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The Bioeconomy Program has commissioned the consulting company, WSP, to study plant
nutrition supply in the Nordic and Baltic countries, with a particular focus on the extent to
which possible shortages could cause challenges for these countries. The Bioeconomy Program
is managed by Nordic Forest Research (SNS), financed by the Nordic Council of Ministers.
The study (December 2023 through April 2024) included the following components:

Mapping: Identification of ongoing initiatives, pilot studies and activities that aim to
secure the supply of plant nutrition within the Nordic and Baltic countries. The mapping
focused on both mineral fertilizer production and production/extraction of raw materials
(now or in the near future) and was built on internet searches and interviews with key
producers.

Workshop: Organization of a workshop (19 March 2024) with experts and key actors
(ncluding researchers and actors within the fertilizer industry) to share results from the
mapping exercise and to stimulate discussion about key findings and possible next steps.

Policy brief: Development of a policy brief summarizing key findings from the mapping
and workshop. This policy brief summarizes the following:

* The current status of plant nutrition supply

* Key risks and challenges associated with these initiatives

* Preliminary policy interventions

* Suggested next steps




The results of the mapping
exercise separate the most
promising initiatives from
other minor initiatives, where the
former capture the most significant
based on expected volume and/or sca-
lability.

The initiatives included in the map-
ping are either in active development or
have already made significant progress
in creating fertilizers, or inputs there-

he current status of plant
nutrition supply

of, based on at least some of the three critical
materials: nitrogen, potassium, and phosp-
horus. The other minor initiatives represent
early-stage projects that were considered less
relevant at this point, but which may become
significant in the future. Five of the six most
promising initiatives are located in Sweden
and no initiatives were found in the Baltic
countries. The figure below summarizes the
initiatives that were identified including their
expected production start.
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Here are a few key takeaways from the mapping:

e Fertilizer inputs vary depending on the technology applied (or newly deve-
loped) and the end-product. In some cases, the only inputs required are water,
air, and renewable energy sources, while others require a more complex mix
including, limestone, sulfuric acid, or hydrochloric acid. Nearly all initiatives
captured in the mapping need to import at least one or more inputs, and, in
some cases, from outside Europe.

* Annual production capacity varies across initiatives and ranges from
50,000 to one million tons of fertilizer. If we contextualize, it means that
some initiatives could potentially address Sweden’s total current demand of
fertilizer (or even exceed it).

* The timeline for achieving full-scale production varies across initiatives,
with some initiatives already in production (commercially available product
by 2024) while others are striving to secure environmental permits to enable
production before 2030. Many of the initiatives have yet to achieve full-scale
production and have encountered certain challenges along the way (detailed
below). In some cases, the challenges have delayed the production start and/or
prevented achievement of stated objectives.

* When, and if, these obstacles can be resolved — and production is underway
— the initiatives are likely to offer substantial benefits related to both sustaina-
bility and a more secure food supply (based on increased availably of fertilizer
production). For example, assuming the most promising initiatives are opera-
tional (with a commercial product) by 2030, the Nordic countries’ reliance on
fertilizer imports will likely decrease, setting the countries on a path toward
greater self-sufficiency. The contribution to domestic fertilizer production and
subsequent contribution toward stronger self-sufficiency should be viewed in
light of the fact that some of the initiatives will be relying on imported inputs
— sometimes from outside Europe.
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For key risks and challenges associated with
the ongoing initiatives were identified, based
on both the mapping report and the sub-
sequent workshop with experts.

Future consumer demand

During the interviews and workshop, some
companies expressed uncertainty about future
consumer demand for a “low-carbon-but-
high-priced” end-product (food). Some of the
initiatives emphasized that the production of
fossil-free fertilizers will be significantly more
expensive than production with fossil fuels.
Higher fertilizer prices may lead to strained
economic conditions for farmers and in-
creased prices for food and feed.

Given that farmers already operate

with small profit margins, it is unli-

kely that these additional costs will 7
be passed on to this group. Instead, it

is probable that this burden will ul-

timately fall on the end-consumer (a "
point that was also emphasized in the [
workshop discussion).
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Since five out of six of the "most promising”
initiatives are found in Sweden, some risks
and challenges are specific to Sweden’s con-
ditions.

