
guided all conversations, namely flexibility.
Biomass as energy source entails a conside-
rable challenge since the feedstock evolves
constantly as seasons go by. For instance,
wood harvested in the same area will have
different humidity properties if harvested
with or without leaves, and after heavy rains
or a period of drought. In practice it means
that innovations have to be flexible with
regards to the biomass sources they target.
Preferably, flexibility should also apply to
the outputs produced and their specific use
cases. To reach higher adoption levels for bi-
ofuels, it is necessary to allow users to gra-
dually switch between fossil fuels and their
bio alternatives. Moreover, in case of shorta-
ge or distribution disruptions, it is beneficial
if users can switch between biofuels and tra-
ditional fuels.
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Integrated solutions examples from Top to bottom: Palopuro Agroecological Symbiosis in Finland®*, Bakkafrost Farka
refinery in the Faroe Islands*’, Liquid Wind FlagshipONE in Sweden*'.
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4.2.2 Local strongholds can support
the creation of solutions tailored to local
contexts
Regional areas of excellence provide oppor-
tunity for knowledge sharing

Throughout the interviews, many respon-
dents addressed the importance of identi-
fying local strongholds in the Nordic-Baltic
countries. The region gathers a considerable
concentration of knowledge and cutting-edge
research. For instance, pyrolysis was identi-
fied as an area of excellence in countries with
a long forestry history, while the use of ag-

ricultural biomass has developed further in
countries with a smaller forestry sector, such
as Denmark and the Faroe Islands. Creating
synergies between various existing areas of
expertise is considered an efficient way to
continue creating Nordic added value.

Nordic-Baltic strongholds lie in integrated
systems of bioenergy solutions

The societal development towards a local
circular economy with integrated solutions
appeared as a central element when identi-
fying strengths in the region. Respondents



observed a Nordic-Baltic stronghold with re-
gards to integrated energy system developme-
nts. Various examples of powerplants integra-
ting biomass byproducts, using excess heat
for district heating, and producing additional
outputs such as fertilisers provided a clear
message: the region has an advantage when
developing locally integrated solutions.
The region gathers important sources of
knowledge and skills when it comes to
locally integrated solutions (see
Figure 8). Many refineries and
biorefineries could however
be improved through the ad-
dition of locally sourced in-
puts and through finding use
cases for the outputs and by-
products created. Sharing
information on

types of integra- ‘ )
ted solutions for j
powerplants and
refineries, as well as emerging technical so-
lutions for integration of additional input/out-
put flows would therefore be highly relevant.

4.2.3 Establishing fruitful cooperation
within the bioenergy field
Nordic-Baltic experts would benefit from a
cooperation platform and regional funding.
Researchers and industry experts expressed
interest in participating in knowledge sharing
activities. Respondents mentioned the impor-
tance of embracing a holistic Nordic-Baltic
approach to knowledge sharing activities. A
platform allowing Nordic-Baltic research and
industry to meet would be beneficial to create
a broad vision of the regional bioenergy deve-
lopment. It would also foster discussions and

workshops on more targeted bioenergy chal-
lenges. For instance, such platform could
be developed following the model of Trees
For Me*, a centre of excellence dedicated
to knowledge exchange and development on
fast-growing broadleaf trees for sustainable
forestry, materials and energy in Sweden. It
was highlighted that a structure
organising meetings and
documenting discussion
would  contribute
greatly to federa-
lising current-
ly fragmented
conversations.
Additionally, it would
help addressing the
challenge of limited time
resources allocated to
knowledge sharing.
Respondents also
manifested a need
for Nordic and Baltic dedicated funding.
Grounded in regional similarities and the
desire to increase collaboration, a regional
and reoccurring bioenergy call would sup-
port the development of common projects
and activities.

Universities are a useful meeting place for

experts to build solutions for local contexts

Bioenergy solutions involve many stakehol-
ders from different sectors and industries.
The solutions are complex and highly de-
pendent on the local contexts in which they
evolve. For instance, utility companies ge-
nerating bioenergy often operate on a local,
municipal, or at the most regional level. This
is largely because the biomass required to
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generate bioenergy or heat is often sourced
from local waste, agricultural production, or
forestry sector.

Interviewees emphasized the importance of
integrating the contributions of various local
entities in bioenergy solutions. These include
local government institutions, which oversee
and establish regulatory frameworks; utility
companies responsible for maintaining the
local network infrastructure for district hea-
ting and (bio-)gas; and industry experts and
researchers, bringing expertise and knowled-
ge from industry and academy. The diversity

of these different input sources is deemed es-

sential to guarantee the incorporation of all
local nuances and resources into the innova-
tion process.

Universities were suggested as an ideal me-
eting space for industry, public stakeholders,
and local expert knowledge to collaborative-
ly foster the bioenergy innovation. Among
other activities, events organized by univer-
sities similar in format to hackathons, were
viewed as potential opportunities for such
collaborations. Moreover, they were deemed
an efficient media to involve local students
to participate in the development of innova-
tive solutions.

Summary

Bioenergy entails a broad set of innovations evolving in a tumul-
tuous geopolitical context with volatile and discontinued markets.
The Nordic Baltic region gathers high levels of skills and exper-
tise as well as significant industry interest in the use of biomass
for energy production. Moreover, various examples of integrated
system solutions for bioenergy are identified throughout the
region, a knowledge which could be transferable to areas lacking
integrated solutions. This context creates a fruitful base to build
further regional knowledge exchange and expand the uptake of
innovations.