Other interviewed initiatives asserted that
it is possible to produce at the same cost (or
possibly lower) with fossil-free inputs, rather
than fossil-based production. However, the
end-consumers will likely still pay a higher
price, at least in the short term, since the fos-
sil-free goods will be marketed as a ”premi-
um green product”. This means that consu-
mers’ demand of (acceptance of) fossil-free

production will ultimately be crucial. In the

long term, however, production costs are
expected to decline as production volu-
mes increase over time. As the majority

of food products in the market transition to
fossil-free production, the grocery store (or
other "middleman” in the supply chain) will
be unable to charge a higher price, since fos-
sil-free products will become the new normal.
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2 Import of inputs

Four of the six most promising initiatives will
need to import one or more inputs from out-
side Sweden (in some cases outside Europe).
Imports lead to vulnerability with respect to
global disruptions, given a dependence on fo-
reign markets. These supply shocks can lead
to longer delivery times, shortage of goods,
and higher prices (as demonstrated after Rus-
sia invaded Ukraine). From a preparedness
perspective, it is therefore relevant to consi-
der the proportion of imported inputs used

Green electricity

Demand for green electricity is increasing as
the world transitions to fossil-free production
and producers’ ability to secure access to
this electricity is becoming more difficult.
Most of the mapped initiatives have made
a strategic decision to locate production in
areas with access to green electricity (which
was observed in Sweden where production
was located in the north, where the supply of
such electricity is more abundant).

The challenge of green energy supply

in the production of low-carbon fertilizers.
Even though Sweden may have the capacity
to produce enough grain to meet all domestic
needs, the production, in some cases, is de-
pendent on the import of key inputs. In the
absence of disruptions, this will not affect the
volume of fertilizer production (at least over
the short term), but even minimal reliance on
imports prevents the currently mapped initi-
atives from contributing to greater self-suffi-
ciency in food production.

extends beyond fertilizer initiatives alone,
with several industrial investment projects
underway in northern Sweden. Access to
the power grid may take time and electricity
prices may rise in northern Sweden due to
this increased demand. The initiatives studied
in the mapping report acknowledge this
potential challenge from a broad perspective
but remain confident that energy availability
will not be a major obstacle in the short term
for their production processes.

Permitting process and legislation

The permitting process for new initiatives
is uncertain, time-consuming, and not spe-
cifically designed to handle new and inno-
vative technologies. The “most promising”
initiatives are expected to start their produc-
tion before 2030 and — at least thus far — do
not expect major delays due to permitting.
However, delays are nonetheless a possibility
that could lead to production starts after 2030.

Some of the mapped initiatives have under-

lined that the current legislation in Sweden
is inadequate. Today, Sweden has a “linear
based” approach to legislation for nutrients,
which creates barriers for circular solutions
(e.g., recycling nutrients in a new technolo-
gical process). Moreover, there is no national
legislation addressing fertilizer quality (e.g.,
clear requirements for de-toxification of input
material), which makes it difficult for new in-
itiatives to gain momentum.



The workshop discussion suggested a need
for policy interventions in the Nordic and
Baltic countries to address key challenges and
thus enable full-scale production of fossil-free
fertilizers. The table below summarizes some
of the policy interventions identified. The text
below provides more details.

Consumers’
fertilizers will be crucial. A subsidy on low-
carbon production methods of fertilizers

demand for fossil-free

— and/or a tax on old production methods
that are environmentally costly — could be
a way forward to stimulate and support this
demand. Both policies could play a significant
role in reducing carbon emissions while
also increasing self-sufficiency
and supply of fertilizers in
the Nordic/Baltic region.
However, this requires the
governments to set reason-
able policy parameters
(e.g., the social cost of car-
bon, balancing this cost with
economic performance, and
other social welfare concerns).
Subsidies in the US for low-carbon
initiatives are gaining interest from in-
vestors and, in the short run, they will likely
allow the US to dominate this sector by gene-
rating large quantities of plant nutrition.
Several actors stressed the need for legislati-
ve/regulatory reform in this area. But trans-

forming legislation and regulation through
e.g., changes to the permitting process for new
fertilizer production methods will, in turn,
require political support on a higher level.
Scaling up the fossil-free fertilizers produc-
tion requires green electricity, which, in turn,
requires not only sufficient power supply,
but also key logistics. Workshop participants
emphasized the need to dialogue with poli-
cymakers so they have the knowledge and un-
derstanding of how policy decisions can affect
the market for green electricity. Participants
also stressed the importance of establishing
long-term and predictable policies, which is
key to generating certainty for invest-
ments/investors.

Another policy in-
tervention could be
to create a network/

platform across the
Nordic/Baltic region to
link different types of

stakeholders and to help
share and distribute know-
Several workshop
emphasized the

ledge'.
participants
need for further collaboration among
stakeholders in the value chain, not least to
help discuss and propose common goals and
visions. There is also a need for developing
an agreement between the Nordic/Baltic

countries from a preparedness perspective.

' Arelated recommendation was to establish a PhD program at the Nordic/Baltic level to promote bi-lateral collaboration across
universities. The recommendation was built on the observation that in the 1990s, the Nordic Council of Ministers funded similar
programs related to energy development which resulted in, among other things, PhD positions and subsequently a network of
scientists that are today’s business leaders in this field.



Table 1. Suggested policy interventions.

Policy intervention
Establishment of a goal and strategy

Subsidy to support production

Legislative/regulatory reform

Tax to encourage certain production methods

Networks/platforms

Comment

Create a common goal, vision, and strategy for plant
nutrition supply in the Nordic/Baltic.

Subsidies to encourage low-carbon fertilizer production
methods/initiatives.

Current laws/regulations are sub-optimal for addressing
risks and possibilities of new technology. Current
permitting could be simplified or accelerated, but requires
a certain political will.

A tax on older more conventional production methods
could highlight the environmental costs; the revenue
raised could be used to finance subsidies for better
production methods.

Create Nordic/Baltic networks and platforms to link
different types of stakeholders and share knowledge
(researchers, policy makers, companies, etc). Could
involve establishing new PhD programs.




The next step would be to further develop the
suggested policy interventions (above) with
the aim of generating concrete proposals to
support policy making.

WSP’s assessment suggests that this may
first require further refinement of the self-
sufficiency concept and efforts to foster more
collaboration.

Further refine the self-sufficiency concept

The mapping report aimed to better under-
stand possible vulnerability in a system re-
liant on imported inputs. The report found
that the Nordic and Baltic countries have long
been dependent on the import of mineral fer-
tilizers (or raw materials to produce mineral
fertilizers), and that a new effort is underway
that strives toward strengthen self-sufficiency.

However, during interviews and the
workshop, it became evident that the con-
cept of self-sufficiency is not straightforward,;
instead, lending itself to variable interpreta-

tions. For example, does self-sufficiency re-

quire both production and raw materials to
be domestic? If input materials need to be
imported, does it matter where it comes from
— other Nordic countries? Europe? Canada,
etc.? There was clear consensus on avoiding
dependence on Russia and Belarus, but opi-
nions varied on how best to approach imports
from other countries.

This suggests a need to examine how to
interpret and refine the concept of self-suffi-
ciency, which affects how we should approach
collaboration within the Nordic/Baltic region
and, potentially, even beyond that.

Foster collaboration through a platform/network

Participants in the workshop (including re-
searchers and actors within the fertilizer in-
dustry) emphasized a need to bring together
diverse professionals to discuss and study key
issues. A key suggestion was to create a plat-
form or network to foster more collaboration
among fertilizer industry actors. This sugges-
tion is also in line with a previous analysis by
RISE that identified as a challenge the current

lack of collaboration around fertilizer rela-
ted-issues?.

The Bioeconomy Program is actively ope-
rating in the intersection of researchers and
policy makers. As such, it could offer a pos-
sible platform and infrastructure to facilitate
such collaboration. A next step could be to ex-
plore the design of such a platform and which
actors could be invited to participate.

2RISE (2024) Vaxtnaring till jordbruket i osékra tider — scenarier och dokumentation fran en workshop
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Develop concrete suggestions for policy intervention

Several policy interventions were identified
in the workshop that may address some of
the key challenges and risks. These prelimi-
nary suggestions are summarized in the table
above, but require further specification and
analysis before they can evolve into concre-
te policy proposals that can facilitate debate
on a higher political level. Doing so requires
a more comprehensive analysis of these sug-

gestions (and perhaps even other suggestions)
that considers, for example, policy relevance,
feasibility, likely impacts, and a valuation im-
pacts (i.e., assessment of possible costs and
benefits). This could be conducted through a
more detailed policy analysis and/or through
a workshop with policy experts that aim to
refine, improve, and recommend a set of con-
crete policy interventions.
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