Bioenergy can help reduce emissions, it
however requires to be flexible and adaptative
The Nordic-Baltic countries have ambitious
goals regarding carbon neutrality. Increasing
the use of bioenergy for transportation and
heating is one solution to decrease the reliance
on fossil fuels and hence GHG emissions. The
development of bioenergy in the Nordic-Bal-
tic region is however considerably influenced
by the current geopolitical issues in Europe.
Amongst others, present challenges regard
resource security, halt on imports of raw ma-
terial from Russia, and price fluctuations. In
this context an increased focus on flexibility
and adaptability becomes necessary.

A technology neutral approach is recommen-
ded for knowledge exchange activities on
bioenergy
Respondents who participated in this pro-
jects’ interviews emphasised technology neu-
trality as a core element of further knowledge
sharing efforts in the region. For this reason,
it is recommended to halt the innovation ran-
king through Multiple Criteria Analysis pre-
sented in the section 3.2.2 and instead adopt
a technology neutral approach for recommen-
dations on knowledge sharing activities.
Bioenergy relies on a complex human and
technological ecosystem. Multiple actors are
involved in the process of using biomass for
fuel and electricity. These actors include district
heating providers, private and public transporta-
tion, individual consumers, municipalities, and
companies. Moreover, the different subfields
within the bioenergy sphere require specific
technologies sometimes not applicable to other
fields. For instance, technologies crucial for li-
quid biofuels for aircrafts might not be applica-

ble to excess heat conversion in district heating
systems. Well-functioning systems adapted to
different technologies are of great importance.
They allow flexibility and adaptivity while pre-
venting power disruptions. Various technolo-
gies are essential to different areas of the value
chain, it is therefore recommended to embrace
technology neutrality for knowledge exchange
activities in the Nordic-Baltic region.

Liquid biofuels and bio-oils are identified as a
fragmented area within bioenergy research
In general, choosing one technology to focus
on at the detriment of others could have ne-
gative effects on the development and use of
bioenergy. Still, some areas are more critical
and in greater need of targeted efforts than
others. A pattern emerged regarding certain
technologies which could benefit from an
increased degree of research harmonisation
and collaboration in their development, na-
mely liquid biofuels. The field of liquid bi-
ofuels and bio-oils is more fragmented than
other biomass-related innovations. Conside-
rable challenges must be tackled to allow a
wider adoption of these solutions. Amongst
others, the last steps of bio-oil production
require further improvements. The conver-
sion of bio crude-oil into biofuel with qua-
lity standards suitable for aviation and road
transport is a specific topic which could be-
nefit from heightened cooperation.

5.1 Recommendations for future
knowledge sharing activities

Based on the findings presented in this
scoping paper five recommendations for
future knowledge sharing activities are put
forward.
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5.1.1 Facilitating industry and academy interactions via a Nordic-Baltic cooperation
platform

Future efforts to develop and share knowledge need to embrace a holistic Nordic-Baltic app-
roach, making sure to involve stakeholders throughout the region. Experts from the region
would benefit from a platform to meet, gain access to a wide insight the bioenergy field, and
cooperate.

Recommendation: Create a Nordic-Baltic cooperation platform on bioenergy
This cooperation platform could for example entail:
v Organisation of a general yearly meeting to share knowledge
v Organisation of targeted workshops based on yearly meeting discussions
v Redaction and dissemination of workshops and meetings results

5.1.2 Supporting existing Networks active in the region

Each country of the Nordic-Baltic region has a bioenergy association with a bespoke network
and sets of yearly meetings. Moreover, existing networks and yearly conference already gather
experts to share knowledge on certain aspects of bioenergy. For instance, the Nordic Biochar
Network® gathers members from the Nordic countries, organises and promotes events related
to biochar. Similarly, from 2016 to 2022 the Nordic Baltic Energy Conference** provided energy
experts with a forum to meet and exchange knowledge. Identifying these initiatives and sup-
porting them through the suggested Nordic Baltic cooperation platform would support know-
ledge exchange and federalisation of research and innovation in the region.

Recommendation: Identification of existing regional networks and initiatives

This could include the following activities:
v Support provided through the Nordic Baltic platform by dissemination of information
v Inclusion of existing networks and entities in the platform’s workshops and meetings

5.1.3 Creating a Nordic- Baltic call to promote regional cooperation

The countries of the Nordic-Baltic region share various similar features and aim to address the
same carbon challenges. In recent years, Nordforsk has opened various calls on bioenergy rela-
ted topics. The increase of such calls and the creation of a Nordic-Baltic programme for bioener-
gy research and funding would benefit the regional research environment through encouraging
collaboration tailored to the Nordic-Baltic context.
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Recommendation: Creation of a Nordic-Baltic research program on bioenergy
This could include the following activities:

v Design of a regional research program

v Creation of calls on topics via the cooperation platform

v Presentation of research results via the cooperation platform

5.1.4 |dentifying successful integrated local solutions for knowledge sharing

There are already several examples of integrated systems of bioenergy solutions in the
Nordic-Baltic region. Knowledge throughout the region of these integrated local bioenergy sys-
tems is however limited, which creates an opportunity for increased and structured knowledge
sharing.

Recommendation: |dentification of existing integrated local solutions in the Nordic-Baltic region
This could include the following activities:

v Creation of a media to share the knowledge gathered

v Presentation of the solutions via the cooperation platform

5.1.5 Involving tomorrow’s talents: Organisation of Nordic-Baltic hackathons

Universities are a crucial element of local ecosystems, they gather knowledge and expertise and
have the potential to gather local decision-makers, industry experts, and students. These fora
can be crucial environments to develop innovative solution to the energy systems of the area the
host universities are located in. A suggested activity to reap the benefits of universities fora are
hackathons. They give the opportunity to develop solutions in a shorter time frame and allow
to involve students.

Recommendation: Organisation of a Nordic-Baltic hackathon roadshow
This could include the following activities:
v/ Communication with universities and regions interested in participating in hackathons
v Presentation of examples of existing integrated bioenergy solutions
v Selection of local sites to use as development subjects for each hackathon
v Organisation of local hackathons

23



Defining core terms

Biomass source

Biomass 2018/2001/EU: the biodegradable fraction of products, waste
and residues from biological origin from agriculture, including vegetal
and animal substances, from forestry and related industries, including
fisheries and aquaculture, as well as the biodegradable fraction of waste,
including industrial and municipal waste of biological origin™" 6.

Waste biomass: organic residual products coming from the materials
used for food transformation and production, wastewater sludge from
treated industrial or human waste, and waste from gardens and parks
maintenance. Waste can also contain other elements such as manure or
forestry residue in minor quantities*’ *.

Forest biomass: raw material coming from the forestry industry such as
wood, harvest residues (sawdust, stumps, bark), and sludge from pulp and
paper industry*’.

Agriculture biomass: raw material coming from the agriculture indu-
stry such as energy crops, grass, manure, and straw and husk>’.

Blue biomass: material from the living organisms found in marine en-
vironments, especially seaweed and kelp®’.

Area of application

Bioenergy: Energy that is derived from biological matter (i.e. from plants
and animals) but which has not undergone a geological process (cf. fossil
fuels)™ .

Biofuels: Liquid fuel produced from biomass for transport3,

Bioliquids: Liquid fuel produced from biomass for energy purposes
other than for transport™ >’

Biomass fuels: gaseous and solid fuels produced from biomass® *.

Bioliquids for heating and/or electricity: Liquid fuels produced from
biomass to supply heating and/or electricity® .
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List of innovations identified

Id-nr Title Country |Link

1 Production of hydrogen and biochar from | Sweden bioplusportalen.se/en/project/production-of-hydrogen-
woody biomass via steam iron process and-biochar-from-woody-biomass-via-steam-iron-pro-
utilizing iron ore concentrate cess-utilizing-iron-ore-concentrate/

2 Biorefining of bark in biochemical conver- = Sweden bioplusportalen.se/en/project/biorefining-of-bark-in-bio-
sion and in forest-industrial processes chemical-conversion-and-in-forest-industrial-proces-

ses/

3 Systems analysis of biomass and carbon | Sweden bioplusportalen.se/en/project/systems-analysis-of-bio-
capture across energy sectors mass-and-carbon-capture-across-energy-sectors/

4 Sustainable and cost-effective production | Sweden bioplusportalen.se/en/project/sustainable-and-cost-ef-
of biobased fuels and chemicals via slurry fective-production-of-biobased-fuels-and-chemi-
hydroprocessing of forest residues cals-via-slurry-hydroprocessing-of-forest-residues/

© Next generation surveillance of biogas Sweden bioplusportalen.se/en/project/next-generation-surveil-
plants using Al — for improved efficiency lance-of-biogas-plants-using-ai-for-improved-efficien-
and resource utlisation cy-and-resource-utlisation/

6 The role of bioenergy to achieve energy Sweden bioplusportalen.se/en/project/the-role-of-bioener-
and climate goals — an assessment of a gy-to-achieve-energy-and-climate-goals-an-assess-
changeable function in a dynamic energy ment-of-a-changeable-function-in-a-dynamic-ener-
system gy-system/

7 Biogas Scenarios Sweden bioplusportalen.se/en/project/biogas-scenarios/

8 Prestudy for commercial plants for OFS Sweden bioplusportalen.se/en/project/prestudy-for-commerci-
sustainable biofuels al-plants-for-ofs-sustainable-biofuels/

9 Sustainable aviation fuel from thermoca- | Sweden, bioplusportalen.se/en/project/sustainable-aviation-fu-
talytic refining of lignin and lignin-derivati- = Finland el-from-thermocatalytic-refining-of-lignin-and-lig-
ves: development of biorefinery catalysts nin-derivatives-development-of-biorefinery-cata-
and reaction systems lysts-and-reaction-systems/

10 Efficient biofuel production and logistics Sweden bioplusportalen.se/en/project/efficient-biofuel-produc-
at terminals and industry tion-and-logistics-at-terminals-and-industry/

11 Reserve power service based on biogas | Sweden bioplusportalen.se/en/project/reserve-power-servi-

ce-based-on-biogas/
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12 Biogas and biofertilizer production in Sweden bioplusportalen.se/en/project/biogas-and-biofertili-
Mellanbygden, Vasterbotten zer-production-in-mellanbygden-vasterbotten/

13 Grey alder as a potential for increased Sweden bioplusportalen.se/en/project/grey-alder-as-a-po-
energy-oriented production in Sweden — tential-for-increased-energy-oriented-produc-
Evaluation of progeny experiments and tion-in-sweden-evaluation-of-progeny-experi-
their transformation to long-term silvicul- ments-and-their-transformation-to-long-term-silvicultu-
tural experiments ral-experiments/

14 ECO-FORCE FUELS: ECO-eFficient Sweden bioplusportalen.se/en/project/eco-force-fu-
biORefinery for Competitive production of els-eco-efficient-biorefinery-for-competitive-produc-
grEen renewable shipping FUELS tion-of-green-renewable-shipping-fuels/

15 BioPower 2023 Sweden bioplusportalen.se/en/project/biopower-2023/

16 Efficient syngas fermentation of gasified Finland, bioplusportalen.se/en/project/efficient-syngas-fermen-
woody biomass Sweden, tation-of-gasified-woody-biomass/

Norway

17 Development of Cost-Effective Process Norway AlgalBB | NMBU
for Phyco-Remediation of Dairy Wastewa- https://prosjektbanken.forskningsradet.no/project/
ter and Valorization of Algal Biomass for EU/101064183?Kilde=EU&distribution=Ar&chart=-
Production of Biofuel and Biochemical: A bar&calcType=funding&Sprak=no&sortBy=-
Sustainable Approach towards Bio-Refi- date&sortOrder=desc&resultCount=30&off-
nery set=0&Ar=2023&Ar=2022&Ar=2021&Ar=2020&Tema-

Emne.1=Bioteknologi

18 UNPRECEDENTED Norway UNPRECEDENTED | NMBU

19 Biofuel production from fish waste using Norway Biofuel production through big data | NMBU
data mining and data modeling for optimal
catalyst selection

20 HyProFuel Denmark HyProFuel Hydroprocessing Sustainable Fuels for

Aviation and Heavy Transport | Energiteknologi (energi-
forskning.dk)

21 WaveFuel Denmark WaveFuels | Energiteknologi (energiforskning.dk)
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22 SkyClean Denmark SkyClean | Energiteknologi (energiforskning.dk)
23 Straw-Fueil-Oil Denmark Straw-Fuel-Qil: A sustainable drop-in biofuel for the
decarbonization of the marine trans-portation sector |
Energiteknologi (energiforskning.dk)
24 Sustainability of Vehicle Fuel Biomethane | Finland (PDF) Sustainability of Vehicle Fuel Biomethane Produ-
Prouced From Silage in Finland ced from Grass Silage in Finland (researchgate.net)
25 Improving bio aviation fuel yield from bio- | Sweden Improving bio aviation fuel yield from biogenic carbon
genic carbon sources through electrolysis sources through electrolysis assisted chemical looping
assisted chemical looping gasification gasification (chalmers.se)
26 Bioenergy Retrofit of Facilitites for Heat Sweden, Bioenergy retrofit of facilities for heat and power pro-
and Power Production Lithuania duction (BIORET) — Lithuanian Energy Institute (lei.lt)
27 Multifunctional Biomass Energy Techno-  Lithuania Multifunctional Biomass Energy Technologies (Multi-
logies (MultiBET) BET) — Lithuanian Energy Institute (lei.lt)
28 Carbon Negative Biofuels from Organic Norway, Contact - CARBIOW
Waste Sweden, https://cordis.europa.eu/project/id/101084443
Finland
29 BUTTERFLY: Biomass Utilized To The Finland Biomass Utilized To The Extended portfolio of Renewa-
Extended portfolio of Renewable Fuels ble Fuels with Large Yields | BUTTERFLY | Project |
with Large Yields Fact sheet | HORIZON | CORDIS | European Commis-
sion (europa.eu)
https://research.lut.fi/converis/portal/detail/Pro-
ject/21676712
30 International cooperation for sustainable | Norway International cooperation for sustainable aviation
aviation biofuels biofuels | ICARUS | Project | Fact sheet | HORIZON |
CORDIS | European Commission (europa.eu)
31 From solar energy to fuel: A holistic Norway From solar energy to fuel: A holistic artificial photosynt-

artificial photosynthesis platform for the

production of viable solar fuels

hesis platform for the production of viable solar fuels |
REFINE | Project | Fact sheet | HORIZON | CORDIS |
European Commission (europa.eu)
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potential in cities. Proactive instruments
for implementation by policy makers and
stakeholders

32 Sustainable On-site and Innovative Tech- | Finland Sustainable On-site and Innovative Technologies
nologies for Advanced Transport BioFuels for Advanced Transport BioFuels from MicroalGae |
from MicroalGae FuelGae | Project | Fact sheet | HORIZON | CORDIS |

European Commission (europa.eu)

83/ Refinery integration, scale-up and certi- Norway, REFOLUTION — Refinery integration, scale-up and cer-
fication for aviation and marine biofuels Finland tification for aviation and marine biofuels production
production

https://cordis.europa.eu/project/id/101096780
34 ECOLOOP Estonia ECOLOOP | ECOLOOP | Project | Fact sheet | HORI-
ZON | CORDIS | European Commission (europa.eu)

85 Sustainable production of Cellulose-ba- Latvia https://celise.unican.es/
sed products and additives to be used in
SMEs and rural areas Sustainable production of Cellulose-based products

and additives to be used in SMEs and rural areas

36 Accelerating circular bio-based solutions | Denmark, https://biorural.eu/success-stories/
integration in European rural areas Lithuania,

Latvia https://cordis.europa.eu/project/id/101060166

37 Integrating torrefaction of pulp and paper  Estonia Integrating torrefaction of pulp and paper industry
industry sludge with microbial conversion: sludge with microbial conversion: A new approach to
A new approach to produce bioenergy produce bioenergy carriers and biochemicals in a view
carriers and biochemicals in a view of bio of bio and circular economy. | TOPIS-BioCirc | Project |
and circular economy Fact sheet | H2020 | CORDIS | European Commission

(europa.eu)

38 Evaluation of industrial symbiosis Sweden bioplusportalen.se/en/project/evaluation-of-industrial-
between fish farming and a hydrogen symbiosis-between-fish-farming-and-a-hydrogen-plant-
plant in Alby in-alby/

39 Exploring the circular bioeconomy Estonia https://cordis.europa.eu/project/id/101023516

https://biocircularcities.eu/
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40 Participation in IEA Bioenergy Task 45: Denmark Participation in IEA Bioenergy Task 45: Climate and
Climate and Sustainability Effects of Bioe- Sustainability Effects of Bioenergy within the broader
nergy within the broader Bioeconomy Bioeconomy | EUDP

41 IEA technology network "IEA Bioenergy Denmark IEA technology network "IEA Bioenergy Task 39 —
Task 39 — Commercializing Conventional Commercializing Conventional and Advanced Trans-
and Advanced Transport Biofuels from port Biofuels from Biomass and Other Renewable
Biomass and Other Renewable Feed- Feedstocks” | EUDP
stocks”

42 IEA Bioenergy Task 32 - Biomass com- Denmark IEA Bioenergy Task 32 - Biomass combustion - Danish
bustion - Danish representation 2022- representation 2022-2024 | EUDP
2024

43 EUDP 2020-II Sulfur Recirculation for Denmark EUDP 2020-Il Sulfur Recirculation for higher green
higher green power production and lower power production and lower dioxin for-mation | EUDP
dioxin for-mation

44 Trees For Me - Work Package 5 Sweden Research Projects - Trees For Me

45 Trees For Me - Work Package 4 Sweden Research Projects - Trees For Me

46 Trees For Me - Work Package 3 Sweden Research Projects - Trees For Me

47 Trees For Me - Work Packages 1 and 2 Sweden Research Projects - Trees For Me

48 HalmEnsilage — ensilage as a combined  Denmark HalmEnsilage — ensilage as a combined pre-treatment
pre-treatment and storage of straw for and storage of straw for biogas production | EUDP
biogas production

49 Optimized combination of heat pump and Denmark Optimized combination of heat pump and biomass
biomass system plant | EUDP

50 Development and testing of a total con- Denmark Development and testing of a total concept for trimming

cept for trimming and salvaging biomass
from winter rapeseed in the autumn year
of use for biogas production.

and salvaging biomass from winter rapeseed in the
autumn year of use for biogas production. | EUDP
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51 Increased energy yield and new green Denmark Increased energy yield and new green products from
products from biogas plants biogas plants | EUDP

52 Capture and utilisation of co2 through Denmark CAPTURE AND HARNESS CO2 THROUGH PHO-
photobioreactors to drive the green trans- TOBIOREACTORS TO DRIVE THE GREEN TRANSI-
ition (capco2) TION (CAPCO2) | EUDP

53 Bakkafrost og Forka (upgrading biogas to = Faroe https://www.bakkafrost.com/en/about-us/news/biogas-
biomethane) Islands, plant-foerka-starts-production-of-green-energy-from-

Sweden bio-organic-waste-from-bakkafrost-hatcheries

30




" Nordic council of ministers (2020). Norden som varldens mest hallbara och integrerade region — Hand-
lingsplan 2021-2024. Copenhagen: Nordic council of ministers. https://norden.diva-portal.org/smash/get/
diva2:1508280/FULLTEXTO01.pdf

2 Nordic Co-operation (2020). Declaration on Nordic Carbon Neutrality. Copenhagen: Nordic council of
ministers. https://www.norden.org/en/declaration/declaration-nordic-carbon-neutrality

3 Nordic Energy Research (2022). Baltic-Nordic Roadmap for Co-operation on Clean Energy Techno-
Iogles Oslo: Nordlc Energy Research. https: //www nordicenergy.org/publications/baltic- nordlc road-

fi bt () %

Nordlc%20Roadmag%20for%2000%2Dogeratlon%ZOon%ZOCIean%20Energy%20Technologles t0%20
2030%2C%202050%20and%20

4 Nordic Co-operation (2023). Nordic co-operation on energy improves security of supply. Copenhagen:
Nordic council of ministers. https://www.norden.org/en/news/nordic-co-operation-energy-improves-securi-
ty-supply

5 Nordic council of ministers (2021). Nordic indicators for Our Vision 2030. Copenhagen: Nordic council of
ministers. https://norden.diva-portal.org /smash/get/diva2:1577991/FULLTEXTO01.pdf

5 Nordic Energy Research (2022). Baltic-Nordic Roadmap for Co-operation on Clean Energy Techno-
logies. Oslo: Nordlc Energy Research. https: //www nordlcenergy org/publications/baltic- nordlc road-

f hnol i~ h

Nordlc%20RoadmaQ%20for%ZOCo%2Dogeratlon%200n%20CIean%20Energy%20Technologles t0%20
2030%2C%202050%20and%20

7 Nordic Co-operation (2023). More co-operation is the key to Nordic Vision 2030. Copenhagen: Nordic
council of ministers. https://www.norden.org/en/news/more-co-operation-key-nordic-vision-2030

8 Nordic Energy Research (2020). Sustainable use of biomass for heating and transport fuel. Nordic Energy
Research, Oslo, Norway https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-hea-
ting-and-transport-fuel/

9 Muhammad Saleem (2022). Possibility of utilizing agriculture biomass as a renewable and sustainable futu-
re energy source. Jubail: Heliyon. https://www.sciencedirect.com/science/article/pii/S2405844022001931

© Nordic Energy Research (2020). Sustainable use of biomass for heating and transport fuel. Nordic Energy
Research, Oslo, Norway https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-hea-
ting-and-transport-fuel/

" European Commission website. [Online] EU Taxonomy Navigator. EU Taxonomy Navigator (europa.eu)

2 European Commission website. [Online] EU Taxonomy Navigator: https://ec.europa.eu/sustainable-finan-
ce-taxonomy/
3 European Commission. (2012) Directive 2012/27/EU. Article 2, point 41. Directive 2012/27/EU of the

European Parliament and of the Council of 25 October 2012 on energy efficiency, amending Directives
2009/125/EC and 2010/30/EU and repealing Directives 2004/8/EC and 2006/32/ECText with EEA relevan-

ce (europa.eu)

4 Patronen, Kaura and Torvestad (2017). Nordic heating and cooling: Nordic approach to EU’s Heating and
Cooling Strategy. Copenhagen: Nordisk Ministerrad. p. 51 Nordic heating and cooling : Nordic approach to
EU’s Heating and Cooling Strategy (diva-portal.org)

5 Nordic Energy Research (2020). Sustainable use of biomass for heating and transport fuel. Nordic Energy
Research, Oslo, Norway https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-hea-
ting-and-transport-fuel/

' Bioenergy Insight (2020). Wood biomass prowded major renewable energy boost in Latvia, flgures show.
https:// .bi . / / id b

via-figures-show/

7 Enerdata (2022). Latvia Energy Information. https://www.enerdata.net/estore/energy-market/latvia/

'8 International Energy Ageny (2021). Implementation of bioenergy in Estonia — 2021 update. IEA Bioenergy
10. https://www.ieabioenergy.com/wp-content/uploads/2021/11/CountryReport2021_Estonia_final.pdf

% International Energy Agency (2021). Lithuania 2021: Energy Policy Review. Paris: IEA Publications. https://
iea.blob.core.windows.net/assets/4d014034-0f94-409d-bb8f-193e17a81d77/Lithuania_2021_Energy_Po-
licy _Review.pdf

% International Energy Agency (2023). CO, Emissions in 2022. Paris: IAE. https://www.iea.org/reports/CO,,-
emissions-in-2022 -

2! International Energy Agency (2023). Transport. Paris: IAE. https://www.iea.org/energy-system/transport

22 International Energy Agency (2023). Transport. Paris: IAE. https://www.iea.org/energy-system/transport

2 International Energy Agency (2016). Nordic Energy Technology Perspectives 2016. p. 21. Nordic Energy
Research, Nordic Council of Ministers. Paris: IAE. Nordic-Energy-Technology-Perspectives-2016.pdf
(nordicenergy.org)

2 Nordic Energy Research (2020). Sustainable use of biomass for heating and transport fuel. Nordic Energy

Research, Oslo, Norway https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-hea-
ting-and-transport-fuel/

31


https://norden.diva-portal.org/smash/get/diva2:1508280/FULLTEXT01.pdf
https://norden.diva-portal.org/smash/get/diva2:1508280/FULLTEXT01.pdf
https://www.norden.org/en/declaration/declaration-nordic-carbon-neutrality
https://www.nordicenergy.org/publications/baltic-nordic-roadmap-for-co-operation-on-clean-energy-tec
https://www.nordicenergy.org/publications/baltic-nordic-roadmap-for-co-operation-on-clean-energy-tec
https://www.nordicenergy.org/publications/baltic-nordic-roadmap-for-co-operation-on-clean-energy-tec
https://www.nordicenergy.org/publications/baltic-nordic-roadmap-for-co-operation-on-clean-energy-tec
https://www.norden.org/en/news/nordic-co-operation-energy-improves-security-supply
https://www.norden.org/en/news/nordic-co-operation-energy-improves-security-supply
https://norden.diva-portal.org /smash/get/diva2:1577991/FULLTEXT01.pdf
https://www.nordicenergy.org/publications/baltic-nordic-roadmap-for-co-operation-on-clean-energy-tec
https://www.nordicenergy.org/publications/baltic-nordic-roadmap-for-co-operation-on-clean-energy-tec
https://www.nordicenergy.org/publications/baltic-nordic-roadmap-for-co-operation-on-clean-energy-tec
https://www.nordicenergy.org/publications/baltic-nordic-roadmap-for-co-operation-on-clean-energy-tec
https://www.norden.org/en/news/more-co-operation-key-nordic-vision-2030
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://www.sciencedirect.com/science/article/pii/S2405844022001931
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://ec.europa.eu/sustainable-finance-taxonomy/
https://ec.europa.eu/sustainable-finance-taxonomy/
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:315:0001:0056:en:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:315:0001:0056:en:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:315:0001:0056:en:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2012:315:0001:0056:en:PDF
https://norden.diva-portal.org/smash/record.jsf?pid=diva2%3A1098961&dswid=-4498
https://norden.diva-portal.org/smash/record.jsf?pid=diva2%3A1098961&dswid=-4498
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://www.bioenergy-news.com/news/wood-biomass-provided-major-renewable-energy-boost-in-latvia-fig
https://www.bioenergy-news.com/news/wood-biomass-provided-major-renewable-energy-boost-in-latvia-fig
https://www.enerdata.net/estore/energy-market/latvia/
https://www.ieabioenergy.com/wp-content/uploads/2021/11/CountryReport2021_Estonia_final.pdf
https://iea.blob.core.windows.net/assets/4d014034-0f94-409d-bb8f-193e17a81d77/Lithuania_2021_Energy_
https://iea.blob.core.windows.net/assets/4d014034-0f94-409d-bb8f-193e17a81d77/Lithuania_2021_Energy_
https://iea.blob.core.windows.net/assets/4d014034-0f94-409d-bb8f-193e17a81d77/Lithuania_2021_Energy_
https://www.iea.org/reports/CO2-emissions-in-2022
https://www.iea.org/reports/CO2-emissions-in-2022
https://www.iea.org/energy-system/transport
https://www.iea.org/energy-system/transport
http://Nordic-Energy-Technology-Perspectives-2016.pdf (nordicenergy.org)
http://Nordic-Energy-Technology-Perspectives-2016.pdf (nordicenergy.org)
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/

% QOve Langeland (ed.), Magnus Andersson,Tom Erik Julsrud, Steven Sarasini, Maria Schnurr, Stefan Tongur
(2018). Decarbonizing the Nordic transport system: A TIS analysis of transport innovations. Oslo: Nordic
Energy Research. https://www.toi.no/getfile.php?mmfileid=50109#page=57&zoom=100.129.782

26 Nordic Energy Research (2020). Sustainable use of biomass for heating and transport fuel. Nordic Energy
Research, Oslo, Norway https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-hea-
ting-and-transport-fuel/

27 Eurostat (2022). Statistical pocketbook 2022. EU transport in figures. Luxembourg: Publications Office of
the European Union. https://op.europa.eu/en/publication-detail/-/publication/f656ef8e-3e0e-11ed-92ed-
01aa75ed71al/language-en/format-PDF/source-298030858

% Hannah Ritchie (2020). Cars, planes, trains: where do transport CO, emissions come from? Our World in
Data. https://ourworldindata.org/CO -emissions-from-transport

2 Hannah Ritchie (2020). Cars, planes, trains: where do transport CO, emissions come from? Our World in
Data. https:/ourworldindata.org/CO,-emissions-from-transport

30 Johan Ahlstrom, Yawer Jafri, Elisabeth Wetterlund, Erik Furusjo (2023). Sustainable aviation fuels — Op-
tions for negative emissions and high carbon efficiency. Stockholm, Lulea, Laxenburg: International Jour-
nal of Greenhouse Gas Control 125. https://www.diva-portal.org/smash/get/diva2:1752231/FULLTEXTO1.
pdf

3! Robert Malina, Megersa Abate, Charles Schlumberger, Freddy Navarro Pineda (2022). The Role of
Sustainable Aviation Fuels in Decarbonizing Air Transport. Washington D.C.: World Bank Group. https:/
documents1.worldbank.org/curated/en/099845010172249006/pdf/P174863082996a08b098a10d078d-
421c6a3.pdf

32 Nordic Energy Research (2020). Sustainable use of biomass for heating and transport fuel. Nordic Energy
Research, Oslo, Norway https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-hea-
ting-and-transport-fuel/

3% European Technology and Innovation Platform (2023). Biofuels in Aviation. ETIP. https://www.etipbioener-

.eu/value-chains/products-end-use/end-use/air

34 Goran Dominioni, Dominik Englert (2022). Carbon Revenues from International Shipping: Enabling an
Effective and Equitable Energy Transition - Technical Paper. Washington D.C.: World Bank. https:/www.
worldbank.org/en/topic/transport/publication/carbon-revenues-from-international-shipping

3 Nordic Energy Research (2020). Sustainable use of biomass for heating and transport fuel. Nordic Energy
Research, Oslo, Norway https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-hea-
ting-and-transport-fuel/

3¢ Nordic Energy Research (2020). Sustainable use of biomass for heating and transport fuel. Nordic Energy
Research, Oslo, Norway https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-hea-
ting-and-transport-fuel/

37 Sara Treerup, Riyong Kim Bakkegaard (2015). Determining technologies for climate change adaptations
— A hands-on guidance to multi criteria analysis (MCA) and the identification and assessment of related
criteria. Climate Reslilient Development programme. https://tech-action.unepccc.org/wp-content/uploads/
sites/2/2019/09/mca-guidance-adaptation-english19jan2016.pdf

38 McKinsey & Company (2022). What is innovation? https://www.mckinsey.com/featured-insights/mckin-
sey-explainers/what-is-innovation

3% Palopuro Agreocological symiosis. Helsinki: University of Helsinki. https://blogs.helsinki.fi/palopuronsym-
bioosi/english/

40 Bakkafrost (2023). Exciting results: Fgrka produces energy out of food waste. https://www.bakkafrost.com/
en/about-us/news/exciting-results-foerka-produces-energy-out-of-food-waste

41 Liquid Wind (2023). FlagshipONE far byggdom for Sveriges forsta storskaliga anlaggning for gront elektro-
bransle. https://www.liquidwind.se/news/flagshipone-far-byggdom-sveriges-forsta-anlaggning-gront-elek-
trobransle

“2 Trees For Me website. [Online] About Trees For Me. https:/treesforme.se/en/about-trees-for-me/

4% Nordic Biochar Network (2023). https://www.nordicbiochar.org/

44 Nordic Council of Ministers (2022). Nordic-Baltic Energy Conference 2022 (NB8): Energy policies and
strategies under pressure. Talinn: Nordic Council of Ministers’ Office in Estonia. https://www.norden.ee/en/
green-growth/energy/nb-energy-2022

45 Nordic Energy Research (2020). Sustainable use of biomass for heating and transport fuel. Nordic Energy
Research, Oslo, Norway https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-hea-
ting-and-transport-fuel/

46 Renewable energy directive 2018/2001/EU, article 2(24). EUR-Lex - 32018L.2001 - EN - EUR-Lex (europa.
eu)

47 Nordic Energy Research (2019). Food Waste to Biofuels. Food Waste to Biofuels — Nordic Energy Research

6 Nordic Energy Research (2019). Potential for Bioenergy in the Nordics. Potential for Bioenergy in the
Nordics — Nordic Energy Research

“ Nordic Energy Research (2019). Potential for Bioenergy in the Nordics. Potential for Bioenergy in the
Nordics — Nordic Energy Research

32


https://www.toi.no/getfile.php?mmfileid=50109#page=57&zoom=100,129,782
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://op.europa.eu/en/publication-detail/-/publication/f656ef8e-3e0e-11ed-92ed-01aa75ed71a1/langua
https://op.europa.eu/en/publication-detail/-/publication/f656ef8e-3e0e-11ed-92ed-01aa75ed71a1/langua
https://ourworldindata.org/CO2-emissions-from-transport
https://ourworldindata.org/CO2-emissions-from-transport
https://www.diva-portal.org/smash/get/diva2:1752231/FULLTEXT01.pdf
https://www.diva-portal.org/smash/get/diva2:1752231/FULLTEXT01.pdf
https://documents1.worldbank.org/curated/en/099845010172249006/pdf/P17486308a996a08b098a10d078d421c6
https://documents1.worldbank.org/curated/en/099845010172249006/pdf/P17486308a996a08b098a10d078d421c6
https://documents1.worldbank.org/curated/en/099845010172249006/pdf/P17486308a996a08b098a10d078d421c6
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://www.etipbioenergy.eu/value-chains/products-end-use/end-use/air
https://www.etipbioenergy.eu/value-chains/products-end-use/end-use/air
https://www.worldbank.org/en/topic/transport/publication/carbon-revenues-from-international-shipping
https://www.worldbank.org/en/topic/transport/publication/carbon-revenues-from-international-shipping
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://tech-action.unepccc.org/wp-content/uploads/sites/2/2019/09/mca-guidance-adaptation-english19
https://tech-action.unepccc.org/wp-content/uploads/sites/2/2019/09/mca-guidance-adaptation-english19
https://www.mckinsey.com/featured-insights/mckinsey-explainers/what-is-innovation
https://www.mckinsey.com/featured-insights/mckinsey-explainers/what-is-innovation
https://blogs.helsinki.fi/palopuronsymbioosi/english/
https://blogs.helsinki.fi/palopuronsymbioosi/english/
https://www.bakkafrost.com/en/about-us/news/exciting-results-foerka-produces-energy-out-of-food-wast
https://www.bakkafrost.com/en/about-us/news/exciting-results-foerka-produces-energy-out-of-food-wast
https://www.liquidwind.se/news/flagshipone-far-byggdom-sveriges-forsta-anlaggning-gront-elektrobrans
https://www.liquidwind.se/news/flagshipone-far-byggdom-sveriges-forsta-anlaggning-gront-elektrobrans
https://treesforme.se/en/about-trees-for-me/
https://www.nordicbiochar.org/
https://www.norden.ee/en/green-growth/energy/nb-energy-2022
https://www.norden.ee/en/green-growth/energy/nb-energy-2022
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG
https://www.nordicenergy.org/publications/food-waste-to-biofuels/
https://www.nordicenergy.org/publications/potential-for-bioenergy-in-the-nordics/
https://www.nordicenergy.org/publications/potential-for-bioenergy-in-the-nordics/
https://www.nordicenergy.org/publications/potential-for-bioenergy-in-the-nordics/
https://www.nordicenergy.org/publications/potential-for-bioenergy-in-the-nordics/

0 Nordic Energy Research (2019). Potential for Bioenergy in the Nordics. Potential for Bioenergy in the
Nordics — Nordic Energy Research

5" European Comm|SS|on (2022) Blue bioeconomy and blue blotechnology Brussels: European Commlssmn.
https:// h .ec. .eu/ /bl

52 Nordic Energy Research (2020). Sustainable use of biomass for heating and transport fuel. Nordic Energy
Research, Oslo, Norway https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-hea-
ting-and-transport-fuel/

53 European Union terminology (2015). Glossary of terms related to the Common Agricultural Policy. Glossa-
ry:Common agricultural policy (CAP) - Statistics Explained (europa.eu)

54 Nordic Energy Research (2020). Sustainable use of biomass for heating and transport fuel. Nordic Energy
Research, Oslo, Norway https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-hea-
ting-and-transport-fuel/

% Renewable energy directive 2018/2001/EU, article 2(33). https://eur-lex.europa.eu/legal-content/EN/TX-
T/?uri=uriserv:0J.L_.2018.328.01.0082.01.ENG

56 Nordic Energy Research (2020). Sustainable use of biomass for heating and transport fuel. Nordic Energy
Research, Oslo, Norway https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-hea-
ting-and-transport-fuel/

57 Renewable energy directive 2018/2001/EU, article 2(32). https://eur-lex.europa.eu/legal-content/EN/TX-
T/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG

58 Nordic Energy Research (2020). Sustainable use of biomass for heating and transport fuel. Nordic Energy
Research, Oslo, Norway https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-hea-
ting-and-transport-fuel/

% Renewable energy directive 2018/2001/EU, article 2(27). https://eur-lex.europa.eu/legal-content/EN/TX-
T/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG

50 Nordic Energy Research (2020). Sustainable use of biomass for heating and transport fuel. Nordic Energy
Research, Oslo, Norway https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-hea-
ting-and-transport-fuel/

61 Renewable energy directive 2018/2001/EU, article 2(32). https://eur-lex.europa.eu/legal-content/EN/TX-
T/?uri=uriserv:0J.L._.2018.328.01.0082.01.ENG

33


https://www.nordicenergy.org/publications/potential-for-bioenergy-in-the-nordics/
https://www.nordicenergy.org/publications/potential-for-bioenergy-in-the-nordics/
https://oceans-and-fisheries.ec.europa.eu/ocean/blue-economy/blue-bioeconomy-and-blue-biotechnology_
https://oceans-and-fisheries.ec.europa.eu/ocean/blue-economy/blue-bioeconomy-and-blue-biotechnology_
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://www.nordicenergy.org/publications/sustainable-use-of-biomass-for-heating-and-transport-fuel/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG

