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Preface

The Expert Group for a Green Tax Reform was established in February 2021.
The members of the Expert Group are:

e Michael Svarer, Professor at the Department of Economics, Aarhus University,
Chairman

e Joan Faurskov Cordtz, Partner at PwC

e  Susanne Juhl, Chairman and member of the Board

e  Claus Thustrup Kreiner, Professor at the Department of Economics, University
of Copenhagen

e Peter Birch Sgrensen, Professor at the Department of Economics, University of
Copenhagen

e Mette Termansen, Professor at the Department of Food and Resource Econom-
ics, University of Copenhagen

The Expert Group has been tasked with preparing proposals which organise an ap-
propriate regulation set-up that contributes to reducing greenhouse gas emissions
within the Danish territory. Based on the guiding principles of the Danish Climate
Act, the regulation must, among other things, balance socio-economic efficiency
with the aim of preserving existing business structures and minimising carbon leak-
age risk.

The Expert Group published the first interim report in February 2022. The report pri-
marily focused on emissions from industry etc., and presented models that contrib-
uted to significant reductions in greenhouse gas emissions in various ways.

Based on the first report, a broad majority in the Danish Parliament entered an
agreement in June 2022 on a green tax reform that contributed to harmonising the
taxation of greenhouse gas emissions while supporting the development of climate-
friendly technologies.

This report primarily focuses on regulation to help reduce biological greenhouse gas
emissions in agriculture.

It's a complicated task. No other country has implemented tax-based regulation of
non-energy-related greenhouse gas emissions from agriculture, and thus, the inspi-
ration to find solutions for agriculture must come from elsewhere. This report pre-
sents various proposals for regulating agricultural emissions based on the principles
characterising the political agreement on a green tax reform for the industry etc.

The Danish climate targets set the framework for the report's ambition level. The
Danish Climate Act of 2019 contains a binding target that greenhouse gas emis-
sions from Denmark must be reduced by 70 per cent in 2030 relative to 1990 levels.
In addition, Denmark is committed to the EU to fulfil the so-called Effort Sharing
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Regulation, which sets requirements to reduce emissions from sources not regu-
lated by the EU ETS. Furthermore, the LULUCF Regulation requires Denmark to ful-
fil specific requirements for reductions in areas such as forestry and cultivation of
agricultural land. The models presented in this report fulfil the reduction require-
ments defined by the climate targets.

In addition to the members of the Expert Group, Deputy Permanent Secretaries
from Ministry of Taxation, Ministry of Finance, Ministry of Climate, Energy and Utili-
ties, Ministry of Environment, Ministry of Food, Agriculture and Fisheries, and Minis-
try of Industry, Business and Financial Affairs participated in the discussions. We
have been serviced by a secretariat consisting of officials from the aforementioned
ministries. We thank them for their great dedication and work.

We would also like to take this opportunity to thank the many stakeholders from the
Danish business sector and members of the Expert Monitoring Group who have
contributed to our work.

Michael Svarer
/Expert Group for a Green Tax Reform, 21 February 2024

The editing was completed on 19 February 2024.
Translation by Denker Media finished April 2024.



Summary

In this final report, the Expert Group for a Green Tax Reform highlights models for a
more uniform regulation of greenhouse gas emissions which were not addressed in
the Expert Group's first interim report. Therefore, this report focuses on non-energy-
related emissions from agriculture and forestry, which are expected to account for
approx. 46 per cent of Denmark's total greenhouse gas emissions in 2030 if climate
policy remains unchanged. The report does not present proposals for further regula-
tion of road transport, as the Expert Group operates under the assumption that the
government's proposal to increase the diesel tax will be implemented.

The principles of the Expert Group's work and the balance between the con-
siderations of the Danish Climate Act

In accordance with the terms of reference, the Expert Group's analyses are based
on the guiding principles of the Danish Climate Act, where the requirement for cost-
effectiveness in climate action is central. In order to achieve cost-effective regula-
tion, the incentive for greenhouse gas reduction must, to the greatest degree possi-
ble, be uniform across the entire economy. This can be achieved by imposing a uni-
form tax on all greenhouse gas emissions (measured as CO:2 equivalents reflecting
their Global Warning Potential) and subsidising negative emissions at the same rate.
However, the Danish Climate Act also contains other considerations, including the
intention of counteracting significant paradigm shifts in businesses leading to green-
house gas leakage, where production and the associated emissions move abroad.
According to the Danish Climate Act, the impact of climate policy on social balance
and cohesion, i.e. the distribution of the burden between different groups in society,
must also be taken into account, and climate policy must adhere to the principle of
sound public finances.

The Expert Group's analyses show that it is not possible to fully reconcile all these
considerations at the same time through a fully uniform CO--eq tax on all emissions
from all sectors of society. A fully uniform CO:-eq tax can certainly ensure a fully
cost-effective fulfiiment of the Danish Climate Act's target of a 70 per cent reduction
in greenhouse gas emissions from Danish territory in 2030 compared to 1990, but it
will also lead to significant paradigm shifts in businesses with a high risk of green-
house gas leakage. Palitical decision-makers must therefore evaluate the various
considerations, which may cause them to refrain from introducing a completely uni-
form CO2-eq tax on all emissions. Taking this into consideration, the Expert Group's
first interim report on climate regulation of industry etc., in addition to a model with a
completely uniform CO2-eq tax, presented two other models with reduced tax rates
for particularly leakage-prone parts of the industry to illustrate the inevitable political
trade-offs between cost-effectiveness and minimising paradigm shifts in businesses
and carbon leakage.

Main characteristics of the Expert Group's proposal for models for climate
regulation of agriculture

In this report, which primarily focuses on reducing greenhouse gas emissions from
agriculture, the Expert Group has again chosen to present three different regulatory
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models that emphasise the considerations of the Danish Climate Act and the terms
of reference differently. All three models aim to avoid arbitrary discrimination against
agriculture relative to other sectors of the economy. In the Expert Group's model 1,
agriculture is equated with other industries outside of the EU ETS, which implies a
CO2-eq tax of DKK 750 per tonne of CO2-eq in 2030. In the Expert Group's proposal
for model 2, agriculture is equated with the companies within EU ETS, since model 2
taxes agricultural emissions at an effective rate of DKK 375 per tonne of COz-eq in
2030, while model 3 involves an effective tax rate of DKK 125 per tonne of CO2-eq
in 2030 on livestock, thus equating animal agriculture with the leakage-prone indus-
trial companies within mineralogy.

The Expert Group's proposal for model 1 emphasises socio-economic cost-effec-
tiveness, but implies a significant reduction in agricultural production, especially in
cattle farming. The expected decrease in production leads to a relatively high risk of
carbon leakage. Model 2 emphasises on replacing CO2-eq reductions achieved
through production decline with reductions from measures of a more technological
nature that reduce carbon leakage, but are costlier in socio-economic terms. Model
3 places even greater emphasis on minimising the decline in production through ad-
ditional technical effects but involves an even higher socio-economic cost, a signifi-
cant annual burden on government finances, and greater uncertainty about the
achievability of technological reductions.

All three models are designed so that, with a phase-in from 2027, which in combina-
tion with initiatives outside the scope of the Expert Group's work are estimated to
deliver on the 70 per cent target of the Danish Climate Act and Denmark's climate
commitments in the Effort Sharing Regulation. The models are expected to reduce
CO:2-eq emissions in 2030 of around 2.4-3.2 m tonnes from the agriculture and for-
estry sector. The models are also estimated to provide significant reductions after
2030. Increased afforestation and wetland restoration of carbon-rich agricultural
land (e.g. drained peatlands), which are included in all three models, contribute an
additional 1.2 m tonnes of CO2-eq reduction in 2035 and 2.7 m tonnes annually
from 2045 onwards relative to the effect in 2030.

The models presented should be seen in light of the fact that the estimated reduc-
tions necessary for achieving the 70 per cent target in 2030 has been reduced as a
result of the implementation of the revised EU Emissions Trading System Directive,
the political agreement on green aviation and the government's proposal to increase
the diesel tax. Together, these measures are estimated to reduce emissions by ap-
prox. 1.1 m tonnes COz-eq in 2030. Furthermore, a partial correction for the new
peatland maps is estimated to reduce emissions by 2 m tonnes of CO2-eq in 2030.
The starting point for the Expert Group's calculations in relation to meeting the 70
per cent target in 2030 is thus that the remaining reduction need amounts to ap-
prox. 2.5 m tonnes of CO2-eq.

Emissions from agricultural biological processes and farm-related activities
The Expert Group's proposal for tax models for agriculture includes three main
groups of greenhouse gas emissions:

1. Emissions from livestock. Emissions come primarily from cattle and pigs but
also from other livestock, including chickens, ducks, sheep, goats, horses,
deer, lambs, and pheasants.

2. Emissions from spreading manure and agricultural lime on fields. Here, ma-
nure can be regulated either by tax or by restructuring direct agricultural sub-
sidies.
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3. Emissions from carbon-rich agricultural land.

Livestock is by far the largest source of emissions in agriculture. Therefore, all of the
Expert Group's proposed models include an effective tax on emissions from live-
stock that corresponds to the CO2-eq tax rate in the industry etc. to which agricul-
ture is equated, i.e. DKK 750, 375 or 125 per tonne of CO2-eq depending on the
chosen model. Emissions from manure on fields are regulated with a tax or by re-
structuring the hectare subsidy to a subsidy for reduced fertiliser use, both with a
marginal incentive of DKK 750 per tonne of CO2-eq, corresponding to the tax rate
on companies in the industry etc. that are currently not regulated under the EU ETS.

The taxation and subsidy rate for reduced manure usage are based on calculations
of the activities on the individual farm. These calculations are made using the emis-
sions factors used in Denmark's official national emissions inventory to the EU and
the UN, which also forms the basis for monitoring Denmark's fulfiment of the Danish
Climate Act's 70 per cent target and EU commitments. The inventory takes the fact
that emissions from different types of livestock are different and depend, among
other things, on the type of housing and how fertiliser and slurry are handled in the
stables and storage facilities into account. Furthermore, the calculated emissions
are reduced when a company implements measures to reduce emissions from ani-
mals and slurry containers etc., if these measures are approved and included in the
national emissions inventory.

In this context, the relevant authorities must contribute to the reduction effect and
expansion of new measures being documented as quickly as possible such that
these are included in the national emissions inventory. The calculation of the emis-
sions from the individual farm can be based to a considerable extent on information
that farmers are already obliged to report to the livestock register and in connection
with the nitrogen regulation. Therefore, the Expert Group assesses that it is possible
to implement a tax and subsidy model that takes the differences in emissions from
the individual sources in agriculture used in Denmark's emissions inventory into ac-
count.

Afforestation and set-aside of carbon-rich agricultural land

Carbon removal through afforestation is a measure with a relatively low socio-eco-
nomic cost. The Expert Group has therefore chosen to include subsidies for affor-
estation (a negative tax) in all the models. The subsidy is determined based on the
farmer's calculated cost of afforestation. The initiative in the Expert Group's models
is estimated to establish 250,000 hectares of new forest via a subsidy of DKK
92,000 per hectare of forest. This is expected to contribute to reductions of 0.1 m
tonnes of CO: in 2030, increasing to 2.1 m tonnes of COz in 2045. This furthermore
fulfils the government's ambition to establish 250,000 hectares of new forest in Den-
mark.

As for emissions from carbon-rich agricultural land, all of the Expert Group's models
include a tax of DKK 10 per tonne of CO2-eq from 2030 combined with subsidies for
the costs of wetland restoration of carbon-rich agricultural land. The combination of
taxation and subsidisation should be seen in the light of the fact that the regulation
should increase the incentive to rewet the land, as wetland restoration is the only
thing that approximately eliminates emissions.

The Expert Group's models all only include a low tax on emissions from carbon-rich
agricultural land. Instead of a high tax, a subsidy is given for wetland restoration in
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combination with a low tax, which must be revisited in 2027 with the aim of increas-
ing the tax if there is no prospect of rewetting a total of 37,000/70,000 hectares of
carbon-rich agricultural land in 2030 and 2032, respectively, including previous pro-
jects. The prospect of a higher tax in the future is more credible if it is backed up
now by a decision to introduce a tax on carbon-rich agricultural land from 2030.
Once a tax has been decided on and implemented, it is administratively simpler to
raise it in order to reach the raising the rate, if necessary, to reach the target of the
set-aside. The subsidy for wetland restoration combined with the tax is expected to
provide CO2-eq reductions in 2030 of 0.3 m tonnes and reductions in 2032 of 1.0 m
tonnes in 2032.

In addition, all the Expert Group's models include a tax on greenhouse gas emis-
sions from the use of F-gases of DKK 750 per tonne of CO.-eq, corresponding to
the tax rate for companies outside EU ETS. It is expected to contribute 0.1 m tonnes
of CO2-eq reductions by 2030.

Not all emissions are included in the tax base

Certain emissions from agricultural field operations are not covered by the Expert
Group's models. Among these are some insignificant emission sources where the
reduction effect is not deemed to be commensurate with the administrative burden
of taxation. A more significant source is nitrous oxide emissions from crop residues,
but as these emissions are part of a close and complex interaction with nitrogen
regulation, which is currently under review, they are not included in the models pre-
sented here. The Expert Group calls for the regulation of these emissions to be in-
cluded in a new model for nitrogen regulation. Another source of emissions in crop
production is indirect nitrous oxide emissions from applied fertiliser, which occur via
ammonia evaporation and subsequent deposition of nitrogen, as well as nitrogen
leaching and runoff from the field. These emissions are calculated at a national level
by combining a number of factors. The Expert Group does not include these indirect
emissions in the tax base, as it is difficult to attribute them to the individual farm in a
way that ensures a direct link between the individual farmer's activity and the na-
tional inventory. Overall, approx. 15 per cent of emissions from agriculture and for-
estry are not covered by the Expert Group's models for the reasons mentioned
above. However, on a national level, the farmer's adjustment to the fertiliser tax on
direct nitrous oxide emissions will contribute to lowering indirect emissions. This ef-
fect is included in the Expert Group's calculation of the total greenhouse gas reduc-
tions.

Key figures for the models

Key figures for the Expert Group's models are shown in Table 1. The Expert Group
assumes a phase-in from 2027 based on the premise that a political agreement that
follows up on the models presented to achieve the climate targets is reached
quickly.

The "shadow price" in the penultimate column of Table 1 indicates the average so-
cio-economic cost per tonne of CO2-eq reduction. The shadow price measures the
loss of economic welfare due to the cost increase of the regulation minus the most
important environmental spin-off benefits (besides the benefit of the CO.-eq reduc-
tion itself). Specifically, the shadow price is reduced by the health benefits of re-
duced ammonia evaporation, the recreational value of increased forest areas, and
the reduction in the cost of meeting EU requirements for water quality resulting from
lower nitrogen leaching. The rewetting of carbon-rich agricultural land can also con-
tribute to more and better nature on land and increase the diversity of plant and ani-
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mal species on the land. The benefits of this are difficult to calculate and are not rec-
ognised in the shadow prices, which therefore underestimate the environmental
benefits of climate regulation of agriculture.

In model 2, the nominal rate for the livestock tax is maintained at DKK 750 per tonne
of CO2-eq, but a base deduction of 50 per cent of the tax payment per animal is
given, thereby lowering the effective tax rate to DKK 375 per tonne of CO2-eq. On
the margin, however, the farmer must pay DKK 750 per tonne of CO2-eq for in-
creased emissions per animal. Still, the farmer is simultaneously rewarded with a tax
saving of DKK 750 per tonne of CO2-eq when introducing emissions reducing
measures such as feed additives. This maintains a high incentive to switch to more
climate-friendly operations, but the base deduction lowers the total tax burden. In
model 3, the nominal rate for the livestock tax and thus the incentive to reduce
emissions per animal is DKK 250 per tonne of CO2-eq, but the base deduction of 50
per cent reduces the average effective tax rate to DKK 125 per tonne of CO:-eq.

In all three tax models, fertiliser applied to fields is subject to a tax of DKK 750 per
tonne of CO2-eq to maintain a high incentive to reduce fertiliser application at the
margin, but in models 2a and 3a the average effective tax rate is halved via an area-
based base deduction that is allocated per hectare on the same basis as the hec-
tare subsidy in the EU's common agricultural policy. As an alternative to a fertiliser
tax, models 2b and 3b provide a subsidy of DKK 750 per tonne of COz-eq for re-
duced fertiliser usage if the farmer reduces the fertiliser usage below the applicable
norm in the nitrogen regulation. The subsidy is financed by a reduction of the hec-
tare subsidy for all farmers, regardless of whether they reduce the fertiliser applica-
tion or not. In this way, part of the agricultural subsidy is converted from passive
support to supporting the climate transition of the agricultural sector. The restructur-
ing is thus revenue-neutral for the state. Compared to the fertiliser tax with a base
deduction, the fertiliser reduction subsidy provides slightly fewer CO2-eq reductions
at a higher shadow price. On the other hand, the subsidy model results in a slightly
smaller decrease in agricultural production than the tax model.

In models 1 and 2, the marginal rate for the livestock tax is sufficiently high to en-
sure that it is favourable for farms to introduce technical measures such as feed ad-
ditives and covering of slurry storage facilities, as these measures are expected to
be included in the emissions inventory in 2030. In model 3, the tax rate is too low to
ensure that farmers adopt these measures. To ensure the necessary CO2-eq reduc-
tions, it is therefore a requirement that farms utilise these measures.

Models 2 and 3 include a public subsidy fund every year until 2030 to support the
expansion of the use of biochar produced by pyrolysis. Biochar stored in agricultural
soil is a way for agriculture to achieve negative emissions through carbon seques-
tration that can compensate for the inevitable emissions from other agricultural
sources. This is necessary to realise long-term climate goals. The purpose of the
subsidy is to promote the further development and cost reduction of pyrolysis tech-
nology so that in the long term it can compete with other technologies on market
terms, supported by effective climate regulation. To ensure that the support has a
climate effect, it is only paid out once it has been documented that the biochar has
been stored in the ground. In model 3, biochar produced by pyrolysis contributes
CO2-eq reductions of 0.8 m tonnes of CO2-eq in 2030. It is uncertain whether such
an upscaling of the pyrolysis capacity can be achieved before 2030, and the devel-
opment in the area must, therefore, be continuously monitored to assess whether
additional measures will be needed in model 3 to ensure that the 70 per cent target
is met. Environmental approval for the storage of biochar in agricultural land is
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pending, which also contributes to uncertainty about meeting the 70 per cent target,
especially in model 3.

The immediate burden on business in the fifth column of Table 7 shows the burden
placed on agriculture in a hypothetical situation with unchanged behaviour and un-
changed market prices and prices of inputs in production. In model 1, the immedi-
ate burden on the agricultural sector is estimated to be around DKK 5.9 bn. When a
base deduction is introduced in model 2, the burden is reduced to DKK 3.1 bn and
DKK 2.5 bn in models 2a and 2b, respectively. However, fewer CO2-eq reductions
are achieved. Models 3a and 3b imply an even lower immediate burden of DKK 1.9
bn and DKK 1.3 bn, respectively. With a lower immediate burden of business comes
a decline in production. This requires additional subsidies for technological reduc-
tions, which increases the socio-economic cost, the shadow price. Furthermore, the
uncertainty associated with the reductions increases as a larger contribution is as-
sumed from technologies that are not market-ready today.

The burden on the agricultural sector will be significantly less than the above-men-
tioned amounts once farms and agricultural sales prices and input prices have ad-
justed to the tax/subsidy. This is also true when you factor in the value of the pro-
duction lost when the least profitable farms are closed down as a result of the regu-
lation.

In model 1, the state is estimated to achieve an annual net revenue of approx. DKK
1.2 bn after the sector has adapted to the tax. The proceeds can be returned to the
industry in the form of a subsidy scheme for testing and transition to new climate-
friendly agricultural technologies and/or for support for transition to greener meth-
ods of production in the form of state compensation for the demolition of livestock
buildings etc. in animal farms that permanently convert to crop production. In model
2, there is a limited loss of state revenue of just over DKK 0.5 bn annually, which will
require financing, while model 3 involves a somewhat larger annual financing re-
quirement of just over DKK 2 bn.

Table 1. The Expert Group's models

Page 11

Carbon-rich agricultural land Afforestation F-gases
Increase in the funds for set-aside and wetland res- 1 Subsidy of DKK 92,000 per | Tax of DKK 750 per tonne of
Common ele- i toration costs of DKK 9.4 bn Introduction of a tax of ihectare CO2-eq
ments DKK 10 per tonne of CO2-eq (increases with low
set-aside)
Regulation CO:-eqre- | Costs and Shadow price |Land value
duction' irevenues decline
Revenue af-
Biochar ) ter behav- . . Incl. afforesta-
. . Immediate ] Avg. incl. side .
Livestock  Fertiliser by pyroly- 2030 joural re- tion
. burden effects
sis sponse and
subsidy
m tonnes DKK bn DKK per tonne Per cent
of COzeq
Model 1 Tax of Tax of DKK
(Effective tax 1 DKK 750 750 per tonne
rate of DKK per tonne  of CO2-eq 3.2 5.9 1.2 150 8.8
750 per tonne 1 of CO2-eq
of CO2-eq)
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DKK 750 DKK 750 per DKK 225
Model 2a
) pertonne tonneanda  mannu-
(Effective tax and a base base deduc- ally public
rate of DKK ase b ype 2.8 3.1 05 250 4.1
deduction  tion of 50 per funds
375 per tonne of 50 per  cent
of COz-eq) P '
cent.
DKK 750  Subsidy of DKK 225
per tonne  DKK 750 per m annu-
Model 2b and a base reduced ally public
(Restructuring 1 deduction  tonne of CO2- funds
of direct agri- 10f 50 per  eq financed 2.6 2.5 -0.7 325 -2.8
cultural subsi- 1cent. by restructur-
dies) ing direct ag-
ricultural sub-
sidies
Model 3a DKK 250 DKK 750 per DKK
) pertonne tonneanda 1.150m
(Effective tax and a base base deduc- annuall
rate of DKK ase b ey 2.6 1.9 2.0 475 72
deduction  tion of 50 per public
125 per tonne
of 50 per  cent. funds
of CO2-eq)
cent.
DKK 250  Subsidy of Upto
pertonne DKK 750 per DKK
Model 3b and a base reduced 1,150 M
(Restructuring 1deduction  tonne of CO2- annually
of direct agri- 1of 50 per  eqfinanced  public 2.4 1.3 -2.1 575 -6.0
cultural subsi- | cent. by restructur- funds
dies) ing direct ag-
ricultural sub-
sidies

Source: 1. Including CO2-eq reduction in 2030 of 0.3 m tonnes from wetland restoration of carbon-rich agricultural land, 0.1 m tonnes from afforestation and 0.1 m
tonnes with higher tax on F-gases.

The risk of bankruptcies in agriculture

The Expert Group has assessed the risk of bankruptcies in agriculture as a result of
the models presented. The bankruptcy risk is highly dependent on the assessed ef-
fects on agricultural land values and the value of the industry's buildings and ma-
chinery. In the absence of afforestation subsidies, the Expert Group's models are es-
timated to result in a significant decline in land values, especially in model 1, but the
afforestation subsidy helps to keep land values up. In models 2 and 3, the effect of
afforestation is sufficient to protect against a general decline in land values, although
the geographical effects on land values will depend on the specific local opportuni-
ties for afforestation.

Other agricultural capital values are expected to decrease in all models, especially
in model 1, but somewhat less in models 2 and 3. The report's calculations indicate
that the immediate burden on the agricultural sector due to model 1 will increase the
average bankruptcy risk across full-time farmers by 15 percentage points. In con-
trast, cattle farms will experience an increase in bankruptcy risk of 25 percentage
points. In model 2, the increase in the risk of bankruptcy among all farms and cattle
farms is estimated to be limited to 4-5 percentage points and 10-11 percentage
points, respectively, whereas the impact of model 3 is so minor that no significant
increase in the risk of bankruptcy is expected. When taking the possibilities for
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farms to reduce their costs by adapting to the new regulation and the expected in-
crease in agricultural sales prices into account, the increase in the risk of bank-
ruptcy will be smaller than the figures mentioned. Furthermore, not all farms at risk
of bankruptcy will actually go bankrupt.

Effects on food prices, distribution and employment

As mentioned, the burden on the agricultural industry is reduced by the fact that a
part of the industry's cost increase can be expected to be passed on in the settle-
ment prices for deliveries to dairies and slaughterhouses, which will lead to a rise in
consumer prices for processed food. However, even in model 1, consumer prices
on Danish dairy and meat products are only expected to increase by just under 4
per cent. After taking into account adjustments in other prices, wages and transfer
incomes, the estimated effects on inequality in the distribution of real disposable in-
come is unaffected measured by the Gini coefficient.

The introduction of a CO2z-eq tax on agriculture leads to a permanent decline in em-
ployment in agriculture and the food industry of almost 8,000 full-time equivalents in
model 1, and about half and a quarter of this in model 2 and model 3. Total employ-
ment falls by a similar amount in the short term. However, over time, total employ-
ment in the economy will rise back towards the starting point as the freed-up labour
moves to other industries.

The Expert Group has also analysed how the presented models affect the economy
in different parts of the country. This was done by calculating how much the loss of
gross value added (GVA) in agriculture represents of the total GVA in 11 different
parts of the country. On average for the whole country, agriculture's loss of GVA
amounts to 0.3 per cent of Denmark's total GVA in model 1, and somewhat less in
models 2 and 3. In West Jutland, where the economic importance of agriculture is
greatest, the industry's loss of GVA amounts to 1.1 per cent of the region's total
GVA in model 1 and about half of this in model 2. The limited effect reflects the fact
that agriculture only makes up a small proportion of the economy even in the parts
of the country where the profession is most widespread. The figures do not include
the impact of production in dairies and slaughterhouses. If these ancillary industries
are included, the regional effects may be slightly larger. It should be emphasised
that these figures do not indicate the net effect on the regions' GVA, as some of the
resources released from agriculture will be used and thus create added value else-
where in the same region in industries with less CO2-eg-intensive production.

Denmark's contribution to the global food supply

The Expert Group has also analysed whether the presented models risk causing a
significant decrease in Denmark's contribution to the global food supply, measured
by the total Danish production of calories for human consumption. The analysis is
inevitably subject to great uncertainty, but indicates that in the Expert Group's mod-
els, it will be possible to maintain a largely unchanged calorie production in Danish
agriculture. This is because the decline in animal production and the associated
land use for livestock feed production will free up land that can potentially be used
to produce plant-based food for human consumption.

Uncertainty factors

The calculations in the report are subject to considerable uncertainty, partially due
to no other countries having experience with similar climate regulation of agriculture.
The Expert Group has therefore made a number of calculations of the sensitivity of
the reported results to changes in the assumptions about the size of key parameters
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about which there is uncertainty. Among the key parameters are the price elastici-
ties of agricultural exports, which indicate how much foreign demand for Danish ag-
ricultural goods falls when their prices rise. With a higher price elasticity, it will be
more difficult to pass on a CO2-eq tax in the prices of Danish agricultural products,
and the tax will therefore have a greater impact on the industry's earnings and pro-
duction. Conversely, a lower price elasticity will reduce the decline in earnings and
output.

However, the sensitivity analyses carried out do not cover all dimensions of the un-
certainty surrounding the report's calculations, partly because there is uncertainty
about how well the Expert Group's modelling reflects reality. In light of the lack of
experience with introducing a general CO2-eq tax on agricultural emissions, the Ex-
pert Group calls for close and continuous monitoring of whether the development in
agricultural emissions and economic conditions correspond to the expected effects
of the CO:z-eq regulation decided poalitically. If this is not the case, the Expert Group
suggests reassessing the overall taxation of greenhouse gas emissions — not just
agriculture — to ensure that the uniform tax structure across sectors is maintained.

A climate tax on end consumption

After the formation of the current government, the Expert Group's terms of refer-
ence were expanded to include a request to analyse the pros and cons of imposing
a COz-eq tax on end consumption. Such a consumption tax would be imposed at
the retail level on the sale of processed foods to the final consumer, regardless of
whether the product is produced in Denmark or imported from abroad. Food for ex-
port, on the other hand, should not be included in the tax base, as the purpose is
only to tax emissions from domestic consumption. The consumption tax rate should
ideally reflect the total amount of greenhouse gases emitted in the production and
transportation of the product throughout the value chain until the product reaches
the final Danish consumer.

In the Danish debate, a climate tax on the end consumption of food has been put
forward as a possible alternative or supplement to a tax on greenhouse gas emis-
sions from Danish agricultural production. One of the advantages of a climate tax at
the consumption stage is that imported and domestically produced goods are taxed
equally, thereby avoiding a deterioration in the competitiveness of Danish agricul-
ture and the resulting risk of greenhouse gas leakage.

Due to this, the Expert Group has analysed the effects of imposing a tax on Danish
consumption of particularly climate-impacting foods, which, in the report's calcula-
tions, are limited to beef, pork, and dairy products. For calculation purposes, it is as-
sumed that the three product groups are subject to three different tax rates corre-
sponding to the estimated total global emissions from the consumption of beef, pork
and dairy products delivered from Danish slaughterhouses and dairies, including
emissions from the import of raw materials and semi-finished products for use in
Danish food production.

From a climate perspective, different taxes should be imposed on imported and
comparable domestically produced food products if there is a difference in emis-
sions per unit produced abroad and in Denmark, but the trade policy rules in the EU
and the World Trade Organisation (WTQO) require that the same tax is imposed on
imported and comparable domestically produced goods. The Expert Group's calcu-
lations therefore assume that imported food products are subject to a tax that re-
flects the estimated global emissions from Danish production of comparable food
products.
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The Expert Group has assumed that Denmark is obligated to the EU and by the
Danish Climate Act to reduce greenhouse gas emissions from Danish territory, in-
cluding emissions from Danish agricultural production. On this basis, the Expert
Group has investigated the extent to which a CO2-eq tax at the consumption stage
can replace a tax at the production stage as a means of achieving a given reduction
in greenhouse gas emissions from Danish territory. Specifically, the Expert Group
has compared the effects of a consumption tax of DKK 750 per tonne of CO2-eq on
the above-mentioned particularly climate-impacting foods with the effects of a CO»-
eq tax of DKK 750 per tonne in the production stage. For the sake of comparability,
the tax at the production stage does not include emissions from Danish carbon-rich
agricultural land, as it is hardly accurate to assume that imported food products give
rise to similar emissions from foreign carbon-rich agricultural land. The basis for the
analysed tax on domestic agricultural production is thus smaller than the tax base in
the Expert Group's model 1.

Nevertheless, the base for the tax in the production stage is significantly broader
than the base for the consumption tax. This is partly because the consumption tax
only covers part of the total domestic food consumption, but even if the consump-
tion tax was extended to cover all food consumption, the tax in the production stage
would still have a significantly larger base. This is because Danish food production is
significantly larger than Danish food consumption, as Denmark exports a large
share of the food it produces. These factors help to explain why, according to the
Expert Group's calculations, the introduction of a consumption tax of DKK 750 per
tonne of CO2-eq on particularly climate-impacting foods would only enable a reduc-
tion in the production tax from DKK 750 to around DKK 700 per tonne of CO2-eq.

A further explanation is that food consumption and the associated greenhouse gas
emissions are relatively insensitive to price increases. In contrast, international com-
petition on the world market means that agricultural exports and associated emis-
sions are significantly more sensitive to price increases due to a climate tax. Last
but not least, a climate tax at the production level gives the individual farm a direct
incentive to reduce emissions, which is not the case with a consumption tax, which
must necessarily be based on the average emissions from the entire agricultural
sector, over which the individual farmer has little influence.

As a result of these factors, the shadow price of domestic CO2-eq reductions is
many times higher with a consumption tax than with a production tax, and the
shadow price of reducing global emissions is also much higher with the consump-
tion tax, as it is estimated to provide only a very limited reduction of emissions
abroad. In addition, the introduction of a differentiated climate tax on food is esti-
mated to entail very large administrative challenges for both authorities and industry,
similar to the practical problems that led to the abolition of the previous fat tax. For
this reason, a climate tax on end consumption is not included in the Expert Group's
models.

The fundamental trade-off: Cost-effectiveness versus preservation of the
business structure

In summary, the Expert Group's models 1-3 for a production tax in the agricultural
production chain can be seen as a mirror image of the models in the first interim re-
port on a CO- tax on industry etc. In the first interim report, a lower tax level was fol-
lowed by higher socio-economic costs (higher shadow prices) and required a larger
reduction contribution from technology. The Expert Group's models in this report,
which focus on agriculture, also limit the impact on the existing business structure
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by reducing the tax level and increasing the share of CO.-eq reductions from tech-
nological change. Models that increase the share of technological reductions thus
play a significant role in the Expert Group's consideration of deviating from the strict
cost-effectiveness requirement. The cost of reducing the tax level and increasing
the technological reductions relative to reductions achieved by production cuts is
fewer CO:-eq reductions and higher socio-economic costs, as well as an increased
need for financing. The increase in socio-economic costs and financing needs can
be interpreted as the price of reducing the burden on the agricultural sector and the
risk of carbon leakage from agriculture.
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1. The Starting Point
for a Green Tax
Reform

After concluding the Agreement on Green Tax Reform of December 2020, the par-
ties to the agreement agreed in February 2021 on a terms of reference for the Ex-
pert Group's work, see Appendix 7.1. The terms of reference state that the Expert
Group will:

e  Prepare models for uniform CO2-eq regulation, including the design of a more
uniform CO--eq tax."

e Develop different scenarios that contribute significantly to the 70 per cent tar-
get, taking into account the guiding principles of the Danish Climate Act. The
starting point for the scenarios must be that they deliver the most cost-effective
solution. If there is a deviation from the socioeconomically least costly solution,
reasons must be given.

The terms of reference state that the work of the Expert Group will be divided into
two reports, which together will form a comprehensive analysis. The first report from
6 February 2022 presented proposals for restructuring energy taxes to a more di-
rect tax on CO- emissions and expanding the tax base to well-defined areas that
were previously exempt from tax. The first interim report focused on a tax on emis-
sions, carbon removal from industry, heat and electricity production and non-road
transport. The report also proposed a restructuring of energy taxes on petrol, diesel
and space heating into a CO tax.

With this second and final interim report, the Expert Group describes models for a
more uniform CO2-eq regulation across the entire economy, including road
transport and non-energy related emissions from agriculture, taking into account the
guiding principles of the Danish Climate Act.

In addition to the Expert Group's original terms of reference, the basis for the current
government states that "The climate tax must ensure implementation of the develop-
ment track and fulfilment of the binding reduction target for the agriculture and for-
estry sector of 55-65 per cent in 2030 compared to 1990. The government will ask
the expert committee to present different scenarios for achieving this goal in line
with the recommendations the committee presented in connection with the COz-eq

1 The term 'CO2-eq' stands for "CO. equivalents". This covers the fact that agriculture's non-energy-related emissions
consist mainly of the greenhouse gases nitrous oxide (N20) and methane (CHa), which for the sake of comparability
are converted to COz equivalents, i.e. to the CO. emission that has the same climate impact as the emission of the
greenhouse gas in question.



Green Tax Reform Page 19

tax on industry, including consideration of counteracting the relocation of produc-
tion, including international experience and the possibility of applying a CO2-eq tax
on end consumption as a possible instrument”.

The second report will also assess the advantages and disadvantages of a regula-
tory solution for the agricultural sector, a subsidy model for EU agricultural support
and a CO:-eq tax for this sector or a combination of these, as well as possible
measures for cost-effective regulation of agriculture that address CO2-eq emissions
and other externalities, including e.g. environment and health.

Contributions to meeting the reduction targets of the Danish Climate Act can take
the form of CO2 emission reductions and negative CO- emissions, for example, by
capturing and storing CO- from biomass and biogas, as negative emissions are
counted towards the 70 per cent target on an equal footing with CO: reductions. In
order to achieve cost-effective regulation, the incentive for greenhouse gas reduc-
tion must, to the greatest degree possible, be uniform across the entire economy.
This could be ensured, for example, by providing a subsidy — a so-called negative
tax — for negative CO2 emissions at a rate equivalent to the CO: tax rate.

In addition, the terms of reference state that, in addition to a uniform CO., appropri-
ate compensation and feed-back mechanisms should be identified to support the
guiding principles of the Danish Climate Act. Thus, the report analyses the conse-
guences of a number of different measures that can reduce the impact on agricul-
ture, see Section 2.10. Chapter 2 also describes the effects of a CO2-eq tax on em-
ployment and income distribution in the areas covered by this report.

Finally, the additional terms of reference state that the Expert Group must, as part of
its final report, "analyse the advantages and disadvantages of imposing a COz-eq
tax on end consumption”. This is described in more detail in Section 4.

1.1 The Expert Group's Interpretation of the Terms
of Reference and the Guiding Principles of the
Danish Climate Act

In accordance with the terms of reference, the Expert Group's analyses are based
on the guiding principles of the Danish Climate Act.

The requirement for cost-effectiveness in climate action is at the centre of the Dan-
ish Climate Act and the terms of reference and is, therefore, the starting point for
the Expert Group's work. Cost-effectiveness means that greenhouse gas reductions
are achieved at the lowest possible socio-economic cost, i.e. with the lowest possi-
ble loss of economic welfare for citizens in general in the form of e.g. lower real
wages and transition costs.

A COq-eq tax gives individual businesses (including farms) and households a direct
incentive to reduce their emissions in the way that is cheapest for them. A key ad-
vantage of using the tax instrument is that it exploits the knowledge of companies
and households themselves on how best and cheapest to reduce emissions. This
mobilises valuable knowledge about reduction opportunities that authorities often do
not have. However, to ensure full cost-effectiveness in connection with a CO2-eq tax
on agriculture, it is important that the authorities provide knowledge that enables tax
reductions when agricultural enterprises introduce new practices that reduce their
greenhouse gas emissions.
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The Danish Climate Act's 70 per cent target relates to CO2-eq emissions from Dan-
ish territory. Thus, it is irrelevant whether Danish or foreign companies or consum-
ers are behind the activities that cause the emissions. It only matters whether the
emissions take place outside or within Denmark's borders. A fully cost-effective
CO2-eq tax to reduce domestic emissions requires that the tax is the same across
all activities in all domestic sectors and that negative domestic emissions are subsi-
dised at a rate equal to the tax rate. Such a uniform CO2-eq tax ensures the same
incentive to lower emissions everywhere in the domestic economy, thereby concen-
trating reduction efforts in areas where they are cheapest.

However, the Danish Climate Act and the terms of reference also mention other im-
portant considerations that are not necessarily compatible with the requirement for
full cost-effectiveness, including ensuring cohesion and social balance and limiting
carbon leakage, where production and associated emissions are moved abroad.
Both of these considerations can be challenged by the paradigm shifts in business
that a uniform CO2-eq tax must be expected to bring about.

The Danish Climate Act and the terms of reference include principles for social bal-
ance, including that the costs of meeting the climate target must not be unevenly
distributed across income groups. The report's analyses show that none of the tax
models described increase inequality in income distribution.

The Expert Group's analyses show that the introduction of a uniform CO:-eq tax to
meet Denmark's climate commitments in the EU and the national climate targets will
lead to a decline in domestic Danish agricultural production.

Freed-up labour and capital will eventually enter other parts of the Danish economy.
The adjustment costs of these paradigm shifts in business will be small relative to
Denmark's overall economy, but they may be noticeable in some local areas. The
analyses thus reveal an inevitable dilemma between the objective of for cost effi-
ciency and the preservation of existing business structures. Against this back-
ground, in Chapter 2, the Expert Group has chosen to present three overall models,
as well as different versions of these, for climate regulation of agriculture that em-
phasise these considerations differently in order to illustrate the political trade-offs
that must necessarily be made.

According to the Danish Climate Act, Denmark's climate action must be compatible
with sound public finances and the terms of reference require the Expert Group to
present alternative scenarios, at least one of which involves no overall increase in
taxes and duties.

Chapter 2 contains a scenario where the revenue from the CO2-eq tax is used for
compensatory subsidies/compensation. Finally, Chapter 2 includes a scenario
where the compensatory measures require additional financing beyond the tax reve-
nue.

The rest of this chapter provides an overview of Denmark's greenhouse gas emis-
sions as well as one of Denmark's national climate targets and international climate
commitments.
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1.2 Denmark's Greenhouse Gas Emissions

In 2021, Denmark's total greenhouse gas emissions were 46.2 m tonnes of CO2-eq,
see Climate Status and Outlook 2023. With the climate policy measures adopted so
far and the partial correction for the new map of carbon-rich agricultural land, Den-

mark's total greenhouse gas emissions are estimated to be approx. 27 m tonnes of

CO2-eq in 2030.

This report mainly deals with non-energy related emissions from agriculture and for-
estry etc. Climate Status and Outlook 2023 are the basis for the calculations in the
report. With Climate Status and Outlook 2024, which will be published in April 2024,
the inventory and projection of emissions will be updated.

In this report, all greenhouse gas emissions are converted to CO»-eq, see Box 1.1.

Box 1.1

Greenhouse gases

Greenhouse gases are a term for gases that contribute to the greenhouse effect. When the concen-
tration of greenhouse gases in the atmosphere increases, it causes changes in the greenhouse ef-
fect that can cause the Earth's temperatures to rise and change the Earth's climate. Greenhouse
gases include carbon dioxide (COz), methane (CHa), nitrous oxide (N20) and the so-called F-gases
(e.g. refrigerants). The gases have different greenhouse effects, but are converted to COz equiva-
lents (abbreviated CO2-eq) based on the warming potential of each individual gas (Global Warming
Potential, abbreviated GWP) in a hundred-year perspective in relation to CO.. GWP values are up-
dated on an ongoing basis as new knowledge in the field becomes available. To avoid inconsisten-
cies in the time series of greenhouse gas emissions, IPCC guidelines require the recalculation of the
annual greenhouse gas emissions inventories back to 1990 when the GWP values are updated.

All countries that are part of the Paris Agreement have committed to use GWP values over a 100-
year period based on the IPCC's Fifth Assessment Report (AR5) from 2024 at the latest (i.e. in the
2022 inventory). This allows emissions inventories to be compared across countries, increasing the
ability to check whether each country's climate accounts are credible and well-documented. Thus,
using other GWP values for reporting national emissions inventories would be inconsistent with the
reporting requirements of the Paris Agreement.

The Ministry of Climate, Energy and Ultilities has since the Climate Status and Outlook 2021 used
AR5, which reduces data breaks in the projection and between the inventory and the projection.

In AR5, methane (CHa) is calculated with a GWP value of 28 and nitrous oxide (N20) of 265, which
means that one tonne of methane contributes 28 times more and one tonne of nitrous oxide 265
times more to the greenhouse effect than one tonne of carbon dioxide (COz).

In connection with the IPCC's sixth report (AR6), updated GWP values were published. It is not yet
planned when the inventories to the UN will be updated for this. It should be noted that the US Envi-
ronmental Protection Agency has chosen to use ARG for scientific reports, but continues to use AR5
for reporting to the UN.

UN Intergovernmental Panel on Climate Change
assessment reports

Greenhouse gases

AR4 AR5 AR6
CO2 1 1 1
CHjy (fossil) 25 28 29.5
CH. (non-fossil) 25 28 27.2
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Non-energy-related emissions from the agriculture and forestry sector are estimated
to be 12.4 m tonnes of CO2-eq in 2030, corresponding to approx. 46 per cent of
Denmark's total emissions in 2030. Estimated emissions of 9.6 m tonnes of CO2-eq
from road transport and 1.9 m tonnes of CO2-eq from waste and F-gases. In addi-
tion, emissions of 6.2 m tonnes of CO2-eq are estimated from industry, non-road
transport, electricity and heat.

Greenhouse gas emissions from agriculture and forestry are a result of agricultural
and forestry operations, including natural biological processes such as methane
from livestock digestion processes, nitrous oxide from fertiliser application, and the
decomposition of carbon and nutrients in the soil. The emissions will typically vary
depending on natural conditions such as temperature, rainfall and soil conditions.

Existing environmental regulation contributes to lowering non-energy-related green-
house gas emissions from agriculture and forestry. Therefore, it is relevant to eluci-
date the interaction between a future regulation of greenhouse gas emissions and
the existing environmental regulation. The main features of the current environmen-
tal regulation of agriculture and forestry can be found in Chapter 6. In addition, the
current regulation of fertilisers and field management is described in Section 3.2.
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In the government's Climate Status and Outlook 2023, it was estimated that new cli-
mate policy measures would be needed to ensure further greenhouse gas reduc-
tions of 5.4 m tonnes of CO2-eq in 2030 to meet the 70 per cent target. Since the
publication of Climate Status and Outlook 2023, the government has presented the
implementation of the revised EU Emissions Trading System Directive, an agree-
ment on green aviation and a proposal for an increase in the diesel tax, which to-
gether is estimated to reduce the shortfall to the 70 per cent target to 4.5 m tonnes
of CO2-eq in 2030. The reduction deficit in relation to reaching the 70 per cent tar-
get in 2030 has been further adjusted down by DKK 2 m tonnes of CO2-eq as a re-
sult of the partial correction for the new map of carbon-rich agricultural land.

The starting point for the Expert Group's calculations is thus that the reduction defi-
cit in relation to meeting the 70 per cent target in 2030 is reduced from 5.4 m to 2.5
m tonnes of CO2-eq relative to the Climate Status and Outlook 2023, see Figure
1.1.

In addition to the 70 per cent target, the government has set a target for Denmark
to be climate neutral by 2045 and for net emissions to be reduced by 110 per cent
by 2050 compared to 1990.

Figure 1.1 - Total net emissions relative to reduction targets

Million tonnes
CO.,eq

70% —- -} 2,5 million
tonnes
CO,eq

1990 2022 2030

Source: Climate Status and Outlook 2023

Denmark's total reduction deficit under the EU's Effort Sharing Regulation is esti-
mated to be approx. 11.5 m tonnes of CO.-eq over the period 2021-2030, when the
government's proposal for a diesel tax and implementation of the revised EU Emis-
sions Trading System Directive are included.

Denmark's reduction deficit in emissions and removals from agricultural land use
and the forest sector (LULUCF? commitment) is estimated to be around 7.0 m
tonnes of CO2-eq in the period 2026-2029 and around 1.1 m tonnes CO2-eq in
2030, taking into account the downward adjustment due to the updated map of car-
bon-rich agricultural land.

2 Land Use, Land-Use Change and Forestry
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Agriculture accounts for a large share of Danish greenhouse gas emissions in 2030
relative to the sector's share of the Danish economy, see Figure 1.2. Agriculture and
its ancillary industry contribute approx. 2 per cent to Danish prosperity (measured
by gross value added), while the rest of the industry contributes approx. 22 per
cent. Similarly, agriculture and its related industries only account for 3 per cent of
Danish employment, while the rest of industry accounts for 18 per cent of employ-
ment. However, by 2030, agricultural emissions will account for 46 per cent of total
emissions, while industry accounts for only 19 per cent.

The high emissions for agriculture should also be seen in the context that other
CO2-eg-intensive industries have already been subject to regulation with the aim of
reducing their emissions by 2030. This applies in particular to industry, which was
addressed in the first interim report, as well as road transport, which has been regu-
lated through several political agreements, especially the Agreement on the Green
Transition of Road Transport from December 2020.

Figure 1.2. Overview of economic key figures for industry and agriculture

Industry etc. Agriculture

The sector's contribution to
Danish wealth (GVA)

22% 2%
Share of overall employment R R

in Denmark wwwwww 18% 39
Share of Denmark’s

exports m 259, 79

Share of overall emissions

incl. ancillary industries

in 2030 19% 46%

Note: Agriculture is incl. secondary industry (slaughterhouses and dairies), while industry is excl. agriculture and its ancillary industry. For agricultural emissions, the

starting point is the non-energy-related emissions from agriculture and forestry.

Source: The Expert Group's calculations based on data from Statistics Denmark and Climate Status and Outlook 2023, including partial corrections for the
implementation of the revised EU Emissions Trading System Directive, the agreement on green aviation, the proposal to increase the diesel tax, and the new map of

carbon-rich agricultural land.
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1.2.1 Emissions from agriculture and forestry

Non-energy-related emissions from agriculture and forestry amounted to 11.8 m
tonnes of CO2-eq in 2021, corresponding to 27 per cent of Denmark's total emis-
sions. The total non-energy-related emissions from the two sectors are estimated to
be 12.4 m tonnes of CO2-eq in 2030, including the partial correction for the new
map of carbon-rich agricultural land, corresponding to 46 per cent of Denmark's to-
tal emissions in 2030.

In general, these emissions can be divided into three categories: emissions from an-
imal production, emissions from crop production and emissions from land use (LU-
LUCF), including afforestation. In 2030, animal production is expected to account
for 52 per cent of the total emissions from the agriculture and forestry sector, see
Table 1.1. Crop production is expected to account for almost 29 per cent. Emis-
sions from land use, which mainly originate from drained carbon-rich agricultural
land, are estimated to account for almost 19 per cent. The largest single emission
sources are emissions from dairy cattle and from carbon-rich soil. It should be noted
that removals and emissions from forests have a large influence on the sector's total
emissions, but that net removals from forests in 2030, see Table 1.1, are estimated
to be 0. The individual emission sources are summarised in Appendix 7.3.

This report considers emissions from the sectors totalling 10.6 m tonnes of CO2-eq,
see Table 1.1. This corresponds to approx. 85 per cent of all emissions from the ag-
ricultural and LULUCF sectors.

Table 1.1. Emission sources in agriculture and forestry

Share of emis-

) ) Included in the Expert
mtonnes  sions from agri-

Group's models

of CO2- culture and for-
v')/indirectly included
eq 2030  estryin203p, 7 )/ind (*)yl !
per cent
Total livestock 6.5 52.3
Dairy cows 3.1 24.7 v
Other cattle 1.5 1.7 v
Pigs 1.6 13.0 v
Poultry 0.0 0.2 v
. Other livestock 0.2 1.7 v
The agri-
i issi v
cultural Indlre.ct emissions 01 07
sector from livestock
Grazing 0.0 0.2 *
Tota! crop pro- 3.6 29.0
duction
o ! v
Art|f|0|al ghd or 17 138
ganic fertilisers
Agricultural lime 0.2 1.8 v

Urea 0.0 0.0 4
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Indirect nitrous ox-

ide emissions from 0.6 4.7
fields
Burning of fields 0.0 0.0
Mineralisation 0.0 0.3
Cultivation of car-
bon-rich agricultural 0.2 1.7
land
Crop residues 0.9 7.2
Biomass 0.2 1.9
Carb l'in min-
ar oh pool in min 03 25
eral soils
Total land use 2.3 18.6
Carbon pool in car-
LULUCF bon-rich agricultural 1.9 16.7
sector land
Forest 0.0 0.0
Harvested wood 02 19
products
Buildings 0.3 2.3
Wetlands 0.3 2.5
Total emissions 12.4 100
Emissions directly subject to
regulation in the Expert 10.6 85.1
Group's models
Total emissions 12.4 100
- icultural sec-
agricu gra sec 102 819
tor of this
- f which LU-
orwhie 2.2 18.1
LUCF sector

Note: Other livestock includes pheasants, ducks, mink, sheep, goats, horses, deer, lambs and ostriches. 0.0 does
not mean that there are no emissions. There are just less than two decimal places. The total does not add up due to

rounding.

Source: Climate Status and Outlook 2023, incl. partial correction for the implementation of the revised EU Emissions
Trading System Directive, agreement on green aviation, proposal for an increase in the diesel tax, and the new map

of carbon-rich agricultural land.
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2. Proposed Models
for a CO.-eq Tax

The terms of reference for the Expert Group's final report set out a number of fac-
tors that the Expert Group must include in its modelling of CO2-eq reduction, see
Appendix 7.1.

The Expert Group must, among other things, "prepare models for uniform COz-eq
regulation, including the design of a more uniform COz-eq tax". In addition, it is
stated that the second interim report must "highlight models for a more uniform
CO:z-eq regulation of all covered emissions."

The wording of the terms of reference means that the current regulation of CO2 from
energy consumption must be expanded to include greenhouse gas emissions from
livestock and field operations in agriculture. Regulation with a tax on agricultural
greenhouse gas emissions will constitute a new and independent tax on non-en-
ergy-related agricultural emissions, see Chapter 5. There is no necessary correla-
tion between the tax rate on these emissions and the rates on energy-related emis-
sions. However, the consideration of uniform CO2-eq regulation of all covered emis-
sions means that the Expert Group's regulation models for agriculture are based on
the existing tax levels and the existing differentiation of rates in industry, etc. The
models for agriculture thus use tax rates corresponding to those decided in connec-
tion with the Agreement on Green Tax Reform for Industry etc., i.e. DKK 750, 375
and 125 per tonne of CO»-eq in 2030. In addition, the models are calibrated to meet
the 70 per cent target in 2030, the EU's Effort Sharing Regulation and the LULUCF
Regulation.

2.1. The Expert Group's Overarching Considera-
tions

Consideration for socioeconomics

The damaging effect of CO.-eq emissions is the same regardless of where the emis-
sions occur, and thus a socio-economically cost-effective regulation would mean
that all CO2-eq emissions are taxed at the same rate. Targets such as the 70 per
cent target or EU obligations are met at the lowest socio-economic cost by applying
the same national tax rate to all CO.-eq emissions.®

A uniform CO:z-eq tax across sectors of the economy provides the socio-economi-
cally cheapest CO»-eq reductions, as all branches of production will have a uniform
incentive to reduce CO2-eq emissions up to the point where the cost of further re-
ductions exceeds the tax. If a CO2-eq tax with differentiated rates is introduced,

2 See the Expert Group's first interim report for more detail.
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where the CO2-eq tax is higher for some emission sources than others, the compa-
nies subject to the highest tax rates will implement CO.-eq reductions, which are
more expensive than reductions in the companies that have the lowest tax rates. In
this situation, the average price of the CO2-eq reduction will be higher than if all
emissions were taxed at the same rate.

Considering special conditions in individual sectors will, therefore, increase the so-
cio-economic costs of achieving a given reduction target, see Figure 2.1. The cost
increases for the other sectors will be higher than the savings for the sector(s) that
receive a relaxation.

Figure 2.1 Balance between the Danish Climate Act's guiding principles

Socioeconomic Other
considerations considerations

simd

Socioeconomics
(Low shadow prices)

E.g., leakage

E.g., changes in
industry structure

In addition to greenhouse gas emissions, agricultural production has a number of
other externalities, including on the environment and health. The externalities are
largely linked to the same agricultural activities that give rise to CO2-eq emissions.
This means that when regulations are implemented that reduce greenhouse gas
emissions, they also have a positive effect on other environmental concerns and/or
public health. These positive side effects will reduce the socio-economic costs of
greenhouse gas regulation. For this reason, shadow prices with side effects are re-
ported for each of the models presented.

Consideration of existing occupational structure

A CO:2-eq tax can affect the business structure in agriculture. The introduction of a
CO2-eq tax may lead to declines in production for more CO--eg-intensive agricul-
tural production and thereby change the existing business structure through the clo-
sure or relocation of agricultural activity. Thus, the Danish agricultural industry will
have more activity in less CO2-eg-emitting branches of production. As a result, there
may be a desire to consider the preservation of existing occupational structures by
limiting structural changes. This can be achieved, for example, by either lowering
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the tax rate or by striving for CO2-eq reductions through technological solutions that
do not affect production but instead reduce emissions per unit produced and thus
also the burden on the individual farm. This can be achieved by increasing the
farmer's incentive to use technological means, e.g. through subsidies or require-
ments to use certain technologies. However, such tools are socio-economically
more expensive to use than a tax.

Consideration for carbon leakage

For products that are produced in competition with foreign manufacturers, the intro-
duction or increase of a national CO2-eq tax can lead to a weakening of the compet-
itiveness of Danish manufacturers. If some or all of the production of a given product
is moved abroad, reductions in CO2-eq emissions in Denmark will lead to increased
emissions abroad (called leakage). Appendix 7.8 elaborates on the Expert Group's
analysis of leakage in agriculture.

The risk of leakage gives rise to a trade-off between the cost-effectiveness of
achieving national reductions and the need to reduce global emissions overall. This
includes whether to introduce relaxations for businesses with CO2-eq-intensive pro-
duction that are also exposed to international competition.

It should be noted that leakage can only occur if other countries have the oppor-
tunity to increase their emissions. Countries with a binding obligation to reduce
emissions, e.g. through EU commitments, cannot allow their emissions to increase
as a consequence of Danish climate policy, unless they over-fulfil their commit-
ments. Conversely, countries that do not have binding commitments can allow their
emissions to increase, and it is therefore crucial which countries are expected to
take over Danish production, see Appendix 7.8.

Concrete models for agriculture

This section presents three different designs of the tax system for non-energy re-
lated greenhouse gases in agriculture. The three models reflect different weightings
of the consideration of socio-economically low costs versus the consideration of ex-
isting business structure in agriculture and limited leakage.

The models lay the foundation for the longer-term tax and subsidy architecture for
meeting climate targets after 2030. Thus, it is expected that in the long term, the
models will lead to CO2-eq reductions that are twice as large as the 2030 effect as a
result of e.g. afforestation.

In addition, the three models show different pathways to reach the 70 per cent tar-
get and the obligations of the EU's Effort Sharing Regulation and LULUCF regula-
tion. The weight of different considerations that the three models represent is ulti-
mately a political choice.

All models are based on the assumption that a socio-economically appropriate reg-
ulation of CO2-eq emissions entails a uniform tax across sectors. It also means that
a change in climate ambition should be reflected by changing the tax level uniformly
across sectors.

As in the first interim report, the Expert Group assesses that it is not possible to find
a model that satisfactorily fulfils the objective of the most cost-effective fulfilment of
the 70 per cent target via uniform tax models while at the same time meeting other
guiding principles in the Danish Climate Act. This is because CO.-eq reductions
from uniform tax models largely come from structural effects (decline and relocation
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of production) from cattle farms in particular, which entail a significant burden on the
industry and a relatively high risk of carbon leakage.

The Expert Group's models are calibrated so that, with a phase-in from 2027, they
are estimated to meet the 70 per cent target in 2030 and Denmark's EU obligations
in the Effort Sharing Regulation and the LULUCF Regulation. There are extensive
administrative tasks associated with implementing a new tax system for agriculture.
It is a prerequisite to be able to phase in the Expert Group's models in 2027 so that
a political decision is made relatively quickly on which regulation is desired in order
to fulfil the 70 per cent-target in 2030 and Denmark's obligations under the EU's Ef-
fort Sharing Regulation and the LULUCF Regulation. A later phasing-in would mean
that the models presented would not necessarily fulfil the obligations, and further
regulation would be required.

2.2 Common Features of the Models

The work of the Expert Group includes the largest emission sources where there is a
close correlation between agricultural and forestry production activities and national
emissions.

Broadly speaking, there are three groups of emissions which the Expert Group's
models tax or where direct agricultural subsidies are reallocated. These are emis-
sions from:

1. Emissions from livestock. Emissions come primarily from cattle and pigs but
also from other livestock, including chickens, pheasants, ducks, sheep, goats,
horses, deer, lambs and ostriches.

2. Emissions from spreading manure and agricultural lime on fields. Here, manure
can be regulated either by tax or by restructuring direct agricultural subsidies.

3. Emissions from carbon-rich agricultural land.

In addition to the model of the tax structure in agriculture, all models include an ex-
pansion of the public funding for the rewetting of carbon-rich agricultural land, an in-
creased subsidy for removal of CO2 through afforestation and a harmonisation of the
current tax on F-gases to the agreed level from Agreement on the Green Tax Re-
form for Industry etc. The common features are explained in more detail in Box 2.1.

Box 2.1
Common feature in all models

1) Afee of DKK 10 per tonne of CO2-eq on emissions from carbon-rich agricultural land, combined
with compensation and cost coverage of wetland restoration, corresponding to a shadow price of
approx. DKK 570 per tonne of CO2-eq, see Section 3. 1. The proposal is estimated to contribute re-
ductions of 0.3 m tonnes of CO2-eq in 2030, increasing to 1.0 m tonnes of COz-eq in 2032. The Ex-
pert Group suggests increasing the tax at a revisit in 2027 if the withdrawal rate does not match the
assumptions in this report.

2) Subsidies for afforestation of DKK 92,000 per hectare, corresponding to approx. DKK 460 per
tonne of CO2-eq, which is estimated to contribute reductions of 0.1 m tonnes of CO2 in 2030, in-
creasing to 2.1 m tonnes of CO2 in 2045 by establishing 250,000 hectares of new forest, see Sec-
tion 3.3.
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3) Harmonisation of the tax on F-gases to DKK 750 per tonne of CO2-eq, so that the tax follows the
CO»-eq tax agreed as part of the Agreement on Green Tax Reform for Industry etc., see Section 3.4.
It is estimated to deliver reductions of 0.1 m tonnes of CO2-eq in 2030.

The joint proposals are estimated to collectively deliver reductions equivalent to approx. 0.5 m
tonnes of CO2-eq in 2030.

In relation to the fulfilment of the EU obligations in the Effort Sharing Regulation and the LULUCF
Regulation, all models assume the use of LULUCEF credits in the period 2021-2025 and up to 8 m
ETS allowance cancellations over the entire period 2021-2030 for compliance in the Effort Sharing
Regulation. In addition, it is assumed that any overachievement of the Effort Sharing Regulation is
used to achieving the LULUCF commitments. The LULUCF credits and ETS allowance cancella-
tions do not contribute to the achievement of national targets of the Danish Climate Act, see Section
6.2.

All tax rates are in 2022 prices. It is assumed that the CO2-eq tax will be phased in gradually from
2027 to 2030, and that the taxes will also be indexed to price developments on an ongoing basis so
that they are not eroded by inflation. Finally, the shadow prices of the models are calculated including
so-called side effects, i.e. including the recreational value of forests and effects on ammonia emis-
sions and nitrogen leaching, both of which are particularly linked to agricultural fertiliser use, see Ap-
pendix 7.9.

Note: 1) This assumes that the use of LULUCF crediits is prioritised before the use of ETS allowance cancellations.
Finally, it is assumed that the flexibility mechanisms are used chronologically, i.e. as soon as and if they can fulfil a
reduction need that is not covered by domestic reductions.

Regulation of fertiliser in primary models

The Expert Group's models 2 and 3 include two variants of regulating emissions
from fertiliser applied to fields. One option is a tax on fertiliser usage with a base de-
duction per hectare of agricultural land. The second option is a restructuring of di-
rect agricultural subsidies so that fewer hectare subsidies are granted, and the
funds released are used for subsidies for reduced fertiliser usage.

The forms of regulation give different weight to the considerations in the Danish Cli-
mate Act. Overall, a fertiliser tax with a base deduction will be the most cost-effec-
tive approach to reducing CO2-eq emissions in general, as the tax provides a uni-
form incentive to both reduce fertiliser usage for a given crop and to change the
crop composition. The base deduction in the tax model partially compensates for
the tax payment and mitigates the decline in land value.

A subsidy for reduced fertiliser use will only provide an incentive to reduce fertiliser
usage on a given crop, but not an incentive for crop rotation, as the subsidy is given
in relation to the existing crop-specific fertiliser norms. Depending on the possibili-
ties for substitution between crop types, this can reduce the greenhouse gas reduc-
tion efficiency of the tax model. The subsidy relieves the effect on the farmer's con-
tribution margin, as no tax is paid on the fertiliser that continues to be used. Con-
versely, the subsidy is fully financed by a reduction in the hectare subsidy, which re-
sults in a reduction in the gross margin for all farmers.

As the funding is not dependent on fertiliser consumption but on the farmer's area, it
implies a redistribution between farmers in relation to the tax. As with the tax bur-
den, the combination of subsidies and financing via a reduced hectare subsidy leads
to a structural effect in the form of a reduction in production and a reduction in land
values. In the Expert Group's calculations, the restructuring of agricultural subsidies
has a smaller structural effect (smaller decline in production), but a slightly larger
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decline in land values. The difference in the land value effect depends on the spe-
cific assumptions about crop substitution and the effect on cropping intensity of tax-
ing versus restructuring direct agricultural subsidies.

For this reason, two variants will be included in models 2 and 3:

a) Fertiliser tax of DKK 750 per tonne of CO2-eq with a base deduction per hec-
tare of agricultural land of DKK 200, which corresponds to 50 per cent of the
average immediate tax payment for fertiliser per hectare.

b) Restructuring of the direct agricultural subsidy to a subsidy for reduced fertiliser
usage of DKK 750 per tonne of CO2-eq.

In the fertiliser regulation models, the rate does not differ between model 2 and
model 3, as a lower tax or subsidy rate for fertiliser usage will largely lead to lower
other effects (including technical effects and activity effects), and to a lesser extent
reduce structural effects. As shown in Table 2.1, the decrease in production in mod-
els 1 and 2 is more than twice as large for cattle and pig production relative to crop
production. Therefore, in order to maintain the existing occupational structure and
minimise the risk of carbon leakage, the rate for livestock should be further reduced
before the rate for crop production is reduced. Due to the relatively low structural ef-
fects in crop production compared to livestock production, it is assessed that a
lower tax/subsidy rate cannot be justified by maintaining the existing business struc-
ture and minimising the risk of carbon leakage in agriculture. For that reason, the
tax/subsidy rate is the same in models 2 and 3.

Section 3.2 elaborates on the advantages and disadvantages of options a and b,
how fertiliser can be regulated and the connection to existing fertiliser regulation.

As an alternative to a tax on fertilisers or a restructuring of direct agricultural subsi-
dies to support reduced fertiliser usage, it may be possible to consider lowering ni-
trogen norms by a fixed percentage, see the nitrogen regulation from before 2015. #
The norms are introduced in Box 2.2 and are currently set in such a way that farm-
ers are able to fertilise to the average private-economically optimal level. In practice,
a reduction in norms will mean that farmers will have fewer opportunities to use ferti-
lisers. Olsen and @rum (2023)° argue, among other things, that a reduction in nitro-
gen standards can be a safer instrument for achieving a specific reduction target
than a tax or restructuring of direct agricultural subsidies. Conversely, a lowering of
nitrogen standards will create an uneven COz-eq regulation, as it does not take into
account the individual farmer's reduction cost, thereby increasing socio-economic
costs and uncertainty about the CO.-eq price. Furthermore, reduced norms are
likely to result in a different burden on the agricultural sector, shadow price and dis-
tribution between farmers than a tax on fertilisers or a restructuring of direct agricul-
tural subsidies.

If the effect of a tax on fertiliser usage of DKK 750 per tonne of CO2-eq were instead
to be achieved through a norm reduction, this would correspond to approx. 7 per

4 The reduced nitrogen norm was decided to be repealed with the political agreement on a Food and Agriculture
Package of 22 December 2015.

5 Olsen, J. V., &@rum, J. E., (2023) "Kort notat vedrgrende mulige averse effekter af et tilskud til reducereret kveel-
stofanvendelse” (Brief note on possible averse effects of a subsidy for reduced nitrogen use), Department of Food
and Resource Economics
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cent.® It should also be noted that farmers do not use their fertiliser quotas in full. If it
is assumed that this reduced use will also take place after the introduction of a norm
reduction, it is estimated with considerable uncertainty that farmers will not use ap-
prox. 10 per cent of the total fertiliser quotas. If reduced nitrogen norms are to be
used as an alternative way to reduce fertiliser use, the consequences of this would
need to be investigated further.

Box 2.2
The fertiliser quota

A farmer's fertiliser quota is the sum of the nitrogen norms for the farmer's fields. The norms are an
estimate of the amount of nitrogen that gives the farmer's economically optimal crop yield at the ferti-
liser level, where the income from the extra yield can just about pay for the extra cost of the nitrogen
fertiliser. The norms are estimated by averaging the optimal fertiliser application across farms. The
norms are set by a committee led by Aarhus University, with participation from SEGES, the Univer-
sity of Copenhagen (Department of Food and Resource Economics) and the Ministry of Food, Agri-
culture and Fisheries of Denmark, and constitute a central element of the existing nitrogen regula-
tion.

The actual average fertiliser usage by farmers is below the norm. This is because the norm is set as
an average of the economically optimal use and sets an upper limit on fertiliser usage. This means
that some farmers have an economic optimum for their fertiliser usage that is below average and will,
therefore, use less fertiliser than the norm allows. The average fertiliser usage indicates a large
spread.

The Expert Group has chosen not to include crop management measures in the
presented tax models as the CO»-eq reduction by absorption in the soil's carbon
stock is decreasing and reversible’, see Appendix 7.5, and closely linked to the ef-
fect of nitrogen regulation. It is therefore recommended that CO.-eq emissions are
included in the new nitrogen regulation currently being prepared. Consider subsidis-
ing field management measures to increase the removal of CO2-eq in fields and
achieve a climate effect by 2030. Subsidies for field management measures are in-
cluded as a possible adjustment screw in Section 2.8 and are estimated to provide
a CO2-eq reduction of 0.2 m tonnes in 2030 with a marginal shadow price of DKK
700 per tonne of CO2-eq in 2030. As the effect is diminishing, the CO2-eq reduction
is estimated to be 0.1 m tonnes in 2045 if cultivation practices are maintained.

Overview of the models

An overview of the impacts of the models is shown in Table 2.7, including the mod-
els' impacts on CO2-eq emissions in 2030, tax rates, revenue impacts (immediate
and after behavioural response) and socio-economic costs, pass-through to con-
sumer prices and change in land values. The individual models and the results are
further detailed in the separate sections. Box 2.3 provides an overview of the main
concepts for understanding the model results both in the table and in the review of

¢ The calculation is based on the average of farmers' total fertiliser quotas for the period 2021-23 (approx. 380 m
tonnes of N per year) and the reduced fertiliser use assumed in IFRO's calculations of the effect of a tax.

7 The build-up of carbon will continue until a new equilibrium is reached in the soil carbon stock that corresponds to
the new cultivation practices. Carbon storage in arable farming is reversible, which means that if there is a change in
cultivation practices towards a lower input of organic matter, carbon storage will gradually decrease. This will lead to
COzeq emissions. To avoid this, it is thus necessary to maintain a given cultivation practice.
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the other chapters. In most cases, the modelling results are calculated in the gen-
eral equilibrium model GreenREFORM®, which is briefly described in Box 2.4.

The three models have different impacts on revenue. Only model 1 entails a net rev-
enue that can be used for e.g. support for transition to greener methods of produc-
tion or alternatively for support for the dismantling of existing production capacity.
Models 2 and 3 requires additional financing due to, among other things, the intro-
duction of a base deduction that significantly reduces tax revenue. In addition, the
lower CO2-eq reductions in these models imply an increasing need to achieve tech-
nological reductions via carbon removal through deployment of biochar by pyrolysis
in order to meet targets, which also contributes to the financing needs in models 2
and 3.

The 3 models show different paths to reach the 70 per cent target. Together, the tax
models form an area of conflicting considerations to a certain extent. In this way, it
will ultimately be a political choice how the different considerations are weighted and
how the architecture of a CO: tax system is arranged.

Table 2.1. Overview of the impact of the models in 2030

Tax rate in 2030 | CO2-eq reduction Production Costs, revenue and price pass- Shado | Change
volumes and | through w in land
value price” |values®

Live- Ferti- 12030 Of of De- De- Imme- Reve- Reve- ilncrease i{Avg. Excl./incl.

stock liser (2045 which which icrease creas idiate nue  nueaf- {indairy incl. subsidy

(base  (base i) struc- other iinpro- ein bur- from terbe- {and meat iside ef- | for affor-

deduc- deduc- tural  ef- duc- pro- iden®  tax hav- product |{fects estation

tion, tion, ef- fects? | tion, to- duc- ioural prices®

per per fects tal tion re-

cent) cent) (of value, sponse

which total and

cat- sub-

tle) sidy®

DKK
DKK per tonne of m tonnes Per cent DKK bn Per cent per Per cent
COzeq tonne of
COzeq

Model 1
(Effective
tax rate of 750 750 3.2 1,6
DKK 750 0) 0 (59 (09 1.5 15.0 9.8 5.9 3.0 1.2 4 1501 -16,8/-8,8
per tonne of
COz-eq)
Model 2a
(Effective
tax rate of 750 750 2.8 1.0
DKK 375 (50) (50)| (55) (0.5) 1.9 8.9 5.8 3.1 1.5 -0.5 2 2501 -6.2/4.1
per tonne of
CO2-eq)
Model 2b 750
(Restructur- (7550? (sub- (52£ (00'53 1.9 6.0 4.2 2.5 1.4 -0.7 2 325 -8.4/2.8
ing of direct sidy) ’ ’

® Impact assessments for the tax on livestock, fertiliser, and liming are fully calculated in GreenREFORM, as are the
technology requirements in models 3a and 3b. For subsidies for afforestation and the restructuring of direct agricul-
tural subsidies to reduced fertiliser usage, the shadow prices for these measures are based on partial estimates out-
side the model. The proposed regulations of carbon-rich agricultural land, F-gases and biochar by pyrolysis are cal-
culated outside the model.
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agricultural

subsidies)

Model 3a

(Effective 550

tax rate of 750 2.6 0.6

DKK 125 (50) / (50)| (53) (0.3) 2.0, 5.6 3.5 1.9 1.0 -2.0 1 475 -3.8/7.2
125 (0)

per tonne of

CO2-eq)

Model 3b

(Restruptur— 250 750 54 0.3

ing of direct (50)/  (sub- 51) (0.2) 2.0 2.6 1.9 1.3 0.9 -2.1 1 5751 -5.5/6.0

agricultural { 125 (0) sidy) ' ‘

subsidies)

Note: Rates and shadow prices are rounded to the nearest DKK 25 per tonne of CO2-eq. Totals may differ from the sum due to rounding. Rates are shown in 2022
prices, and revenue effects are shown in 2023 levels. It is assumed that the taxes are continuously indexed with the general price level. The calculations include a tax on
pigs, cattle and poultry. The CO2-eq reduction from poultry is rounded to 0.0 m tonnes and is therefore not included in tables. Other animals (sheep, horses, etc.)
account for less than 2 per cent of agricultural emissions and are therefore set to zero for calculation purposes.

1) The socio-economic costs are measured in factor prices. The calculations of the socioeconomics and shadow prices do not include improvements in terms of trade
and thus do not include gains from price effects that occur at the expense of other countries. The reduction in extermnalities in the form of environmental and health
effects and the benefits from reforestation are included in the socio-economic costs. It is impossible to calculate the socio-economics of an unspecified subsidy fund for
conversion/investment aid for new technologies.

2) Other effects cover technical effects (reductions that do not affect the scope of production, but reduce emissions per unit produced, e.g. via feed additives for cattle,
biochar by pyrolysis, etc.) and activity effects (e.g. change from agricultural land to forest) and rewetting of carbon-rich agricultural land.

3) The immediate burden is defined as the impact of a tax change on CO2-eg-emitting companies before the companies start to change their behaviour. It is basically
calculated as the product of the company's CO2-eq emissions and the tax increase. The immediate burden includes the realised technology costs for the technology
requirements for feed additives and tent covering with floating layers in models 3a and 3b. The costs are associated with uncertainty due to low technological maturity.
4) In the calculation of the revenue according to behaviour and subsidies, the government expenses associated with subsidies for forests, carbon-rich agricultural land
and biochar by pyrolysis are included. It should be noted that a total of DKK 9.4 bn extra has been allocated for the rewetting of carbon-rich agricultural land. The funds
are calculated here equally distributed between 2025-2032, when the set-aside is expected to occur.

5) The land value changes are excl. effect from set-aside and wetland restoration of carbon-rich agricultural land. The effect from subsidies for afforestation is under the
assumption that land converted to forest has an average cultivation value compared to agricultural land in rotation.

6) The average price increase from dairy and slaughterhouse products is calculated as the price changes on the Danish dairy and slaughterhouse food deliveries to
Danish households in 2030 weighted by the households' expected consumption of these foods in 2030 before they have adjusted their consumption to the tax.
Source: Own calculations

Box 2.3

Key terms in connection with model calculations

Most calculations in the report are based on the GreenREFORM model. This is described in more
detail in Box 2.4.

The immediate burden is defined as the impact of a tax change on CO2-eg-emitting companies
before the companies start to change their behaviour. It is calculated as the product of the compa-
ny's CO2-eq emissions and the tax increase.

Revenue after behavioural response is defined as the revenue effect of a tax change, taking into
account changes in behaviour and the effect of the tax change on other government revenue and
expenditure. It is this revenue that can be allocated to, for example, tax reductions and financing
subsidies. In other contexts, revenue after behavioural response is called the impact on government
finances and revenue after statics effects and behavioural response.

The socio-economic cost indicates the value of the welfare loss experienced by society as a result
of increased taxation and subsidies. The socio-economic cost per tonne of CO2-eq is also called the
shadow price. A distinction is made between the average shadow price, which covers the total so-
cio-economic cost per tonne of reduced CO»-eq, and the marginal shadow price, which covers the
socio-economic cost of reducing one more tonne of COz-eq. The calculations of the socioeconom-
ics and shadow prices do not include improvements in terms of trade and thus do not include gains
from price effects that occur at the expense of other countries. The reduction in externalities in the
form of environmental and health effects and the benefits from reforestation are included in the so-
cio-economic costs.
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When a CO2-eq tax is introduced, the CO2-eq reductions can be calculated in two types of reduc-
tions: structural effects and other affects.

Structural effects (alternatively paradigm shifts in businesses) cover reductions from changes in
production or relocation and possible cross-border trade. This happens because a tax increase
makes Danish companies less competitive relative to foreign companies and therefore forces them
to reduce or relocate their production or because CO2-eg-intensive products become more expen-
sive relative to CO2-ec-light products, causing consumers to shift their consumption towards CO--
eg-light products. Large structural effects will usually indicate a significant risk of carbon leakage.

Other effects cover technical effects (reductions that do not affect the scope of production but re-
duce emissions per unit produced, as a result of e.g. feed additives for cattle, storage technologies,
biochar by pyrolysis, etc.) and activity effects (e.g. change from agricultural land to forest or set-aside
and wetland restoration of carbon-rich agricultural land).

Land value decline covers the land value effects of a given tax model, where there will be changes
in the coverage contribution on the land, which leads to changes in land use and valuation of the
land as a result of the land changing to the best economic alternative after a tax reform (e.g. fallow-
ing, wet land restoration of carbon-rich agricultural land or afforestation).

Change of activity: Covers change in type of activity, e.g. change between animal types, change in
land use, etc., without production decline and decrease in quantity without a decrease in production,
such as optimisation and change to crop type with less fertiliser consumption, but unchanged
amount of crop production.

Degree of price pass-through covers how much of the immediate burden is estimated to be
passed on in higher (consumer) prices.

The various concepts and calculation methods, including the potential for agriculture to transition to
less CO2-eg-intensive production, which form the basis of the modelling calculations, are further
elaborated in documentation notes and sensitivity analyses. In addition, there are a number of uncer-
tainties that are addressed in Section 3.5.

Box 2.4
Brief description of GreenREFORM

Most impact assessments of the models are made in GreenREFORM, which is a general environ-
mental and climate economic equilibrium model that can assess the environmental and climate ef-
fects of economic activity, as well as the economic effects of environmental and climate policy initia-
tives. The model has been developed by the DREAM model group in collaboration with researchers
from the University of Copenhagen, Aarhus University and DTU.

GreenREFORM consists of a main model and a number of sub-models describing sectors of particu-
lar importance for climate and environment. Sub-models have been created for the waste, energy,
agriculture and transport sectors, as well as for technological transition elements.

The main model is a general equilibrium model describing Denmark's overall economic activity and
combining results from the sub-models. GreenREFORM has a high level of detail in the description of
production in the economy in terms of industry breakdown and detailed assumptions about market
conditions etc. In the main model, the production and consumption of energy is described explicitly
in physical quantities distributed across 27 energy products with associated emissions of 14 green-
house gases.

GreenREFORM's agricultural model consists of 11 agricultural industries representing different
branches of agricultural production. Separate production functions are used for animal and vegeta-
ble agriculture, respectively. To capture the interdependence between production branches, an ex-
plicit modelling of non-market production and consumption of livestock manure, roughage and bed-
ding within agriculture has been added. Land is added as a production factor for crop agriculture,
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and non-energy emissions from agriculture are linked to the different inputs that give rise to the emis-
sions. In addition, the relationship between agriculture and LULUCF emissions has been modelled
through a model for LULUCF emissions, where agricultural land use is included as an input factor.

The Expert Group has further qualified the GreenREFORM model, where, for example, the assess-
ment of export elasticities is based on recent empirical economic literature. The Expert Group's ver-
sion of GreenREFORM and a more detailed description of GreenREFORM and the modelling of agri-
culture can be found on the GreenREFORM website (https://dreamgruppen.dk//groenreform/ek-
spertgruppe-for-groen-skattereform-2024).

The GreenREFORM model is thus used to quantify the expected effects of the different models, and
as with all economic models, there is uncertainty associated with the model's results. Section 2.7
presents and discusses sensitivity analyses of, among other things, the export elasticities used.


https://dreamgruppen.dk/groenreform/ekspertgruppe-for-groen-skattereform-2024
https://dreamgruppen.dk/groenreform/ekspertgruppe-for-groen-skattereform-2024
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2.3 Model 1: Cheap Emissions Reductions

As mentioned, model 1 is a socio-economically cheap model, where the reductions
are achieved with a uniform tax of DKK 750 per tonne of CO2-eq, corresponding to
the tax in the part of the industry that are currently not regulated under the EU ETS.
Model 1 introduces a tax of DKK 750 per tonne of CO2-eq on emissions from livestock
and fertiliser usage. The model fulfils both the 70 per cent target and the EU obliga-
tions in the Effort Sharing Regulation and the LULUCF Regulation, see Table 2.2

In the model, all emissions from agriculture are subject to the same tax. This provides
the cheapest reductions within agriculture and for society as a whole. The other mod-
els will lead to higher socio-economic costs of regulating emissions from agriculture.
The counterpart is that in this model, there are large structural effects in the form of
a decline in animal production in particular, and that these effects entail a risk of car-
bon leakage. The model involves a shift in activity from animal feed production to other
crop production, which in itself does not impact the CO2-eq emissions, which instead
primarily arise from the reduction in livestock production. This shift in production is
not estimated to significantly affect the overall supply of calories to the world market
from Denmark, see Appendix 7.10.

Production, employment and consumer price

The model implies a decrease in agricultural production of 15 per cent, driven mainly
by a decrease in cattle and pig production of 20.2 per cent and 17.7 per cent respec-
tively. The decline in production will decrease employment in the food and agriculture
industry by around 8,000 full-time employees in 2030. This corresponds to a de-
crease of approx. 10.2 per cent of those employed in agriculture and the food industry
in 2030. The decline in employment is offset in 2030 by an increase in other industries
with less greenhouse gas-intensive production. At the same time, the lower produc-
tion means that consumer prices for goods from Danish slaughterhouses and dairies
increase by an average of just under 4 per cent, see Table 2.4.

Table 2.2 Main results of model 1
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Model 1 Cheapest emissions reductions: 750 per tonne corresponds to tax level in industry etc. not subject to ETS.

CO:2-eq reductions Costs and revenues, 2030 | Shadow prices, change in pro-

duction, change in employment
and change in land values, 2030

2030 3.2 (5.9) m | Immediate Average shadow 450 per

DKK 5.9 bn | price (incl. side

(2045) tonnes | tax burden tonne
effects)

Share from

- 1) i .

struc_tural re 52 (30") i Revenue from DKK 3.0 b Decrease in pro 15 per cent

ductions (cat- per cent | tax duction, total

tle)

Share from E:r\::\r)igi;?er Change nem. 8000 full-time

otherreduc- 48 per cent DKK 1.2 bn 9 employees®

; response and ployment, total

tions ; (-10.2 per cent)

subsidy
- 0.1m .
Subsidies for tonnes Change in land -16.8/-8.8 per
negative (2.1) values, excl. /incl. cent

Fulfilment of climate goals
incl. decided actions

70 per cent tar-
get

Fulfilling the EU's
Effort Sharing
Regulation

Delivering on EU
LULUCF commit-
ments (budget
target 2026-
2029/point target
2030)

124 per cent

100 per cent

100 per cent
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emissions? subsidies for af-
2030 (2045) forestation

Note: See Table 2.1.

1) Share from structural reduction from cattle indicates that 30 per cent of the 2030 emissions of 3.2 m tonnes of CO2-eq comes from a reduction in cattle production.
2) Subsidies for forestry.

3) Total employment decline in agriculture and related industries. The decline in employment is offset in 2030 by an increase in other industries with less greenhouse
gas-intensive production.

Source: Own calculations

Composition of greenhouse gas reductions

The 15 per cent reduction in production means that more than half (52 per cent) of
the total reduction in greenhouse gas emissions comes from structural effects. Of
this, 30 per cent of the total reduction comes from structural effects from cattle pro-
duction. The high structural effects are due to the economically viable technological
reductions being limited, see Appendix 7.5. This shows that at a tax level of DKK
750 per tonne of CO2-eq, it is estimated that only the potential effects from the tech-
nologies feed additives and tent covering with floating layers will come into play.
The average shadow price for model 1 is equal to DKK 150 per tonne of CO2-eq.
Compared to other areas, such as transport and industry, these are cheaper reduc-
tions as measured by the shadow price. This is partly due that reductions from
structural effects typically having low socio-economic costs.

Land value decline and compensation

The lower production and production value also mean that the value of agricultural
land falls. The isolated effect of the tax is a decrease of 16.8 per cent. The Expert
Group's proposal for a subsidy for afforestation of DKK 92,000 per hectare stimulates
the demand for land and increases the production value. Both effects increase the
value of land and thereby act as partial compensation for the existing farmers. Overall,
however, there is still a decrease in land prices of 8.8 per cent. Subsidies for affor-
estation also have a positive CO: effect on the net absorption from forests, which is
limited to 0.1 m tonnes by 2030. By 2045, the contribution grows to 2.1 m tonnes of
CO:.. Finally, the subsidy for afforestation means that the goal of establishing 250,000
hectares of forest is expected to be realised.

The tax imposes an immediate burden on agriculture (i.e. the cost of the tax with
unchanged production) of DKK 5.9 bn. After shifts in production etc., the tax is ex-
pected to generate revenue of DKK 3.0 bn. If subsidies for afforestation and rewetting
of carbon-rich agricultural land are taken into account, there is still a revenue of DKK
1.2 bn that can be returned to farmers.

It is fundamentally difficult within the existing tax system to return the revenue in a
targeted way to the branches of agriculture that are hit hardest by the CO2-eq tax.
These companies will typically not have a correspondingly large tax payment com-
pared to the burden from the CO:2-eq tax. In addition, a large proportion of farmers
are on a business tax scheme, which includes not paying corporate tax, for exam-
ple. Compared to the first interim report, it has thus been decided not to reverse the
revenue from a reduction in corporation tax.

In model 1, it is instead assumed that the net revenue of DKK 1.2 bn are returned to
the industry as a subsidy for capacity closure, see Section 2. 10, or conversion/in-
vestment aid for new technologies. The Expert Group has not further specified the
subsidy scheme. The design will need to ensure that the subsidy schemes do not
counteract the CO2-eq reductions from the tax in 2030 and in the longer term.
Therefore, the subsidy should, as a starting point, be designed as a temporary sub-
sidy as with the Agreement on Green Tax Reform for Industry etc.
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Breakdown of the total effects on farm types
As cattle production is the most CO2-eg-intensive part of agriculture, the adjust-
ments are greatest for this type of farming. Conversely, the adjustments are the
least in scope in crop production, see Table 2.3.

Table 2.3. Model 1: Change in production volumes and value, 2030

Model Crop Cattle Pigs Overall
Decrease in pro- 7.9 20.2 17.7 15.0
duction, per cent

Decrease in pro-

duction value, 7.6 8.7 13.6 9.8

per cent

Source: Own calculations

The changes in the scope of production give rise to reductions in greenhouse gas
emissions (structural effects). For cattle production, the structural effects corre-
spond to 22 per cent of non-energy-related emissions, where the structural effects
for pig production correspond to 20 per cent of non-energy-related emissions. For
crop production, the structural effect is significantly lower and amounts to 9 per cent
of the non-energy-related emissions of crop farming, see Figure 2.2.

The technological reductions are also greatest for cattle production, where they ac-
count for 18 per cent of the non-energy-related emissions. This is because feed ad-
ditives become profitable to use at a tax level of DKK 750 per tonne of CO2-eq. For
pig production, there are also technical effects on 12 per cent of non-energy-related
emissions. This reduction is related to the fact that in this branch of production,
technical measures related to slurry handling will also be profitable. The technical ef-
fects are significantly lower for crop farming, amounting to 2 per cent, as there are
fewer possibilities for technical conversion.
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Figure 2.2 Model 1 — Share of structural and technical effects in relation to non-energy-related emissions

Pct. of emissions Mio. tonnes of CO,eq
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Note: The green diamonds are the reduction in emissions in m tonnes (right axis). The columns cover the proportion of the tax category's basis that is reduced (left axis).
Source: Own calculations.

The tax burden on the agricultural sector and the resulting structural effects depend
to a large extent on the level of emissions relative to the value added. For cattle pro-
duction in particular, the immediate burden on business is high both in absolute
terms and relative to value added measured by GVA. The immediate load accounts
for just over 100 per cent of the GVA in this branch of production. For both crop and
pig production, the immediate burden on business is around 25 per cent of GVA,
see Figure 2.3.

The burden of the CO»-eq tax increases after the behavioural response of crop pro-
ducers as a share of the tax on livestock is passed on in higher fertiliser prices and
reduced feed prices, thus affecting the earnings of crop producers. Similarly, the
burden on crop producers decreases significantly as a result of the afforestation
subsidy, which reduces the decline in land values, see Appendix 7.14.

In general, the split between livestock and crop production does not correspond to
the split between farms with animal production and farms with crop production, as
livestock producers own significant amounts of land used for feed and fertiliser ap-
plication. The split considers each farm type in isolation and does not include these
compositional effects. In Appendix 7.15, examples of typical farmers for livestock
producers are shown where average hectare ownership is included.
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Figure 2.3 Model 1 - Burden incl. change in land value in DKK m and in relation to GVA

DKK mio. Per cent
H Burden in million DKK (left axis) Including structural effects (left axis)
4.000 A @ Burden related to GVA (right axis) r 125
[ J
3.200 A - 100
2.400 H - 75
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800 - - 25
0 M
Immediate After After forestincl.| Immediate After Immediate After
burden behavioural land value burden behavioural burden behavioural
-800 1 response incl. change response response | -25
land value
change
Crops Cattle Pigs

Note: For crop farming, the burden after behavioural response is calculated based on changes in land value (stated as annuity) and capital loss. For cattle and pigs, the
burden is reported in 2030. The burden of the CO--eq tax increases after the behavioural response of crop farming, as a proportion of the tax on livestock, is transferred
into higher fertiliser prices and reduced feed prices, thus affecting the earmings for plant farming. GVA is calculated including the value of non-market deliveries (livestock
manure, bedding and roughage). It should be noted that manufacturers do not have to pay tax for the share of production that is (fully or partially) closed. This means
that the burden for the closed part of the production is not included in the burden after the behavioural response (the dark blue part of the columns). This may give rise
to the belief that there is a greater opportunity to reduce tax payments by, for example, reorganising production or using technical measures than is actually the case.
Therefore, the column after the behavioural response is also illustrated with "incl. structural effect” (the light blue part of the column), which should draw attention to the
immediate burden for the part of the production that closed.

Source: Own calculations.

Consumer prices and price pass-through

The behavioural changes that lead to lower production mean that it is possible to
sell the reduced volume at a higher price. The prices of products from slaughter-
houses and dairies are estimated to increase by 1.6 per cent for the product groups
with the lowest price increase and up to 10 per cent for the product groups with the
highest price increase, see Table 2.4.

Table 2.4. Model 1: Average price increases for goods from slaughterhouses and

dairies, 2030
Cattle slaughter-
Pig slaughterh Dai (0] Il Dai
house ig slaughterhouse airy vera airy
Average
pricein- 10.0 16 46 3.7 46
crease, per

cent.
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500 grams of minced 500 grams of 1 litre of 1 litre of
beef minced pork milk milk
Price in-
creases, 4.5 0.6 0.6 - 0.6
DKK"

Note: Calculations are based on price increases from the food industry for private consumption. It should be noted
that the price increases are the average price increases for cattle slaughterhouses, pig slaughterhouses and dairies,
which is why the table assumes that the products are affected by the average increase of the industries. Please note
that the immediate prices are stylistic examples. 1) It is assumed that 500 grams of minced beef, 500 grams of
minced pork and 1 litre of milk cost DKK 45, DKK 35 and DKK 13 respectively, including VAT.

Source: Own calculations.

The price increases mean that consumers bear some of the immediate burden. Of
the total immediate burden in the model of DKK 5.9 bn, an average of 56 per cent is
estimated to be passed on in higher consumer prices.

There is a stickiness in the adjustment of the capital stock in agriculture when a tax
is introduced. This means that even if the tax comes into force in 2027 and is
phased in towards 2030, it will be a few years before the capital equipment needs to
be renewed. The stickiness implies that the tax's full effects on the production ad-
justment (structural effects) will correspondingly occur on the other side of 2030 as
the capital stock is worn out and needs to be renewed.

2.4 Model 2: Partial Handling of Effect on Occupa-
tional Structure and Consideration to Carbon
Leakage

Model 2 maintains the marginal incentive for CO2-eq reductions included in model 1,
while attempting to preserve the existing occupational structure and reduce the risk
of carbon leakage in agriculture to a greater extent than model 1. In addition, the
model places greater emphasis on technological solutions.

In this model, the starting point is therefore a lower effective tax rate. In model 2a, the
tax on livestock and fertiliser usage is DKK 750 per tonne of COz2-eq with a base de-
duction per animal and per hectare of on average 50 per cent of the immediate tax
payment. The effective tax rate is thus approx. DKK 375 per tonne of CO2-eq and the
tax level in agriculture is thus equated with the level from the industry's EU ETS from
the Agreement on Green Tax Reform for Industry etc. Model 2 meets both the 70 per
cent target and the EU obligations in the Effort Sharing Regulation and the LULUCF
Regulation.

Base deduction in tax on greenhouse gas emissions from livestock and ferti-
lisers

Model 2a is based on a marginal rate of DKK 750 with an effective tax rate of ap-
proximately DKK 375 per tonne of CO2-eq for emissions from livestock and fertiliser.
A tax system with a CO2-eq tax and a base deduction will provide an incentive at the
margin to use technological solutions (e.g. more climate-optimised barns, feed addi-
tives, etc.). At the same time, the base deduction will limit the increase in production
costs.

1) Inmodel 2a with a tax on greenhouse gas emissions from fertiliser, it is pro-
posed to introduce a base deduction per hectare of agricultural land of DKK
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200, which corresponds to 50 per cent of the average tax payment for fertiliser
per hectare. This gives an effective tax rate of DKK 375 per tonne of CO2-eq.

2) Inthe tax on livestock, a base deduction per animal is proposed so that it
amounts to an average of 50 per cent of the tax payment for a given farm. This
gives an effective tax rate of DKK 375 per tonne of CO2-eq. The base deduction
is organised according to the same criteria that are included in the tax without a
base deduction and is varied across animal types, see Appendix 7.6. For exam-
ple, dairy cows receive a base deduction that is higher than the deduction for
beef cattle.

The Expert Group's use of a base deduction is based on an assessment that it pro-
vides a better incentive structure for the industry to switch to less CO2-eg-intensive
production compared to a model with a simple lower tax rate without a base deduc-
tion, where the immediate tax payment is the same. Appendix 7. 11 compares a model
with a base deduction and higher marginal tax with a model with a reduced rate with-
out a base deduction. The result is that CO2-eq reductions increase and the structural
effect and burden decrease by combining a tax of DKK 750 per tonne of CO2-eq with
a base deduction instead of a reduced tax of DKK 375 per tonne of CO2-eq.

To comply with EU state aid rules, the base deductions are designed to correspond
to 50 per cent of the average direct tax payment for fertiliser usage per hectare and
per unit of livestock respectively. This should be seen in light of the fact that the base
deductions could be considered a tax relief that constitutes state aid. According to
EU state aid rules, such state aid may not exceed 80 per cent of the actual tax pay-
ment. An authorisation will also require that the Commission finds that the other con-
ditions for approving state aid are met. It is thus expected that the base deductions,
including the specific size of the base deductions, will need to be discussed with the
European Commission and may also require the Commission's formal authorisation
under the state aid rules. The Expert Group's choice of the size of the base deduction
is based on an assessment that at a base deduction in the tax of 50 per cent of the
immediate tax burden, the majority of the individual husbandries are estimated to
achieve a relief of less than 80 per cent of the immediate tax payment (before the
base deduction). It should be noted that the Expert Group proposes that the base
deductions are designed in such a way that the individual farmer can never obtain a
base deduction such that the relief exceeds the mentioned 80 per cent of the imme-
diate tax payment.

Production, employment and consumer price

Model 2a implies a decrease in agricultural production of 8.9 per cent, i.e. the decline
in production is about one third lower than in model 1. The decrease in cattle and pig
production is 11.4 per cent (compared to 20.2 per cent in model 1) and 11.0 per cent
(compared to 17.7 per cent in model 1), respectively. The structural effect on live-
stock production is thus significantly reduced. The decline in employment is 4,800
full-time employees (compared to 8,000 in model 1) in agriculture and the food indus-
try in 2030, see Table 2.5. This corresponds to a decrease of 6.1 per cent of the
employed in 2030. As in model 1, the decline in employment will be offset in 2030 by
an increase in other industries with less CO2-eg-intensive production. Like the other
structural effects in this animal production, the consumer price increase is approxi-
mately halved compared to model 1, so that consumer prices for goods from Danish
slaughterhouses and dairies increase by an average of 2 per cent, see Table 2.7.
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Table 2.5. Main results of model 2a
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Model 2a - Partial preservation of the existing occupational structure and consideration to carbon leakage: Tax on live-
stock of DKK 750 per tonne and base deduction, corresponding to an effective tax rate of DKK 375 per tonne

CO:-eq reductions Costs and revenues, 2030 Shadow prices, change in Fulfilment of climate goals
production, change in em- incl. decided actions
ployment and change in land
values, 2030
Average 70 per cent

2030 Immediate shadow price DKK 250 per target

(2045) 28(58)mt tax burden DKK 3.1 bn (after side ef- tonne 113 per cent
fects)

Share from 1 Decrease in Fulfilling the

struc_tural re- 35 (19%) per | Revenue from DKK 1.5 bn i production, to- 8.9 per cent E.U s Effort 100 per cent

ductions (cat- cent i tax tal Sharing Regu-

tle) lation

Delivering on
Revenue after . EU L.ULUCF
: . -4,800 full-time { commitments
Share of other behavioural re- Change inem-
. 65 per cent DKK-0.5 bn employees | (budgettarget 100 per cent
reductions sponse and ployment, total
subsidy (-6.1 per cent) .2026_
2029/point tar-
get 2030)

Subsidies for Change in land

negative emis- 0.3 m tonnes values, excl. -6.2/4.1 per

sions in 2030 (2.3) /incl. subsidies cent

(2045)? for afforestation

Note: See Table 2.1.

1) Share from structural reductions from cattle indicates that 19 per cent of the 2030 reductions of 2.8 m tonnes of CO2-eq come from a reduction in cattle production.

2) Forest uptake is 0.1 (2.1) m tonnes and biochar by pyrolysis is 0.2 (0.2) million tonnes in 2030 (2045).

Source: Own calculations

Composition of greenhouse gas reductions

The reduction in production of 8.9 per cent means that in this model, 35 per cent
(compared to 52 per cent in model 1) of the total greenhouse gas reduction comes
from structural effects. It should be noted that because the marginal tax rate in this
model is also DKK 750 per tonne of CO2-eq, the same technologies as in model 1
are used in this model, i.e. feed additives and tent covering with floating layers. A
higher marginal tax rate combined with a base deduction ensures that the ratio be-
tween structural effects and technical effects is reduced compared to a proportional
tax rate with the same revenue.

The total socio-economic costs measured by the average shadow price are DKK
250 per tonne of CO2-eq in this model compared to DKK 150 per tonne in model 1.
However, these are still relatively cheap reductions in terms of socio-economic

costs.

Reductions due to new technology
There is a lower reduction in CO2-eq emissions due to the lower effective tax com-
pared to model 1. This means that additional measures must be taken to meet the 70

per cent target.

The Expert Group notes that the use of biochar made through pyrolysis is potentially
a technology with great potential in the long term. Therefore, the Expert Group sug-
gests that the technology should be supported in this model. Model 2 contains sub-
sidy funds for negative emissions from biochar by pyrolysis, e.g. in the form of support
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for the storage of biochar produced by pyrolysis in agricultural land, which is esti-
mated to entail a CO2-eq reduction of 0.2 m tonnes of CO2-eq in 2030. However,
there are significant uncertainties associated with the effect estimate for biochar by
pyrolysis, see Appendix 7.5. In addition, the environmental and agronomic conditions
resulting from the production and use of biochar by pyrolysis, as well as the storage
of biochar in agricultural soil, have yet to be determined. The Expert Group notes that
it is important in relation to the long-term goal of climate neutrality in 2045 that initia-
tives are initiated that can result in negative CO2-eq emissions.

It should be noted that when new technological solutions, such as feed additives and
biochar by pyrolysis, are to be included in the national emissions inventory, it requires
documentation of the reduction effect and activity data (distribution and operating
conditions), see Appendix 7.5. For biochar by pyrolysis, sufficient evidence is ex-
pected to be available by 2026. It should also be noted that environmental approval
for storing biochar in agricultural land to achieve 0.2 m tonnes of CO2-eq in 2030 is
pending.

Land value decline and compensation

The lower production and production value in this model, as in model 1, means that
the price of agricultural land declines. The isolated effect of the tax is a decrease of
6.2 per cent compared to a decrease of 16.8 per cent in model 1. In this model, the
Expert Group's proposal of a subsidy for afforestation of DKK 92,000 per hectare is
more than sufficient to keep land values from decreasing, which increase by 4.1 per
cent with the combination of a CO2-eq tax and a subsidy for afforestation. Existing
farmers are thus more than compensated for the decline in land values as a result of
the tax.

The introduction of a base deduction corresponding to approx. 50 per cent of the
immediate tax payment compensates farmers for part of the tax. It means that the
immediate burden (i.e. the cost of the tax with unchanged production) is DKK 3.1 bn
compared to DKK 5.9 bnin model 1. After shifts in production etc., the tax is expected
to generate revenue of DKK 1.5 bn. Taking into account subsidies for afforestation
and rewetting of carbon-rich agricultural land, as well as subsidies for biochar by py-
rolysis, the model implies a deficit on public finances of DKK 0.5 bn. Compensation
via the base deduction in the tax, subsidies for afforestation, subsidies for rewetting
of carbon-rich agricultural land and subsidies for biochar by pyrolysis thus take up
more than the full revenue from the tax.

Breakdown of the total effects on farm types

Cattle and pig production face roughly the same percentage reduction in production
of around 11 per cent in this model. As in model 1, the structural effects are great-
est in animal production, see Table 2.6.

Table 2.6. Model 2a: Change in production volumes and value, 2030

Model

Crop

Cattle

Pigs

Overall

Decrease in pro-
duction, per cent
Decrease in pro-
duction value,
per cent

4.8

4.5

4.9

8.4

8.9

5.8

Source: Own calculations
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The changes in the volume of production give rise to reductions in CO2-eq emis-
sions (structural effects). As in model 1, the structural effects' share of non-energy-
related emissions corresponds to the share by which production is reduced for live-
stock farms. For both cattle and pig production, the structural effect is 13 per cent
of non-energy-related emissions. For crop production, the structural effect is also
significantly lower, accounting for 6 per cent of non-energy-related emissions, see
Figure 2.4.

As in model 1, the technological reductions are greatest for cattle production and
slightly less for pig production. For both farm types, the technical reduction is of the
same order of magnitude as in model 1, as the same technologies are profitable in
both models. For crop farming, there are limited technical effects, as in model 1.

Figure 2.4 Model 2a - Share of structural and technical effects in relation to non-energy related emissions
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Note: The green diamonds are the reduction in emissions in m tonnes (right axis). The columns cover the proportion of the tax category's basis that is reduced (left axis).
Source: Own calculations.

The immediate burden on business is roughly halved for all three types of farms
compared to model 1. The immediate burden on cattle production is large in this
model as well, corresponding to more than half of GVA. For both crop and pig pro-
duction, the immediate burden on business is around 13 per cent of GVA, see Fig-
ure 2.5.

Unlike in model 1, the burden of the CO2-eq tax by behavioural response for crop
farming is largely unchanged compared to the immediate effect. This is because the
reduction in the number of livestock is more limited in this model and the effect on
fertiliser prices and feed prices is therefore also more limited in this model. This also
means that the combined burden after the behavioural response and afforestation
subsidies is negative for crop producers, i.e. the effect of afforestation subsidies on
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land values has more value for crop producers on average than the cost of the CO»-
eq regulation.

In general, the split between livestock and crop production does not correspond to
the split between farms with animal production and farms with crop production, as
livestock producers own significant amounts of land used for feed and fertiliser ap-
plication. The split considers each farm type in isolation and does not include these
compositional effects.

Figure 2.5 Model 2a - Burden incl. change in land value in DKK m and in relation to GVA

DKK mio. Per cent
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Note: For crop farming, the burden after the behavioural response is calculated based on changes in land value (stated as annuity) and capital loss. For cattle and pigs,
the burden is reported in 2030. The burden of the CO2-eq tax increases after the behavioural response of crop farming, as a proportion of the tax on livestock, is
transferred into higher fertiliser prices and reduced feed prices, thus affecting the earnings for plant farming. GVA is calculated including the value of non-market
deliveries (livestock manure, bedding and roughage). It should be noted that manufacturers do not have to pay tax for the share of production that is (fully or partially)
closed. This means that the burden for the closed part of the production is not included in the burden after the behavioural response (the dark blue part of the columns).
This may give rise to the belief that there is a greater opportunity to reduce tax payments by, for example, reorganising production or using technical measures than is
actually the case. Therefore, the column after the behavioural response is also illustrated with "incl. structural effect” (the light blue part of the column), which should
draw attention to the immediate burden for the part of the production that closed.

Source: Own calculations.

Consumer prices and price pass-through

As in model 1, the lower production means that it is possible to sell the reduced vol-
ume at a higher price for Danish-produced goods. Since the volume reduction is
smaller in this model than in model 1, the price increases are correspondingly lower.
The prices of goods from Danish slaughterhouses and dairies are estimated to in-
crease by 1.0 per cent for product groups with the lowest price increase to 5.1 per
cent for product groups with the highest price increase, see Table 2.7 .
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Table 2.7. Model 2a: Average price increases for goods from slaughterhouses
and dairies, 2030
Cattle slaughterhouse Pig slaughterhouse Dairy Overall Dairy
Average price
increase, per 51 1.0 2.3 2.0 2.3
cent.
500 grams of minced 500 grams of minced 1 litre of 1 litre of
beef pork milk milk
Price increases
on Danish-pro-
2.3 0.3 0.3 - DKK 0.3

duced goods,
DKK"

Note: Calculations are based on price increases from the food industry for private consumption. It should be noted
that the price increases are the average price increases for cattle slaughterhouses, pig slaughterhouses and dairies,
which is why the table assumes that the products are affected by the average increase of the industries. Please note
that the immediate prices are stylistic examples. 1) It is assumed that 500 grams of minced beef, 500 grams of
minced pork and 1 litre of milk cost DKK 45, DKK 35 and DKK 13 respectively, including VAT.

Source: Own calculations.

The price increases mean that consumers bear some of the immediate burden. Of
the total immediate burden in the model of DKK 3.1 bn, an average of 53 per cent is
estimated to be passed on in higher consumer prices.

Restructuring of direct agricultural subsidies

This model also includes a variant (model 2b) where no tax is levied on fertilisers. In-
stead, the direct agricultural subsidies are being redesigned to support reduced fer-
tiliser usage.

As with the tax model, the combination of a subsidy for reducing fertiliser usage and
financing via reduced hectare subsidies leads to a structural effect in the form of a
reduction in production and a reduction in land values. In the Expert Group's calcu-
lations, the restructuring of agricultural subsidies has a smaller structural effect
(smaller decline in production), but a slightly larger decline in land values. The differ-
ence in the effect on land values depends on the specific assumptions about crop
substitution and the effect on cropping intensity of a tax versus restructuring direct
agricultural subsidies. A more detailed review of the advantages and disadvantages
of taxes and subsidies for reduced fertiliser usage can be found in Section 3.2.

2.5 Model 3: Further Preservation of Existing Oc-
cupational Structure and Consideration to Carbon
Leakage

In model 3, further consideration is given to preserving the existing occupational
structure and minimising the risk of carbon leakage in agriculture. The tax on livestock
is reduced to DKK 125 per tonne of CO2-eq. The tax level on emissions from livestock
is thus equated with the level from the industry's mineralogical processes etc. from
Agreement on Green Tax Reform for Industry etc. As in model 2, a rate of DKK 125
per tonne of CO2-eq can be achieved by either having a marginal tax rate of DKK 250
per tonne of CO.-eq and a base deduction of on average 50 per cent of the tax pay-
ment, or by reducing the tax to DKK 125 per tonne of CO2-eq. At this tax level, the
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effects of the two models are largely similar because there are limited technical sub-
stitution options in the cost range of DKK 125 to 250 per tonne of CO2-eq reduction.
However, the Expert Group suggests continuing to use the combination of a higher
marginal tax rate of DKK 250 per tonne of CO2-eq and a 50 per cent base deduction
in the tax payment, as this can accelerate the use and development of new technical
solutions.

Emissions from fertiliser usage are regulated as in model 2. In model 3a, there is a tax
rate of DKK 750 per tonne and a base deduction of 50 per cent of the average tax
burden, corresponding to DKK 200 per hectare. In addition, as in model 2 there is a
model 3b where direct agricultural subsidies are restructured so that they are used
to support reduced fertiliser usage.

Production, employment and consumer price

Model 3a implies a decrease in agricultural production of 5.6 per cent. The decline in
production is one third of the decline in model 1 and two thirds of the decline in model
2a. The decrease in cattle and pig production is 6.5 per cent (compared to 11.4 per
cent in model 2a) and 6.6 per cent (compared to 11.0 per cent in model 1), respec-
tively. The structural effect on animal production is thus significantly reduced com-
pared to both model 1 and model 2a. The decline in employment is approximately
3,000 full-time employees (compared to 4,800 in model 2a) in agriculture and the
food industry in 2030, see Table 2.8. This corresponds to a decrease of 3.8 per cent
of the employed in 2030. As in the other models, the decline in employment will be
offset in 2030 by an increase in other industries with less greenhouse gas-intensive
production. Like the other structural effects in animal production, the consumer price
increase is approximately halved compared to model 2a so that consumer prices for
goods from Danish slaughterhouses and dairies increase by an average of 1 per cent,
see Table 2.10.
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Table 2.8. Main results of model 3a
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Model 3a - Further preservation of the existing occupational structure and consideration to carbon leakage: Tax on live-
stock at either a rate of DKK 125 per tonne or DKK 250 per tonne and base deduction, corresponding to an effective tax
rate of DKK 125 per tonne

CO:2-eq reductions Costs and revenues, 2030 Shadow prices, change in pro- | Fulfilment of climate goals
duction, change in employ- incl. decided actions
ment and change in land val-
ues, 2030
Average 70 per cent target
2030 (2045) 2.6 (5.3) { Immediate DKK 1.9 bn shadow price DKK 475 per 106 per cent
m tonnes | tax burden (after side ef- tonne
fects)
Share from Decrease in Fulfilling the EU's
. 1) . )
structuralre- 24 (12%) {Revenuefrom by 4 o bl production, to- 5.6 per cent| CTOtShaNg Reg-y g o0 cont
ductions per cent i tax tal ulation
(cattle)
Delivering on EU
Revenue after . LULUCF commit-
Share of 76 per i behavioural re- Change inem- -3,050 ful-time ments (budget tar- 92/100 per
other reduc- DKK-2.0 bn employees
tions cent i sponse and ployment, total (-3.8 per cent) get 2026- cent
subsidy ©P 2029/point target
2030)
Subs@es for Change in land
negative 09m
. . values, excl. -3.8/7.2 per
emissions in tonnes ! o
/incl. subsidies cent
2030 (29) for afforestation
(2045)?

Note: See Table 2.1.

1) Share from structural reduction from cattle indicates that 12 per cent of the 2030 emissions of 2.6 m tonnes of CO2-eq stem from production decline in cattle

production.

2) Uptake from forestry amounts to 0.1 (2.1) m tonnes and biochar by pyrolysis amounts to 0.8 (0.8) m tonnes in 2030 (2045).
Source: Own calculations

Composition of greenhouse gas reductions

The reduction in production of 5.6 per cent means that the structural effects' share
of the total greenhouse gas reduction in this model is 24 per cent (compared to 35
per cent in model 2a). At the same time, the total CO2-eq reduction as a result of
the tax is approx. 0.8 m tonnes lower than in model 2a. This means that there is a
need to achieve CO2-eg-increasing effect from technological means. The technical
effect of 75 per cent of the total reductions cannot be achieved through cost-effec-
tive measures, but is instead based on a combination of requirements and subsi-
dies.

The socio-economic costs measured by the average shadow price are DKK 475 per
tonne of CO2-eq in this model compared to DKK 250 per tonne in model 2 and DKK
150 per tonne in model 1. The significant increase is due to the fact that technologi-
cal measures used to achieve the overall reductions in this model are expensive
compared to reductions achieved by a tax.

Requirements for selected technologies

A tax on emissions from livestock production of DKK 125 per tonne implies that the
tax in itself does not provide sufficient incentive for the use of feed additives and tent
covering with floating layers. In model 2, these technologies contribute reductions of
0.5 m-0.7 m tonnes of CO:-eq in 2030 across the two variants of model 2.
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To achieve the stated emission reduction objectives, model 3 incorporates a require-
ment for farmers to use feed additives and tent covering with floating layers or similar
storage technologies. A requirement to use a given technology implies that the tech-
nologies must be fully utilised, even if the tax levels alone are not sufficient to ensure
this. It will lead to higher socio-economic costs than an equivalent model without re-
quirements and a higher burden on affected professions, as it forces farmers to use
a specific technology, even if the price exceeds the tax savings arising from a reduc-
tion in greenhouse gases.

An alternative option would be to create a subsidy scheme for the technologies in
question. It is to be expected that the implementation of subsidy schemes will result
in a lesser usage of the technologies than the incorporation requirements, resulting
in the climate impact from subsidies is likely being lower than the full technical poten-
tial. With a voluntary model based on subsidies, there is uncertainty associated with
the expected utilisation of the funds. Conversely, as mentioned above, the burden on
the agricultural sector is less with a subsidy scheme than with a requirement.

Subsidy schemes for these technologies could be funded by EU agricultural subsi-
dies, see Section 6.4. Requirements can only be financed by EU funds for up to 24
months after a new and more far-reaching national requirement has entered into force
compared to existing EU requirements. Support for investment in tent coverings with
floating layers will need to be prioritised before a national requirement is implemented.

The Expert Group's choice of requirements in model 3 is based on an overall as-
sessment, where more emphasis is placed on the fact that the requirement provides
greater certainty for a given CO:2-eq reduction level. This is in light of the fact that
the technologies in question provide a very significant share of the total reduction in
emissions from livestock production, which is not provided by a tax level of DKK 125
per tonne of CO2-eq.

Subsidies for biochar by pyrolysis

The model assumes that technical effects from the use of biochar of 0.8 m tonnes of
CO:2-eq will be generated in 2030 if the model is to meet the 70 per cent target. It
should be noted that model 3 assumes that approx. 30 per cent of CO2-eq reductions
in 2030 will come from biochar by pyrolysis.

Pyrolysis is a technology with great potential in the long term, which is why the Ex-
pert Group suggests promoting the technology as much as possible, subject to out-
standing environmental authorisations. However, the reduction effect of pyrolysis is
subject to considerable uncertainty, and the environmental conditions resulting from
pyrolysis production and ploughing biochar into agricultural land have yet to be de-
termined. Up to 50 20 MW pyrolysis plants will need to be commissioned as soon as
possible to achieve 0.8 m tonnes of CO-eq reductions by 2030.

The Expert Group suggests that a re-visit be carried out in 2027 to assess the de-
velopment in the use of biochar by pyrolysis. If the development at this point in time
is not expected to lead to a reduction of 0.8 m tonnes of CO2-eq in 2030, the Ex-
pert Group recommends that the lacking reductions are alternatively achieved
through increased tax rates. Alternatively, implementing a norm reduction in nitro-
gen regulation that reduces nitrous oxide emissions from livestock manure and
commercial fertiliser may be considered. Due to positive environmental and health
effects, this regulation is expected to have relatively low socio-economic costs and,
as with a tax increase, the effect is more certain than the roll-out of new technology.
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Land values and compensation

The reduced CO2-eq tax means that the effect of the tax on the land values is also
lower than in the other models. The isolated effect of the tax is a decrease of 3.8 per
cent, compared to a decrease of 16.8 per cent and 6.2 per cent in model 1 and model
2a, respectively. The Expert Group's proposal for a subsidy for afforestation of DKK
92,000 per hectare leads in this model with relatively limited changes in agricultural
production to a somewhat larger increase in demand for land than the decrease in
demand for land resulting from the reduced tax. Therefore, when a CO2-eq tax and
subsidies for afforestation are combined, the land values will increase by 7.2 per cent.
Existing farmers are thus more than compensated for the decline in land values as a
result of the tax.

The effective tax rate of DKK 125 per tonne of CO2-eq on emissions from livestock,
compared to DKK 375 per tonne in model 2, reduces the immediate burden (i.e., the
cost of the tax at unchanged production) for agriculture as a whole compared to
model 2. It is primarily livestock producers who experience this difference between
the two models. The immediate burden in model 3a is DKK 1.9 bn compared to DKK
3.1 bnin model 2a and DKK 5.9 bn in model 1. After shifts in production etc., the tax
is expected to generate revenue of DKK 1.0 bn. Taking into account subsidies for
forestry and rewetting of carbon-rich agricultural land and the increased subsidy for
biochar by pyrolysis, the model implies a deficit in public finances of DKK 2.0 bn.
Compensation via a base deduction and a reduced tax rate for livestock, as well as
via subsidies for forests and rewetting of carbon-rich agricultural land, as well as sub-
sidies for biochar by pyrolysis, thus take up more than the full revenue from the tax.

Breakdown of the total effects on farm types

The reduction of the tax on cattle and pig production compared to model 2 means
that the fall in production is reduced to 6.5 per cent (compared to 11.4 per cent in
model 2) and 6.6 per cent (compared to 11.0 per cent in model 2) for cattle and pig
production, respectively. The lower reduction for livestock farms also leads to a
lower reduction for plant farms, even though the tax for that type of farm is un-
changed. The decline in production for crop farms is 3.8 per cent (compared to 4.8
per cent in model 2), see Table 2.9.

Table 2.9. Model 3a: Change in production volumes and value, 2030

Model Crop Cattle Pigs Overall

Decrease in pro-
duction, per cent
Decrease in pro-
duction value, 2.9 2.8 5.0 3.5
per cent

3.8 6.5 6.6 5.6

Source: Own calculations

The changes in the scope of production give rise to reductions in greenhouse gas
emissions (structural effects). As in model 2, the structural effects' share of non-en-
ergy-related emissions corresponds to the share by which production is reduced for
livestock farms. For both cattle and pig production, the structural effect is 7 per cent
of non-energy-related emissions. For crop production, the structural effect is only
slightly lower than in model 2, accounting for 5 per cent of non-energy-related emis-
sions, see Figure 2.6.
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Figure 2.6 Model 3a - Share of structural and technical effects in relation to non-energy related emissions

Per cent of emissions Mio. tonnes of CO,eq
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100 - - 2,0
80 A L 15
60 A
- 1,0
40 A ¢
- 0,5
. —
0 _ , , - , , - ol 0.0
Q o [} 0 o) 3 R%)
o = =2 % c 4] [
© S * g = ks g
- $ &
>
O
&
<
[&]
ke
m
‘ Y JiL Y )
Tax Negative tax (subsidy)

Note: The green diamonds are the reduction in emissions in m tonnes (right axis). The columns cover the proportion of the tax category's basis that is reduced (left axis).
Source: Own calculations.

The lower tax on emissions from livestock also reduces the technical effects, even if
requirements for feed additives and tent coverings with floating layers are intro-
duced. This is due to the fact that the incentive for further feed conversions etc. is
reduced.

The immediate burden on the agricultural sector is approximately halved for cattle
and pig production compared to model 2, amounting to 25 per cent of GVA and 6 per
cent of GVA, respectively. The immediate burden for crop producers is unchanged
compared to model 2 and amounts to 13 per cent of GVA, see Figure 2.7.
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Figure 2.7 Model 3a - Burden incl. change in land value in DKK m and in relation to GVA

m Burden in million DKK (left axis) m Including structural effects (left axis)
® Burden related to GVA (right axis)
DKK mio. Per cent
4.000 - - 125
3.200 A - 100
2.400 A - 75
1.600 - - 50
800 - . - 25
. J L] i e ... |
-800 A - -25
Immediate After After forest Immediate After Immediate After
burden behavioural incl. changes burden behavioural burden behavioural
response incl. inland value response response
changes in
land value
Crops Cattle Pigs

Note: For crop farming, the burden after the behavioural response is calculated based on changes in land value (stated as annuity) and capital loss. For cattle and pigs, the
burden is reported in 2030. The burden of the COz-eq tax increases after the behavioural response of crop farming, as a proportion of the tax on livestock, is transferred
into higher fertiliser prices and reduced feed prices, thus affecting the earnings for plant farming. GVA is calculated including the value of non-market deliveries (livestock
manure, bedding and roughage). It should be noted that manufacturers do not have to pay tax for the share of production that is (fully or partially) closed. This means that
the burden for the closed part of the production is not included in the burden after the behavioural response (the dark blue part of the columns). This may give rise to the
belief that there is a greater opportunity to reduce tax payments by, for example, reorganising production or using technical measures than is actually the case. Therefore,
the column after the behavioural response is also illustrated with "incl. structural effect” (the light blue part of the column), which should draw attention to the immediate
burden for the part of the production that closed.

Source: Own calculations

The burden of the CO.-eq tax after the behavioural response and afforestation sub-
sidies is negative for crop farming, as in model 2, i.e. the effect on land values of the
afforestation subsidy has more value for crop farmers on average than the cost of
the CO2-eq regulation. For pig production, the burden on business after the behav-
ioural response is reduced to 2.7 per cent of GVA (compared to 6.0 per cent in
model 2). The burden on business for cattle producers is still higher than for the
other types of farms and amounts to 10.8 per cent of GVA (compared to 22.5 per
cent in model 2).

In general, the split between livestock and crop production does not correspond to
the split between farms with animal production and farms with crop production, as

livestock producers own significant amounts of land used for feed and fertiliser ap-
plication. The split considers each farm type in isolation and does not include these
compositional effects.
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Consumer prices and price pass-through
Since there is only a limited reduction in production in model 3, the opportunities to
sell the reduced volume at a higher price are limited. The prices of Danish-produced
goods from slaughterhouses and dairies are estimated to increase by 0.6 per cent
for product groups with the lowest price increase to 2.8 per cent for product groups
with the highest price increase, see Table 2.10.
Table 2.10. Model 2a: Average price increases for goods from slaughterhouses
and dairies, 2030
Cattle slaugh-  Pig slaughter- Dairy Overall Dairy
terhouse house
Average price
increase, per 2.8 0.6 1.2 1.1 1.2
cent.
S00gramsof 500 gramsof 4 oo ¢ it 1 litre of milk
minced beef minced pork
Price in-

creases, DKK" DKK 1.4 DKK 0.2 DKK 0.2 .

DKK 0.2

Note: Calculations are based on price increases from the food industry for private consumption. It should be noted
that the price increases are the average price increases for cattle slaughterhouses, pig slaughterhouses and dairies,
which is why the table assumes that the products are affected by the average increase of the industries. Please note
that the immediate prices are stylistic examples. 1) It is assumed that 500 grams of minced beef, 500 grams of
minced pork and 1 litre of milk cost DKK 45, DKK 35 and DKK 13 respectively, including VAT.

Source: Own calculations.

As with the other models, the price increases mean that consumers bear some of
the immediate burden. Of the total immediate burden in the model of DKK 1.9 bn,
an average of 49 per cent is estimated to be passed on in higher consumer prices.

2.6 Summary of the Three Models

As with the first interim report, the Expert Group's analyses show that it is not possible
to design a CO2-eq tax model that fully meets the starting point of the most cost-
effective reductions of CO2-eq emissions from agriculture and forestry and the guiding
considerations in the Danish Climate Act and the terms of reference. Taxes on CO»-
eq emissions in production imply both an incentive to reorganise production so that
the total CO2-eq emissions from a given production are reduced, and a relative price
increase for products that are CO.-eg-intensive.

The three models presented take different considerations into account, such as pre-
serving the existing occupational structure in agriculture and minimising the risk of
carbon leakage in agriculture. Model 1 equates the tax rate in the agricultural and
forestry sector with the rate from the non-ETS sector of industry, where model 2
equates the tax rate with the rate from the EU ETS of industry, and model 3 equates
the tax rate with the rate from mineralogical processes etc. All models imply that
CO2-eq emissions are regulated more uniformly in Denmark than is the case today.

Balancing structural effects against other considerations

The results of the three models show that the CO.-eg-intensive types of farms reduce
production volume as a result of the increasing costs of a CO2-eq tax. Cattle produc-
tion is reduced by between 20.2 per cent (in model 1) and 6.5 per cent (in model 3).
The corresponding reductions in crop production are 7.9 per cent and 3.8 per cent.
If you want to minimise structural effects and thereby reduce distributional effects and
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the risk of bankruptcy, it will have a number of costs in other dimensions. The Expert
Group has highlighted a number of factors that should be taken into account when
considering the choice of model. These conditions are described below.

Socio-economic costs

Lower structural effects mean that it is necessary to achieve the emission reductions
by other means. These will typically be technical measures. A low tax reduces the
likelihood of a new greenhouse gas-saving technology becoming competitive. This
means that the emissions reduction through technical measures is more expensive
than if the reduction was achieved through a tax. It will also require either a require-
ment/mandate for the technology to be utilised or a subsidy for the introduction of the
technology. In the three models, this shift from reductions through a tax to reductions
of a technical nature means that the average socio-economic price increases from
DKK 150 per tonne of CO2-eq in model 1 (with greater structural effects) to DKK 475
per tonne of CO2-eq in model 3 (with the lowest structural effects).

Uncertainty with meeting targets

A higher emphasis on a new technology leads to an increased risk of not meeting the
targets as the uncertainty regarding the implementation and development of the tech-
nology has a greater impact on the overall emissions reduction. This can be illustrated
by the fact that emissions reduction from biochar by pyrolysis is not necessary to meet
the 70 per cent target and the EU's Effort Sharing target in model 1, while reduction
from pyrolysis accounts for about 30 per cent of the total reduction in model 3.

Public finances

The financing cost for the public sector increases in models that seek to reduce struc-
tural effects. This is partly due to a change in effort sharing between farmers and
society through compensation measures for farmers, such as a base deduction or
subsidies for forestry (which keeps land values under control). However, as men-
tioned, this is also because increased use of technology to achieve the reductions will
typically be associated with public subsidies. The effect on public finances is an im-
provement of the balance by DKK 1.2 bn in 2030 in model 1 and a deterioration of
the balance by DKK 2.0 bn in 2030 in model 3. The surplus in model 1 means that
there is room to compensate for the losses in agriculture, but the deficit in model 3
means that the reduction target cannot be achieved without additional funding with
the given design of the model.

Environment and health

There is a close correlation between the effect on greenhouse gas reduction due to
reduced production and the emission of ammonia and nitrogen. Different models of
the change in agricultural production have therefore various environmental and health
implications. The Expert Group has calculated the societal value of the environmental,
health and recreational improvements resulting from each of the three models. Model
1, which has the largest structural effects, entails a socio-economic gain of DKK 770
m as a result of the effect on the environment, health and recreation. Model 3a (ferti-
liser tax) has a socio-economic benefit of DKK 490 m on environment, health and
recreation. An overview of the effects of the various models is shown in Table 2.11
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Table 2.11. Socio-economic value of environmental effects (DKK m in 2030)

Model Nitrogen Ammonia Recreation Total
Model 1 480 100 200 770
Model 2a 380 60 200 630
Model 2b 200 40 200 430
Model 3a 260 40 200 490
Model 3b 170 20 200 380

Note: Totals may not add up due to rounding

Organic production

There are two opposing effects from the models on organic production. Organic
producers are less COz-eg-intensive relative to conventional producers, which en-
courages more organic production. Conversely, conventional producers have more
options for technical conversion than organic producers, which encourages more
conventional production. Whether there will be more or less organic production will
depend on which effect dominates. On this basis, it is not immediately possible to
assess the overall impact on organic production.

Animal welfare

The Expert Group has not specifically considered the impact of the models on ani-
mal welfare. However, it should be noted that the tax can, for example, incentivise
increased exports of calves and piglets. It is also noted that the tax provides an in-
centive to invest in barns that may have lower animal welfare.

Food security

It is not expected that a CO2-eq tax in isolation will reduce food security in Denmark
in any of the models shown, see Appendix 7.10. A pure tax of DKK 750 per tonne of
CO:2-eq is estimated to result in a decrease in Danish food production for human
consumption of 2-4 per cent, corresponding to a total loss of 225 bn-500 bn calo-
ries (kcal). The very limited decrease in food production for human consumption,
despite the large decline in animal production, is due to an expected shift in activity
from feed production to other crop production.

Consumer prices

A COz-eq tax will increase agricultural costs, which is partly passed on to consum-
ers through increased consumer food prices. Model 1, which has the largest price
increases, implies price increases for products from cattle production of 10 per
cent, from dairy production of 4.6 per cent, while pig products are expected to in-
crease by 1.6 per cent. The corresponding price increases in model 3a with the low-
est structural effects are 2.8 per cent for beef, 1.2 per cent for dairy products and
0.6 per cent for pork, see Table 2.12. The price increases for selected products are
shown in Table 2.13.
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Table 2.12. Average price increases on goods from slaughterhouses and dairies,
per cent

Model 1 Model 2a Model 2b Model 3a Model 3b

Cattle

slaughter- 10.0 5.1 4.3 2.8 2.0
house

Pig

slaughter- 1.6 1.0 0.7 0.6 0.3
house

Dairy 4.6 2.3 2.0 1.2 0.9

Note: Calculations are based on price increases from the food industry for private consumption. It is assumed that
products are affected by the average price increases for cattle slaughterhouses, pig slaughterhouses and dairies.
Source: Own calculations.

Table 2.13. Price increases on selected Danish-produced products, DKK

Model 1 Model 2a Model 2b Model 3a Model 3b

500 grams

of minced 4.5 2.3 1.9 1.3 0.9
beef

500 grams

of minced 0.6 0.3 0.3 0.2 0.1
pork

! I.|tre of 0.6 0.3 0.3 0.2 0.1
milk

Note: See note to Table 2.12. It is assumed that 500 grams of minced beef, 500 grams of minced pork and 1 litre of
milk cost DKK 45, DKK 35 and DKK 13, respectively, including VAT.
Source: Own calculations.

Income distribution

The overall conclusion from the analysis of the effect on income distribution is that
none of the Expert Group's models have an effect on income distribution as
measured by the Gini coefficient.

There are three main effects that drive the changes in real disposable income in the
three models. It is noted that all effects are small in the models. The first effect is the
direct price effect on agricultural goods, which tends to reduce real disposable
income. The second effect is the indirect effect on prices in other sectors due to the
lower labour demand in the agricultural sector. This negatively affects labour costs
in other companies and leads to a reduction in other prices. In isolation, it increases
the real disposable wage. The third effect comes via a slightly lower wage
development due to lower demand in the agricultural sector. The lower wage
development is also accompanied by a lower adjustment of transfer incomes. This
reduces the real disposable income for benefit recipients.

Overall, real disposable income is reduced in all models, as the lower wage
development dominates the effect of price changes, see Section 7.13. However, the
drop in income is limited in all models.

Geographical distribution
Primary agriculture's share of total GVA is limited both for the country as a whole,
where it accounts for 2 per cent of total GVA, and by geographical area. Agriculture
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has the largest share of GVA in West Jutland, accounting for 4.5 per cent of the ar-
ea's GVA. This is followed by Bornholm, where the share of the island's total GVA is
3.8 per cent. For all other areas, the GVA share is below 3 per cent.

With a relatively low starting point in all geographical areas, the changes in a given
area's GVA resulting from the introduction of a CO2-eq tax on agriculture will be lim-
ited. In model 1, where the structural effects are greatest, it is only in West Jutland
that the reduction in GVA exceeds 1 per cent. In model 3, where the structural ef-
fect is lowest, the effect on GVA is 0.5 per cent. It should be noted that the meas-
ured GVA decreases are gross decreases, as they do not take into account the in-
crease in employment in other sectors. It should also be noted that the measured
decreases in GVA do not consider the decrease in GVA in the food industry, which,
in isolation, means that the GVA decreases are underestimated.

Figure 2.8 Decline in GVA across regions due to production decline in primary agriculture, per cent.
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Note: The figure shows the estimated decline in gross value added (GVA) across regions for each of the Expert Group's main models. The figure does not take into

account any change in GVA due to production decline in the secondary industry.
Source: Own calculations.

Bankruptcy risk

The three models for reducing greenhouse gas emissions in agriculture mean that
the contribution margin of agriculture is reduced, which in isolation implies a decline
in land value. Furthermore, the structural changes lead to a capital loss on buildings
and machinery for farmers. The loss of value of land, buildings and machinery can
hit agriculture harder than other sectors because farms are typically run as sole
proprietorships. Therefore, the losses are more concentrated than if the farms had
been run in a company form.

Therefore, the combination of capital loss and a reduction in future profit margins
can increase the risk of bankruptcy for many farmers. The Expert Group has
endeavoured to assess how the three models affect the risk of bankruptcy in
agriculture, see Appendix 7.15.
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As a starting point, 6 per cent of the total turnover in agriculture is estimated to
come from the category "farms at high risk of bankruptcy", corresponding to approx.
360 farms. Table 2. 14 shows an estimate of the proportion of turnover in agriculture
that immediately moves into the category of farms at high risk of bankruptcy in each
of the models presented.
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Table 2.14. Immediate changes in bankruptcy threat, in per cent of revenue

Model 1 Model 2a Model 2b Model 3a Model 3b

Crops 6 1 0 -1 -1
Cattle 25 1M 10 1 1
Pigs 12 2 2 0 0
Other 7 0 0 0 1
livestock
Mixed 1 0 0 0 0
Full-time

15 5 4 0 0
overall

Note: The table shows the share of tumover in the individual types of farms that are assessed to be severely
threatened by bankruptcy. The calculations for changes in the threat of bankruptcy take into account the immediate
capital income effect of the introduction of the CO 2-eq tax and technological reduction options. Adjustment is thus
not taken into account.

Source: Own calculations based on SEGES accounting data

Table 2.15. The main results from the model calculations, 2030 effects

Tax rate Occupa- 2%??):? COz-eq re- Drop in
) tional bur- : €9 Of which Of which | Degree of | land value
(before/af- i Immediate havioural ductions, ) Shadow
Model p den after structural other ef- goal fulfil- { (excl./incl. 5
ter base burden® - response 2030 3 price®
; adjustment effect fects® ment forest sub-
deduction) > and sub- (2045) o
) ; sidies!
sidy
DKK per m tonnes of | m tonnes of i m tonnes of DKK per
tonne of DKK'm DKK'm DKK'm COre COre COre Per cent Per cent tonne of
CO»eq =eq =eq =eq CO»eq
16.8/ 475/
1 750 5,925 2,425 1,150 3.2(5.9) 1.6 1.5 124.0 8.8 150
750/ 6.2/ 525/
2a 375 3,050 1,350 -525 2.8 (5.5) 1.0 1.9 112.9 41 550
750/ 8.4/ 550/
2b 375 2,525 1,325 -700 2.6 (5.3) 0.7 1.9 107.3 28 325
250/ 3.8/ 750/
3a 195 1,900 1,025 -1,950 2.6 (5.3) 0.6 2.0 105.8 0 475
250/ 5.5/ 775/
3b 195 1,300 850 -2,125 2,4 (5,1) 0.3 2.0 99.8 5.0 575

Note: Revenue effect is rounded to DKK 25 m, socio-economic cost to DKK 10 m and shadow prices to the nearest DKK 25 per tonne of CO2-eq. Immediate burden
and revenue after statics effects and behavioural response are given in 2023 level. The CO--eq effects are indicated for 2030.

1) Immediate burden includes the realised technology costs of using feed additives and tent covering with floating layer for models 3a and 3b. For models 3a and 2b,
the burden also includes the net cost of using the technologies for fertiliser. The costs are associated with uncertainty due to low technological maturity. Tent covering
with floating layer is one of several potential storage technologies. By 2030, tent covering with floating layers could therefore be replaced by other storage technologies
with an expected similar climate impact.

2) Burden on business after adaptation only includes the impact of the CO--eq tax on liming and livestock, as well as technology costs from feed additives, tent
covering and floating layers, and the net cost of using the technologies for fertiliser for models 2b and 3b. The burden on business is calculated in 2030, which is why it
differs for crop production from 3.3, 3.5 and 3.7, where the impact is calculated as a discounted annuity for the land value effect.

3) Other effects cover technical effects (reductions that do not affect the scope of production, but reduce emissions per unit produced, e.g. via feed additives for
cattle, biochar by pyrolysis, etc.) and activity effects (e.g. change from agricultural land to forest or carbon-rich agricultural land being rewetted).

4) Land value changes exclude the effect of set-aside and wetland conversion of carbon-rich agricultural land. The effect from subsidies for afforestation is under the
assumption that land converted to forest has an average cultivation value compared to agricultural land in rotation.

5) Shadow prices are calculated in factor prices excluding/including side effects. Side effects are included for the nitrogen initiative due to reduced fertiliser usage, as
well as side effects for ammonia. The calculations of the socioeconomics and shadow prices do not include improvements in terms of trade and thus do not include
gains from price effects that occur at the expense of other countries. Socioeconomics are not presented in the table as the models do not result in the same CO2-eq
reductions, which is why shadow prices are considered more comparable for the costs of the models.

Source: Own calculations
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2.7 Sensitivity Analyses

Tables 2.17-2.18 show sensitivity analyses based on model 1, model 2a and model
3a with effective tax rates of DKK 750, 375 and 125 per tonne of CO2-eq on emissions
from livestock, as well as the models' respective fertiliser taxes and any technology
requirements. The following two parameters are adjusted in the calculations:

1) Different export elasticities in the food industry
2) Different modelling of land supply

Different export elasticities in the food industry

A central part of the impact assessment of a CO2-eq tax is how exports and imports
react to price increases. This determines, among other things, the extent to which
Danish production is relocated abroad, see Appendix 7.8, and it will also affect,
among other things, the pass-through and thus the incidence of a CO2-eq tax.

The export elasticities can basically be said to reflect the degree of market power that
Danish producers are expected to have on the export markets. A high export elasticity
implies a low degree of market power, whereas a low export elasticity implies a high
degree of market power. No other countries have introduced a CO2-eq tax in agricul-
ture, which means that the Expert Group has not had access to concrete empirical
data on national CO2-eq taxes on agriculture and forestry. The Expert Group's as-
sessment of export elasticities is therefore based on the general literature on trade
reactions to price increases (e.g. through tariffs and other price shocks). There is
considerable uncertainty about the size of the export elasticities, which is why the
Expert Group in this section includes sensitivity analyses with higher and lower export
elasticities in the food industry compared to the central estimate. The selected sensi-
tivity analyses do not significantly change the overall qualitative effects of the main
models. However, it can be seen that the effect of a given tax rate on the expected
emission reduction is greater the higher the export elasticity. This is because in a
situation with higher export elasticity and thus less ability to pass on prices to con-
sumers, the food industry is likely to reduce activity more.

The impact assessments in the report's central estimates are based on Fontagne
et al. (2022). Fontagné et al. use a cross-sectional analysis with instrumental vari-
ables to estimate trade elasticities at the product level, where tariffs are the instru-
ment for price differences across the countries of the world (the method is ex-
plained in Appendix 7.17). Tariff rates generally vary between 0-20 per cent and
can thus be compared to the relevant cost shocks in the Expert Group's models.
Data covers tariffs and trade flows in the period 2001-2016 between 189 export-
ing countries and 152 importing countries across 5,052 product categories (HS6
grouping). An estimate is made for each product — and for each product, an elas-
ticity is determined that is assumed to be representative of the world's countries as
a whole.

As tariff rates are typically relatively constant over time, these estimates can be con-
sidered long-term assessments of elasticities. The average export elasticity for the
entire agriculture and food industry is 8 when the product-specific export elasticities
are compared based on the product composition of Danish exports. This means that
a 1 per centincrease in price on average results in an 8 per cent decrease in demand.
The elasticities are not country-specific, but express an average export elasticity for
the specific product across importing countries. The magnitude of the average export
elasticities to comparable to the overall level of export elasticities and the empirical
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literature in general, see e.g. Hertel et al. (2007) and the review of the literature by
Boehm et al. (2023) and Anderson et al. (2004).

The average export elasticities mask a large underlying variation in export elasticities
at the product level. In the dairy industry, for example, the average elasticity is 5.46,
which means that drinking milk has an estimated export elasticity of close to 10 (lower
market power), while butter and cheese have an estimated export elasticity of around
3 and 5 (higher market power). Meat powder, residual products (such as tongues),
etc. all have an elasticity above 20. However, weighted together, the export elastici-
ties will be between approx. 5-10.

The export elasticities from Fontagné et al. (2022) are weighted together at the in-
dustry level based on the distribution of each industry's exports on the same products.
The industry-specific average export elasticities for agriculture and the food industry
in the Expert Group's impact assessments are shown in Table 2.16.

Table 2.16. Average export elasticities of the agriculture and food industry in the
Expert Group's impact assessments

Average

elasticity Export share
Crop, conventional 5.36 21.5 per cent
Crop, organic 5.36 21.1 per cent
Horticulture 7.50 17.2 per cent
Cattle farming 8.11 2.6 per cent
Pigs 6.41 26.9 per cent
Poultry 6.41 17.2 per cent
Dairy 5.46 50.7 per cent
Bakery 6.67 21.2 per cent
Other food industry 6.93 36.9 per cent
Slaughterhouse, cattle 5.69 53.1 per cent
Slaughterhouse, pigs 12.10 61.3 per cent
Slaughterhouse, poultry 5.84 27.6 per cent

Note: The export elasticities shown are weighted together to industry level based on export estimates at product level.
The export estimates at the product level mask a large underlying variation. Note also that the estimates for the animal
industries are largely the same for organic and conventional producers, which is why only one overall estimate is
reported for these despite the division in GreenREFORM.

1) The database is documented in BACI: International Trade Database at the Product-level: The 1994-2007
Version (http:/Awww.cepii.fr/pdf_pub/wp/2010vp2010-23.pdf)

Source: BACI database® and Fontagné, L., Guimbard, H., and Orefice, G., (2022) Tarif--based product-level trade
elasticities', Journal of International Economics.

In the first sensitivity analysis, the average export elasticity is changed by a propor-
tional change in the elasticity of the underlying product groups. The change is imple-
mented in both directions so that demand for agricultural products is respectively
more or less price-sensitive than assumed in the baseline.

? The database is documented in BACI: International Trade Database at the Product-level: The 1994-2007
Version (http://www.cepii.fr/pdf pub/wp/2010/wp2010-23.pdf)
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A high price elasticity means that changes in costs are reflected to a greater extent
in quantity changes and to a lesser extent in price changes. Therefore, the price elas-
ticity determines how much of the tax payment leads to higher prices, i.e. is passed
on to consumers. High price elasticity means that a smaller portion can be passed on
to consumers.

In the first scenario, export elasticities for all product groups in the food industry are
raised proportionally to an average level of 15 from the initial level of 8. In addition,
the "rule of half" is removed from the calculations, which states that consumers have
a preference for domestically produced goods and are thus half as price sensitive to
domestically produced products, see Section 3.71. The level of 15 corresponds to
the level of average export elasticity recommended by Copenhagen Economics in
their analysis for Agriculture & Food regarding agricultural export and import elastic-
ities.’® Only 9 per cent of Danish agricultural exports are estimated to have an ex-
port elasticity above 15 and only 2 per cent above 20 in Fontagné et al. (2022).

In model 1, where the effect of the tax change is greatest, the price pass-through in
consumer prices is approx. 56 per cent with the estimated elasticity of 8 in the base-
line, while the high elasticity of 15 leads to a pass-through of 47 per cent.

For quantity changes, the reverse applies in that they become larger when the elas-
ticity increases. In model 1, the effect of the tax on CO2-eq reduction increases by
0.64 m tonnes from 2.77 m tonnes in the central estimate to 3.41 m tonnes with an
elasticity of 15. This corresponds to an increase of over 20 per cent. This includes
an almost unchanged CO.-eq reduction from technical measures, and the larger
CO2-eq reduction can thus be attributed to a relatively large increase in the decline
in production. The estimated effects of the tax are thus sensitive to the size of the
elasticity, see Table 2.17.

For the other two model types, the effect of the introduced tax is smaller than in
model 1. In both models, this means that the model results are less sensitive to
changes in elasticity in absolute terms. In model 3, the reduction in CO2-eq emis-
sions increases by 0.25 m tonnes if the elasticity is changed from 8 to 15. However,
this is a noticeable percentage increase in CO2-eq reduction from structural effects.

GreenREFORM has published'” estimates of export elasticities for goods-producing
industries at detailed product level (6-digit product codes), based on Feenstra's
method."? The interpretation of the elasticities is that they can be seen as an aver-
age between a short-term elasticity and a long-term elasticity, where the method in
Fontagné et al. (2022), which the Expert Group uses, can be interpreted as a long-
term elasticity.

19 Copenhagen Economics, (2023). "Landbrugs- og fadevaresektorens eksportelasticiteter” (Export elasticities of the
agriculture and food sector). The report also recommends that agricultural import elasticities should be at the same
level as export elasticities. In GreenREFORM, however, the import elasticities in agriculture are set to be half of the
export elasticities. In the sensitivity calculation, the assumption of lower import elasticities is also removed in order to
present results that are as close to the CE recommendations as possible. However, it is primarily the higher export
elasticities that affect the model's results, which is why only these are focused on in the text.

11 See "Elasticiteter og markedsvilkar i GranREFORM" (Elasticities and market conditions in GreenREFORM), and

"Estimering af udenrigshandelselasticiteter i MAKRO" (Estimation of foreign trade elasticities in
MACRO), Kronborg, Poulsen and Kastrup 2020 for documentation of the estimation method

12 Feenstra, R., Luck, P., Obstfeld, M. and Russ, K. (2018), 'In Search of the Armington Elasticity', Review of Econom-
ics and Statistics 100(1), 135-150. and Feenstra, R. C. (1994), ‘New product varieties and the measurement of in-
ternational prices’, American Economic Review 84, 157-177.


https://dreamgruppen.dk/publikationer/2020/november/estimering-af-udenrigshandelselasticiteter-i-makro/
https://dreamgruppen.dk/publikationer/2020/november/estimering-af-udenrigshandelselasticiteter-i-makro/
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Long-term elasticities are typically assessed to be greater than short-term elastici-
ties because the possibility of adjustments among both consumers and competitors
is greater in the longer term. The second scenario uses estimated export elasticities
from GreenREFORM, whose elasticities average around 52, which from a long-term
structural adjustment perspective would be an underestimate.

With an elasticity of 5 on average, the degree of price pass-through in consumer
prices in model 1 increases from 56 per cent to 61 per cent.

Similarly, the volume response becomes lower when the elasticity is reduced. In
model 1, the effect on CO2-eq emissions is reduced by almost 0.3 m tonnes if an
elasticity of 5 is used instead of 8. In model 3, the corresponding reduction of the
CO:z-eq effect is just under 0.4 m tonnes.

A higher export elasticity means that the industry is less able to pass on the CO2-eq
tax in higher sales prices. The consequence of this is that farmers and the food indus-
try bear more of the burden of the CO2-eq tax, leading to greater land value decline,
greater structural effects and thus greater CO--eq reductions. At the same time, the
revenue from the tax is reduced, as a larger part of the animal agricultural production
is expected to cease due to the limited possibilities of passing the tax on to the sales
prices.

Lowering the export elasticity instead means that the food and agricultural industry
can more easily pass on the tax in higher prices. The result is a relative shift of the tax
burden from farmers to consumers, which means a lower land value decline and a
lower occupational burden. This implies lower structural effects, which increases the
revenue from the tax, but lowers the CO.-eq reductions.

Changes in the supply of land

The Expert Group's assessment of the effects includes some limited reaction in the
supply of agricultural land in rotation as demand changes. The supply response is
determined based on the analysis in Olsen et al. (2022)."* In the second sensitivity
analysis, the land supply is changed by fixing the supply of crop rotation land and land
values, respectively.

In the case of a fixed land supply, there are minimal changes in the effects compared
to the baseline. This is because across all models, there is only a limited amount of
agricultural land in rotation. The general effects of the baseline are thus not signifi-
cantly affected by keeping the amount of crop rotation land fixed.

At the other extreme, it can be assumed that the imposition of the tax reduces the
supply of agricultural land so much that the land values remain unchanged. This

13 Kirk, J. S. and Hansen, K. H. (2023). "Elasticiteter og markedsvilkar i GrenREFORM" ((Elasticities and market con-
ditions in GreenREFORM), and Kronborg, A. F., Poulsen, K. A. and Kastrup, C. S. (2020) "Estimering af udenrigs-
handelselasticiteter i MAKRO" (Estimation of foreign trade elasticities in MACRO) for documentation of the estima-
tion method.

14 QOlsen. J. V. and Pedersen MF (2022). "Endogen udtagning af landbrugsjord" (Endogenous set-aside of agricultural
land). See also Stewart, L. B., Berg, A. K. and Kirk, J. S. (2023) "Jord som produktionsfaktor i vegetabilsk landbrug”
(Land as a production factor in vegetable agriculture) for a more detailed review of the modelling of land supply in
GreenREFORM.
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means that the farmer is not bound to use a relatively fixed amount of land in their
operation. The changes in production will therefore be greater for a given tax change.
Such a reaction implies that the burden on business decreases, as the tax is no longer
passed on in land values but rather in sales prices. The larger structural effects and
CO:2-eq reductions are thus due to both a stronger supply response, which overall
results in greater socio-economic costs, and greater CO2-eq reductions.

Conclusion on sensitivity analyses

The sensitivity analyses carried out indicate that the effects of introducing a CO--eq
tax on agriculture may give rise to a greater reduction in the volume produced if either
the price elasticity of demand is higher or the set-aside of agricultural land in rotation
reacts more strongly than assumed in the Expert Group's central estimate. In both
cases, the structural effect is greater and greenhouse emissions are reduced more.
Conversely, a lower price elasticity or a more fixed land supply will favour lower struc-
tural effects and lower greenhouse gas reductions.

The conducted sensitivity analyses do not inherently cover all dimensions of the
GreenREFORM modelling properties. Thus, there are various additional uncertainties
associated with the model results that are not fully covered by the sensitivity analyses.

In light of the fact that there are no experiences with the introduction of a general
CO:2-eq tax on agricultural emissions, the Expert Group considers that there is reason
to follow developments closely as a CO2-eq tax is introduced, and make ongoing as-
sessments of the development with a view on whether the CO2-eq reductions and the
observed development in agricultural competitiveness and economic conditions as a
result of the CO2-eq regulation correspond to what is expected. To the extent that
this is not the case, the Expert Group recommends that an assessment be made of
the overall CO2-eq tax structure — and not just that of agriculture — to ensure that the
uniform tax structure across sectors is maintained.
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Table 2.17. Sensitivity analyses, changed export elasticities in the food industry with the CO:-eq taxes in

models 1, 2a and 3a, 2030 effects

Model | Effec- Imme- {Occu- |Immedi- | CO2-eqre- | Of which { Of which |Price Drop in Shadow
tive tax | diate pa- ate reve- | ductions struc- other ef- pass- land val- price (ex-
ratein {burden itional nueef- {(excl.de- ituralef- |fects" through in | ues (excl./ |cluding
2030 burden | fect after | cided fect consumer |incl. forest | side ef-
(live- after static ef- | measures) prices subsidies) | fects)
stock/fe adjust- | fects and
rtiliser) ment behav-

ioural re-
sponse
DKK per m tonnes of { m tonnes { m tonnes of DRK per
tonne ofi DKKm{ DKKm i m tonnes CO»eq | of COre COse Per cent Per cent tonne of
COzeq zeq zeq zeq COzeq
Model 1

jrt_g”d' 75077501 5,775, 2,325{ 3,000 277 1.72 1.05 56 16588/ 450

Export 16.8/

elasticity { 750/750{ 5,775} 2,400 2,425 3.41 2.54 0.88 47 12‘ 5 575

=15 :

Export 15.8/

elasticity { 750/750: 5,775: 2,175 3,150 2.56 1.48 1.08 61 5'6 400

=5 .

Model 2a

S:g”d' 375/375! 2,875, 1,250 1,550 2.20 1.04 1.15 51 6421/ 450

Export 6.4/

elasticity { 375/375: 2,875 1,300 1,325 2.61 1.56 1.05 43 1‘ 5 525

=15 o

Export 53/

elasticity { 375/375: 2,875: 1,200 1,625 2.07 0.89 1.18 57 6 g 400

=5 0.

Model 3a

Sﬁg”d' 125/3751 1,725/  975{ 1,050 1.34 0.64 0.69 46 37'82/ 450

Export 4.2/

elasticity { 125/375: 1,725 1,000 925 1.61 0.96 0.65 40 4 3 500

=15 s

Export 31/

elasticity { 125/375: 1,725 950 1,100 1.25 0.55 0.70 51 9 5 425

=5 J.

Note: Revenue effect is rounded to DKK 25 m, socio-economic cost to DKK 10 m and shadow prices to the nearest DKK 25 per tonne of CO2-eq. Immediate
burden and revenue after statics effects and behavioural response are given in 2023 level. The CO2-eq effects are indicated for 2030. These effects are not
significantly different from the long-term COz-eq effects, due to an adaptation time of around 5-6 years. The table only shows the results for the CO2-eq taxes on
fertilisers, livestock and liming, including any bottom deductions and technology requirements for feed additives and tent covering corresponding to the content in
models 1, 2a and 3a. The results in the table do not include interactions and effects from subsidies for afforestation, tax on F-gases and the rewetting of carbon-
rich agricultural land. In addition, only the resullts for the a-variants are presented for the sake of clarity. Note that the effects are almost identical for the respective

b-variants.

1) Other effects cover technical effects (reductions that do not affect the scope of production but reduce emissions per unit produced, e.g. via feed additives for
cattle, biochar by pyrolysis, etc.), activity effects (e.g. change from agricultural land to forest or carbon-rich agricultural land being flooded) and efficiency effects
(CO2eq emissions per unit produced decrease as a result of a tax).

Source: Own calculations
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Table 2.18. Sensitivity analyses, exogenous land supply and land values, for the CO:-eq taxes in models 1,
2a and 3a, 2030 effects

Model | Effective Imme- | Occupa- {Immedi- {CO:-eq |Of which { Of which |Price Dropin | Shadow
taxratein {diate |tional ate reve- | reduc- struc- other ef- pass- land val- | price (ex-
2030 (live- {burden {burden nueef- |tions tural ef- |fects? through |ues cluding
stock/ferti- after ad- |fect after | (excl. fect incon- | (excl./ side ef-
liser) justment | static ef- | decided sumer incl. for- | fects)
fects and | measure prices est sub-
behav- is) sidies)
ioural re-
sponse
DKK per m tonnes i m tonnes { m tonnes of DRK per
tonne of{ DKK m DKK m i m tonnes of COreq | of COre COse Percent{ Percent tonne of
COzeq zeq zeq zeq COzeq
Model 1
jrt_g”d' 750/750| 5775, 2,325/ 3,000 277 1.72 1.05 56 168-88/ 450
Exoge-
nous 750/750| 5775\ 22751 2,925 276 1.73 1.02 57 17.4/ 475
land 9.5
supply
Exoge-
fous 750/750 1 5,775{  1,300f 3,275 3.35 2.24 112 79 o/ 600
land val- 0
ues
Model 2a
Srt_g”d' 375/3751 2,875 1250 1,550 2.20 1.04 1.15 51 6421/ 450
Exoge-
nous 375/375] 2,875 12501 1,525 2.19 1.04 1.15 51 6.3/ 450
land -4.0
supply
Exoge-
fous 375/375] 2,875 950 1,750 251 1.32 1.18 69 o 525
land val- 0
ues
Model 3a
Stand- 125/3751 1,725 975! 1,050 1.34 0.64 0.69 46 3.8/ 450
ard -7.2
Exoge-
nous 125/375! 1,725 975! 1,050 1.33 0.64 0.70 46 3.8/ 450
land -7.2
supply
Exoge-
nous 125/3751 1,725 7501 1,225 1.58 0.86 0.72 66 o 500
land val- 0
ues

Note: See notes to Table 2.17
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2.8 Dealing with Uncertainty in New Climate Pro-
jections

The Expert Group's terms of reference state that different phasing-in scenarios, in-
cluding sensitivity scenarios, must be made in view of the uncertainty associated
with projections, and that uncertainty must be taken into account in the phasing-in
scenarios. In addition, the work must consider the fact that technological develop-
ment is uncertain and that this uncertainty has consequences for the socio-eco-
nomic costs of meeting the 70 per cent target.

Uncertainty is a basic condition in all projections and economic impact assess-
ments, including climate projections. Thus, it is important that uncertainty does not
become an obstacle to making fundamentally sound structural reforms. As a result,
it is crucial that the proposed initiatives set the right direction towards 2030 and on-
wards towards the ambitious climate targets for 2045 and 2050. The Expert Group
assesses that a CO2-eq tax in agriculture, as well as subsidies for e.g. further affor-
estation and set-aside of carbon-rich agricultural land, as well as the roll-out of bio-
char by pyrolysis and/or other technologies are necessary and appropriate instru-
ments to fulfil the climate goals that follow from Danish and European legislation.

The climate projection depends on a number of projections in areas such as agricul-
ture, transport and energy, including key assumptions about activity in the Danish
economy and uncertainties. The projection covers more than 10 years ahead in
time and results may vary from year to year depending on actions and changes in
external conditions. The projection results are thus subject to both a general meth-
odological uncertainty and a significant uncertainty associated with external varia-
bles, including unforeseen developments in behaviour, technology, prices, weather
fluctuations, etc. In addition, changes in calculation methods and emissions factors
affect both historical and projection years. This is especially true in the LULUCF
area, which is associated with particularly high uncertainty and continuous changes
due to new research results. A recent example of this, is the correction of January
2024, where the previously assumed level of emissions from carbon-rich agricultural
land was reduced, resulting in the reduction deficit to the 70 per cent target being
reduced by approx. 2 m tonnes of CO2-eq in 2030.

In connection with Denmark's Climate Status and Outlook 2024, the forest projections
will also be updated with a new methodology, expected to impact total emissions in
2025 and 2030. What is particular for forests is that, even though there is a small
uncertainty (0.9 per cent) associated with the projection of the forest area, even minor
differences in projections and calculations will have major consequences for net emis-
sions due to relatively large carbon pools, see Section 3.3. In addition, new emissions
factors for carbon-rich agricultural land are expected towards Climate Status and
Outlook 2025, which means that the total emissions from carbon-rich agricultural land
may be adjusted again. Thus, the estimated reduction deficit may fluctuate signifi-
cantly from one projection to another solely due to methodological changes or im-
provements in the calculation basis.

The overall direction of the recommendations is thus clear, but the uncertainty in the
projections still needs to be managed in practice, which is why the Expert Group

proposes a number of adjustment mechanisms in the following sections in the event
of changed assumptions. The initiatives could also be utilised if there is a more gen-
eral desire to achieve further CO2-eq reductions, but they would have to be weighed
against the additional costs for business and society, which has also meant that the
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Expert Group has excluded them from its main recommendations. The adjustment
mechanisms are likely to have more relevance in the short term, including the next
climate projection, compared to the longer term, as knowledge and development of
technologies is constantly changing.

Adjustment mechanisms in the short term

Specifically, the Expert Group recommends a precautionary principle in the form of
re-visits and frequent evaluations of the effects in order to ensure fulfilment of the 70
per cent target and other climate commitments, as well as to support sustainable
and fair regulation of Danish agriculture. The revisits will also look at the extent to
which agriculture's investments in the green transition are commensurate with the
tax level.

When making adjustments to climate regulation, an overarching principle can be to
minimise uncertainty about framework conditions. This means that tax rates in
particular should not be adjusted too often, as this will create uncertainty about
long-term investment decisions etc. Furthermore, the principles for levelling taxes
across the economy should not be deviated from in the event of changed shortfall
estimates —i.e. the general tax levels (including consideration to carbon leakage
etc.) should be revisited rather than revisiting the tax in individual sectors and
industries.

When reviewing tax rates, the overall tax system in the economy must be
considered, including for industry, where the starting point is the harmonisation of
the price of greenhouse gas emissions, taking into account the guiding principles of
the Danish Climate Act.

The estimated effects on CO2-eq emissions, burden on the agricultural sector,
immediate revenue effect after static effects and behavioural response/expenditure
and shadow prices for a number of measures are presented in Table 2.19.

Table 2.19. Adjustment mechanisms in the short term and towards 2030

Initiative CO2-eq Burden on Revenue after  Shadow price
reduction business after  statics effects  (average
adjustment and excluding
behavioural side effects)
response
DKK per tonne
t DKK DKK
m tonnes m m of CO2-6q
More reductions
needed
Subsidies for field 0.2 25 0 530
management
Requirement for ni-
I 0.6-0.7 250 275-300 1,200
trification inhibitors
Increase subsidies
for biochar by py- 0.2 0 -225 1,900

rolysis

Need for fewer
reductions
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Reduced set-aside
of carbon-rich agri- -0.3 0 0 570
cultural land

Reduced subsidy
for biochar by py- -0.2 0 225 1,900
rolysis

Remove require-
ments for feed ad-
dition and tent cov-
ering

-0.5 -175 125 350

Source: Own calculations.

2.9 Structure of Tax and Subsidies after 2030

In its recommendations, the Expert Group has emphasised that the proposed initia-
tives contribute to the longer-term goal achievement after 2030, including the objec-
tive of climate neutrality in 2045 and the objective of a 110 per cent emissions re-
duction in 2050 compared to 1990.

When the Expert Group recommends a significant increase in afforestation, it is par-
ticularly with the longer term in mind, as it can have a large potential impact in
2045-2050 and beyond. The climate impact in 2030 is thus relatively limited com-
pared to other initiatives in the Expert Group's recommendations. Similarly, the ma-
jority of the impact from the rewetting of carbon-rich agricultural land also de-
creases after 2030.

Long-term climate goals require initiatives that can remove carbon from the atmos-
phere (so-called negative emissions), such as increased afforestation, biochar by
pyrolysis, etc. A fully cost-effective CO2-eq tax requires that the incentive for reduc-
tions also includes negative emissions, which are included on an equal footing with
the reduction of positive emissions. As negative emissions are included in national
climate targets, they should be subsidised (a "negative tax") at a rate similar to the
CO:2-eq tax. This ensures the same incentive to reduce emissions everywhere, so
that reduction efforts are made where they are cheapest. Subsidies for negative
emissions should in principle be available for all technologies that can ensure nega-
tive emissions.

In light of the long-term goal fulfilment, the expert group also recommends subsidis-
ing selected technologies that are considered socio-economically expensive or have
limited potential in the short term. Technologies such as biochar by pyrolysis are not
expected to be adopted on market terms by 2030, even at high CO.-eq tax levels.
Subsidising relatively expensive technologies today can thus contribute to pushing
development in a direction that will eventually allow them to be used on market
terms.

More generally, the Expert Group expects that initiatives that result in negative
emissions can eventually be operated on market terms as the EU develops instru-
ments that can create market-based incentives for this. This includes the Commis-
sion's proposal for a certification framework for carbon removal and possible new in-
itiatives in upcoming proposals for EU climate targets and regulation towards 2040.
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Here, the Commission is looking at opportunities to extend the polluter-pays princi-
ple to emissions and uptake of greenhouse gases from agriculture, including ex-
tending emissions trading to the agricultural sector. The ongoing development in EU
regulation and market conditions, especially ETS allowances in the agricultural sec-
tor, means that tax levels and subsidies must be continuously harmonised in line
with new knowledge and regulation.

As stated in Chapter 6, in Q1 2024, the European Commission is expected to pre-
sent a communication on a new EU climate target for 2040, which will set the direc-
tion for a new climate architecture in the EU after 2030. In line with the government,
the Expert Group recommends that emissions trading should be expanded to the
agricultural sector. An EU-wide ETS ensures uniform pricing of CO2-eq emissions
from agriculture, ensuring the same competitive conditions across EU countries.

If an EU ETS were to be introduced for emissions from agriculture, the Expert Group
recommends that a reduction in the CO:-eq tax for the expected ETS allowance
price should be introduced, as is the case for companies in industry that are cov-
ered by allowances. The specific reduction in the tax on the allowance price for agri-
culture would depend on the national climate targets in place at the time, the ex-
pected development of the allowance price and balancing with the reduction in the
CO:2-eq tax on companies covered by allowances in industry etc.

2.10 Compensation

The terms of reference state that the Expert Group must assess different forms of
compensation for the industry subjected to the CO2-eq tax. This should include
competitive conditions and the risk of carbon leakage, among other things.

Against this backdrop, the Expert Group has assessed various arrangements for the
compensation. As a starting point, it is possible to reduce the burden on business of
CO:2-eg-intensive industries by lowering the tax on the industries in question, such
as for industrial companies in the EU ETS and in the industry of mineralogical pro-
cesses etc.

Base deduction
The Expert Group's models 2 and 3 include a base deduction in the tax as a form of
compensation. Please refer to Section 2.4 for a more detailed description.

Restructuring of the direct agricultural subsidy to subsidies for CO:-eq re-
duction

For fertiliser usage, a restructuring of direct agricultural subsidies is an alternative to
a CO2-eq tax. It is possible to use the fertiliser standards as a starting point in the
existing regulation of fertilisers and provide a subsidy for reduced fertiliser usage,
which corresponds to, for example, DKK 750 per reduced tonne of CO2-eq emis-
sions that a farm falls below the fertiliser standards. For the farmer, the regulation
with subsidies for CO2-eq reduction has the immediate advantage — compared to
the tax model — that no tax is payable on the fertiliser that continues to be used. This
means that the structural effect is reduced compared to a tax on fertiliser and there-
fore results in fewer CO.-eq reductions.

It is assumed that the subsidy is financed by a reduction in direct agricultural subsi-
dies. For the existing farmer, this has a negative effect on overall earnings. The re-
structuring will also involve a loss of capital, as a reduction in direct agricultural sub-
sidies lowers the value of agricultural land.
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Compensation for land value loss through afforestation

A tax on CO2-eq emissions in agriculture leads to a lower value of land, see Appen-
dix 7.14. The consideration of the best socio-economic use of land means that the
Expert Group has considered other options for compensating for the loss of land
value. The loss of land value is due to the CO2-eq tax reducing the return on the
land. An alternative use of part of the land that entails a higher yield, will therefore
help to maintain land values. Partly due to this, as well as other considerations, the
Expert Group proposes to significantly increase the support be to convert to for-
estry. This will help to maintain land values and thus act as compensation for exist-
ing owners. At the same time, the increase in forests in Denmark will contribute to
lower CO2-eq emissions in the long term. The subsidy is designed so that the gov-
ernment's target of 250,000 hectares of new forest is met, see Section 3.3.

Support for transition to greener methods of production, including support
for the dismantling of existing production capacity

The guiding principles of the Danish Climate Act include a consideration for sustain-
able business development of agriculture as a whole, whereby a profitable produc-
tion, in general, can be maintained. This may involve considering minimising transi-
tion costs to ensure sustainable business development and minimise the loss for ex-
isting owners. For this reason, the Expert Group has investigated options for com-
pensating farmers who, for example, want to convert their farms to less CO2-eg-in-
tensive production, such as crop production.

One tool to support structural changes in agriculture and reduce transaction costs
for the individual farmer could be the establishment of a voluntary subsidy scheme
for full or partial capacity closure of livestock production.

It is considered immediately possible to obtain EU approval for a voluntary decom-
missioning scheme for capacity closure based on, for example, environmental or cli-
mate considerations. The scheme can be organised so that the capacity closure
only concerns the keeping of livestock on a property, allowing other agricultural op-
erations, such as plant cultivation or conversion to forestry, to continue. In general,
this entails that the associated areas are not included in the scheme.

For a more detailed overview of the possibility of providing support for the disman-
tling of existing production capacity, see Appendix 7.12.
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3. Handling of Other
Emissions

3.1 Rewetting of Carbon-Rich Agricultural Land

Carbon-rich agricultural land'® is characterised by the accumulation of organic
material from plants and similar sources in the top layer of soil (e.g. drained
peatlands), see Appendix 7.3. Due to high water levels, the decomposition of dead
plant material has been very slow. Thus, much of the carbon-rich agricultural land
was originally formed in natural wetlands such as bogs and wet meadows. When
land is drained to be used as agricultural land, e.g. cultivated fields, or land for
livestock, the soil is oxygenated. The combination of a high content of organic
matter and oxygen gives the soil's small animals and microorganisms good
conditions to break down the organic matter, causing the carbon to decompose and
degas, primarily as the greenhouse gas carbon dioxide (COz).

The rewetting of carbon-rich agricultural land is important for reducing greenhouse
gas emissions from agriculture, and the effort is expected to contribute significantly
to achieving the 70 per cent target.

Based on the latest status of the set-aside effort from November 2023, which is
calculated including peripheral areas, it can be estimated, using the preliminary
assumptions for Climate Status and Outlook 2024¢, that set-aside and rewetting of
approx. 17,400 hectares of carbon-rich agricultural land excluding peripheral
areas’” has been initiated since the beginning of 2021. Among these, approx.
14,200 hectares are under feasibility study, and approx. 3,200 hectares are under
realisation.

It should be noted that this is based on the new mapping of carbon-rich agricultural
land published by Aarhus University in early December 2023. The new mapping of
carbon-rich agricultural land leads to a significant reduction in the area and thus
emissions from carbon-rich agricultural land, resulting in a significant partial
reduction in expected emissions by 2030.

15 Carbon-rich agricultural land (unlike other types of agricultural land) has a very high content of organic matter (>6

per cent), which emits CO--eq.

¢ The projection of carbon-rich land uses KF24 assumptions to account for the new mapping of carbon-rich land
published by AU in December 2023. The projection with KF24 assumptions is published by DCE, Scientific note
2024 60.

7 The figure is an estimate based on a conversion from the stated project hectares, which are calculated including
peripheral areas in the status from November 2023 based on preliminary assumptions for KF24, which is why the
figure is subject to considerable uncertainty.
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3.1.1 Stronger incentives for increased set-aside through a
combination of tax and subsidy

Barriers to existing set-aside

Various challenges have been identified in the existing set-aside efforts that weaken
the work of setting aside land. The effort is voluntary, and if the farmer's financial
gain from setting aside carbon-rich agricultural land does not exceed the gain from
keeping the land in rotation, the farmer does not have a sufficient financial incentive
to participate in the effort. There may also be several other reasons why a
landowner does not want to participate in a set-aside project, including the farmer's
amenity value associated with maintaining drained land.

A significant barrier to rewetting carbon-rich agricultural land is a lack of support
from landowners. Often, a set-aside project will involve a large number of landown-
ers and if some of them do not want to participate, it makes the implementation of
the project difficult. In addition, some carbon-rich agricultural land can be difficult to
rewet for legal or economic reasons. In addition, some farmers may be hesitant to
participate in set-aside efforts due to uncertainty about the future possibilities and
consequences of agricultural land set-aside, or because it is difficult to find replace-
ment land in the land distribution.

Stronger incentives

The Expert Group suggests a model with 100 per cent compensation for rewetting
costs etc. combined with a tax of DKK 10 per tonne of CO2-eq from 2030. The Ex-
pert Group notes that it is important to monitor the development of the set-aside ef-
fort and reassess whether the assumed set-aside effort can be achieved by 2027 at
the latest. If the set-aside effort in 2027 is not deemed to deliver sufficient reduc-
tions, the tax can be increased.

Overall, it is the Expert Group's assessment that a model with 100 per cent com-
pensation for all costs associated with rewetting, combined with a tax on carbon-
rich agricultural land from 2030, will lead to the rewetting of 35,700 hectares of car-
bon-rich agricultural land excluding peripheral areas by 2030, increasing to 70,000
hectares of carbon-rich agricultural land excluding peripheral areas by 2032. That
is, about 14,300 hectares more in 2030 and 44,600 hectares more in 2032 than in-
dicated in the baseline with the assumptions used for Climate Status and Outlook
2024. When taking into account that the rewetting of carbon-rich agricultural land
will often also affect neighbouring areas — the so-called peripheral areas — a total set
aside in 2032 of 140,000 hectares is achieved.

This will result in CO.»-eq effects of 0.3 m tonnes in 2030 and 1.0 m tonnes in 2032
at a shadow price of DKK 570 per tonne of CO.-eq excluding side effects (externali-
ties and nitrogen) and around DKK 20 per tonne of CO»-eq including side effects.’®
In the Agreement on the Green Transformation of Danish Agriculture from 2021, an
expanded technical reduction potential of 0.5 m tonnes of CO2-eq in 2030 from the
effort to rewet carbon-rich agricultural land was designated. The effect in 2030 and
2032 should be seen in light of the fact that it is currently estimated to take five
years to set aside land based on the current voluntary schemes. If the combination
of tax and subsidy increases support for the initiative, it could result in the rewetting
of more land by 2030.

8 The figure is calculated based on the assumptions behind the Agreement on Green Transformation of Danish Agri-
culture.
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The effect estimate of a total rewetting of 70,000 hectares is based on the assump-
tion that barriers and any bottlenecks that may arise can be handled, which is con-
sidered realistic, see Section 3.1.8.

Table 3.1. Realisation of the rewetting of agricultural land, CO:-eq effects, shadow price and financing

Page 81

Wetted Wetted CO:-eq ef- Financing Financing Burden? of | Shadow
lands excl. lands incl. fect of pro- towards towards tax price
existing existing posed 2032, ex- 2032, in- (excl./incl.
schemes schemes model cluding ex- cluding ex- side effects)
isting isting
schemes schemes
Number of Number of m tonnes DKK bn DKK bn DKK'm DKK per
hectares hectares tonne of CO2-
€q
2030 14,300 35,700 0.3 - - 4.3 570/20
2032 44,600 70,000 1.0 9,4" 16.7 13.4

Note: 1) Total financing for 70,000 hectares of carbon-rich land is DKK 16.7 bn, of which DKK 7.3 bn has been allocated in previous agreements, leaving a financing

requirement of DKK 9.4 bn. 2) The tax burden corresponds to the immediate burden.
Source: DCE, Scientific note no. 2024 60 based on AU, Peat 2022 map

For comparison, another Expert Group (for set-aside of drained peatlands) was
tasked specifically with examining the potential for rewetting carbon-rich agricultural
land as part of the Agreement on the Green Transformation of Danish Agriculture.
This Expert Group reassessed the area potential for the set-aside of carbon-rich ag-
ricultural land from 38,000 hectares (that formed the basis for the Agricultural
Agreement) to 52,000-68,000 hectares of carbon-rich agricultural land. The reas-
sessed area potential is based on an updated analysis of barriers to wetland resto-
ration, as well as adjustments in relation to the updated map basis and new
knowledge about groundwater levels.

The total set-aside of carbon-rich agricultural land will be determined by the eco-
nomic incentive to rewet drained lands, which can be affected using a tax or sub-
sidy. EU state aid rules dictate that, as a starting point, you may only compensate
for the cost of using a given instrument. An increase in the tax will thus be offset by
a reduction in the subsidy/compensation rates. This is due to the fact that landown-
ers are compensated for their loss of income by taking out the carbon-rich agricul-
tural land. A higher tax will affect how much income a landowner loses by taking out
the carbon-rich agricultural land and thus affect the possibility of repatriating EU
subsidies, as well as reduce the public costs, see Section 6.4.

The combination of tax and subsidy should be seen in the light of the fact that the
aim of the regulation is to ensure wetland restoration of the land. Generally, a uni-
form tax on emissions is the most efficient way to ensure climate reductions. But
that's not necessarily the case for emissions from carbon-rich agricultural land. A
high tax will result in some farmers being relatively heavily burdened by a tax given
the high emissions factors. For some farmers, rewetting will be very expensive, so
even with a high tax, they cannot rewet the land and remove the tax burden. This
creates the risk of farmers going bankrupt if they can neither sell the land nor have
the incentive to rewet it. It is proposed that in the future, the state will continue to
bear the costs of wetland restoration to ensure that the greatest possible climate
benefit is achieved from the effort.
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The prospect of a higher tax in the future will appear more credible if it is backed up
now by a decision on a low tax rate in 2030. Once a tax has been decided and im-
plemented, it is considered administratively simpler to raise the rate. The tax is pro-
posed to be introduced from 2030 to allow time to establish the necessary adminis-
trative basis, including improving the map basis, which is subject to some uncer-
tainty.

3.1.3 Consequences of a tax

A tax of DKK 10 per tonne of CO2-eq corresponds to approx. DKK 300 per hectare
annually in 2030 on average. The tax burden varies from land to land; the land with
the highest emissions will trigger an annual levy of up to DKK 500 per hectare. Con-
versely, the payment for land that emits less will be lower. If the tax is increased to
e.g. DKK 100 per tonne of CO»-eq, this corresponds to almost DKK 3,000 per hec-
tare annually.

After rewetting of carbon-rich agricultural land, there are still limited emissions from
the soils that will disappear over time. It is proposed that the tax is removed once
the land is set-aside or set-aside and rewetted, i.e. no tax is paid on the remaining
emissions. If the landowners have applied to set-aside and rewet the land, but the
authorities have assessed that it does not seem possible to rewet the land for practi-
cal, economic or legal reasons, it can be considered to waive the tax. Consideration
will need to be given to how to identify which land should have the tax waived. As
mentioned, the tax and the prospect of a higher tax is intended as an instrument to
increase the incentive to allow carbon-rich agricultural land to be taken out of pro-
duction.

The effect of the recommendations presupposes that a political decision on the
adoption of a tax is made as soon as possible in order to provide the necessary ad-
ministrative basis for a credible prospect that the tax can be raised if the desired
set-aside is not achieved.

3.1.4. Prerequisites

Map basis

In 2020, the Ministry of Climate, Energy and Ultilities initiated a research project on
greenhouse gas emissions from carbon-rich agricultural land based on a report from
Aarhus University (AU) that stated that the calculation of emissions from carbon-rich
land was subject to considerable uncertainty.

AU pointed out, among other things, that the area of carbon-rich land in the emis-
sions inventory is assumed to remain constant in the period after 2010, despite the
fact that agricultural land will degas over time and thus can no longer be classified
as carbon-rich (mineralisation). In addition, there is uncertainty about the relation-
ship between carbon content and emissions, and the cultivated carbon-rich agricul-
tural land is generally less drained and thus more water-saturated than assumed in
earlier calculations and projections.

The project is divided into two parts. In a first partial delivery published in December
2023, Aarhus University has mapped the distribution of Danish carbon-rich agricul-
tural land, including estimating the mineralisation of carbon-rich agricultural land
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over time. The second partial delivery concerns the emissions factor from carbon-
rich agricultural land, including the relationship between soil carbon content, water
levels and emissions. The Ministry of Climate, Energy and Ultilities expects to receive
the second partial delivery in 2024 for inclusion in Climate Status and Outlook 2025.
Based on the second partial delivery, emissions and effects must be recalculated.

Based on the new map basis, the area of carbon-rich land in Denmark is estimated
to be 218,180 hectares, of which approx. 117,000 hectares are within the agricul-
tural area. This corresponds to 54.2 per cent.

The area of carbon-rich land is mapped by Aarhus University based on a model that
uses point measurements of carbon content in around 10,000 sample locations as
well as a number of environmental variables. Aarhus University delivered an up-
dated map to the Ministry of Climate, Energy and Utilities in December 2023, based
on the collection of 733 new soil samples in 2022.

The map shows the carbon content of Danish land at a resolution of 10x10 metres.

Table 3.2. Distribution of carbon-rich agricultural land, 2022 (hectares)

Within the agricultural area Total
6-12 per cent
71,217 129,234
carbon content
> 12 per cent
P 45,585 88,946
carbon content
Total 116,802 218,180

Source: DCE, Scientific note no. 2024 60 based on AU, Peat 2022 map

3.1.5. Current efforts to set-aside and rewet carbon-rich
agricultural lands

The Danish Environmental Protection Agency's scheme

The Danish Environmental Protection Agency currently administers a subsidy
scheme for the rewetting of carbon-rich agricultural land for the purpose of restoring
natural hydrology to achieve a reduction in CO2-eq emissions while supporting other
nature, environmental and climate adaptation considerations. Under this nationally
funded scheme, a municipality or a farmer applies for a grant for a feasibility study.
Once the feasibility study has been completed, the Danish Environmental Protection
Agency decides on the realisation of the project. The Danish Environmental Protec-
tion Agency can pay one-off compensation, but land redistribution is not part of the
scheme.

The Danish Nature Agency's peatland projects

The Danish Nature Agency has a capital appropriation and is currently working on a
number of projects to rewet carbon-rich agricultural lands throughout the country in
collaboration with municipalities and agricultural organisations. These nationally
funded peatland projects are climate-focused, although it is possible to support
other considerations and thus create more holistic projects. In connection with pro-
jects, the Danish Nature Agency can allow the farmer to participate in land distribu-
tion to promote the realisation of projects, thus providing participating farmers an
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opportunity to receive land and contiguous areas possible for cultivation. Areas pur-
chased as part of a project is resold after the project has ended in order to reuse
the funds for further set-aside of agricultural land. In the event of a sale, easements
restricting agricultural use of the property will be registered.

The Danish Agricultural Agency's scheme

The Danish Agricultural Agency currently administers the 'Water and Climate Pro-
jects' scheme. The scheme aims to promote the completion of peatland and wetland
projects. The peatland projects aim to reduce greenhouse gas emissions from agri-
culture by extensifying operations and wetland restoration of high-carbon agricul-
tural land. The wetland projects must contribute to reducing the discharge of nitro-
gen or phosphorus to fiords and coastal waters. A proportion of wetlands overlap
with carbon-rich agricultural land, so they can also contribute with climate effects. In
this scheme, it is possible to use land distribution and land acquisition as an alterna-
tive to compensation.

It is either the municipalities or the local units of the Danish Nature Agency that are
granted commitments under the 'Water and Climate Projects' programme to imple-
ment either peatland projects or nitrogen wetland projects as part of the implemen-
tation of set-aside projects, the municipalities or the Danish Nature Agency enter
into agreements on compensation to landowners who allow areas to be included in
a set-aside project.

Peatland projects under the Danish Agricultural Agency are financed 100 per cent
by the European Common Agricultural Policy (CAP), and nitrogen wetland projects
are financed 80 per cent with funds from agricultural subsidies and 20 per cent with
national funds.

3.1.6. Cost elements

The socio-economic costs of rewetting carbon-rich agricultural lands are modelled
with three cost components, see Box 3.1.

Box 3.1

Description of the components of the socio-economic costs
The socio-economic costs are calculated as:

Socio — economic costs
= costs of loss of cultivation value
+ costs of wetland restoration + costs of marginal areas

The socio-economic costs of setting aside and rewetting carbon-rich agricultural land
consist of:

. Loss of cultivation value on the carbon-rich land: Income from cultivating the land is
determined by the cultivation value. When land is set aside, this revenue is lost. In
addition to the actual cultivation value, this item also includes the value of the land
as a so-called harmony area, i.e. land that can be used to fulfil other regulations. Fi-
nally, this cost component includes compensation to the farmer for time spent on
administration etc.
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e  Costs of wetland restoration (construction etc.): When the land is set aside and re-
wetted, it is associated with construction costs. In addition, there may be the estab-
lishment of preventative measures in the form of dikes/embankments to prevent the
wetland from affecting neighbouring infrastructure that is not carbon-rich agricul-
tural land, such as residential areas. It can also be preventative measures to avoid
leaching of phosphorus. The cost also includes feasibility studies and any adminis-
trative costs related to land consolidation.

e  Costs of setting aside peripheral areas: It will often be necessary to rewet organic
soils adjacent to the carbon-rich agricultural land (extent will depend, among other
things, on preventive measures such as dikes, etc.). In this connection, there are
costs for loss of cultivation value and costs for construction etc. for these.

For a given sall, it is the sum of these three components that determines the total
cost of rewetting. Each of the three components is subject to significant variation,
and therefore the cost of taking out agricultural land varies greatly; the more land
you want to set aside, the less likely you are to opt out of difficult and costly projects.
Therefore, increased set-aside is likely to result in increased costs.

At a level of ambition of 70,000 hectares, the average total cost to the state is esti-
mated at DKK 239,000 per hectare of carbon-rich agricultural land If this cost is
spread over all the hectares that are expected to be included in the projects —i.e.
including peripheral areas — the cost is estimated at DKK 119,000 per hectare.
These cost estimates assume that the introduction of a tax will reduce compensa-
tion rates. It should be noted that a higher price per hectare has been used in the
preliminary assumptions for Climate Status and Outlook 2024.

The selection of projects depends partly on the willingness of landowners and partly
on the cost-effectiveness of the projects. This means that the cheapest land is pref-
erably selected, but the fund that can be selected from does not include all land.

Lost cultivation value and compensation

According to current rules, the land can basically receive the same basic payment
per hectare from the common agricultural policy both before and after removal and
wetland restoration.” Thus, as a starting point, the loss of the hectare subsidy for
the set-aside of carbon-rich agricultural land should not be considered.

The cultivation value associated with a given piece of land depends to a large extent
on the type of farming that takes place on the land. This is currently taken into ac-
count when it comes to determining the current compensation rates, which are the
basis for the calculation of the level of compensation Thus, the compensation that
the farmer receives today varies from just under DKK 5,000 per hectare for natural
areas to over DKK 80,000 per hectare for crop rotation land. Permanent grazing
land is associated with a compensation rate of approx. DKK 36,000 per hectare. In
addition to lost cultivation value, the compensation also covers the value of lost har-
mony area and one-off administration costs.

Costs of wetland restoration
The peatland projects that have received commitments in the period 2020-2022 are
used to estimate the costs of wetland restoration. Data from this period, along with

9 For EU-funded projects that only have a climate impact and do not contribute to directive implementation, the pos-
sibility of basic payment is limited to a maximum of five years.
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assessments from relevant agencies, are used to construct a cost curve for wetland
restoration.

The cost of wetland restoration varies considerably from land to land. Often, con-
struction costs will be lower on peripheral areas than on carbon-rich land It is esti-
mated that the average cost for wetland restoration at the set level of ambition
amounts to DKK 78,000 per hectare when the peripheral area is taken into account.

Peripheral areas

Typically, the wetland restoration of carbon-rich land will involve the rewetting of
neighbouring areas without high carbon content. This ensures a more natural de-
marcation of the project area and can minimise the need for costly measures such
as dikes and pumps. The most cost-effective projects will usually take place in areas
that are naturally bounded by carbon-rich soils and thus require only a modest
amount of peripheral area. As the extent of setting aside increases, it will be neces-
sary to implement projects on carbon-rich agricultural land, which is more difficult to
delineate and thus requires more peripheral area. Especially the so-called frag-
mented carbon-rich land —i.e. small isolated blobs on the map — can require signifi-
cant peripheral land.

It is assumed — in accordance with the preliminary assumptions behind the Climate
Status and Outlook 2024 — that on average 1 hectare of peripheral area is taken out
for every hectare of carbon-rich agricultural land. Thus, the total project area will be
140,000 hectares. However, part of this area is already out of agricultural use. The
area taken out of agricultural use is estimated to be approx. 110,000 hectares,
which, in terms of size, corresponds to almost the entire island of Lolland.

3.1.7. Impact on nature and the environment

Nitrogen

As shown in the section above, the current 'Water and Climate Projects' scheme
aims to finance both peatland projects (primarily for climate purposes) and wetland
projects (primarily for nitrogen purposes). If a credible threat of a higher tax on car-
bon-rich agricultural land is implemented, it could have a positive knock-on effect on
the realisation of wetland projects. This is because it is assumed that a proportion of
the wetlands are located on carbon-rich agricultural land.

Based on the assumptions behind the Agreement on the Green Transformation of
Danish Agriculture, it is expected that the setting aside and rewetting of carbon-rich
agricultural land will reduce the nitrogen load in coastal waters by approx. 40 kg ni-
trogen per hectare of project area per year.

Nature and biodiversity

The set aside of carbon-rich agricultural land can also contribute to more and better
nature on land and increase the diversity of plant and animal species on the land. In
the long term, the rewetting of carbon-rich agricultural land can thus contribute to
improving nature and increasing biodiversity in Denmark, both on land and at sea.

The wetland nature that exists or can be restored on carbon-rich agricultural land is
mainly swamp forests, bogs and meadows. These are areas that can develop into
natural areas with protected habitats (also referred to as § 3 areas) and that can be
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important habitats for many wild animals and plants. Birds and amphibians in partic-
ular, including particularly vulnerable, threatened or protected species, will be able
to utilise the areas as habitats.

Further potential for enhancing nature and biodiversity exists through the set-aside
of carbon-rich agricultural land surrounding existing natural areas. If such carbon-
rich agricultural land is set aside, it can act as a buffer between natural areas and
intensively cultivated land by reducing the nutrient impact on existing natural areas,
thereby improving existing nature and biodiversity. Irrigation of carbon-rich agricul-
tural land around and between natural areas such as meadows and marshes is ex-
pected to develop into habitats for species and nature over time, thus creating more
and coherent nature and contributing positively to the quality of nature.

3.1.8. Bottlenecks for set-aside

The technical estimate assumes that any bottlenecks in the set-aside effort can be
handled. Based on experience from the current set-aside schemes, the Danish Agri-
cultural Agency has identified potential bottlenecks for the fulfilment of the technical
estimate, which are described below. These bottlenecks and the amount of re-
sources allocated to deal with them can thus have an impact on the rate of set-
aside and thus the effect in 2030.

Project management

Very few projects can be established by individual farmers, as the areas to be wet-
ted typically are owned by more than one farmer. Today, this role is performed by
the municipalities or local departments of the Danish Nature Agency, with a few ex-
ceptions, depending on the project organisation. If there is a shortage of qualified
personnel at the Danish Nature Agency and the municipalities, it can create a risk
that projects are not initiated or delayed in their implementation, or not applied for in
the first place.

Technical feasibility study

Prior to a wetting project, it must be ensured, among other things, that there is com-
plete clarity about which areas will be wetted in the project. This may involve flood-
ing of areas other than agricultural land, such as housing, infrastructure, etc. Today,
feasibility studies are primarily carried out by consultancy companies such as WSP,
COWI, SWECO and Envidan, which are hired for the task by municipalities and the
Danish Nature Agency Increased set-aside will, therefore, lead to an increased need
for consultancy services for technical feasibility studies.

Land distribution and purchase/sale

Land distribution and purchase/sale is an important element of the Danish Nature
Agency and the Danish Agricultural Agency's current rewetting projects. In a land
distribution, the landowner can choose to sell their land or to receive compensation
for the restrictions on availability that the project entails If desired by the landowner,
replacement land can be purchased in connection with land distribution for the pro-
ject land that is to be taken out of rotation, so that an area for e.g. feed production
and spreading of the property's livestock manure can be maintained. At the same
time, better consolidation of the property's areas can be created, which typically
leads to operational and socio-economic benefits. An increased set-aside will lead
to an increased need for land distribution and purchase/sale, which is dependent on
qualified land distributors and a land distribution commission to approve the land
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distribution at a land approval meeting, surveyors to determine the project boundary
and new boundaries, land registration, etc.

Permits from the authorities

When agricultural land is rewetted, a number of different permits are required. Mu-
nicipalities are the primary authority on the most commonly occurring ones. Exam-
ples include screening in accordance with the Environmental Assessment Act, ex-
emptions/permits under Section 3 of the Nature Conservation Act, watercourse per-
mits and rural zone permits.

State authorities also often need to issue regulatory decisions in order for projects to
be realised. Examples include the Danish Coastal Directorate (dune and beach pro-
tection), the Conservation Board (conservation areas), the Danish Agency for Cul-
ture and Palaces (dykes and ancient monuments), the Danish Environmental Pro-
tection Agency (Forestry Act), the Danish Road Directorate (Road Act) and the
Danish Agricultural Agency (Agricultural Act). In state-owned projects (by the Dan-
ish Nature Agency), the Danish Environmental Protection Agency is the environ-
mental assessment authority and is responsible for screening and any environmen-
tal impact assessment (EIA).

Contractors

Contractors usually establish set-aside projects, which is why an increased set-
aside effort will lead to an increased demand for contractors. In addition, construc-
tion work for peatland projects should preferably take place during the dry months,
as driving in peatland areas is often impossible or significantly more difficult in wetter
conditions.

Administration and processing of subsidies

The case processing of peatland projects is demanding, with many assessments
and calculations as well as diverse functions. It requires a long training programme
for administrators. An increased set-aside effort will mean that administration capac-
ity must be built up in time.

The Danish Environment and Food Board of Appeal and the Danish Town
and Country Planning Board of Appeal

Most regulatory decisions that are prerequisites for realising a project involving the
set-aside of carbon-rich agricultural land can be appealed to the Danish Environ-
ment and Food Board of Appeal and the Danish Town and Country Planning Board
of Appeal. Appeals against regulatory decisions, which are a prerequisite for the re-
alisation of the projects, can, if they have a suspensive effect, significantly postpone
the projects and thus delay the overall effort.

3.2 Regulation of Fertiliser

In the following, the Expert Group's considerations on the regulation of fertilisers are
presented, either through a fertiliser tax with a base deduction or by restructuring
direct agricultural subsidies into subsidies for reduced fertiliser usage

CO2-eq emissions related to fertiliser applied to fields are expected to amount to a
net 1.7 m tonnes of CO2-eq in 2030, see Climate Status and Outlook 2021. Add to
this 0.2 m tonnes of CO2-eq from liming.
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This chapter elaborates on fertiliser regulation and how it relates to existing nitrogen
regulation. The Expert Group has analysed two different regulatory models for ferti-
lisers, which weigh the considerations of the Danish Climate Act and the terms of
reference for the Expert Group's work in different ways. The Expert Group has ana-
lysed the following two regulatory approaches;

a. Ataxon fertiliser usage of DKK 750 per tonne of CO2-eq and a base deduction
corresponding to 50 per cent of the tax base, paid per hectare of agricultural
land

b. Restructuring of the direct agricultural subsidy to a subsidy for reduced fertiliser
usage of DKK 750 per tonne of CO2-eq.

Both regulation models involve a tax on applied agricultural lime corresponding to
DKK 750 per tonne of CO2-eq.

Table 3.3 provides an overview of the climate effects, shadow prices and burden on
business of the two regulatory models. CO2-eq reductions from fertiliser regulation
can be split into a direct effect due to reduced fertiliser usage on the fields and an
indirect effect through changed production behaviour in agriculture and the rest of
the economy as a result of fertiliser regulation. In the table, interaction effects show
that reductions in emissions largely depend on how livestock production responds
to a new regulation of fertiliser usage.

Table 3.3. Effects of variant a and b for regulating CO2-eq emissions from ap-
plied fertiliser.

Variant a Variant b
Tax and base deductions Subsidy

Tax/subsidy rate, DKK per

tonne 750 750
Net reduction of emissions

in 2030, m tonnes of CO2- 0.28 0.09
€q

- of which interaction effect

between tax on livestock 0.16 -0.03

and tax on fertiliser"

Shadow price?, DKK per
tonne of COzeq (excl. side
effects and terms of trade
effects)

190 380

Shadow price?, DKK per
tonne of COz-eq incl. side
effects (excl. terms of
trade effects)

-490 380

Burden on business, DKK
m

200 175

Total decline in land values
from fertiliser regulation -1.1 1.1
excluding forest, per cent.

Note: 1) In model a, interaction effects will lead to additionalCO2-eq reductions, which covers the fact that animal
production is reduced by a fertiliser tax, as the cost of roughage for the animals increases. In model b, the interaction
effects will conversely reduce the total CO2-eq reductions, as subsidies for reduced fertiliser usage increase the yield
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of marginal land to the extent that the cost of reducing fertiliser use is less than the subsidy. This reduces the cost of
roughage slightly and thus increases animal production.

2) It should be noted that the shadow price is calculated including interaction effects, i.e. that part of the effect comes
from the interaction between the regulation of fertiliser and a possible tax on livestock etc. in the primary models.
Source: Own calculations based on calculation from @rum, J. E. (2023), Department of Food and Resource
Economics, unpublished working paper delivered to the Ministry of Food, Agriculture and Fisheries, December 2023.

Climate regulation of fertiliser applied on the field

The Expert Group has looked at the possibilities of regulating agricultural emissions
of greenhouse gases (nitrous oxide from nitrogen) from fertiliser usage via a tax on
the total amount of fertiliser applied (variant a) or by restructuring the direct agricul-
tural support to subsidies for reduced fertiliser usage relative to the applicable nitro-
gen norm?°, which sets a ceiling for the use of nitrogen in fertiliser based on the spe-
cific crop and soil type (variant b). The reduction is then deducted from the farm's
total nitrogen quota. Increased regulation of fertiliser use by farmers will lead to re-
duced yields, whether through a tax or through subsidies for reduced fertiliser us-
age.

Reduced fertiliser usage on the field will impact several emission categories in the
national emissions inventory. The dominant effect will be a reduction in direct nitrous
oxide emissions from nitrogen in fertiliser applied to the field, and thus in net CO2-eq
emissions. There will also be a reduction in indirect nitrous oxide emissions as well
as reduced carbon storage in mineral soils, as less organic matter is added to the
soil through fertiliser and plant cover.

Climate regulation of lime applied to the field

Agricultural lime is applied to certain Danish agricultural land to optimise the soil's
pH and thus the availability of certain nutrients for plants (including nitrogen) and on
difficult clay soils to improve the soil structure and thus cultivability. The use of agri-
cultural lime emits CO2-eq as a result of the chemical reactions that occur during
the dissolution of the applied material. The application of lime on fields is not cur-
rently regulated.

It should be noted that with a tax on the use of agricultural lime, and thus an ex-
pected reduction in the use of agricultural lime, there is a risk of acidification of the
cultivation soil, which can lead to less effective nitrogen uptake in the crop. The con-
sequence of this will be lower yields or an increased need for nitrogen input, result-
ing in increased emissions from fertilisers. Recent research also shows that liming
acidic soils can have a reducing effect on the amount of nitrous oxide emitted from
the soil as a result of nitrogen decomposition.?" However, this interaction between
direct CO2-eq emissions and nitrous oxide emissions from soils is not currently re-
flected in the national calculation method.

3.2.1. Advantages and disadvantages of fertiliser regulation

Tax on fertiliser with base deduction
A uniform tax system on applied fertiliser puts a uniform price on the CO2-eq emis-
sions that occur when fertiliser is applied to fields, regardless of crop choice. The

20 Box 3.8, in the section on implementing fertiliser subsidies, describes the setting of nitrogen norms in more detail.

21 https://agro.au.dk/aktuelt/nyheder/vis/artikel/kalkning-af-sur-jord-reducerer-udledning-af-lattergas-og-oeger-ud-
byttet
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tax on fertiliser use will thus provide an incentive to reduce fertiliser usage within ex-
isting field operations and increase the incentive to shift field operations towards
crops with a lower fertiliser requirement and permanent set-aside of agricultural
land. A tax on applied fertiliser is thus assessed to be the most socio-economically
cost-effective instrument for achieving CO2-eq reductions, as the tax provides a uni-
form incentive for CO2-eq reduction across the instruments. A tax on fertiliser usage
also provides an incentive to shift production to less climate-intensive production,
such as forestry.

If the tax in practice drives activity shifts between crops, this will reduce the struc-
tural effect of the tax and increase the technical and other effects. The size of this
effect is unclear.

A base deduction in the fertiliser tax is based on the number of hectares in a farm.
The combination of a higher marginal tax rate and a base deduction means that the
marginal tax determines the farmer's incentive to lower their fertiliser usage, while
the base deduction per hectare is fully capitalised in the land value and, therefore,
mitigates the land price loss from the tax on fertiliser usage. The base deduction
thus reduces the burden on business.

If a fertiliser tax is introduced without a base deduction, it will lead to a greater loss
in land value. For this reason, a tax model with a base deduction favours existing
farmers by directly compensating for part of the loss in land value.

It should be noted that if the tax is phased in from 2027, the tax will immediately lead
to a need to adjust current CAP subsidy schemes for 2027, such as the organic
subsidy and the targeted nitrogen regulation. This should be seen in light of the fact
that EU state aid rules dictate that, as a starting point, you may only compensate for
the costs of the programme in question. An increase in the tax will thus be offset by
a reduction in the subsidy.??

A restructuring of the direct agricultural subsidy to subsidies for reduced
fertiliser usage

A restructuring from direct agricultural subsidy to subsidies for reduced fertiliser us-
age provides an incentive for a reduction within existing field operations, but unlike a
tax, there is no increased cost for the remaining fertiliser usage. This reduces the
structural effect in comparison to the tax model and thus the risk of carbon leakage.

It is expected that a restructuring of the direct agricultural subsidy to subsidies for
reduced fertiliser usage could be implemented based on the existing targeted regu-
lation, see Chapter 5. However, it must be assessed whether organic farms can re-
ceive both organic area grants and subsidies under the scheme.

The subsidy for reduced fertiliser usage is assumed to be financed by a reduction in
the direct agricultural subsidies that farmers receive based on their land area. The
existing hectare subsidy is given per hectare regardless of whether the land is culti-
vated or fallow.?® Although direct agricultural subsidies do not distort production

22 The subsidy schemes compensate the farmer for the costs and lost income that participation in the scheme entails.
Afertiliser tax will certainly affect the contribution margin when cultivating the land and thus the need for compensa-
tion for loss of income due to changes in operation as a resullt of participation in the subsidy scheme.

23 Farmers must fulfil a number of conditionality requirements regarding the climate and environment, public and plant
health and animal welfare in order to be eligible to receive hectare subsidy.
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within agriculture, direct agricultural subsidies can be considered a distortion across
the entire economy, as the hectare subsidy creates an incentive to maintain agricul-
tural production over other land uses. In addition, the hectare subsidy is a redistribu-
tion to agricultural land owners from the rest of society. The direct agricultural subsi-
dies also tie up public funds that could have been used for e.g. CO2-eg-reducing
technologies.

The hectare subsidy will be reduced for all farmers, regardless of whether they re-
ceive a subsidy for reduced fertiliser usage or not. This means that ecologists, for
example, can help finance the restructuring of the direct agricultural subsidy. If they
can't receive the subsidy, it will reduce the incentive for organic farming, all other
things being equal. However, the effects of reduced direct agricultural subsidies are
expected to be partially offset by increasing subsidies for organic farming. Thus,
there is an opportunity to increase the current subsidy levels for organic farming
within the subsidy ceilings calculated on the basis of Pedersen (2020).2* The conse-
quences and effects of this need to be investigated further.

As the model is financed through a restructuring of the direct agricultural subsidy,
there will be no additional revenue, unlike the tax model, and thus no revenue to be
returned to the industry.

Since the model is financed by the direct agricultural subsidy, the overall regulation
implies a decline in land values. The positive effect of the subsidy on land value is
more than offset by the reduction in direct agricultural subsidies, which capitalises
into lower land values. According to the GreenREFORM model, the decline in land
value will be slightly larger in the subsidy model than in the tax model with a base
deduction. However, the calculated difference in the effect on the land values de-
pends on the specific assumptions about substitution between crops and the effect
on cultivation intensity of a tax versus restructuring of the direct agricultural subsidy,
and the expert group assesses that there is hardly any significant difference in the
land value effect in the two regulatory models. Furthermore, unlike the tax, the sub-
sidy relieves the effect on the farmer's contribution margin, as no tax is paid on the
fertiliser that continues to be used.

The tax with base deduction leads to higher operating costs and increased struc-
tural effect, but also slightly higher value of the production land than the subsidy
model. Part of the subsidy for fertiliser reduction will also be capitalised into the
price of land, but as the subsidy is conditional on the land not being taken out of
use, less land is set aside, which in isolation lowers the land values. Further, a share
of the savings from the subsidy is shared with consumers through a lower increase
in food prices, which lowers the structural effect relative to the tax model.

A subsidy for reduced fertiliser usage is determined based on the applicable nitro-
gen norms, which set a ceiling for nitrogen use when growing a given crop on a
given soil type. As the nitrogen norms are set per crop, there is no incentive to
switch to less fertiliser-intensive crops, which may reduce the emission reduction
compared to the tax model.

The nitrogen norms are set on the basis of the average economically optimal use of
nitrogen across farm types, see Chapter 5. In practice, the economically optimal

24 Pedersen, M. F., (2020). Background calculations for the determination of subsidy rates for organic area subsidy in
CAP 2020, 36 p., IFRO Commissioned Work No. 2020/06.
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use of nitrogen will vary between farms. In this way, the subsidy risks being paid out
without leading to a real change in the behaviour of farmers whose optimal and ac-
tual nitrogen use is lower than the nitrogen norm. In practice, however, this only has
a distributional impact.

3.3 Forest

The total carbon stock in Danish forests in 2022 was approx. 160 m tonnes of car-
bon, corresponding to approx. 600 m tonnes of CO2. Since 1990, Danish forests
have increased their carbon storage in the living biomass (trunks, branches, leaves,
needles and roots) by 16.2 m tonnes of carbon. This means that forests have re-
moved over 59 m tonnes of CO- from the atmosphere, or about 1.9 m tonnes of
CO:z per year. The net uptake is both due to the fact that the forest area has in-
creased since 1990 and that the old forests have become denser or richer in wood
mass?®, since annual growth rates in forests have exceeded the amount of log-

ging.?¢

Since 1990, the Danish forest area has expanded by approx. 3,000 hectares per
year. During this period, afforestation has been promoted through state afforesta-
tion, subsidies for private afforestation and, most recently, through the Danish Cli-
mate Forest Foundation.

Afforestation is a socio-economically appropriate climate initiative that contributes to
CO2 reductions in the long term. This is partly due to high climate effects in the pe-
riod 2035-2050 and the high co-benefits associated with forests, such as recrea-
tional values and reduction of nitrogen leaching. As a result, afforestation is a key
transitional element to fulfil climate targets beyond 2030.

Afforestation has a limited short-term climate impact. This is mainly due to the fact
that newly planted forests' growth and thus CO: uptake is relatively low in the first
years after planting. Forests typically reach a peak of growth around the age of 20-
40 years or more. When national forests are used for wood products, they contrib-
ute to temporary carbon storage in the harvested wood products category accord-
ing to the IPCC guidelines, from which CO: is continuously depreciated in the inven-
tory as wood products decay or burn.

3.3.1 Recommendations regarding forests

In the Expert Group's models, the subsidy for afforestation is increased to incentivise
the establishment of 250,000 hectares of new forest by 2045, when Denmark aims
to be climate neutral.

25 The wood mass of the forest is the above-ground living biomass in the form of trunks and branches.

26 Logging is when the trees are felled and trunks and larger branches are typically sold as, for example, timber and
wood biomass, while roots, leaves, needles and smaller branches are often left in the forest.
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3.3.2. Subsidy for afforestation

The Expert Group's models include the establishment of a subsidy scheme for pri-
vate afforestation of almost DKK 92,000 per hectare, which is more than double the
current DKK 35,000 per hectare for the current subsidy for private afforestation fi-
nanced by agricultural subsidies. It is estimated that the subsidy can be increased,
as it is possible to compensate for lost income from agricultural operations when
converting to forestry. In the current subsidy scheme, subsidies are given for estab-
lishment and maintenance in the first year, subtracted with income from logging,
with no subsidies given for lost income.

The subsidy rate thus includes costs associated with planting material, establish-
ment of the forest subtracted with current income from the sale of wood of approx.
DKK 20,000 per hectare. Compensation for operation and maintenance of approx.
DKK 24,000 per hectare. In addition, the marginal opportunity cost associated with
agricultural operations based on the price projections used in the tax modelling cal-
culations of approx. DKK 48,000 per hectare

A subsidy for afforestation of just under DKK 92,000 per hectare is estimated to in-
crease afforestation up to and including 2030 by 50,000 hectares of new forest, and
increase afforestation up to 2045 by a further 200,000 hectares of new forest. By
2045, a total afforestation of 250,000 hectares will be achieved in addition to the ex-
pected afforestation in the Climate Status and Outlook 2023. Realising afforestation
on this scale is associated with uncertainty. In the short term, there may be limited
availability of planting material of the right type and quality, which may limit annual
planting up to 2030.

The subsidy is assumed to be implemented from 2025 and is estimated to have a
CO:; effect (uptake) of 0.1 m tonnes of COz in 2030, 0.7 m tonnes of CO2 in 2035
and 2.1 m tonnes of CO2 in 2045, see Table 3.4. The subsidy of approx. DKK
92,000 per hectare corresponds to a cost of approx. DKK 470 per tonne of ab-
sorbed CO- with a socio-economic shadow price of approx. DKK -400 per tonne,
where positive side effects are taken into account in the form of less nitrogen dis-
charge to the aquatic environment as well as recreational value.

In addition to the CO: effect in the LULUCF sector, which includes the CO- uptake
in the trees themselves, the forest floor and the soil, there is a CO2-eq effect in the
agricultural sector of 0.05 m tonnes of COz-eq in 2030 as a result of agricultural
land being taken out of operation and fertilisers no longer being applied. There will
be overlap between this effect and a CO.-eq tax on agriculture, which will also lead
to the set-aside of land. The total effect for fertilisers can be found in Chapter 2. In
addition, there will be derived CO: effects on energy consumption from converting
agricultural land to forest, which are not included in the current calculations.
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Table 3.4. Afforestation and CO:2-eq effects and side effects

Total afforestation in addition CO.-eq effect, 2030 CO,-eq CO.-eq Shadow  Shadow price
to KF23 effect effect price incl. side ef-
2035 2045 excl. side fects Subsidy rate
effects
Thous m Oof Oof m m
and Of which  Ofwhich | tonne which  which | tonne tonne | DKK per
hectar  2025- 2030- s of LULUC  agricul | sof s of tonne of DKK per [DKK per hectare
es 2030 2045 COZ F tul'e COZ COZ COZ tonne of (:()2 present Va|ue
250 50 200 0.15 0.10 0.05 0.67 2.10 470 -400 92,000

Note: Figures are rounded. Costs and shadow price are in 2023 factor prices. The stated 250,000 hectares of afforestation and its CO2-eq effects are beyond what is
already expected with KF23. It is assumed that the first forest planting will take place in 2025. The calculations assume that the forest is planted on mineral soil and
that there is then increased carbon sequestration in the soil compared to continued farming. If the forest is planted on carbon-rich drained land, there will still be
emissions associated with the soil. Side effects include less nitrogen discharge to the aquatic environment and recreational value of forests.

Source: IFRO Commissioned Work 21/09, IFRO Commissioned Work 2022/04, IGN and own calculations

In the Expert Group's model, forests are planted with tree species that strive for high
CO:2 uptake in both the short and long term, including by mixing fast-growing tree
species, while at the same time focusing on ensuring robust and stable forests that
are resilient to the climate of the future and that also have the potential to harvest
synergy effects in relation to other purposes. Specifically, the calculations are based
on forest mixes consisting of 50 per cent traditional tree species mix (afforestation
since 1990) with predominantly deciduous trees and 50 per cent fast-growing trees,
including a large proportion of conifers. The forest is predominantly assumed to be
managed as a production forest, i.e. the trees are continuously harvested and sold
for timber or energy wood. When it comes to actual implementation, there should be
a focus on involving local stakeholders so that the forest is placed with the greatest
possible value for the surrounding community, and there is interaction with other
land use initiatives, such as the set-aside of carbon-rich agricultural land.

Financing of afforestation and realisation

The Expert Group assumes that afforestation will be financed by national funds,
where a national afforestation scheme must be established as soon as possible un-
der the Ministry of the Environment, through which the afforestation effort can be
managed. The introduction of a more favourable national scheme is assumed to
mean that the current CAP scheme will not be applied for. Specifically, this will
mean that approx. 70 m annually from 2025-2030 from the CAP scheme for affor-
estation, with an expected realisation of almost 14,000 hectares in the same period,
will have to be reprioritised. The announcement of a higher subsidy rate may also
lead to the cancellation of applications under the Rural Development Programme
(RDP) in 2023. Implementation will also depend on when a decision is made to in-
crease the subsidy.

The total costs associated with subsidies for afforestation up to 2045 are estimated
to be around DKK 20 bn, see Table 3.5. The total costs include the financing of the
almost 14,000 hectares of forest that are no longer realised through the agricultural
subsidy for forests, which means that a total of 264,000 hectares of forest are fi-
nanced. In addition, other afforestation from already allocated finance act funds is
assumed to be unaffected, see memorandum outlining preconditions for Climate
Projection 2023. However, the efforts under the Danish Climate Forest Foundation
may need to be adapted in relation to a new subsidy scheme so that the schemes
support each other.
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Table 3.5. Costs associated with afforestation

2025 2026 2027 2028 2029 2030 Total, 2025-
Expenses, DKK m
2045
Start-up aid 189 189 189 209 229 235 5,222
Care, upscaling of 46 92 138 188 244 255 5,710
plant material
Loss of income* 38 76 115 157 203 249 9,134
Total expenses 274 358 442 555 676 739 20,066

Notes: Costs are in 2023 factor prices.

*Loss of income covers both lost contribution margin and loss of potential future income associated with other land use, as well as potential future loss of the hectare
subsidy.

Source: Own calculations

Realising afforestation on this scale at the calculated subsidy rate will depend,
among other things, on future prices for agricultural operations, wood products and
prices associated with alternative use of land, such as buildings and renewable en-
ergy production. By combining subsidies with a requirement for a duty of forest
preservation, it can be ensured that the operation of the forest is regulated by the
Forestry Act. To ensure sufficient afforestation, the subsidy rate is continuously eval-
uated in relation to other land uses so that, if necessary, afforestation can be stimu-
lated in other ways, e.g. by allocating more funds to state afforestation or by in-
creasing incentives to plant new private forests.

To ensure that the conversion to a forest is permanent, the subsidy can be condi-
tional on the areas being subject to a duty to preserve a forest, possibly with the
possibility of a temporary right of cancellation against repayment of the subsidy if the
duty of forest preservation is perceived as a barrier to afforestation with a subsidy.

Synergies from afforestation

Newly established forests can have a number of side effects/externalities, such as
impact on the aquatic environment, recreational value, biodiversity, health, etc. Ef-
forts should be made to promote these synergies.

The shadow price calculation in Table 3.4 includes the recreational value of forests
and the value of reducing nitrogen emissions, see Appendix 7.9. Set-aside of agri-
cultural land for forestry will have value in areas with a need for action in the water
plans due to reduced fertiliser use and the forest retaining nitrogen. An average
value of nitrogen emissions has been used, see Appendix 7.9, as the location of the
forest is not known in advance. Afforestation in isolation does not have an effect on
ammonia emissions, but the reduced fertiliser use on agricultural land reduces am-
monia emissions. The socio-economic value of this is calculated for the total change
in fertiliser use and is shown in Table 3.4. Therefore, this value is not included in the
calculation of the shadow price of afforestation.

The location, layout and access conditions are of great importance for the use of the
forest, and thus the recreational value. Many new public forests are located close to
the city, and there is free public access everywhere in the forests at all times. In pri-
vate forests, access is restricted to roads and paths and only during daylight hours.
These differences may have contributed to the fact that in a 2014 report, the Danish
Economic Councils estimated the recreational value of state afforestation to be ap-
prox. DKK 50,000 per hectare per year in 2023 prices, while the corresponding
value for private afforestation was estimated to be DKK 4,000 per hectare per year.
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This report is based on private afforestation and therefore uses a value of approx.
DKK 4,000 per hectare per year. Assessing the recreational value is associated with
particular uncertainty, as the specific design of the forests is not known, and a sig-
nificant expansion of the forest area can affect the marginal recreational value of for-
ests. The recreational value can also change over time as the forest grows.

The Expert Group has presented a model with private afforestation, as this results in
the lowest public costs (per tonne of CO2-eq). However, the high recreational value
of state afforestation may mean that more funds should be allocated to achieve the
same COz-eq effect with higher state costs but greater recreational value. The Ex-
pert Group's models therefore imply that the relevant authorities and political deci-
sion-makers ensure an appropriate distribution of private and state-owned forests
based on an overall assessment of costs and socio-economic profitability, including
consideration of the applicable environmental and nature objectives.

3.3.3 The framework for forest regulation

Private afforestation is subsidised under the Common Agricultural Policy (CAP).
Support for private afforestation is in 2023 funded under the Rural Development
Programme (RDP) and from 2024 will be funded under the CAP plan, which is part
of the Agricultural Agreement. The current subsidy scheme provides start-up aid
(and care in the first year), which is deducted from logging revenues.

Afforestation is also supported through the Danish Climate Forest Foundation,
where the state on several occasions has contributed funds that can be used for
this purpose, along with expected additional funds from private sources. The fund
was established in 2020.

In addition, afforestation is supported with funds for state afforestation, which is real-
ised through state purchase of agricultural land followed by planting and state man-
agement of the areas. State afforestation is carried out in co-operation with munici-
palities and waterworks, which co-finance the efforts as a means of ensuring drink-
ing water protection.

Forest management of a given forest area in Denmark is primarily regulated by the
Forestry Act. The purpose of the law is to preserve and protect the country's forests
and to increase the forest area. The law regulates the use of areas subject to the
duty of forest preservation, which covers approx. 70 per cent of the Danish forest
area. The main rule is that areas subject to the duty of forest preservation must be
kept covered with trees that form or will form a closed forest of tall standard trees.?’
Logging, with the exception of thinning, may not take place until the stand or individ-
ual tree has reached an age or dimension where it is ready for logging.

Certain habitats and species that may occur in forests may be protected either by
national rules or by rules in the EU nature conservation directives, which are imple-
mented in various national laws.

27 Exceptions to the main rule include, among other things, that 10 per cent of the area subject to the duty of forest
preservation can be used for logging or wood pasture, another 10 per cent can be used for open nature areas, and
10 per cent can be cultivated with Christmas trees and omamental greenery.
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Other laws and regulations affect forest management more indirectly. This includes
the recently adopted EU Deforestation Regulation, which prohibits the sale of a
number of products from seven commodity groups, including wood, if they are pro-
duced on land that has been subject to deforestation or forest degradation. The reg-
ulation will thereby significantly reduce the incentive to clear or degrade forests in
Denmark, regardless of whether the area is subject to a duty of forest preservation
or not. In addition, the EU Directive on the Promotion of Renewable Energy applies,
which lays down rules for the utilisation of forest biomass for energy purposes, in-
cluding requirements for reforestation of forest areas after logging. The rules apply
regardless of whether the forest area is a subject to a duty of forest preservation or
not.

3.3.4 Follow the development of existing forests

Current forest projections predict an increase in logging by 2030 and a significant
decrease in net forest removals compared to the average of almost 3 m tonnes of
CO: per year observed over the past 10+ years. The Expert Group has noted that in
previous years, significant decreases in net forest uptake have also been projected
without subsequently being registered in the actual measured and reported uptake
and emissions from forests, see Section 2.8. The Expert Group also notes that for-
est projections are subject to great uncertainty and that they seem to have tended
to underestimate the net uptake of forests. The Expert Group is not in a position to
assess the reasons for this.

Despite the uncertainties in the projections, the Expert Group assesses that, if de-
sired, the net uptake of forests could be affected temporarily and significantly in the
short term by any regulation that limits logging.

Increased net removals in 2030 can be achieved through general reductions in log-
ging, or by introducing more specific regulations that can limit the extent of main
logging in existing forests. The Expert Group's models therefore imply that the devel-
opment in carbon uptake of forests is monitored, but do not recommend specific
regulation.

3.4 Handling of Road Transport and Minor Emis-
sion Sources

In the following, the Expert Group's recommendations for road transport and minor
emission sources are reviewed.

Road transport

Projections show that emissions from road transport will be around 9.6 m tonnes in
2030 if no new initiatives are implemented to reduce emissions. This corresponds to
approx. 36 per cent of the expected total Danish greenhouse gas emissions in
2030.

As mentioned in the first interim report, CO2 reductions through increases in taxes
on fuels for road transport in general are significantly more expensive from a socio-
economic perspective than in other sectors. This is partly because overall taxes on
passenger cars are already very high compared to other areas, and fuel sales are
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sensitive to cross-border trade. A strict requirement for harmonisation would imme-
diately mean that the tax level on road transport would have to be reduced.

After the transition to a higher and more uniform CO: tax in the Agreement on
Green Tax Reform for industry etc. (June 2022), the total tax level will continue to
be higher for motor fuels for road transport than for other applications. In addition, a
new CO2-emissions trading system will be implemented in 2027 that includes fuels
for transport, which increases the price of motor fuels. The Expert Group has also
noted that sales of green cars have increased significantly in recent years. Further-
more, a road tax for lorries for freight transport has been adopted, which is kilome-
tre-based and CO.-differentiated according to the lorries' emissions, and will come
into force from 1 January 2025.

Finally, the government has proposed increasing the diesel tax by almost DKK 0.50
per litre (2023 prices). This corresponds to an increase of approx. DKK 175 per
tonne of CO: to a total of approx. DKK 1,575 per tonne of CO2-eq (2023 prices).

An increase in the diesel tax will increase the tax differential between diesel and
other uses, see Figure 3.7. Assuming the increase in the diesel tax is implemented —
and in the context of the other factors above — the Expert Group has no further sug-
gestions for models for changing the taxes on fuel for road transport.

Recommendations for minor emission sources

Minor emission sources cover the categories (COz-eq emissions in 2030):
1. F-gases (0.2 m tonnes)

Biogas leakage (0.3 m tonnes)

Landfills (0.3 m tonnes)

Garden and park waste (0.2 m tonnes)

Wastewater (0.2 m tonnes)

Other, e.g. accidental fires and non-sectoral methane and nitrous oxide
emissions from burning biomass (0.3 m tonnes)

SRS SEANN

Emissions are expected to total around 1.5 m tonnes of CO2z-eq in 2030, see Figure
3.1.
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Figure 3.1. Expected emissions in 2030, m tonnes of COz-eq
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Source: Climate Status and Outlook 2023

The Expert Group's models include raising the current tax on F-gases to DKK 750
per tonne of COz-eq, corresponding to the tax that was agreed upon for the
companies in the industry not subject to ETS. This results in CO-eq reductions of
0.1 m tonnes of CO2-eq in 2030. For the remaining categories, various forms of
regulation are already politically planned, which will mean that only very small
additional reductions can be achieved through additional tax regulation, which is not
considered to be commensurate with the administrative costs of a COz2-eq tax. In
these areas, the Expert Group, therefore, recommends not imposing a CO2-eq tax
but instead implementing the already planned regulatory measures.

F-gases

Part of the Expert Group's models include increasing the tax on emissions of F-
gases so that the tax follows the CO2-eq tax agreed as part of the Agreement on
Green Tax Reform for Industry, etc. (S, V, SF, RV and K). This maintains the current
symmetry where the tax on F-gases is balanced with the current CO2-eq tax.

In particular, the F-gases HFC and SF6 are emitted in Denmark. HFCs
(Hydrofluorocarbons) are mainly used as refrigerants, with the most commonly used
F-gases being between 1,000-4,000 times more harmful to the climate than COs..
HFC is mainly used as a refrigerant in e.g. air conditioning, refrigeration systems
and heat pumps. There are no F-gases in newly manufactured equipment such as
domestic refrigerators, freezers and mobile air conditioning in the EU. The use of F-
gases will therefore be phased out as these types of systems are replaced by new
ones.

However, the use of F-gases in households will increase by 2030 due to the growth
of air-to-air and air-to-water heat pumps, see Climate Status and Outlook 2023. The
industrial gas SF6 is mainly used in the electricity sector and in some high-voltage
installations and is approx. 24,000 times more harmful to the climate than CO..

F-gases are already regulated and taxed today when the substances are used in the
manufacture and maintenance of installations. The rates on F-gases are set per
CO2-eq based on the Global Warming Potential (GWP) of the gases. The tax rates
for F-gases are currently balanced according to the current CO2-eq tax, which in
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2023 is DKK 181 per tonne of CO2-eq. Therefore, there will be no major
administrative costs associated with adjusting the current tax.

The EU has revised the current F-gas regulation. This does not affect the assess-
ments for F-gases. The reason for this is that the revised regulation's content has
been known for a long time, and therefore, its effect has already been taken into ac-
count in the assessments.

With the Agreement on Green Tax Reform for Industry, etc. from 2022 (S, V, SF, RV
and K), which introduces a higher and more uniform CO2-eq tax, the tax rates for F-
gases will no longer be balanced with the CO2-eq tax for other industries.

The Expert Group's models maintain the symmetry and allow the tax on F-gases to
follow the higher and more uniform CO2-eq tax agreed in the Agreement on Green
Tax Reform for Industry, etc. including the planned phase-in from 2025-2030.

F-gases are not subject to quotas, which means that emissions will be subject to a
tax of DKK 750 per tonne of CO2-eq. If the tax is raised from the current DKK 181
per tonne of CO2-eq to DKK 750, it is estimated that this will result in additional
revenue after statics effects and behavioural response of approx. DKK 80 m, as well
as a CO2-eq reduction in 2030 of approx. 0.1 m tonnes, see Table 3.6.

Table 3.6. Consequences of raising the tax on F-gases from DKK 181 per tonne
of CO2-eq to DKK 750 per tonne of CO2-eq in 2030

. . Revenue after be- .
CO:-eq reductions Immediate revenue . Shadow price
havioural response

m tonnes DKK m DKK m Z’(K per tonne of CO2»-
01 130 80 475

Note: Estimates are subject to uncertainty and are consolidated in connection with legislative proposals. Legislative
proposals, including the reduction effect, must be consolidated in relation to inclusion in Climate Status and Outlook.
Source: Own calculations.

The tax payment is incurred in the production of an installation that uses F-gas. As-
suming that the tax payment is passed on to the price of the installation in the long
term, it is estimated that a tax increase to DKK 750 per tonne of CO2-eq will mean
that the acquisition price for, e.g. large heat pumps, which must have a maximum of
coolant per unit corresponding to 5 tonnes of COz-eq, will increase by approx. DKK
2,800 per heat pump.

Similarly, the acquisition price of a typical household's air-to-air heat pump is esti-
mated to increase by approx. DKK 480 per heat pump as a result of the tax in-
crease. For an air-water heat pump, the acquisition price will increase by approx.
DKK 960 per heat pump. The Danish Energy Agency's technology catalogue esti-
mates the lifespan of individual heating systems for households to be around 15
years. This means that the annual cost for a typical household would be DKK 32 per
year for an air-to-air heat pump, while it would be DKK 64 per year for an air-to-wa-
ter heat pump. The tax payment is incurred when f-gases are used in the manufac-
ture or maintenance of an installation.

An increase in the tax is estimated to have financial consequences for the business
sector corresponding to the immediate income effect, which amounts to approx.
DKK 130 m annually. The tax is expected to be passed on in higher prices to
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consumers over time. Today, there are approx. 1,200 companies in the relevant
sectors.

Biogas leakage
The Expert Group does not recommend a CO2-eq tax on emissions from biogas
leakage.

Biogas production is associated with methane loss from biogas plants due to leaks
etc. With the Climate Agreement on Green Power and Heat from June 2022 (S, V,
SF, RV, G, K, DF, LA, /£ and KD), a new regulation has been agreed upon to
reduce leakage from biogas production, which, among other things, involves review
and control of plants, plant improvements and a point source limit of no more than 1
per cent for upgrading plants. The regulation came into effect from 1 January 2023.
It is estimated that the new regulation will reduce CO2-eq emissions by 0.5 m tonnes
of CO2-eq from 0.8 CO2-eq to 0.3 m tonnes of CO2-eq in 2030.

It is currently not considered technically feasible to further reduce methane leakage,
as production cannot be hermetically sealed. Therefore, it is very uncertain whether
a tax on methane emissions will reduce leakage or increase production costs.

The introduction of a CO2-eq tax on biogas leakage will also require valid
measurements of methane emissions from each individual plant. This is not the case
today, where emissions are calculated based on random sampling. If it becomes
possible to obtain the necessary data in the future, it may be possible to regulate
biogas leakage more effectively in the future.

Landfills

The Expert Group does not recommend a CO2-eq tax on emissions from landfills, as
the administrative and economic consequences of such a tax are not considered to
be proportional to the effect on reducing greenhouse gases.

Landfilled waste can produce landfill gas, which contains the greenhouse gases
CO:2 and methane. A large part of landfill gas is formed by the biological
decomposition of organic material. The amount of methane from the landfill sector
has been decreasing since 1997, when a ban on landfilling waste suitable for
incineration, including organic waste, came into effect. This means that the methane
formation potential of waste going to landfill today is 89 per cent lower than it was in
1990. As historically landfilled waste gasifies, the amount of methane from the
landfill sector is decreasing and is estimated to continue to decrease until 2040.

There is currently a tax on landfill of waste amounting to DKK 475 per tonne of
waste, which, including operating costs at the specific landfill site, is paid as part of
the so-called landfill tariff. Waste that is currently sent to landfill is not considered
recyclable or suitable for incineration, which is why landfill is often the only
environmentally sound option.

Under the auspices of the political agreement on the Climate Plan for a green waste
sector and circular economy from June 2020 (S, V, RV, SF and LA), it has been
agreed that initiatives will be launched that can lead to locally profitable socio-
economic reduction measures at landfills and waste treatment plants. This work is
still ongoing.

The most commonly used measure to reduce emissions from landfills are biocovers,
which are a layer of biogenic material that keeps the landfill gas from being released
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into the atmosphere. The support scheme for the use of biocovers is still in the
establishment and monitoring phase and is expected to be finalised by the end of
2027.

Composting garden and park waste

The Expert Group does not recommend a CO2-eq tax on emissions from
composting of garden and park waste?®, as the effect is assessed to be limited, and
therefore the administrative and economic consequences of a tax are not
proportional to the CO2-eq effect.

In Denmark, around 1,000,000 tonnes of garden waste are produced annually, with
around 75 per cent coming from households, e.g. at recycling stations, and around
25 per cent from businesses.

With the Climate Plan for a Green Waste Sector and Circular Economy from June
2020 (S, V, RV, SF and LA), it has been decided to initiate an analysis and then take
measures to reduce greenhouse gas emissions from garden waste by at least 20
per cent. Measures can include stricter operating conditions to ensure that
anaerobic conditions are not created in the composting process, which gives rise to
methane emissions.

A COz-eq tax on composting garden park waste could economically encourage
more garden waste to be sold for biogasification or conversion to CO2-eqg-reducing
composting methods, or to be exported for recycling in neighbouring countries,
which, all else being equal, would reduce national greenhouse gas emissions.
Recycling garden park waste, including composting, is an important part of
recycling nutrients such as phosphorus, nitrogen and potassium back into
agricultural soil. Composting garden waste is therefore instrumental in meeting the
EU's binding recycling target for household-like waste by 2025, as garden waste
has a very high recycling rate. Denmark's actual recycling rate was 46 per cent in
2021 and will increase to 55 per cent by 2025.

Wastewater

A COz-eq tax on wastewater emissions is not included in the expert group's models,
as it is not considered to have any significant effect in relation to the agreed limit
values. In this context, the Expert Group notes that the previously agreed limit
values should be introduced.

There are approx. 100 municipally owned wastewater companies in Denmark, with
some facilities both transporting and treating wastewater, while a smaller number
only transport wastewater. The vast majority of discharges are generated by the
biological treatment of wastewater. Nitrous oxide emissions can be reduced by
either controlling the treatment processes or covering the treatment plant and
capturing the gases.

There is currently a tax on wastewater. The wastewater treatment plant pays a tax
on the discharge of domestic and industrial wastewater after treatment. It is
collected from wastewater treatment plants based on information about residual
impurities in the wastewater, including phosphorus and nitrogen discharged, and via
sewerage authorities for properties that are not connected to communal sewerage.

28 |t should be noted that the designation of the fraction "garden and park waste" is referred to as "garden waste" in
other contexts.
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As part of the Climate Plan for a Green Waste Sector and Circular Economy (S, V,
RV, SF and LA) from 2020, it was agreed to introduce limit values for nitrous oxide
emissions from wastewater treatment plants that treat wastewater for minimum
30,000 person equivalents (PE). This means that the limit values cover approx. 65
per cent of the wastewater volume and 75 per cent of the nitrous oxide emissions
from the process. The reduction effect of the limit value is expected to be approx.
0.1 m tonnes of CO2-eq in 2030. This effect is currently not recognised in the
Climate Projection. Based on the experience gained, it will be discussed with the
parties to the agreement by 2025 at the latest whether the limit should be reduced
from 30,000 person equivalents (PE) to a lower level. It is estimated to have a
reduction potential of approximately 0.02 m tonnes CO2-eq. The possibilities of
imposing a CO:-eq tax on wastewater discharges can be revisited at a later date,
e.g. by revisiting the effect of the limit values.

Others

The emissions primarily include non-sectoral methane and nitrous oxide emissions
from biomass burning, other emissions from, e.qg. indirect CO2-eq emissions from
industry, which occur when CO:z is converted to other greenhouse gases in the
atmosphere, fugitive emissions from oil and gas storage facilities, accidental fires of
buildings and vessels, etc.

These emissions are generally limited, and regulation will not be able to be
administered due to a lack of options for control and identification, which is why the
Expert Group has chosen not to regulate them in its models.
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4. Advantages and
Disadvantages of Tax
on End Consumption

The additional terms of reference state that the Expert Group must, as part of its
final report, "analyse the pros and cons of imposing a COz-eq tax on end
consumption”. This section presents the Expert Group's analysis of the pros and
cons of such a tax, exemplified by a tax on the end consumption of climate-
impacting foods.

A tax on end consumption will only to a limited extent contribute to meeting the
national 70 per cent target linked to emissions from domestic production. As a
result, a tax on end consumption will only allow for a very limited reduction of a tax
at the production stage. In addition, a tax on end consumption is a more imprecise
taxation of the actual climate impact than a tax at the production stage.

Based on the analyses below, a climate tax on end consumption is not included in
the models presented by the Expert Group in Chapter 2.

Characteristics of a consumption tax

A climate tax on the end consumption of climate-impacting food products should
ideally be proportional to the total amount of CO.-eq estimated to have been
emitted in connection with the production and transport of the individual taxed
product. However, as further explained in the sub-section on administrative issues
below, it will be necessary to operate with the same tax rate for all products of a
given category, such as beef, based on an estimate of the average climate impact
of the product group. This means that individual farmers cannot reduce the tax
burden on their products by choosing a more climate-friendly production method.
Unlike a production tax on emissions from individual farms, a consumption tax will
therefore not incentivise individual farmers to adopt more climate-friendly
technologies. This is a significant disadvantage of a climate tax on end
consumption.

In return, a climate tax on end consumption will be imposed at the same rate on
imported and domestically produced goods of a given type. This prevents the tax
from weakening the country's international competitiveness.

On the other hand, a climate tax in the production stage is only imposed on
domestic primary food producers and will, thus, all other things being equal, reduce
domestic competitiveness. Danish-produced food products will, therefore, to some
extent be replaced by imported food products in domestic end consumption,
whereby part of the reduction in domestic greenhouse gas emissions may be offset
by increased emissions abroad. A production tax can therefore lead to some
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leakage of greenhouse gas emissions abroad. However, it is important to note that
the total emissions abroad are affected by the country-specific targets for
greenhouse gas reductions.

The Danish Climate Act states that Danish climate initiatives "must lead to real,
domestic reductions, but we must also ensure that Danish initiatives do not simply
move all greenhouse gas emissions outside Denmark's borders". The Expert
Group's terms of reference also state that its recommendations must consider the
risk of greenhouse gas leakage.

Against this background, it is discussed below how to counteract greenhouse gas
leakage and what role a consumption tax can play in this regard. Next, the
appropriateness of a consumption tax is discussed in light of the Danish national
climate targets and international commitments.

Mitigation of greenhouse gas leakage — Fundamental considerations

The theoretical research literature agrees that a country can most purposefully
counteract greenhouse gas leakage by combining a climate tax in the production
stage with an import tax on CO2z-eg-intensive goods and a tax exemption for
emissions from production to export, see e.g. Hoel (1996).?° This ignores the
practical challenges of implementing such a system, which are discussed below. In
addition, the system may violate WTO rules on international trade cooperation as
well as EU law.

However, research literature has also pointed out that it is possible to counteract
greenhouse gas leakage and reduce the country's global climate footprint by
combining a climate tax at the production stage with a climate tax at the
consumption stage and a production subsidy for domestic producers, see e.g.
Béhringer et al. (2017) and Kruse-Andersen and Sgrensen (2022).%° The
consumption tax must then be imposed on all imported and domestically produced
goods at a rate that reflects the estimated COz-eq content of the goods, and the
production subsidy to the individual domestic producer must be proportional to the
company's production multiplied by an estimated average COz-eq intensity of
production in the industry to which the company belongs. As the individual company
typically has little influence on the average CO.-eq intensity of the industry, the
climate tax at the production stage will encourage companies to reduce their
emissions, while the production subsidy neutralises the negative impact of the tax
on the competitiveness of the typical company in the industry.

Thus, if a production subsidy is introduced, the tax at the consumption stage is not
necessary to protect domestic competitiveness. The consumption tax, on the other
hand, aims to lower the country's global climate footprint by curbing the
consumption of climate-impacting goods. The motivation for such a combined tax
and subsidy model is thus that the domestic country not only has an objective to
avoid carbon leakage from domestic production, but has a broader objective to

29 See M. Hoel (1996). Should a carbon tax be differentiated across sectors? Journal of Public Economics 59, pp.
17-32.

30 See C. Bohringer, E.J. Balisreri, T.F. Rutherford (2017). Robust policies to mitigate carbon leakage. Journal of Pub-
lic Economics 149, pp. 35-46, and P.K. Kruse-Andersen and P.B. Sgrensen (2022). Optimal energy taxes and sub-
sidies under a cost-effective unilateral climate policy: Addressing carbon leakage. Energy Economics 109, May
2022, 105928.
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lower the overall global climate footprint from domestic production and consumption
activities.

In a Danish context, the difficulty with the described tax and subsidy model is that
the aforementioned production subsidy to domestic producers may be in conflict
with EU law. In addition, there can be serious practical difficulties in delineating the
different sectors (or forms of operation in agriculture) when calculating the average
CO:2-eq intensity of the sector (operating branch) and when assigning the individual
business (agricultural business) to the relevant sector (operating branch).

If, for these reasons, a production subsidy is abandoned, you are left with the
domestic tax at the production stage, which can lead to carbon leakage, and the
consumption tax. To reduce the leakage effect, the tax can be lowered at the
production stage. This will increase emissions from domestic production, and since
the carbon leakage rate will normally be less than 100 per cent, see Beck et al.
(2023)%", global emissions will also increase, albeit to a lesser extent. If you want to
avoid this increase in the global climate footprint, you can choose to raise the
consumption tax to curb the consumption of imported as well as domestically
produced climate-impacting goods. A (partial) restructuring from taxation at the
production stage to taxation at the consumption stage can thus in principle reduce
the loss of domestic competitiveness and the resulting greenhouse gas leakage
without increasing the country's global climate footprint.

Tax at the consumption stage versus tax at the production stage — The
importance of climate policy objectives

A climate tax at the consumption stage can theoretically be an appropriate
instrument if there is a political objective to reduce Denmark’s global climate
footprint.

However, international climate cooperation is based on the territorial principle,
where each country commits to reducing its own emissions. For example, the
Danish Climate Act stipulates that emissions from Danish territory (calculated
according to UN guidelines) must be reduced by 70 per cent in 2030 compared to
emissions in 1990. In relation to the EU, Denmark is also committed to reducing the
accumulated territorial emissions from the Effort Sharing Regulation sector and the
LULUCEF sector by a certain amount by 2030, which represents Denmark's
contribution to the fulfilment of the Paris Agreement through EU cooperation.

These national and international climate policy objectives reflect the fundamental
principle of European and global climate cooperation that each country is
responsible for the emissions from its territory, which primarily stem from the
production activities that take place in the country, including the production of
domestic transport services by households for their own consumption. The rationale
behind the territorial principle is that it is easier for nation states to measure and
regulate territorial emissions than to calculate and control the country's global
climate footprint, as the climate footprint of imported goods depends on the
production methods and climate regulation of production in the country from which
the import originates.

31 See U.R. Beck, P.K. Kruse-Andersen, L.B. Stewart (2023). Carbon leakage in a small open economy: The im-
portance of international climate policies. Energy Economics 117, 2023, 106447.



Green Tax Reform Page 109

When the political objective is to regulate greenhouse gas emissions from the
domestic territory, the most targeted approach is to impose a climate tax on
emissions from domestic production. Admittedly, a tax on the end consumption will
also lower domestic emissions to the extent that a lower domestic production of
these goods offsets the resulting decrease in the consumption of climate-impacting
goods. However, since the consumption tax does not include emissions from the
part of domestic production that is exported, achieving a given target for reducing
domestic emissions through a consumption tax rather than a tax in the production
stage would require a significantly higher tax and thus entail a much higher socio-
economic cost.

Food consumption and greenhouse gas emissions —a numerical explanation
Table 4.1 provides an overview of the expected food consumption of Danish
households in 2030 and the resulting CO2-eq emissions in Denmark and abroad.
The estimate is associated with considerable uncertainty.

Table 4.1. Danish households’ food consumption in 2030 (DKK bn) and the resulting
CO:-eq emissions (m tonnes)

Danish products Imported products
Value Emission Emissio Value Emissio
Households' food of sin ns of ns
consumption consum Denmark, abroad, consum abroad,
delivered from ption, CO:-eq COz-eq ption, CO:z-eq
DKK bn DKK
bn.
Agriculture and 24 0.3 0.04 3.3 0.6
horticulture
Cattle 0.9 0.3 0.02 1.7 0.2
slaughterhouses
Pig 6.1 0.4 0.1 3.6 0.3
slaughterhouses
Poultry 1.2 0.04 0.03 14 0.1
slaughterhouses
Dairies 8.2 1.2 0.2 3.1 0.3
Fishing industry 0.5 0.01 0.02 0.9 0.04
Bakeries and 6.9 0.2 0.2 3.5 0.2
bread factories
Other food 7.9 0.3 0.3 17.2 1.0
industry
Other industries 59.2 0.3 0.4 2.7 0.2
(wholesale and
retail
trade, etc.)
Total 93.2 31 1.2 38.3 31

Note: Food consumption is calculated in 2023 producer prices. All figures are rounded.
Source: Own calculations and the Danish Energy Agency.

The figures in the first column of the table show how much of food consumption is
made up of domestic deliveries from primary agriculture, slaughterhouses, dairies,
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bread factories and other food industries, etc. The penultimate figure in the first
column shows that a very large part of the value of Danish-produced food products
is made up of the value added created in the Danish wholesale and retail trade in
food.

The Danish production of and trade in food products results in greenhouse gas
emissions from Danish territory. These emissions are listed in the second column of
Table 4.1. Danish food production and trade also require the import of several
inputs for agriculture, slaughterhouses, dairies, etc., and the foreign production and
transport of these inputs give rise to emissions abroad, which are shown in the third
column of the table.

In addition, Denmark imports processed food from foreign farms, slaughterhouses,
dairies, etc. The value of these imports and the foreign emissions from the
production of these imports are shown in the fifth and sixth columns of Table 4.1.

The emissions derived from Danish households' consumption of plant-based foods
primarily appear in the top row of the table (Agriculture and horticulture), where total
emissions in Denmark and abroad amount to just over 0.9 m tonnes of COz-eq. In
comparison, the figures in Table 4.1 imply that the total emissions from Danish and
foreign cattle slaughterhouses, pig slaughterhouses and dairies resulting from
Danish food consumption amount to 3 m tonnes of CO2-eq. The bottom row of the
table shows that Danish food consumption results in global emissions totalling 7.4 m
tonnes of CO:-eq, of which emissions from the food industries in the top eight rows
of the table amount to 6.5 m tonnes of CO.-eq.

Consumption tax versus a climate tax in the production stage

The following presents model calculations of the effects of a consumption tax on
climate-impacting foods and a tax on greenhouse gas emissions from domestic
agricultural production. Furthermore, the effects of a combination of the two types of
tax are examined.

As shown in Table 4.1, food deliveries from cattle and pig slaughterhouses and
dairies are the main contributors to climate impact. Against this background — and
because a system of differentiated climate taxes on all food consumption would
involve very large administrative challenges — it is assumed that it is possible in
relation to EU law to limit the consumption tax system to three separate unit taxes
on the estimated CO2-eq emissions derived from Danish households' consumption
of beef, pork and dairy products. It is also assumed that all types of e.g. beef are
taxed at the same rate.

In the calculations below, the tax rate on beef, for example, is determined on the
basis of the CO.-eq emissions in Denmark and abroad that beef from Danish cattle
slaughterhouses to Danish households is estimated to cause in 2030. Thus, it is
calculated how many tonnes of CO2-eq per DKK of consumption value (in 2023
prices) are emitted from the production of the agricultural raw materials and all other
inputs that Danish cattle slaughterhouses buy from Danish and foreign suppliers of
inputs to the cattle slaughterhouses. Similarly, an average total CO2-eq emission in
Denmark and abroad has been calculated per krone of consumption of pork and
dairy products delivered from Danish pig slaughterhouses and dairies.

To avoid the tax being perceived as discriminatory, and thus incompatible with EU
law and the WTO, it is assumed that Danish and imported food products of a given
category are subject to the same consumption tax rate. Thus, for tax purposes, it is
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assumed that the CO2-eq intensity of Danish and imported foods of a given type is
the same.

The consumption tax rate is assumed to be DKK 750 per tonne of estimated CO2-eq
content in the given food category. The tax is generally levied at the retail level.

The production tax rate is also assumed to be DKK 750 per tonne of CO2-eq
emitted from each farm and is assumed to be collected from each farmer.3?

Table 4.2 shows the emissions covered by the two types of tax in the calculations,
compared to the total emissions from the production and consumption of food. It is
assumed that the tax base does not include the emissions from wholesale and retail
trade in food.

The central difference between the two tax types is that the consumption tax, unlike
the production tax, does not affect the emissions from the production of Danish food
for export, but that the consumption tax, unlike the production tax, includes the
estimated emissions abroad from the production of imported finished food and from
the production of imported inputs in Danish food production (where the emission
coefficients in foreign and Danish production are assumed to be the same as
mentioned).**

Table 4.2 shows that the base for the consumption tax is significantly narrower than
the base for the production tax. This primarily reflects the fact that Denmark's food
exports are larger than its food imports, so including exports rather than imports in
the tax base provides a broader tax base. Even if all emissions from total Danish
food consumption (excluding emissions from wholesale and retail trade) were
included in the tax base, according to the figures in Table 4.2, the tax base would
only amount to 6.5 m tonnes of CO2-eq, whereas the base for the production tax is
8.1 m tonnes of CO2-eq, even if emissions from carbon-rich agricultural land are not
included.

32 The production tax is assumed to consist of a combination of a fertiliser tax and a set of taxes on the different cate-
gories of livestock corresponding to the tax base in Chapter 2 of the report. Emissions from carbon-rich agricultural
land are thus not included in the basis for the production tax. In the production levy system, to ensure comparability
with the consumption levy, there is no requirement for the use of the instruments tent covering and nitrification inhibi-
tors, but the high levy rate makes it favourable for farmers to use feed additives, which is taken into account in the
model calculation.

23 The assumed emission coefficients in foreign production in Table 4.2 thus deviate from the foreign emission coeffi-
cients in Table 4.1, where an international input-output table is used to estimate the actual foreign emissions per unit
produced.
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Table 4.2. Emissions subject to taxes

Emissions Emissions
m tonnes of CO:- Emissions subject subject

eq to consumption production tax
tax

Danish production 3.1 1.9 2.1
for food

consumption of

Danish households

Danish production 7.3 0 6.0
for export

Imported 1.2 0.4 0
Inputs for Danish
food production

Import of finished 3.1 0.9 0
food products

Total 14.7 3.2 8.1

Note: Emissions from domestic production are based on industry-specific emissions from GreenREFORM. Emissions
from domestic production for domestic consumption and export exclude emissions from carbon-rich agricultural land.
Emissions include emissions from agriculture and other industries that contribute to the value of food consumption. All
figures are rounded.

Source: Own calculations and the Danish Energy Agency.

Table 4.3 summarises the modelled effects of the two alternative tax systems. In
addition, the effects of a combined tax system are shown, where both a
consumption tax of DKK 750 per tonne of CO2-eq and a production tax of DKK 700
per tonne of CO2-eq are introduced. Such a system achieves approx. the same
reduction in domestic emissions as a production tax of DKK 750 per tonne of CO»-
eq alone. The production tax in this example only includes fertiliser, liming and
livestock, and therefore does not include other measures included in Chapter 2,
including emissions from carbon-rich agricultural land. For this reason, the results,
including climate impact and shadow price, cannot be directly compared with model
1in Section 2.3.

The premise for such a combined tax system in the third column of the table is that
there is a political objective that agriculture should contribute a certain reduction of
domestic emissions. It should be noted that in the combined tax system, there is a
double taxation of the CO2-eq content in the part of the domestic agricultural
production that goes to domestic consumption, as this part of the production is
subject to both the production tax of DKK 700 per tonne of CO2-eq and the
consumption tax of DKK 750 per tonne of CO2-eq. It is noted that an alternative
combined tax system, where a consumption tax is levied on imported goods as a
counterpart to a production tax on domestically produced goods, is considered very
difficult to reconcile with EU law.

In the modelling calculations in Table 4.3, the calculation of the effects on foreign
emissions takes into account the derived effects on the foreign economy when
Denmark's exports and imports of food products change. This takes into account
the fact that an increase in foreign agricultural production in order to increase
exports to Denmark will require a transfer of labour, capital, energy and other inputs
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from other parts of the foreign economy to foreign agriculture. This transfer of
resources will, all else being equal, reduce emissions from other parts of the foreign
economy, thereby limiting the overall carbon leakage effect of a production tax on
Danish agriculture.

The table shows that the production tax alone reduces emissions in Denmark by
approx. 2.8 m tonnes of CO2-eq, but increases emissions abroad by just over 0.7 m
tonnes of CO2-eq in the lower estimate for carbon leakage, see Appendix 7.8,
whereby global emissions are only reduced by just over 2.1 m tonnes of CO2-eq.
This means that a reduction of domestic emissions by 1 tonne increases emissions
abroad by approx. 0.25 tonnes, corresponding to a carbon leakage rate of approx.
25 per cent from the production tax alone, given the assumptions about climate
policy abroad that are used as a basis for the lower estimate in the carbon leakage
calculations, see Appendix 7.8. The effect of the consumption tax on foreign
emissions is slightly negative, but close to zero. The consumption tax does slightly
curb the import of climate-impacting food products, but since the tax revenue is
assumed to be returned to consumers, the tax primarily leads to a change in the
composition of private consumption, whereby the lower import of meat and dairy
products is offset by increased imports of other consumer goods whose production
gives rise to emissions abroad.

Table 4.3. Effects of climate taxes on consumption and production

Consumption Production tax Combination

tax
Tax
(consumption/production), 750 750 750/700"
DKK per tonne of COz-eq
CO:-eq reduction (m
tonnes)
Denmark 0.2 28 2.8
Abroad ~0 -0.7 -0.6
Globally 0.2 2.1 2.2
Change in production (per
cent)
Crops 0.2 -79 -7.5
Cattle -1.9 -20.2 -20.9
Pigs -0.6 7.7 -17.0
Price change (per cent)
Consumer price index for 12 03 14
food products
Consumer price index for
food products (excluding 1.6 0.4 2.0

drinks)

Decline in land values
(excl.fincl. afforestation 0.6/-11.1 16.8/8.8 16.4/8.3
subsidies)
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Shadow prices, excluding
side effects (DKK per
tonne of CO2-eq)

Shadow price on

domestic reductions 3,250 4%0 650

Shadow price on global

. 3,250 600 800
reductions

Note: The consumption tax is levied on the consumption of beef, pork and dairy products. The production tax does
not include emissions from carbon-rich agricultural land. All figures are rounded.

1) The consumption tax is DKK 750 per tonne of CO2-eq, while the production tax is DKK 700 per tonne of COx-eq
Source: Own calculations

According to the third column in Table 4.3, the introduction of a consumption tax of
DKK 750 per tonne of CO2-eq on beef, pork and dairy products would allow for a
reduction in the production tax from DKK 750 to DKK 700 per tonne of CO2-eq if the
same reduction in domestic emissions from Danish agriculture is to be maintained.
This means that an increase in the consumption tax rate of DKK 1 will only enable a
reduction in the production tax rate of just under DKK 0.7, and that a consumption
tax must be 15 times as high as a production tax to ensure the same domestic CO2-
eq reduction.

This partly reflects the fact that the consumption tax base is significantly narrower
than the production tax base. If one simplistically assumes that the effect of a tax
charged at a given rate is proportional to the tax base, the figures in Tables 4.2 and
4.3 imply that a consumption tax would have to be almost 6 times as high as a
production tax to ensure the same domestic CO.-eq reduction if the tax base for the
two tax types had the same size.®*

This result shows that a tax at the production stage is a much more effective
instrument to reduce domestic emissions than a consumption tax. This is due to
several factors. Firstly, the consumption of the particularly climate-impacting foods
is relatively insensitive to price increases, even when taking into account the
possibility of substitution towards less climate-impacting plant-based foods, see Box
4.1. The production tax, on the other hand, hits exports, which are far more price
elastic than domestic food consumption due to international competition in the
export market. Therefore, the production tax has a significantly higher impact on
domestic agricultural production.

Secondly, the production tax is directly targeted at lowering domestic emissions,
whereas the consumption tax does not include emissions from domestic production
for export, but works in part by lowering food imports and thus emissions abroad.

Thirdly, a large part of the effect of a consumption tax on food consumption can also
be achieved through a production tax, as approximately half of the cost increase
due to a production tax will be passed onto consumer food prices, according to the
modelling calculations.

34 According to Table 4.2, the production tax base is 8.1/3.2 = 2.53 times larger than the consumption tax base. If the
basis for the two types of tax were the same, the effects of the consumption tax would therefore be approx. 2.53
times greater than the effects shown in Table 4.3. In this case, the consumption tax rate would only need to be
15/2.53 = 5.93 times higher than the production tax rate to ensure the same COz-eq reduction.
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Fourthly, unlike the consumption tax, the production tax gives the individual
domestic agricultural company a direct incentive to reduce emissions through
technical measures such as feed additives, which in the model calculations
contribute CO2-eq reductions of almost 0.5 m tonnes.

The figure of production change in Table 4.3 further help to explain the difference in
the impact of the two types of taxes on domestic emissions. It can be seen that the
production tax leads to a decrease in domestic animal agricultural production in the
order of approx. 20 per cent, whereas the consumption tax only reduces domestic
animal production by 1-3 per cent. The structural effect of a consumption tax is thus
much smaller, which can be seen as an advantage, but the counterpart to this is
that the consumption tax only contributes very little to fulfil Denmark's obligations to
reduce territorial emissions.

As the consumption tax is an ineffective tool for reducing domestic emissions, the
socio-economic shadow price of domestic CO2-eq reductions using this instrument
is almost five times as high as that of domestic CO2-eq reductions using a
production tax, see the penultimate row in Table 4.3. The consumption tax is a
slightly more effective instrument for reducing emissions abroad, as it does not
result in carbon leakage, unlike the production tax, but nevertheless, the bottom row
in Table 4.3 shows that the shadow price of reducing global emissions (the sum of
domestic and foreign emissions) is more than three times higher with a consumption
tax than with a production tax. This is because the production tax is a much more
effective instrument for lowering domestic emissions.

Box 4.1
How does food consumption react to a climate tax in the consumption stage?

If a consumption tax is introduced on particularly climate-impacting foods, it has three immediate
consequences for households: 1) The tax erodes real disposable income, so households will have to
reduce their overall consumption over time. 2) Food becomes more expensive compared to other
goods. 3) The particularly climate-impacting foods become more expensive compared to other
foods. The first effect can be largely eliminated if the tax revenue is channelled back to households,
which is assumed in the following.

The second effect 2) encourages consumers to lower the consumption of food in relation to the
consumption of other goods. The size of this substitution effect depends on the so-called elasticity of
substitution between food and other goods, denoted by sk in equation (1) below. This elasticity of
substitution indicates the percentage decrease in the ratio between food consumption and other
consumption when the relative price of food increases by 1 per cent.

The third effect 3) encourages consumers to reduce their consumption of particularly climate-
impacting foods relative to the consumption of other foods. The strength of this substitution effect
depends on the elasticity of substitution sk between the particularly climate-impacting and the less
climate-impacting foods, which indicates the percentage decrease in the ratio between the
consumption of these two food groups when the relative price of the climate-impacting foods
increases by 1 per cent.

The size of the total effect of the consumption tax is measured by the price elasticity of demand for
climate-impacting food products, which indicates the percentage decrease in the consumption of
these products when their relative price increases by 1 per cent. The price elasticity depends on the
above-mentioned elasticities of substitution and on the weight with which the taxed and non-taxed
food are included in the household budget. If one assumes that consumers seek to maximise the
satisfaction of needs they can achieve with a given total consumption budget, it can be shown that
the price elasticity of demand for climate-damaging foods (denoted e « ) is given by the formula

ek = (ak—a) sk + (1- ak) sk (1)
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where a is the share of the household's total consumption budget that goes towards the purchase of
climate-impacting food products, and ax is the share of the household's total food budget that goes
towards the purchase of these products. Since only a portion of the total household budget is spent
on food purchases, ax is greater than a. Thus, the expression (ax—a) sr on the right-hand side of (1)
is positive and captures the effect of an increase in the price of climate-impacting foods, encouraging
a decrease in total food consumption. In contrast, the expression (7-ax) sk reflects the effect of
encouraging consumers to shift food consumption towards less climate-impacting foods.

Several empirical studies indicate that substitution between household consumption of food and
non-food goads is limited, which is intuitive as food fulfils basic needs. An empirically plausible value
for the elasticity of substitution between food and non-food products is s- = 0.3. The possibility of
substitution between particularly climate-impacting foods (e.g. meat and dairy products) and less
climate-impacting foods is greater, and an empirically plausible size of the elasticity of substitution is
estimated to be in the order of sK = 1.2. In Denmark, food consumption accounts for approx. 10 per
cent of total private household consumption. For example, if the consumption of particularly climate-
impacting foods accounts for half of total food consumption, i.e. ax = 0.5, this means that the share of
these products in the total household consumption budget is a = 0.1x0.5 = 0.05. With all these
parameter values, it follows from equation (1) that the price elasticity of demand for climate-
impacting food is

ex=(0,5-0,05)x0,3 + (1- 0,5)x1,2 = 0,735 2)

This result means that the consumption of particularly climate-impacting foods will fall by just over 0.7
per cent when their relative price increases by 1 per cent. According to Table 2 above, a
consumption tax of, for example, DKK 750 per tonne on particularly climate-impacting foods would
increase the average price of all foods (excluding beverages) by almost 1.5 per cent. Ifit is roughly
assumed that the price of particularly climate-impacting products increases by double, as only these
products are affected by the tax, it follows from the estimate of the price elasticity in equation (2) that
the consumption of climate-impacting foods will fall by 3 x 0.735 = 2.2 per cent.

Greenhouse gas emissions from the production and transport of food are assumed to decrease
roughly proportionally with consumption. For example, if you want to reduce emissions caused by
the consumption of particularly climate-impacting foods by 10 per cent, it follows from the price
elasticity in (2) that the price of these products must increase by 10/0.735 = 13.6 per cent, which
would require a consumption tax that is many times higher than the DKK 750 per tonne mentioned
above.

The analysis above is stylised and is only intended to illustrate some basic relationships.

The main conclusion from the modelling calculations above is that the introduction
of a consumption tax in combination with a production tax and as a partial substitute
for a production tax only to a very limited extent can reduce the adjustment burden
of agriculture when there is a target to reduce emissions from domestic agriculture
by a certain amount. Such a combined tax system also implies a higher shadow
price on domestic CO»-eq reductions than the pure production tax, as food
consumers will bear a higher burden. The shadow price of global CO--eq reductions
from a production tax is subject to considerable uncertainty due to uncertainty
about the size of the leakage effect. If the leakage effect is larger than the one used
in the modelling above, the difference between the shadow prices of global CO2-eq
reductions under the two tax forms narrows, but in any case, the Expert Group's
analysis indicates that the shadow price is significantly higher under a consumption
tax than under a production tax.

Administrative issues

A climate tax at the consumption stage would need to be designed to reflect how
much greenhouse gas is emitted globally in the production and transport of the
product being consumed. In practice, this is very uncertain and administratively
difficult. This is particularly due to the fact that the domestic authorities only have
limited information about how production and transport abroad has taken place, see
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Box 4.2.

Box 4.2

Administrative aspects of a CO2-eq tax at the point of consumption — an example with beef

A CO2-eq tax on beef would ideally be designed to reflect how much greenhouse gas is emitted
during the production and transport of each type of beef.

Cattle become beef at a slaughterhouse when they are slaughtered. If the emissions associated with
beef production are to be reflected 1:1 in the tax, it would require the authorities to have detailed
knowledge of the production method and transport of the product, e.g. under what conditions the
cattle have lived, what feed they have consumed, breed, weight, etc. All of these factors must then
be converted into greenhouse gas emissions. These conditions will vary depending on where the
cattle are raised and where they are taken after slaughter. In addition, there will be a lot of variation
across different types of beef and products where beef is a proportion of the product. Furthermore,
beef that is not sold as a product in itself but is included in other products, such as pizza, cold meats,
etc., will have to be taxed.

Such detailed information is very difficult for the taxpayer to provide and for the authorities to verify for
a tax base. This applies in particular to detailed information from exporters of beef from remote
countries to Denmark, where an effective control by the Danish tax authorities is unlikely to be
possible, as the Danish authorities do not have detailed information on how production and transport
abroad has taken place. In addition, foreign-produced beef is, all other things being equal, expected
to have longer transport distances and thus emit more greenhouse gases, which means that a
higher tax must be paid on foreign meat. This may raise obstacles under EU law due to the
prohibitions on discrimination against foreign products and quasi-customs charges.

For these reasons, it is deemed necessary to base a beef tax on an estimate of the average CO2-eq
emissions per kilo of meat consumed. It may be possible to try to differentiate the tax across the
main categories of beef, but this would raise difficult administrative demarcation issues. In any case,
using an estimated average emission for a given category of meat would mean that individual
producers would not be incentivised to switch to more climate-friendly production methods, as this
would not trigger a lower tax on their product. Furthermore, for practical and EU law reasons, a
standard rate of tax could hardly be higher for imported goods than on similar domestically produced
goods, even if the imported goods have undergone a longer transport.

If the tax is calculated and imposed late in the retail chain, e.g. just before the sale to the consumer
(to include all transport to the supermarket in the tax base), the supermarket will be the one to
calculate and declare the tax. This will result in an administrative burden for supermarkets, which, like
the tax, is expected to be passed on in consumer prices. In addition, a tax imposed late in the chain
will mean a large number of taxable businesses with a significant need for control.

A state-controlled climate label on all food products (both imported and domestically produced)
could possibly solve the administrative challenges and form the basis for a tax late in the chain, but
would still present control challenges in relation to foreign food products.

A tax at the production stage, on the other hand, does not require knowledge of the form of
production and transport abroad.

The Expert Group notes that a Danish task group has been set up, which in its
report recommends that a state-controlled climate label be established, where all
foods are ranked according to their climate footprint.®®

35 See, for example, the Danish Veterinary and Food Administration: "I Udvikling af et klimameaerke til fadevarer -
anbefalinger fra Arbejdsgruppen” (Developing a climate label for food products - recommendations from the Sub-
Commission). April 2023 (https://foedevarestyrelsen.dk/Media/638207095580381128/Klimam%C3%A6rke_anbe-
falinger%20fra%20arbejdsgruppen_27.%20april%202023.pdf)
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Administrative issues in relation to EU law

It is considered possible within EU law to introduce a combination of a production
and consumption tax in the case analysed above, where the consumption tax co-
vers both domestically and foreign-produced goods for domestic consumption.

A combination of production and consumption tax, on the other hand, is considered
very difficult to implement in accordance with EU law if you alternatively want to im-
pose a consumption tax on imported goods as a counterpart to a production tax on
domestically produced goods.

The starting point in EU law is that no tariff-like measures may be established within
the EU customs union.

It is not considered possible to impose a consumption tax on imported goods from
e.g. cattle and pigs (meat and dairy products) at the same time as the tax at the
production stage, as this inherently takes place outside Denmark. Instead, a con-
sumption tax on imported goods would have to be tied to other conditions, e.g. after
slaughter when the meat is sold for retail consumption or for further processing. As
the national CO2-eq tax and the consumption tax on imported goods cannot be im-
posed at the same time or in the same stage, such a combination of production and
consumption tax would probably constitute a quasi-customs tax that is not compati-
ble with EU law.

Even if it were possible within the framework of EU law, it would still be virtually im-
possible in practice to align the rate of excise duty on all different agricultural prod-
ucts (e.g. meat and dairy) with the rate of production tax, as the domestic authori-
ties, as mentioned, have limited information on how production and transport
abroad has taken place, see Box 4.2.

Conclusions and recommendations regarding a climate tax on end
consumption

The Expert Group's analysis of the advantages and disadvantages of a CO2-eq tax
on end consumption can be summarised as follows:

The advantages of a climate tax on end consumption are that it does not weaken
domestic competitiveness and thus does not create greenhouse gas leakage. Also,
by lowering consumption and imports of climate-impacting goods, it reduces
emissions abroad that are derived from domestic consumption. A consumption tax
can therefore be a relevant instrument if there is a political objective to reduce
Denmark's global climate footprint. However, if the revenue from a consumption tax
on particularly climate-impacting foods is returned to consumers, the lower imports
of these goods will be offset by increased imports of other consumer goods that also
give rise to CO2-eq emissions abroad, so the overall effect on foreign emissions will
be very limited.

The disadvantages of a climate tax on end consumption are that in order to
determine the appropriate size of a consumption tax, it will be necessary to quantify
how much of a reduction in climate footprint is desired over a given time horizon,
and there will be a need to clarify how the climate footprint is to be calculated.
However, calculations of a country's global carbon footprint are subject to great
uncertainty, partly because the carbon footprint depends on production methods
and climate policies abroad, which are constantly changing. Furthermore, there is
currently no quantified target for lowering Denmark's global climate footprint.
International climate cooperation, on the other hand, is based on a territorial
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principle, according to which each country is responsible for the emissions from its
territory. The 70 per cent target in the Danish Climate Act and Denmark's climate
policy commitments to the EU are in line with this principle.

The Expert Group's analyses show that a CO2-eq tax at the production stage on
emissions from individual farms is a far more targeted and cost-effective means of
meeting Denmark's national climate targets and international climate commitments
than a climate tax on the end consumption of food. This is because a consumption
tax will exempt emissions from the extensive Danish food exports and the
associated domestic deliveries of agricultural raw materials, and it will not incentivise
individual farmers to develop and use more climate-friendly production methods. For
these reasons, the introduction of a tax on end consumption will only allow for a very
limited reduction of the tax in the production stage if Denmark's territorial climate
targets, including the 70 per cent target, are to be met, and the additional socio-
economic cost of a consumption tax will be high. In addition, an administrable
climate tax on end consumption is considered to involve more imprecise taxation of
the actual climate impact than a tax at the production stage.

For this reason, a climate tax on end consumption is not included in the models
presented in Chapter 2.
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5. Implementation

The Expert Group's terms of reference state that its recommendations must be im-
plementable and take into account legislative, EU law, systemic and administrative
consequences. In addition, the Expert Group's terms of reference state that the Ex-
pert Group's recommendations must take into account that the development and
implementation time for initiatives in the tax area, including new tax structures, is
considerable.

The Expert Group has emphasised that the models can be implemented both ad-
ministratively and legally in time to meet the reduction targets in 2030, and that the
implementation is closely linked to the national emissions inventory. The regulatory
basis for agriculture's non-energy-related CO2-eq emissions in the Expert Group's
models is based on data that is already being reported today. This means that there
is only a limited need for increased reporting from farmers.

On this basis, the assessment is that the models fulfil this requirement, and it is ex-
pected that the models for the overall tax and subsidy system, including compensa-
tory measures, can be approved under EU state aid rules.

The regulatory basis is based on the same method used for the national emission in-
ventory of emissions from Agriculture and LULUCF.

CO:-eq emissions from agriculture and forestry from e.g. livestock, carbon-rich agri-
cultural land, fertilisers and liming are calculated in the emissions inventory as the
sum of emissions from agriculture's N various activities, see Appendix 7.3. The
overall method for calculating the emissions is for each activity denoted by i, to de-
termine an emissions factor and quantity from which the individual activity's emis-
sions can be determined. Thus, agriculture's CO2-eq emissions can be summarised
as follows:

N

CO,-eq emissions = Z quantity, - emissions factor;
i=1

The total emissions are calculated based on farm-related activities and standardised
emissions factors linked to each activity, as well as, in certain areas, emissions fac-
tors for used greenhouse gas-reducing technology. It is thus assumed that emis-
sions from livestock (digestion and fertiliser management) and fertiliser applied to
fields can be regulated based on the farm-specific information and activity data used
in the national emissions inventory. Similarly, it is assumed that emissions from car-
bon-rich agricultural land can be regulated based on farm-specific information from
the map basis and activity data used in the national emissions inventory.

The farm-specific information and activity data are already registered today via self-
reporting from the individual farms as part of the existing environmental and food
regulation. However, stable and storage technologies are not self-reported today,
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neither in the fertiliser accounts nor in other registers in the environmental area. It is
assumed that these will be included in the regulatory basis when the necessary reg-
istration is provided.

The recommended models involve the implementation of four new taxes (alterna-
tively three new taxes and the restructuring of direct agricultural subsidies to subsi-
dies for reduced fertiliser usage):

1. Taxon livestock. The tax is assumed to be based on the amount of emissions in
tonnes of CO2-eq calculated at the farm level based on reported activity data
and the associated emissions factor, see Appendix 7.6 and sections below. The
calculation of the tax can thereby take into account different activities in line
with variations from the emission inventory, where there is variation based on,
e.g. breed, weight, types of housing, etc., as well as possibly adoption of tech-
nology such as feed additives.

2. Tax on fertiliser on fields or subsidies for reduced fertiliser usage. The tax is as-
sumed to be imposed per kg of nitrogen applied to the field based on the calcu-
lation from the emissions inventory, while the subsidy is allocated per reduced
kg of nitrogen in relation to the fertiliser standard of the individual field.

3. Tax on agricultural lime on fields. The tax is assumed to be imposed per kg of
agricultural lime sold by producers and importers of agricultural lime.

4. Tax on CO2-eq emitted from carbon-rich agricultural land used as agricultural
land. The tax is assumed to be levied per hectare based on existing maps of
carbon content in agricultural land at farm level.

As stated in Section 6.3, in Q1 2024, the European Commission is expected to pre-
sent an announcement on a new EU climate target for 2040 and a new climate ar-
chitecture in the EU after 2030, including an ETS in agriculture at EU level. If an ETS
in agriculture at the EU level is adopted, the Expert Group, therefore, recommends
that the regulatory basis for national taxes and subsidies supports the work of the
European Commission on a regulatory basis for an ETS in agriculture at the EU
level.

Tax on livestock, fertiliser application and carbon-rich agricultural land:
Farm-related activities and emissions factors

A farm-related inventory of emissions from livestock can be made by multiplying ac-
tivity data (AD) by an emissions factor (EF) that varies across activities, in:

Farm-related inventory of emissions from livestock = Z AD; * EF;

On this basis, the tax payment for the individual farm with livestock can be ex-
pressed in the formula below, where T is the CO2-eq tax of, for example, DKK 750
per tonne of CO2-eq.

Tax payment = T * Emissions from livestock = T * (z AD; * EFL-)

Activity data is e.g. number of dairy cattle, number of pigs (sows, fattening pigs and
piglets) and type of housing. Based on the emissions inventory, there are approx.
250 unique variations for activities (AD) in emissions from digestion and fertiliser
management in stables and in storage facilities for livestock and types of housing,
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each with an individual emissions factor (EF). In the situation where, for example,
feed additives become widespread and widely used, this will be reflected in the
emissions inventory's ongoing work with emissions factors. Emissions factors will
decrease with the introduction of approved technical reduction measures such as
feed additives.

Based on the above, the approach to data for calculating the tax can be illustrated
as in Figure 5.1. The figure is based on the tax on livestock. However, it is the same
system that applies to the regulatory basis for fertiliser tax and carbon tax on agri-
cultural land.

Figure 5.1. Data streams used for calculating tax

The farmer self-declares activity data (AD) according to
common practice in e.g. the fertiliser accounts and the live-
stock register on livestock and type of housing (number of
cattle/pigs, type (dairy cattle/fattening pigs).

The Danish Customs and
Tax Administration calculates
the tax based on the calcula-
tion of the farm-related in-
ventory of emissions from
item 3 and creates a levy for
the farm (Farmer from item
1). The Danish Customs and
Tax Administration handles
any complaints about calcu-
lation and collection.

Activity data in the fertiliser ac-
counts is controlled and man-
aged by the Danish Agricultural
Agency (data owner). The data
owner also fulfils other adminis-
trative law obligations in relation
to activity data (e.g. corrections
of activity data, declaration of
data, data rectification and com-
plaint handling in connection
with the activity data).

The Danish Customs and Tax Administration multiplies
emissions factors (EF) and activity data (cattle/pigs,
type (dairy/fattening pigs) and type of housing) via a
data link to activity data. The owners of the activity
data send a statement of the farms subject to tax to
the Danish Customs and Tax Administration.

Base deduction in tax

The base deduction in the tax on livestock is organised according to the same crite-
ria as for the tax, i.e. with variations based on weight, breed, stable types, etc., see
Appendix 7.6. This means, for example, that dairy cows receive a base deduction
that is higher than the deduction for beef cattle.

De minimis limits in tax
The starting point is that all livestock included in the emissions inventory must be
taxed based on the emissions factors from the emissions inventory. In addition to
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cattle and pigs, the emissions inventory includes chickens, pheasants, ducks, mink,
sheep, goats, horses, deer, lambs and ostriches.

When introducing a tax, de minimis thresholds will need to be set for when a farm
should be taxed. The introduction of de minimis thresholds means that not all live-
stock are included in the tax base, which may constitute state aid. For a de minimis
threshold to be in line with EU state aid rules, there must be proportionality between
the administrative burden that is reduced by not including all animals and the
amount of emissions that will be reduced. The assessment is that de minimis thresh-
olds can be established within the framework of EU state aid rules, with the final as-
sessment depending on their design. There are already de minimis limits in the ferti-
liser accounts for how large a farm must be (measured in e.g. produced kg nitro-
gen) to be registered in the fertiliser accounts.

Tax on applied fertiliser

To calculate emissions from fertiliser spread on fields, the emissions inventory uses
an average emissions factor for nitrogen of approx. 4.2 kg of CO2-eq per kg nitro-
gen spread on fields.

Reducing fertiliser usage in relation to a farmer's nitrogen quota can be used as an
instrument in the existing nitrogen regulation. The effect of this is included in Climate
Status and Outlook 2023. If a tax on applied fertiliser is introduced, it will, all else be-
ing equal, displace part of the climate effect of mandatory catch crops and livestock
catch crops, which are included in the existing nitrogen regulation. In order to en-
sure that the climate effect of a tax is additional to the effect of the existing nitrogen
regulation, it is assumed that the existing nitrogen regulation is adjusted by, for ex-
ample, removing reduced fertiliser usage as an instrument in the mandatory catch
crops and livestock catch crops. Other things being equal, such an adjustment will
increase the costs for the farmer to comply with the nitrogen regulation. The cost of
this has not been calculated.

Tax and subsidies for wetland restoration of carbon-rich agricultural land
Unlike activity data on livestock and fertiliser, farms do not self-report the number of
hectares of carbon-rich agricultural land. In the emissions inventory, emissions from
carbon-rich agricultural land are calculated by an overlap analysis between the car-
bon map (formerly the Texture14 map, now the Peat 2022 map) and the so-called
cultivation maps (IMK maps) of agricultural land used for the payment of agricultural
subsidies.

In recommending a tax, the Expert Group assumes that it is possible to create a
regulatory basis based on the same overlap analysis. In addition, the structure for
the tax on carbon-rich agricultural land is assumed to be the same as for livestock
and fertiliser applied to fields, see the figure above.

The Expert Group recommends that farmers are given the opportunity to challenge
the carbon map if they have been levied a tax and disagree with the classification of
the carbon content of their soil. The farmer must be able to have his soil tested by
an impartial, state-authorised third party who takes soil samples based on set tech-
nical standards, and an accredited laboratory must analyse the soil samples. The
Expert Group has noted that AU(DCA) is working on a proposal for how a challenge
right of the carbon map at field level can be designed in relation to technical stand-
ards (including number of soil samples, location of soil samples in relation to the
specified area and possibilities for including measurements of carbon content with
drones).
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Such a solution would involve financial costs for sampling as well as an increased
demand for resources for soil samples. In addition, the solution incurs financial costs
in terms of processing time to handle the complaints from farmers.

It can be considered whether a fee should be charged to the farmer if they wish to
exercise their right of challenge provision.

If the updates are to be used by the authorities to adjust the tax, the updates from
the soil samples must be plotted on a map. AU owns the data in the carbon map. It
would be recommended that the authorities and AU work together to ensure that
farmers' objections can be updated in the existing carbon map. The Expert Group
notes that the basis for emissions from carbon-rich agricultural land is uncertain.
Most recently, AU (DCA) has decreased the number of hectares, and towards KF25
an adjustment of the emissions factors is expected. Therefore, it is a prerequisite
that the necessary resources are allocated to the area to establish a robust tax
base.

It is assumed that the subsidy can be based on an expansion of the appropriation
for existing schemes, see Section 3.1.

Subsidy for afforestation

The Expert Group has presented a model with private afforestation, which has the
lowest public costs (per tonne of COz-eq). However, the high recreational value of
state afforestation may mean that more funds should be allocated to achieve the
same CO:z-eq effect with higher government costs but greater recreational value.
The Expert Group therefore recommends that the relevant authorities and political
decision-makers ensure an appropriate distribution between private and state-
owned forests based on an overall assessment of costs and socio-economic profita-
bility, including consideration of the applicable environmental and nature objectives.

Subsidy scheme financed by agricultural subsidies for reduced fertiliser us-
age

It is considered possible to implement a subsidy scheme for reduced fertiliser usage
from 2026 if a decision is made before the end of 2024. The scheme could be fi-
nanced from agricultural subsidies by reducing direct agricultural subsidies (the
hectare subsidy). Specifically, the subsidy will be given to farmers to reduce their
so-called fertiliser quota. This is described in more detail in Box 5. 1.

Box 5.1
The fertiliser quota

A farmer's fertiliser quota is the sum of the nitrogen norms for the farmer's fields. The norms are an
estimate of the amount of nitrogen that gives the farmer's economically optimal crop yield at the ferti-
liser level, where the income from the extra yield can just about pay for the extra cost of the nitrogen
fertiliser. The norms are estimated by averaging the optimal fertiliser application across farms. The
norms are set by a committee led by Aarhus University, with participation from SEGES, the Depart-
ment of Food and Resource Economics and the Ministry of Food, Agriculture and Fisheries of Den-
mark, and constitute a central element of the existing nitrogen regulation.

The actual average fertiliser usage by farmers is below the norm. This is because the norm is set as
an average of the economically optimal use and sets an upper limit on fertiliser usage. This means
that some farmers have an economic optimum for their fertiliser usage that is below average and will,
therefore, use less fertiliser than the norm allows. The average fertiliser usage indicates a large
spread.
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A possible subsidy scheme is based on the existing model for targeted nitrogen reg-
ulation, which will have to be adjusted in a number of areas, as compensation for re-
duced fertiliser quotas has not previously been given.

The subsidy scheme is expected to be offered as a so-called bio scheme. Like other
eco-schemes, the scheme will work by allowing farmers to apply for subsidies for re-
duced fertiliser usage at the beginning of the year (early February to late April). The
Danish Agricultural Agency will be responsible for development, case management,
payment of subsidies, control of the scheme, etc. The introduction of an eco-
scheme requires funding and the approval of the EU Commission. A new eco-
scheme will have to be included in the Danish strategic plan for the implementation
of agricultural subsidies, which is covered by the Agricultural Agreement. Among
other things, the EU Commission will have to accept that the quota reduction is
compensated.

EU rules for agricultural subsidies state that losses or additional costs can be com-
pensated for and that the compensation rate can be set according to the average
marginal cost of implementing the desired reductions. This is described in more de-
tail in Box 5.2. The calculation of the subsidy rate must be carried out or verified by
an institution independent of the ministry. In Denmark, the University of Copenha-
gen (IFRO) handles this task.

Box 5.2
Determination of CAP-funded subsidy

The calculation of subsidies is stipulated in the EU rules for agricultural subsidies. It must be carried
out or verified by a knowledge institution independent of the ministry, which is why IFRO handles the
calculations in Denmark.

EU rules for agricultural subsidies state that farmers can be compensated for the loss or extra cost
incurred by complying with the subsidy scheme's requirements. The calculation may also take into
account the objectives to be achieved by the scheme, which, depending on the specific scheme,
may allow for a more marginal consideration, see (EU) 2021/2115, Article 31(7)(b) for eco-schemes
and Article 71(4) for Pillar Il.

The compensation rate can be set according to the marginal cost of realising the desired reductions.
IFRO's calculation will be based on the costs and losses incurred by farmers to meet a given target.
Here, it is assumed that the farmers first use the transition elements with the lowest costs, then the
elements with the second lowest costs, and so on until the costs correspond to the farmers' average
marginal costs of reaching the target.

By taking marginal costs, rather than average costs, as a starting point when setting a compensation
rate, the possibility of achieving the set goals increases. Such an approach is currently used to deter-
mine the compensation rate in the targeted nitrogen regulation, where the specific approach has
been approved by the European Commission.

When introducing regulation for reduced fertiliser usage, interaction challenges with
other environmental subsidy schemes will need to be addressed. For example, it is
currently unclear whether ecologists can be included in the subsidy scheme while
receiving a conversion subsidy. The Agricultural Agreement states that the targeted
regulation will be replaced by a new and more cost-effective nitrogen regulation
model from 2026.

Subsidies for biochar by pyrolysis
It is estimated that there is currently no sufficient economic incentive for pyrolysis
producers and farmers to produce biochar by pyrolysis or store biochar. The Expert
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Group suggests that inspiration be sought from the subsidies for capturing and stor-
ing CO: (CCS), where subsidies are given per stored tonne of CO.. This means that
there is a competitive subsidy tender that companies can bid on. The winning com-
pany will be responsible for the entire supply chain. The sale of private carbon cred-
its and the fertiliser value of biochar can potentially improve the profitability of bio-
char. There is currently no experience with subsidy schemes for greenhouse gas re-
ductions from biochar.

According to the IPCC's guidelines, greenhouse gas reductions from biochar are
only recognised when biochar is stored in agricultural land. Therefore, the CO: ef-
fect of the subsidy will only be certain if it is allocated to the storage of biochar in ag-
ricultural land. This applies regardless of whether biochar is produced domestically
or imported. Danish production of biochar that is exported will be included in the
calculation in the recipient country. Support for biochar should, therefore, be condi-
tional on storage in Danish soil. The subsidy rate for biochar should reflect the emis-
sions factor of the biochar, including any variations in relation to the carbon content
of the stored biochar. The carbon content depends, among other things, on the bio-
mass used to produce biochar. The exact design of a possible subsidy scheme
must be clarified in further work. Establishing an aid scheme for storing biochar in
agricultural land will involve the development of a new aid model, which will need to
be authorised under the EU State Aid Guidelines.

In addition, clarification of a number of environmental issues, agronomic conse-
guences and determination of climate effects of storing biochar in agricultural land is
ongoing. Among other things, research results on the amount of environmentally
harmful substances in biochar are still pending. The inclusion of climate effects in
the national emissions inventory and Climate Status and Outlook will await method-
ology development for the emissions factor for biochar, see Section 7.5.

It is assumed that there is clarity on the regulatory framework, including environ-
mental regulation, the emissions factor and the subsidy scheme for storing biochar
in agricultural land in 2027.

Implementation time

The Expert Group has noted that, in connection with the implementation of the CO--
eq regulation models, there will generally be a need to strengthen the control and
quality of the data sources for activity data from the existing environmental, food
and regulation, increase the incentives for correct registration in existing registers
and adjust the administrative setup if the data sources are to be able to be used as
assumed above and be used as a basis for variations in a taxation and subsidy ba-
sis. In the assessment, it is assumed that authorities with responsibility for the data
used, e.g. from existing environmental and food legislation, are also generally re-
sponsible for administrative law obligations, including the declaration process and
data corrections. The Ministry of Food, Agriculture, and Fisheries expects that the
Danish Agricultural Agency can handle an improvement in data quality for livestock
(including stables) in 2 to 4 years if the necessary administrative resources are pro-
vided. It has not been possible to estimate the timeframe for improving data quality
and control on fertiliser application and providing data on the use of technologies,
but it is assumed that this is feasible.

It is expected that the Danish Customs and Tax Administration can develop and im-
plement systems for calculating and collecting the taxes. The Ministry of Climate,
Energy and Utilities issues an executive order setting emissions factors for the pur-
pose of applying the taxable base. When setting emissions factors, consideration
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should be given to updating them as new knowledge is obtained about, for example,
technologies, minor adjustments to existing emissions factors, and how often the
emissions factors and, thus, the tax base are adjusted. In addition, a data connec-
tion between the systems of the Danish Agricultural Agency and the Danish Cus-
toms and Tax Administration will need to be developed and implemented. Overall,
the Expert Group's models will result in administrative costs for affected authorities.
Subject to the specific content of the tax model, it is estimated that the implementa-
tion of the calculation engine, collection module and data connection between the
systems in, for example, the Danish Agricultural Agency and the Danish Customs
and Tax Administration will take 2-4 years. It is estimated that legislative proposals
can be submitted 12-15 months after a political agreement has been reached.

In its calculations, the Expert Group has assumed that a tax on agricultural green-
house gas emissions could come into force from 1 January 2027 and be phased in
towards 2030.

State aid and other obligations

The tax initiatives, including the aforementioned base deductions per hectare and
per animal, together with the other tax and subsidy elements in the Expert Group's
models, must be implemented in accordance with EU legal obligations, including
state aid rules and other obligations. Once the final model is finalised, it may be nec-
essary to obtain approval of the model under state aid rules or at least discuss any
state aid issues with the European Commission.
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6. Main
Characteristics of
Current Regulation

The Expert Group's considerations must be seen in the context of the current regu-
lation of greenhouse gas emissions. This chapter describes the current CO2-eq reg-
ulation of agriculture and LULUCF today and in the future.

Today, greenhouse gas emissions are not separately regulated for the agricultural
and forestry sector, but environmental regulations, to a large extent, also affect
greenhouse gas emissions. Environmental regulation consists mainly of regulation of
nitrogen from fertilisers, livestock regulation and incentives via the EU's common ag-
ricultural policy.

It also describes international CO2-eq regulation (Section 6.1) and upcoming EU
plans and initiatives (Section 6.3).

6.1 International CO2-eq Regulation

The international regulation of greenhouse gas emissions from the agriculture and
forestry sector is primarily overseen by the EU. In the EU, this is done through the
EU's Effort Sharing Regulation, the EU's LULUCF Regulation and the EU's Common
Agricultural Policy (CAP).

The Effort Sharing Regulation and the LULUCF Regulation's reduction commitments
can basically be realised in two ways: 1) by national reduction measures and 2) by
using a variety of flexibility mechanisms. This provides more options that can impact
the coherence between the fulfiiment of EU commitments and the 70 per cent target
as well as the climate target for agriculture.

The EU obligations impose certain demands on the need for national reductions.
Thus, the connection between fulfilling the EU obligations and the national climate
targets depends partly on timing and partly on the reduction efforts in the specific
sectors. As the national 70 per cent target is a point target in 2030, and the Effort
Sharing Regulation is a budget target for the period 2021-2030, a significant reduc-
tion effort early in the period may mean that meeting the EU obligations does not, in
isolation, lead to meeting the 70 per cent target. However, it is possible that the ful-
filment of the national climate targets, including the 70 per cent target, the climate
target for agriculture, and the EU obligations are considered in conjunction, so that
all the obligations are fulfilled simultaneously without over- or underfulfilment. If re-
duction efforts are organised so that all obligations are met simultaneously, the use
of flexibility mechanisms can alleviate the need for how speedily reduction efforts
are initiated.
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6.2 Regulation of Non-Energy-Related Green-
house Gas Emissions from Agriculture and For-
estry

Non-energy-related greenhouse gas emissions from agriculture are not currently
regulated. This means, among other things, that they are not covered by the CO:2
tax that was agreed upon in the Green Tax Reform Agreement from 2022. However,
current environmental regulation has an impact on greenhouse gas emissions, so it
can be said that environmental regulation also indirectly regulates a share of the
greenhouse gas emissions.

A number of activities in the use of agricultural land determine each farm's impact
on both the climate and the environment. These are cycles of carbon, nitrogen (as
nitrate, nitrous oxide and ammonia) and phosphorus, where environmental and cli-
mate action can have both positive and negative synergies at the same time. Animal
digestion is only regulated to a limited extent within current environmental regula-
tion.

Current environmental regulation can be broadly categorised into three categories:
i) land use regulation, ii) livestock regulation and iii) the EU's common agricultural
policy. These types of regulations are rooted in various EU directives and national
regulations, a number of which are aimed at reducing the environmental impact of
agricultural production.

Land use regulation affects emissions from fertiliser spread on fields. The regulation
focuses primarily on nitrogen emissions. The purpose is to protect the water envi-
ronment and reduce the risk of oxygen depletion in coastal areas as a consequence
of nitrogen leaching from fertiliser usage, thereby contributing to the fulfiment of the
EU Nitrates and Water Framework Directives. When nitrogen is spread on fields,
some of it turns into nitrous oxide (n20), which is a greenhouse gas. Thus, the regula-
tion of fertiliser usage in agriculture has an impact on both climate and environmen-
tal goals. Efforts in relation to climate and the environment can therefore be seen in
context.

The land use regulation includes a number of initiatives, including so-called catch
crop schemes, where farmers can choose between a number of measures to re-
duce nitrogen leaching. The nitrogen initiative is expected to be increased towards
2027, as agreed in the Agreement on the Green Transformation of Danish Agricul-
ture from 2021. A number of initiatives have been launched in the area of nitrogen,
see Section 3.2.

Livestock regulation affects emissions from fertiliser management, i.e. the storage of
slurry in stables, containers and the like. The regulation consists of permits and envi-
ronmental approvals for these. The aim is to limit pollution from livestock farming, in-
cluding the use of technologies in relation to ammonia and odour. In addition, the
regulation contributes to the fulfilment of a number of EU directives, including the In-
dustrial Emissions Directive, the Habitats Directive and national requirements on
odour nuisance, nature conservation, noise impact, dust, etc.

The EU's Common Agricultural Policy (CAP) indirectly affects emissions from a num-
ber of production methods through voluntary subsidy schemes. In addition, there
are a number of requirements (conditionality requirements) that the farmer must ful-
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fil in order to be eligible to receive the hectare subsidy, which also affects agricul-
tural emissions. This includes requirements that 4 per cent of the farmer's area is
made up of non-productive elements (e.g. fallow land). The purpose of agricultural
subsidies is to ensure an economically viable agricultural industry that produces
safe food within the framework of environmentally sustainable production. In addi-
tion to direct agricultural subsidies, agricultural subsidies include both voluntary initi-
atives and basic requirements in a number of areas. Denmark designs the various
subsidy schemes within the overall EU framework, but it must be approved by the
European Commission.

6.2.1 Existing nitrogen regulation

Nitrogen regulation in Denmark fulfils obligations arising from a number of EU direc-
tives, including the Water Framework Directive, the Nitrates Directive and the Habi-
tats Directive.

The Water Framework Directive obliges EU Member States to create the conditions
for good ecological status in coastal waters by 2027. According to the Danish im-
plementation of the directive, this means, among other things, a need to reduce the
discharge of nitrogen to coastal waters.

It is currently estimated that the total need for action amounts to approximately
13,000 tonnes of nitrogen reduction. The need for action is very unevenly distrib-
uted across the country and is calculated on the country's 108 coastal water catch-
ments. While additional efforts are not needed in some areas of Denmark, very sig-
nificant reductions are needed in other areas. A new assessment (second opinion)
of the need for action will be carried out ahead of the review of the Agreement on
the Green Transformation of Danish Agriculture of October 2021 (the Agricultural
Agreement). The need for action may be adjusted as a result.

There is currently a fertiliser tax of DKK 5 per kg of nitrogen, which farmers can be
exempted from by registering in the fertiliser register. Almost all farmers are enrolled
in the register and thus do not pay the tax.

Nitrogen initiative

The Agricultural Agreement includes a technical budgeting of the majority of the
outstanding reduction needs. The breakdown of these initiatives is shown in Table
6.1.

Table 6.1. Technical budgeting of the nitrogen initiative at national level, see
Agreement on Green Transformation of Danish Agriculture

Initiative Effect in 2027

EU requirements and other general efforts 2,400
Collective action measures to reduce nitrogen emissions 1,500
Targeted nitrogen regulation/New regulation model 6,500
Remaining effort to be handled on revisit in 23/24 2,600
Total 13,000

Source: River Basin Management Plan 2021-2027 (VPIIl)
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In addition to the initiatives listed in Table 6.7, a general basic regulation is imple-
mented. The overall nitrogen regulation is outlined in Figure 6. 1.

Figure 6.1. Nitrogen regulation

- Outstanding
- reduction needs

\

Targeted regulation/New regulation model

Initiative push

Collective nitrogen measures and the peatland initiatives 1

General nitrogen regulation
(compulsory and livestock crops, nitrogen standards, etc.) and EU requirements with consideration to receipt
of basic payment

108 coastal catchments

The individual elements of the figure are explained below:

Foundational regulation. The initiatives agreed in the Agricultural Agreement expand
the existing general regulation that all farms above a certain size are subject to. The
general regulation includes a number of requirements for the establishment of catch
crops, restrictions on the possibility of using fertiliser etc. The general regulation fol-
lows in particular from the Danish implementation of the EU's Nitrates Directive, as
well as EU requirements for good agricultural practice (GAP).

In addition to the general, nationwide regulation, supplementary measures are im-
plemented in areas with additional needs, see the Danish implementation of the Wa-
ter Framework Directive. These efforts consist of the collective measures to reduce
nitrogen emissions and targeted regulation.

Collective measures to reduce nitrogen emissions. With the collective measures,
farmers can choose to create wetlands, among other things. With the Agricultural
Agreement, it is technically budgeted that the collective measures will achieve a ni-
trogen reduction of 1,500 tonnes. In the Agricultural Agreement, it is assumed that
the collective measures have a climate effect of 0.02 m tonnes of CO2-eq in 2025
and 0.1 m tonnes of CO2-eq in 2030, which is included in the Climate Status and
Outlook 2023.

Targeted nitrogen regulation/New regulation model. The existing targeted regulation
ensures annual nitrogen reductions. According to the Agricultural Agreement, the
targeted regulation will be replaced by a new and more cost-effective nitrogen regu-
lation model from 2026. Both the existing and future nitrogen regulation models re-
late specifically to fertiliser applied to fields and field operations and are discussed in
more detail below. The Agricultural Agreement assumes that targeted regulation
has a climate effect of 0.29 m tonnes of CO2-eq in 2025 and 0.54 m tonnes of CO.-
eq in 2030, which is included in the Climate Status and Outlook 2023.
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Outstanding action needs. With the Agricultural Agreement, no decisions were
made on initiatives that could ensure the realisation of the full reduction requirement
under the Danish implementation of the Water Framework Directive. The extent of
the outstanding effort depends on the above-mentioned assessment of the nitrogen
initiative. In connection with the review of the Agricultural Agreement, a decision
must be made on how to handle the outstanding need for action.

Targeted nitrogen regulation

As mentioned above, the targeted regulation is only implemented in areas where re-
ductions are needed in accordance with the reduction obligations under the Danish
implementation of the River Basin Management Plan.

The existing targeted regulation model has been phased in since 2017 and consists
of two parts:

1. A CAP-funded voluntary subsidy scheme
2. A subsequent mandatory requirement if the need for a nitrogen initiative is not
met under the voluntary subsidy scheme

Voluntary subsidy scheme. Under the voluntary subsidy scheme, the farmer can ap-
ply for a subsidy to establish various transition elements. The transition elements in-
clude catch crops, early sowing of winter cereals and set-aside of farmland. The
subsidy rate that farmers can receive is calculated across farm types and geograph-
ical areas and is set according to the average marginal cost to farmers of using the
transition elements to fulfil the need for action within a given coastal water catch-
ment. Each farmer is free to choose how much effort they want to put into the volun-
tary round. If there are too many applicants in relation to the need for action in an
area, the applications are prioritised according to the effect of the transition ele-
ments in the water environment.

In addition to the compensated transition elements, farmers can choose to apply the
transition element of reduced usage of nitrogen fertiliser. This option is currently not
eligible for reimbursement, which means that the option is only used to a limited ex-
tent, despite the fact that it is generally considered cost-effective up to a certain
level. If the transition element was compensated, it is expected that there would be
increased utilisation.

Mandatory catch crop requirement. If the need for action in the individual areas is
not met with the voluntary subsidy scheme, a mandatory catch crop requirement is
set in the sub-catchment. Farmers who have already contributed under the volun-
tary subsidy scheme will be credited for this effort when the mandatory requirement
is distributed. The farmer is not compensated for fulfilling the mandatory require-
ment, but can still choose to use the same catch crop alternatives as under the vol-
untary scheme. The vast majority of the effort is handled in the voluntary subsidy
scheme. In 2023, for example, approx. 97 per cent of the effort was handled with
the subsidy scheme.

6.2.2 The EU's Effort Sharing Regulation

The Effort Sharing Regulation sets national reduction targets for the sum of emis-
sions from agriculture (excl. LULUCF), road transport, individual heating of build-
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ings, small industrial companies, other waste (not waste incineration) and other mi-
nor emissions. The Effort Sharing Regulation includes a reduction target in 2030
compared to 2005 and annual reduction commitments up to 2030. The reduction
targets in the agreement are primarily set based on the economic prosperity of the
countries, so the most prosperous countries must deliver the largest reductions.

As part of the EU's Fit for 55 package, the Effort Sharing Regulation was revised and
the Member States' national reduction targets were generally increased by around
10 percentage points. Denmark's national reduction target was increased from 39
per cent to 50 per cent in 2030 relative to 2005 levels.

Status of fulfilment of the Effort Sharing Regulation's reduction targets
Denmark's outstanding greenhouse gas reductions (so-called total reduction deficit)
in the Effort Sharing Regulation over the period 2021-2030 are estimated, with sig-
nificant uncertainty, to a total of approx. 11.5 m tonnes of CO.-eq. The shortfall is
the total accumulated difference in the period between the annual reduction com-
mitments (the reduction path) and the expected greenhouse gas emissions in the
specific years. In comparison, a reduction of greenhouse gases (reduction deficit) in
2030 of 2.5 m tonnes of CO2-eq is required to meet the national 70 per cent target,
which, unlike the target from the Effort Sharing Regulation, is a so-called point target
that only concerns emissions in 2030.

The determination of Denmark's reduction path consists of two main parts:

1) Denmark must reduce its emissions by 50 per cent by 2030 relative to 2005.
This corresponds to reducing emissions to 20.2 m tonnes of CO2-eq by 2030.
The point in 2030 is thus the end point of the reduction path. The reductions
must be found within the sectors subject to the Effort Sharing Regulation.

2) From 2021 to 2029, a reduction path is defined as an approximately linear pro-
gression between a starting point in 2021 and the end point in 2030. 2021 indi-
cates a starting point for Denmark's historical emissions. However, the process
is based on different periods for Denmark’s historical emissions, which means
that the reduction path is only approximately linear.

Reductions in the covered sectors (agriculture (excl. LULUCF), road transport, indi-
vidual heating of buildings, small industrial activities, other waste (not waste incin-
eration) and other minor emissions) will contribute to the fulfilment of the Effort Shar-
ing Regulation. The majority of emissions, and thus the reduction potential, occur in
the agricultural sector (excl. LULUCF) and the transport sector, whereas reductions
to meet the 70 per cent target are not limited by sector, see Figure 6.2.

Figure 6.2. Status of Denmark’s fulfilment of the Effort Sharing targets
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Source: Ministry of Climate, Energy and Utilities

Denmark has the option of utilising various flexibility mechanisms, see Box 6.7. The
flexibility mechanisms consist of 1) cancellation of ETS allowances, 2) use of LU-
LUCF credits and 3) purchase of other countries' emission allowances.

Box 6.1
Different flexibility mechanisms

The Effort Sharing Regulation contains three types of flexibility mechanisms that Denmark can use to
help fuffil its commitments if sufficient reductions are not achieved.

1) Cancellation of ETS allowances. The regulation allows nine Member States, including Denmark, to
annually cancel ETS allowances corresponding to @ maximum of 2 per cent of the emissions in 2005
from sectors covered by the Effort Sharing Regulation for the fuffilment of the reduction obligation.
For Denmark, this is equivalent to a total of 8 m tonnes of CO2-eq for the period 2021-2030. Den-
mark has so far committed to cancelling 4 m allowances for the period 2021-2025, but this does not
require Denmark to use the cancellation to fulfil the obligation. The use of the cancelled allowances
will thus not be associated with an additional government cost. If it is decided to cancel up to an ad-
ditional 4 m allowances, there will be a government cost depending on the allowance price. Based
on the Ministry of Finance's allowance price projections, the cancellation of an additional 4 m allow-
ances for the period 2026-2030 is estimated to result in additional government costs of approx. DKK
3.2 bn as a result of lost auctioning revenue. A decision on further quota cancellation must be made
before the end of 2024, with the possibility of an adjustment in 2027.

2) LULUCF credits. The regulation allows for the use of national LULUCF credits (under the LULUCF
Regulation) based on net removals in the LULUCF sector to fulfil the reduction commitment. In prin-
ciple, Denmark will be able to use LULUCF credits corresponding to a maximum of approx. 14.6 m
tonnes of CO2-eq over the entire period of 2021-2030. These are limited so that a maximum of ap-
prox. 7.3 m tonnes of CO2-eq can be used in each of the two periods 2021-2025 and 2026-2030,
and there is no possibility to transfer credits between the two periods.

Denmark is expected to generate significantly more LULUCF credits in the period 2021-2025 than
can be used in the Effort Sharing Regulation in the same period, see Climate Status and Outlook 23.
The need for reduction under the Effort Sharing Regulation in 2021-2025 is estimated at approx. 4.1
m tonnes of CO2-eq, which is why it is expected that a maximum of 4.1 m tonnes of CO»-eq can be
covered by LULUCF credits. As credits cannot be transferred between the two periods, excess LU-
LUCEF credits will be cancelled if they are not sold to other Member States. In the period 2026-30,
Denmark is not expected to fuffil its LULUCF obligation, which means that no LULUCF credits are
expected to be generated.
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3) Save, borrow, buy and sell. In years where emissions are lower than their annual target, Member
States can save the surplus and carry over the reduction to later years. There is an upper limit on
how much can be saved for later years, but the limit is so high that it is unlikely to be binding for Den-
mark. In years where greenhouse gas emissions are higher than the annual target, Member States
can borrow a limited amount of allocations from the following year. It gives Member States the flexi-
bility to deal with annual fluctuations in emissions due to weather or economic conditions. In addition,
Member States can buy and sell allocations from and to other Member States.

The regulation with the Effort Sharing Regulation is binding and contains a penalty
mechanism of 8 per cent of the under-fulfilment in a given year. Thus, if the yearly
target is underfulfilled by 1 m tonnes of CO»-eq, an additional obligation of 1.08 m
tonnes of COz-eq is carried over to the following year. Ultimately, non-compliance
with the regulation can result in an infringement case before the European Court of
Justice.

6.2.3 EU LULUCF Regulation

The EU LULUCF Regulation sets targets for greenhouse gas emissions and remov-
als from the LULUCF (Land Use, Land Use Change & Forestry) sector, i.e. emis-
sions from primarily fields and forests. The LULUCF Regulation covers emissions
from cultivated land, grazing land, wetlands, forests and buildings. Emissions from
agriculture, such as emissions from livestock or fertiliser usage, are therefore not
covered by the LULUCF Regulation. As part of the EU's Fit for 55 package, the LU-
LUCF Regulation has been revised so that the regulation's commitments are divided
into two periods:

1. Inthe period 2021-2025, Denmark must ensure that the carbon balance in the
LULUCEF sector does not deteriorate.*

2. Inthe period 2026-2030, Denmark must comply with two separate obligations:
1) net emissions in the LULUCF sector must be reduced by 0.4 m tonnes of
CO:2-eq in 2030 compared to the average level of the reference period 2016-
2018, 2) meet a national budget target for 2026-2029%7, set by the Commission
in 2025 based on the latest emissions inventory.

The two commitment periods of the LULUCF Regulation (2021-2025 and 2026-
2029) are budget targets. With budget targets, there are less stringent requirements
for when the reduction takes place, although timing still matters. For example, a per-
manent reduction of 1 m tonnes of CO2-eq from 2026 to 2029 would result in a total
reduction of 4 m tonnes of CO2-eq. In contrast, a reduction of 1 m tonnes in 2029
would only contribute 1 m tonnes of CO2-eq to the target.

Status of fulfilment of the LULUCF Regulation's reduction targets
Denmark is estimated to exceed the target in the LULUCF Regulation for the period
2021-25. The budget target for 2026-2029 is finalised in 2025 based on the latest

26 There is no requirement for additional uptake from the sector, but the sector must as a minimum maintain the level
of carbon sequestration, as defined by specific accounting rules.

37 The budget target means that the sector must achieve a set amount of reductions within the period, but there is no
requirement for reductions per year.
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available historical emissions data. Based on projected emissions, Denmark's re-
duction deficit is estimated to be around 7.0 m tonnes of CO2-eq in the period 2026-
2029 and around 1.1 m tonnes of CO2-eq in 2030, see Figure 6.3.

Figure 6.3. Status of Denmark's fulfilment of LULUCF commitments
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Note: The dotted line for the budget target 2026-2029 indicates the maximum emissions Denmark may have in the period to fuffil the reduction obligation in the
LULUCEF Regulation. The difference between the dotted line and the line indicating net emissions is the reduction shortfall, which is estimated at 7.0 m tonnes of
CO2-¢eq for 2026-2029. The 2030 reduction target specifies the maximum amount of emissions Denmark may have in 2030. The difference between net
emissions in 2030 and the reduction target in 2030 is the reduction deficit of 1.1 m tonnes.

Source: Denmark's Climate Status and Outlook 2023 and own calculations

From 2021 to 2030, net forest uptake is estimated to be reduced by approx. 2 m
tonnes of CO2 annually relative to the average net forest uptake since 1990. The
projected decrease in net forest uptake is a driving factor in the development of the
estimated total LULUCF net emissions towards 2030. In addition, carbon-rich
agricultural land account for about 90 per cent of the LULUCF sector's gross emis-
sions in 2030. There is a high degree of uncertainty associated with the projection of
greenhouse gas emissions from the LULUCF sector.

The EU commitment is formally set as a net uptake target for the EU of 310 m
tonnes of CO2-eq in the LULUCF sector in 2030. This corresponds to an increased
uptake of approx. 42 m tonnes of CO2-eq compared to the average annual uptake
for 2016-2018 for the entire EU. The total EU reduction burden is distributed among
the member states so that each Member State is allocated a reduction proportional
to its share of the EU's total LULUCF area.

The EU obligations for the 2026-29 and 2030 periods must be met separately, with
no possibility of transferring over- or underfulfilment between the two periods. The
budget target for the entire period 2026-29 can formally be met if emissions are sig-
nificantly reduced in 2029, even if nothing happens in the years 2026-28. On the
other hand, only reductions in 2030 have an impact on whether the 2030 reduction
target is met.
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Denmark has the option of using various flexibility mechanisms to fulfil its LULUCF

commitments, see Box 6.2. The flexibility mechanisms consist of 1) cancellation of
emission allowances in the Effort Sharing Regulation, 2) purchase of other Member
States' LULUCEF credits and 3) land use flexibilities.

Box 6.2

Different flexibility mechanisms to fulfil LULUCF commitments

The LULUCF Regulation contains three types of flexibility mechanisms that Denmark can use to help
fuffil its commitments.

1) Flexibility with the Effort Sharing Reguiation: If a Member State does not comply with one or both
obligations of the LULUCF Regulation, the obligation can be fulffilled through the cancellation of emis-
sion allowances in the Effort Sharing Regulation. The flexibility can be used within each commitment
period, but cannot be used to, for example, cover a deficit in the period 2026-2030 by cancelling
rights from the period 2021-2025.

2) Trading of crediits: Member States can buy and sell LULUCF credits from and to other Member
States, subject to their availability. After each commitment period, a Member State gains access to
an amount of LULUCF credits corresponding to its possible overachievement of its national commit-
ments, which may incentivise Member States to over-implement their own commitments. It is uncer-
tain to what extent LULUCF credits will be available after the end of the commitment period and at
what price they will be traded.

3) Flexibility for land use: Denmark has access to a limited compensation for a potential shortfall in
the period 2026-2030 of 0.05 m tonnes of CO2-eq, provided that the EU meets its overall target for
the LULUCF sector of 310 m tonnes CO2-eq in 2030. Member States have access to a similar com-
pensation mechanism for the period 2021-2025, which in practice is not relevant for Denmark for
accounting reasons.

The LULUCF Regulation is binding and contains a penalty mechanism of 8 per cent
of the underfulfiiment in the budget period 2026-2029. If the target for the budget
period is underfulfilled by 1 m tonnes of CO2-eq, the emission allowances in the next
budget period will be reduced by 1.08 m tonnes of CO2-eq. For example, if Den-
mark underachieves the point target in 2030 by 1 tonnes of reductions and at the
same time has underfulfilled the commitment in the budget period 2026-2029 by 1
m tonnes, Denmark will have a total result in 2030 of missing reductions of 2.08 m
tonnes of CO2-eq, which will be transferred to the commitment after 2030. In pre-
paring the post-2030 commitment, the Commission is obliged to take into account
possible deficits for 2030 when presenting proposals for the post-2030 period. In
extreme cases, non-compliance with the regulation may result in an infringement
case before the European Court of Justice.

The Expert Group's model 1 fulfils both the LULUCF Regulation's budget target from
2026-2029 and the point target in 2030, see Table 6.2. Model 2 fulfils the budget
target and approximates the point target, while the reduction deficits to meet the
targets are significant in model 3.

It should be noted that all models assume the use of LULUCF credits in the period
2021-2025 to fulfil the Effort Sharing Regulation, as well as up to EUR 8 min LU-
LUCF credits for the period 2021-2025. ETS allowance cancellations over the entire
period 2021-2030 correspond to Denmark's total opportunities for allowance can-
cellation. It is assumed that the use of LULUCF credits is prioritised before the use
of ETS allowance cancellations.
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Denmark has already committed to and paid for the cancellation of allowances cor-
responding to 4 m tonnes of CO2-eq for the period 2021-2025. The use of the can-
celled allowances will thus not be associated with an additional government cost. If
it is decided to cancel up to an additional 4 m allowances, there will be a govern-
ment cost depending on the allowance price.

In addition, it is assumed that overfulfiiment of the Effort Sharing Regulation is used
to fulfil the LULUCF commitments in 2026-2029. Finally, it is assumed that LULUCF
credits and ETS allowance cancellations are used chronologically (i.e. as soon as
and if they can fill a reduction need that is not covered by domestic reductions).

If no ETS allowance cancellations are used, none of the models fulfil the LULUCF
commitments, while the Effort Sharing Regulation is fulfilled in models 1 and 2, see
Table 6.2.

Table 6.2. Fulfilment of LULUCF commitments in the Expert Group's models

The Effort Sharing Regulation, 2021-

LULUCF, 2026-29 LULUCF 2030 2030
;)utstandin Outstanding
reduction Fulfilment Outsta.nding ... Fulfilment red.u<.:tion Fulfilment
deficit (per cent) reduction deficit (per cent) deficit (per cent)
(mtof (m t of CO2-eq) (mt of CO2-
COzeq) eq)
When using 8 m ETS allowance cancellations
Model 1 0 100 0 100 0 100
Model 2a 0 100 0 100 0 100
Model 3a 0.58 92 0.00 100 0 100
Without the use of ETS allowance cancellations
Model 1 5.88 17 0.74 35 0 100
Model 2a 6.46 8 0.54 53 1.00 94
Model 3a 5.60 21 0.00 100 2.99 79

Source: Own calculations

6.2.4 The EU's Common Agricultural Policy (CAP)

The aim of the EU's Common Agricultural Policy is to ensure an economically viable
agricultural industry®® that produces safe food within the framework of environmen-
tally sustainable production. The Common Agricultural Policy finances several vol-
untary initiatives in areas such as the environment, climate, and biodiversity and
sets basic requirements for receiving the subsidy. The Common Agricultural Policy
(CAP) provides the framework for EU countries' agricultural policies and is set for

38 https:/Avww.eu.dk/da/dokumenter/traktater/traktaten-euf/tredje-del/afsnit-iii/artikel-39
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the period 2023-2027. A new framework for the Common Agricultural Policy is ex-
pected for the period from 2028, presumably corresponding to the period of the
next EU budget period (MFF).

Agricultural subsidies consist of a so-called Pillar | and Pillar II. Pillar | is fully EU-
funded and includes direct agricultural support, coupled production-linked support
and eco-schemes, where support is provided for agricultural practices with a focus
on the environment, climate, animal welfare, etc. Pillar Il is co-financed between the
EU and each Member State. Pillar Il provides, for example, investment aid aimed at,
among other things, climate and the environment, but also with the possibility of in-
vestments for the modernisation of agricultural holdings, start-up aid for young farm-
ers and support for local action groups. For each country, the distribution between
the pillars is regulated by EU rules.

In the Danish implementation, approx. 90 per cent of the funds are in Pillar I. Mem-
ber States are required to earmark the equivalent of at least 25 per cent of Pillar |
funds for so-called green eco-schemes in the period 2023-2027 and 35 per cent of
Pillar Il funds for green purposes, including animal welfare. In addition, a portion of
the funds is required to be used for young farmers and to support local action
groups. Member States have the possibility to transfer funds between pillars and off-
set any over-fulfilment for green purposes in Pillar Il against the earmarking for eco-
schemes in Pillar I. If Member States do not fulfil the requirements, earmarked EU
funds could ultimately be lost.

The direct agricultural subsidy amounts to approx. DKK 1,900 per hectare and is
granted on the condition that a number of requirements are met. This includes stat-
utory EU management requirements on the environment, animal welfare, etc., in
sectoral legislation, as well as requirements for good agricultural practice in pre-de-
fined areas. Together, these requirements are termed conditionality and, together
with any other relevant national legal requirements, constitute the basic require-
ments for the farmer that cannot be compensated through voluntary schemes. The
starting point is that the funds spent on voluntary schemes in the CAP (such as eco-
schemes) must be used to achieve additional effects. However, under certain condi-
tions, subsidies may be granted for up to two years after a requirement has become
applicable to a farmer.

The CAP rules also set limits on the amount of compensation for measures within
the voluntary schemes, which must also be verified by an independent institution. In
Denmark, it is the Department of Food and Resource Economics (IFRO) at the Uni-
versity of Copenhagen that usually verifies. In the case of compensation for changes
in agricultural practices, e.g. to deliver a greater environmental or climate effort on
agricultural land, the compensation is calculated based on the calculated additional
costs (including offsetting of saved costs such as reduction of tax payments) or lost
profit that the farmer will experience as a result of the changes in agricultural prac-
tices that a given subsidy scheme gives rise to.

No compensation can be granted within the Common Agricultural Policy covering
2021-2027 or the corresponding state aid guidelines for the agricultural sector or
the block exemption scheme for the agricultural and forestry sector for e.g. the
number of tonnes of CO2 emissions reduced. On the other hand, a subsidy for in-
vestments in changing agricultural practices can be granted, where the subsidy may
amount from 20 per cent to 100 per cent of the eligible investment itself. Green
technology investments can be subsidised by up to 80 per cent. In the case of in-
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vestments that do not increase productivity, such as green investments like discon-
necting drains in peatland projects or afforestation, the subsidy can be increased to
100 per cent.®

The implementation of the Common Agricultural Policy can therefore support
measures that lead to reduced environmental and climate impact when the change
in practice occurs. In the Agricultural Agreement from 2021, agricultural support de-
livers climate and nitrogen effects through some of the basic requirements as well
as through the individual subsidy programmes, such as set-aside of carbon-rich ag-
ricultural land and targeted regulation (nitrogen).

It is possible to apply annually for the European Commission's approval of changes
to the CAP plan as well as three additional times in the period 2023-2027.

The Expert Group's considerations on the use of agricultural subsidies in interaction
with overall models for more uniform CO2-eq regulation in agriculture and forestry
are presented in Chapter 2.

6.3 Upcoming EU Plans and Initiatives

The Expert Group's work on this final report has run in parallel with discussions in
the EU on future initiatives. Future international and national regulation must be inte-
grated.

6.3.1 An ETS for the agriculture and food sector

In Q1 2024, the European Commission is expected to present a communication on
a new EU climate target for 2040 and a new EU climate architecture beyond 2030.
In the spring of 2023, the Commission launched a public consultation seeking views
on the possibility of pricing greenhouse gases from the agricultural sector, including
through an emissions trading system. The European Commission has not finalised
whether it will propose such a solution.

In November 2023, a report was published by the consultancy Trinomics“*°, which
was commissioned by the European Commission to investigate the possibilities of
introducing an emissions trading system for the agricultural and food sector. The re-
port is exploratory and does not contain clear recommendations, but highlights a
number of issues including possible ways to address them. This includes how
broadly the system should cover, which emissions are included, the risk of CO2-eq
leakage and the integration of carbon capture. In particular, the report frames a dis-
cussion on whether the quota obligation should be imposed on farms, producers of
feed and fertilisers ("upstream"), or food companies such as slaughterhouses and
dairies ("downstream").

The regulatory framework for subsidies and taxes outlined in this report will contrib-

ute to the European Commission's work on a regulatory framework for an ETS in the
agricultural and food sector. Among other things, the Expert Group's proposal for a

9 Itis a prerequisite for support under the agricultural subsidy that the subsidised product is listed in Annex 1 of the
EU Treaty on agricultural products (Treaty on the Functioning of the European Union (2016/C202/01)).

40 Pricing agricultural emissions and rewarding climate action in the agri-food value chain, Trinomics.
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regulatory basis proposes to use several of the registers used in Denmark in con-
nection with agricultural subsidies, which are registers that are used across the
Member States. There is therefore reason to believe that the Expert Group's regula-
tory framework could also be implemented in other Member States.

The Danish government has decided to work for the expansion of emissions trading
in the EU to as many sectors as possible, including the introduction of an emissions
trading system for the agricultural sector after 2030.

On this basis, Denmark has proposed that, as far as possible, pan-European regula-
tion of agricultural emissions and removals should be introduced through an EU
common agricultural pillar. With the proposal, emissions and removals from agricul-
ture and agriculture-related LULUCF will be integrated so that all agricultural emis-
sions are covered and regulated through emissions trading. It will increase farmers'
incentives for reductions. With one overall EU reduction commitment for agriculture,
which is realised through emissions trading, it may be natural that nationally differ-
entiated reduction targets are abolished. Concrete adjustments to national regula-
tion must be examined as international regulation is concretised, decided upon and
implemented. A future national climate tax for Danish agriculture will have to be
seen in relation to a possible future EU ETS for agriculture, just as there are areas
within industry where the tax is seen in the context of the EU ETS.

6.3.2 New separate emissions trading system - ETS 2

In 2023, EU Member States and the European Parliament reached a final agree-
ment on a new separate EU Emissions Trading System (ETS2) for CO2 emissions
from fossil fuels used for road transport, internal transport and heating and cooling
of buildings in the non-agricultural sector.

The purpose of ETS2 is to increase and standardise the economic incentive to
reduce CO- emissions from road transport and buildings across the EU, and to sup-
port the fulfiilment of EU climate targets. The sectors in ETS2 must reduce green-
house gas emissions by a total of 43 per cent in 2030 in the EU relative to 2005 lev-
els. ETS2 will operate separately from ETS1 with an expected allowance price of ap-
prox. DKK 403 per tonne of CO- in 2030 according to the Commission, relative to
an estimated allowance price in ETS1 of approx. DKK 806 per tonne in 2030. The
reductions resulting from ETS2 are all expected to contribute to Denmark's fulfilment
of the Effort Sharing Regulation. The main elements of ETS2 are summarised in Box
6.3.

Box 6.3
The main elements of ETS2

e Scope: CO: emissions from fossil fuels in road transport, commercial/institutional build-
ings, heating and cooling of buildings, cogeneration and heating installations producing
heat for commercial/institutional buildings and households, and emissions from industry
and heat production below 20 MW (not included in ETS1).

e Operators in ETS2: (excluding the use of options) include petrol and diesel fuel distribu-
tors, small heat and power plants below 20 MW (not included in ETS1), and gas, coal
and oil distributors supplying fuels for domestic and commercial space heating.

e Reduction target: The sectors in ETS2 must reduce greenhouse gas emissions by a total
of 43 per cent in 2030 in the EU relative to 2005 levels.
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e Emission permit and monitoring from 2025: In ETS2, operators must have a greenhouse
gas emission permit, which is obtained by applying to the Danish Energy Agency. In ad-
dition, operators will be subject to monitoring, verification and reporting (MRV) obliga-
tions from 2025.

e Allowance payment from 2027: Start buying/selling allowances from 2027.

6.3.3 Carbon removal certification framework

On 30 November 2022, the European Commission presented a proposal for a vol-
untary EU certification framework for carbon removal. The main objective is to cre-
ate a better methodological basis for developing credible certificates for activities
that remove carbon from the atmosphere, including in the agriculture and forestry
sector.

The proposal could potentially contribute to increased financial incentives for e.g.
rewetting of carbon-rich agricultural land or ploughing of biochar into agricultural
land as a result of the sale of certificates, and in that case could contribute to Den-
mark's LULUCF commitments. However, it is not possible to estimate how many
farmers will join the scheme. Furthermore, the concrete methodologies for the certif-
icates are not expected to be developed until 2030, so a potential climate impact is
likely to materialise only after that. It is therefore not expected to have an impact on
the Expert Group's models for regulating carbon emissions from carbon-rich agricul-
tural land.

The EU certification framework does not formally limit the possibility of introducing
national regulation. For example, a political decision could potentially be made to in-
troduce a negative tax on an activity that could also potentially be certified voluntar-
ily under the certification framework. In that case, there will be no question of double
regulation, as any certification is voluntary and not with a view to complying with le-
gal requirements. It should be noted that it is also possible today for operators to ap-
ply for certification through similar private schemes. A possible market for climate
credits has not been taken into account in the Expert Group's models.

6.4 The EU's Common Agricultural Policy (CAP)
and the Expert Group's Models

The terms of reference state that "The second report will also assess the ad-
vantages and disadvantages of a requlatory solution for the agricultural sector, a
subsidy model for EU agricultural support and a COz-eq tax for this sector or a com-
bination of these, as well as possible measures for cost-effective regulation of agri-
culture that address CO2-eq emissions and other externalities, including, e.g. envi-
ronment and health".

The Common Agricultural Policy (CAP) is part of the EU countries' policy and regu-
lation in the field of agriculture, see Section 6.2. Denmark's implementation of the
CAP and the use of CAP funds have been agreed in connection with the Agricultural
Agreement and are approved by the EU Commission in the Danish CAP plan 2023-
2027. New schemes or changes to existing ones in the CAP plan must be approved
by the European Commission.
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However, it is not the task of the Expert Group to come up with a model for a re-
vised CAP plan or future CAP plans. However, based on the terms of reference, and
in consideration of the principle in the Danish Climate Act of supporting the cheap-
est socio-economic solution for Denmark, the Expert Group has adopted a principle
that tax and subsidy models must not lead to a significant loss in the possibility of
securing EU funds.

The EU's Common Agricultural Policy, CAP, is designed to support the green transi-
tion of the agricultural and food sector. With the CAP funds and the measures that
can be implemented under the CAP, it is basically possible to support a wide range
of voluntary agricultural activities and technological measures, including relatively
expensive measures such as storage and fertiliser management, as well as feed ad-
ditives. Other possibilities are via the CAP, such as providing investment aid for en-
vironmental and climate technologies in stables etc., including increasing the cur-
rent subsidy rates for such investments. As a starting point, it is also expected to be
possible to provide investment aid for the establishment of pyrolysis plants in the
CAP, but the investment volume for this may be challenged due to the various con-
siderations that the CAP must deliver on.

A tax on production factors, such as livestock, will affect the production mix and the
contribution margin from agricultural production. Since the CAP subsidy for activity-
based measures is often calculated based on the loss compared to a corresponding
production without this activity, a tax could parallel shift the income from the refer-
ence. This can reduce the maximum subsidy on certain schemes. Depending on the
scale, this may create a need to reallocate CAP funds.

One point to note when utilising CAP funds is that the funds are generally imple-
mented through voluntary schemes. Thus, farmers must be sufficiently incentivised
to apply for the schemes. However, under certain conditions, it is possible to grant
support for up to 24 months after a national requirement has entered into force if the
requirement goes beyond the corresponding minimum requirements set out in EU
law. Depending on the chosen models and requirements, the CAP will, for example,
be able to mitigate the cost for farmers, either through a voluntary subsidy scheme
until it becomes a requirement, such as a tent covering with floating layers, or
through subsidies for up to 24 months after the requirement is made on the use of
climate control agents as feed additives.

Development, establishment, IT setup, negotiations with the European Commission
and approval of new subsidy schemes will take around 1-1.5 years, and this work
and subsequent administration and control is associated with increased costs. Ex-
perience has shown that the schemes that achieve the best response are produc-
tive schemes where the requirements of the subsidy scheme can be met in connec-
tion with continued agricultural production. In the longer term, the tax models will
also affect subsidy schemes under an upcoming CAP in the next period 2028-2034.

The Expert Group notes that the establishment of a climate tax in agriculture will af-
fect the currently agreed and approved implementation of the CAP in Denmark. This
includes an expectation that subsidy rates will need to be recalculated and that new
and different schemes will need to be developed under the CAP, partly to respect
the EU requirement for green earmarking and partly to repatriate the funds under
the CAP. However, there are several options for establishing increased or new sub-
sidies that can support and incentivise climate action in agriculture. Thus, the mod-
els are assessed to allow for continued utilisation of CAP funds.
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7.1 Terms of Reference for the Green Tax Reform

This chapter reiterates the terms of reference and additional terms of reference.

Purpose and background

The agreement on Green Tax Reform reached between the Government (Social
Democrats), the Left Party, the Radical Left Party, the Socialist People's Party and
the Conservative People's Party on 8 December 2020 states that a CO2-eq tax
should be a key instrument for achieving the 70 per cent target, taking into account
the guiding principles of the Danish Climate Act, including sustainable business de-
velopment and Danish competitiveness, sound public finances and employment, a
strong welfare society, cohesion and social balance, and thus real CO2-eq reduc-
tions (minimising CO:-eq leakage) and without overall job losses abroad.

In the short term, taking the first and essential steps towards a more uniform CO-
tax is possible. However, in a number of areas, appropriate tax models will require
further development, and EU legal, administrative and implementation issues will
need to be examined.

The government and the parties to the agreement have therefore agreed to imple-
ment the green tax reform in two phases. The first phase will focus on adjustments
within the existing tax system as well as extensions to well-defined areas. The sec-
ond phase will set the framework for a uniform CO2-eq tax.

It is the ambition of the parties to the agreement that in 2030, Denmark will have a
uniform CO:-eq tax taking into account leakage effects, etc.

Tax structure

A uniform CO2-eq tax on all emissions is the most cost-effective way to ensure that
the 70 per cent target is met, as it sets a uniform price for the emission of green-
house gas equivalents, with which the reductions across sectors take place where
they are cheapest.

Danish CO2 emissions from fossil fuels are currently taxed with a combination of cli-
mate and energy taxes. In addition, parts of industry and large energy and combus-
tion plants are covered by the EU ETS. One of the aims of the tax system is to fa-
vour companies in competition with foreign companies. The industries exposed to
competition (e.g. mineralogical processes, etc., electricity production and agricul-
ture) therefore pay the lowest energy taxes or are completely exempt from paying
energy taxes. Conversely, other businesses and Danish households are taxed more
heavily, for example, in connection with heating and their consumption of petrol and
diesel.

In addition, the current tax system is characterised by significant variations in the
level of taxation depending on the use of fossil fuels.

Under the current tax system, for example, companies pay a much higher tax to
heat their buildings than to produce their goods. Taxes on space heating for build-
ings amount to about DKK 1,300 per tonne of CO2, while taxes on industrial pro-
cesses in production amount to about DKK 0-250 per tonne of CO.. Similarly, subsi-
dies per tonne of CO2 vary significantly across areas.

Overall, there are high taxes on CO2 emissions from fossil fuels used for transport
and for general heating in houses, etc. Mineralogical processes (cement production
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etc.) and fossil fuels for electricity production are effectively tax-exempt in the cur-
rent tax system, but covered by quotas, just as non-energy-related emissions from
agriculture, such as methane from cattle or nitrous oxide from fertiliser usage, are
also tax-exempt.

However, non-energy agricultural emissions of methane from livestock, nitrous ox-
ide from fertiliser usage and carbon sequestration on agricultural land need to be
seen in the context of other regulated nutrient emissions. However, there is cur-
rently not a sufficient basis to tax CO2-eq from all non-energy agricultural emissions.

Thus, restructuring the tax system, including a shift from energy taxation to COx,
would imply a major restructuring that would have to be seen in conjunction with na-
tional subsidy schemes, the EU Energy Taxation Directive, the EU Emissions Trad-
ing System Directive and the state aid rules, as well as forthcoming proposals to re-
vise EU climate and energy legislation, including the Energy Taxation Directive and
the EU Emissions Trading Scheme Directive, expected in mid-2021. Among other
things, the EU Commission is expected to propose strengthening the ETS and mod-
els for extending the ETS to additional sectors, including road transport and individ-
ual heating of buildings.

Tasks of the Expert Group

The Expert Group will be tasked with developing models for uniform CO2-eq regula-
tion, including the design of a more uniform COz-eq tax. A comprehensive analysis
will be provided in the form of sub-reports assessing the impacts of different models
for a more uniform COz-eq tax. Therefore, the optimal tax structure must be ex-
plained in relation to the 70 per cent target, and any derived conditions, including
other regulation of other externalities, administrative conditions and barriers to na-
tional regulation, must be explicitly stated.

The Expert Group will develop different scenarios that contribute significantly to the
70 per cent target by 2030.

The Expert Group will also consider how to operationalise the guiding principles of
the Danish Climate Act. In this context, the Expert Group should present different
scenarios that weigh the considerations differently (e.g. weighs carbon leakage high
or low). The starting point for all the scenarios should be that they deliver the cheap-
est socio-economic solution. To the extent that this consideration is departed from,
reasons must be given.

The Expert Group should aim for scenarios that are revenue neutral overall and sup-
port GDP and labour supply in a socially balanced way. However, the proposals
need not be revenue-neutral year-on-year. The Expert Group should also include a
proposal where taxes and duties do not increase overall.

In addition to the end goal, different phasing-in scenarios must be created, including
sensitivity scenarios with regard to uncertainty associated with the projections. Un-
certainties in the phasing-in scenarios need to be taken into account. Among other
things, these scenarios should be seen in the context of meeting the 2025 target.

Each scenario should highlight the following:

e Socio-economic: The total socio-economic impact measured by distortion losses
both in total and as a share of CO2-eq reduction (shadow price).
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¢ National economic consequences: Revenue, including tax burden, GDP, labour
supply, competitiveness and employment, burden on industries (including de-
tailed industry breakdowns) and households. These consequences must be out-
lined in the short term (adjustment/transition costs) and structurally.

e Emissions, carbon leakage and environmental impact: CO2-eq reductions, CO»-
eq leakage, contribution to EU climate targets and other environmental impacts
etc. (externalities), if deemed relevant.

e Social balance: Distributional effects, GINI, regional differences, etc.

In addition, the work must consider the fact that technological development is un-
certain and that this uncertainty has consequences for the socio-economic costs of
meeting the 70 per cent target. As a result, the Expert Group will look at the techno-
logical conditions and opportunities across each sector, including the current and
future technological options for restructuring.

The work of the Expert Group will ensure that the proposed CO:-eq regulation best
supports the introduction of new resource-saving technologies for both industry and
agriculture.

Finally, the Expert Group's proposals must be implementable and take into account
regulatory, EU legal, systemic and administrative implications. Consideration must
also be given to the proposal's compliance with the energy taxation directive, a pos-
sible proposal for a new energy taxation directive, the EU's state aid rules and other
relevant international regulation. This must be seen in the light of the fact that the
development time and implementation time for initiatives in the tax area, including
new tax structures, is considerable.

The work must also be considered in conjunction with other climate policy
measures, including current subsidy and agreement schemes etc., and regulation of
other environmental impacts (externalities).

It must be ensured that the rescheduling of phase 1, where the rescheduling of the
agreed increase in DKK per GJ balanced by CO- must be consistent with the long-
term solution.

An interim report will be prepared at the end of 2021 in order to be able to convene
the contracting parties for discussions at the end of 2021 on the basis of the report.
Final reporting will take place in autumn 2022.

Content of the first interim report

The first interim report will describe the overall architecture for a uniform CO2-eq
regulation, including leakage, the link with the 70 per cent target and the EU ETS
(current and future) and subsidy schemes, as a basis for working towards the con-
crete models to be included in the final report. If possible, the first report may also
include models for the level of a uniform CO2-eq tax in 2030.

As a step towards the final architecture for a more uniform CO.-eq regulation, the
first interim report will outline a model for restructuring energy taxation to a more di-
rect tax on CO2-eq emissions.

With the first phase of a green tax reform, the government and the agreement par-
ties have agreed to increase the energy tax on fossil fuels for businesses by DKK 6
per GJ. This element is expected to lead to reductions in climate-changing emis-
sions of around 0.5 m tonnes of CO2-eq by 2025.
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At the same time, the Expert Group will work towards broadening the tax base to ar-
eas that are relatively well-defined, including CO2 emissions from oil and gas extrac-
tion and refining, CO- emissions from mineralogical processes etc., fossil fuels for
electricity generation and any other CO: tax exemptions that the Expert Group con-
siders relevant to include in the first phase.

When restructuring from energy taxation to CO: taxation must take into account,
among other things, the fossil content (in the form of plastics, etc.) of the waste vol-
umes from waste incineration for district heating, as well as how coal can be phased
out in district heating. Furthermore, the impact of the district heating price cap, e.g.
on surplus heat from surplus heat suppliers, as well as the space heating tax on indi-
vidual and collective space heating, needs to be clarified.

The Expert Group must identify appropriate compensation and feed-back mecha-
nisms. The compensation mechanisms can, for example, be in the form of base de-
ductions, subsidies, differentiated rates and/or delayed phasing in of taxes as well
as more general compensation measures.

The Expert Group should also assess the interaction between the extended tax
base, national subsidy schemes and the European ETS to ensure a uniform CO2-eq
regulation. In particular, whether it would be appropriate to give a deduction in the
CO:2-eq tax for allowance payments must also be addressed. In addition, for com-
parison, CO2 taxation in other relevant countries can be looked at.

Content of the final report

With the second report, the Expert Group will elucidate models for a more uniform
CO:2-eq regulation of all covered emissions. Including different tax levels and phase-
in profiles up to 2030 and their economic and practical consequences.

The second report will also assess the advantages and disadvantages of a regula-
tory solution for the agricultural sector, a subsidy model for EU agricultural support
and a CO:-eq tax for this sector or a combination of these, as well as possible
measures for cost-effective regulation of agriculture that address CO2-eq emissions
and other externalities, including, e.g. environment and health. Farm accounts are a
prerequisite for CO2-eq taxes on agriculture. It is assumed that this work will be car-
ried out separately. In addition, an assessment of the advantages and disad-
vantages of different solutions for emissions from agricultural land and other emis-
sions from LULUCF must be included, which the Expert Group deems relevant to
highlight. Future EU legislation in this area, including a potential new approach to
regulating the climate impact of agriculture through the revision of the EU's Effort
Sharing Regulation and LULUCF Regulation and a separate agricultural pillar in the
EU ETS, will be taken into account.

Finally, the Expert Group must come up with proposals for possible ways to con-
struct compensation mechanisms, including, among other things, base deductions,
subsidy schemes, differentiated rates, delayed phasing in and connection to existing
subsidy schemes, general measures and other possible mechanisms, including Eu-
ropean regulation and through the ETS. Compensation mechanisms should also be
seen in the light of, among other things, carbon leakage, competitiveness of compa-
nies and employment. This should take into account the wide variation in the burden
on business both between and within sectors. Proposals for compensation mecha-
nisms must be weighed against other effects thereof.
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The work could involve the whole tax and subsidy system, including deductions, ex-
emptions, compensatory measures and grant schemes, whether as a contribution
to climate objectives, a financing element, or to address other unintended effects of
the reform, such as distributional concerns.

Organisation of the Expert Group
The commission will consist of an external chairman and, in addition, five external
members.

In addition, heads of departments from Ministry of Taxation, Ministry of Finance, the
Ministry of Climate, Energy and Utilities, Ministry of Industry, Business and Financial
Affairs and Ministry for Food, Agriculture and Fisheries participate in the discus-
sions. Heads of departments from other ministries are involved as needed.

The Expert Group will be provided with an independent secretariat composed of offi-
cials from the ministries involved and co-chaired by Ministry of Taxation and Ministry
of Finance.

In addition, a follow-up group to the Expert Group will be established, consisting of
the Confederation of Danish Industry, the Danish Chamber of Commerce, Green
Power Denmark, the Danish Agriculture & Food Council, the Danish Trade Union
Confederation, Kraka, Concito, Green Transition Denmark, the Danish Council on
Climate Change and the Secretariat of the Danish Environmental Economic Council.
The follow-up group can function as a useful knowledge bank for the commission. In
this way, the follow-up group will be able to contribute current and relevant
knowledge to the Expert Group's work on, e.g. the technological development, in-
centives and economic conditions. In addition, the Expert Group may use external
experts, including when ordering external analyses.

Additional terms of reference

In addition to the Expert Group's original terms of reference, the government plat-
form states that "The climate tax must ensure implementation of the development
track and fulfilment of the binding reduction target for the agriculture and forestry
sector of 55 per cent to 65 per cent in 2030 compared to 1990. The government
will ask the expert committee to present different scenarios for achieving this goal in
line with the recommendations the committee presented in connection with the
CO2-eq tax on industry, including consideration of counteracting the relocation of
production, including international experience and the possibility of applying a CO2-
eq tax on end consumption as a possible instrument".

7.2 Other Land Use Objectives

There are a number of political ambitions and objectives for the areas of Denmark.
The government platform includes an ambition to establish 250,000 hectares of for-
est and to implement 15 nature national parks, see Table 7.1.

In addition, in connection with a number of political agreements, agreements have
been made on, among other things, an ambition to set aside 100,000 hectares of
carbon-rich agricultural land, a doubling of the organic area and an ambition to
quadruple renewable energy on land.

Page 151



renewable energy on land®

Power and Heat 2022

fuels.

Green Tax Reform Page 152
Under the EU's auspices, Denmark must contribute to the EU's objective of 30 per
cent protected nature, of which 10 per cent is strictly protected.*' The target is not
effort shared, and it has not yet been decided how Denmark's contribution will be re-
alised.
Overall, there are political ambitions for approx. 646,600 hectares, corresponding to
15 per cent of the current area of Denmark. In addition, there are political ambitions
and agreements where it is not yet possible to set specific hectare estimates. This
applies, for example, to an upcoming law on nature and biodiversity.
Table 7.1. Ambitions and political objectives for Denmark's land area
Political objectives/ambition Origin Climate impact Number of hectares
It is currently not possible to
. estimate the climate impact
The A Itural A t
Doubling the organic area® 20; gricultural Agreemen of converting to organic 200,000
production in Climate Status
and Outlook.
Afforestation is a relatively
long-term transition element.
Afforestation towards 2030
2 hect f
50,000 hectares o Government platform 2022 will contribute more to 250,000
afforestation? . .
climate targets for the period
2040 to 2050 than for the 70
per cent target.
With wetland restoration,
- issions fi
Set-aside of carbon-rich COz. q em|SS|ons. rom
agricultural land includin cultivated and drained
9 . . . g The Agricultural Agreement carbon-rich farmland are
peripheral land, including . 100,000
. . 2021 significantly reduced.
extensification of 38,000 .
hectares? Emissions are also reduced
by extensification, albeit to a
lesser extent.
Secure framework conditions Climate Aareement on Green The climate impact occurs
that enable a quadrupling of g through displacing fossil 36,600

Unified Act on Nature and
Biodiversity

Government platform 2022
Contribution to EU target

It is currently impossible to
estimate the climate impact
of implementing the law.

Implementation of a
minimum of 15 nature
national parks

Government platform 2022

No direct climate impact. The
indirect climate impact will
depend, among other things,
on the degree of
deforestation, subsequent
growth in wood biomass, and
land use before and after
planting.

41 In other words, the natural processes are essentially left undisturbed to respect the ecological conditions in the
area. Further definition awaits initiative from the European Commission (expected in spring 2024).
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Designation of up to three

. Government platform 2022 No direct climate impact.
new national parks

Note: 1) Announced in the government platform 2019. Number of hectares compared to figures for the organic area in 2018, as this was the most recent figure. 2)
Announced in the government platform 2022. The number of hectares is calculated as afforestation in addition to the expected afforestation with the Climate Status and
Outlook 2022 of approx. 20,000 hectares in the period 2025-2030. 3) Announced with the Agricultural Agreement, 2021. 4) Announced with the Climate Agreement
on Green Power and Heat, 2022. The number of hectares is calculated by comparing with the RE area in 2021. A doubling of the wind turbine area and a tenfold
increase in the solar cell area is assumed.

7.3 Elaboration of Emissions from the Agriculture
and Forestry Sector

Emissions from animal production
In 2030, greenhouse gas emissions from animal production are expected to total
6.5 m tonnes of CO2-eq, see Table 7.2.

The vast majority of CO2-eq emissions from livestock production come from cattle
and pigs, which account for 6.1 m tonnes in 2030, corresponding to about 95 per
cent of total livestock emissions. Of this, 4.5 m tonnes of CO2-eq comes from cattle
and 1.6 m tonnes of CO2-eq from pigs.

Emissions from livestock come from two emission sources: 1) digestion (me-
thane/CH4) and 2) manure handling in stables and storage facilities (methane and
nitrous oxide/N20), i.e. emissions from manure handling in stables and when ma-
nure is stored in e.g. slurry tanks.

Table 7.2. Emissions from animal production

Fertiliser
management in Share of
. ) stables, emissions
Digestion
storage from
(CHs) facilities and agriculture
fields Total and forestry
(CHsand N2O)  emissions
m tonnes of COz-eq in 2030 Per cent

Dairy cows 2.4 0.7 3.1 24.7
Other cattle 1.0 0.5 1.5 1.7
Pigs 0.4 1.3 1.6 13.0
Broilers and
chickens 0.0* 0.0* 0.0* 0.2
Other livestock 0.2 0.0 0.2 1.7
Indirect
emissions - 0.1 0.1 0.7
Grazing - 0.0 0.0 0.2
Total 3.9 26 6.5 52.3
Total cattle
and pigs 3.7 2.4 6.1 49.4
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Note: The total does not add up due to rounding. Other livestock includes pheasants, ducks, mink, sheep, goats,
horses, deer, lambs and ostriches. Indirect emissions are totalled for all livestock and cover ammonia and NOx
emissions that are converted to nitrous oxide in the atmosphere during manure handling. 0.00* does not mean that
there are no emissions. It's just less than the 2nd decimal place.

Source: Climate status and Outlook 2023 incl. partial correction for the new map of carbon-rich agricultural land and
own calculations.

According to the Climate Status and Outlook 2023, emissions of approx. 4.5 m
tonnes of CO2-eq from cattle (divided into dairy cattle and other cattle) are expected
in 2030, see Table 7.3. The maijority of emissions from dairy cattle and other live-
stock are methane from digestion.

Box 7.1

Net emissions from cattle digestion

Digestion from cattle makes up 70 per cent of the cow's total emissions.

The cow eats carbon in the form of grass and fibre. The feed (grass and fibre) is ruminated in the
cow's four stomachs: the rumen, reticulum, omasum, and abomasum. In the cow's rumen, a fermen-
tation process occurs that first converts fibre into hydrogen. The hydrogen is converted to methane
by microorganisms in the rumen. Methane is primarily released via the cow's breath and burping.
The remaining methane is released after the feed has passed through all four stomachs and is ex-
creted as manure.

The methane emitted by the cow has a COz-eq conversion factor of 28 in relation to the carbon that

the cow has eaten. Thus, the methane emitted by the cow has a factor 28 higher climate impact per
tonne emitted than the carbon in the cow's feed.

Table 7.3. Emissions from dairy cattle and other cattle in 2030

Methane Nitrous oxide Total COre Number of
(CHs) (N20) 764 animals
m tonnes of CO2z-eq in 2030 m units in 2030
Dairy cattle 3.0 0.1 3.1 0.5
Digestion 2.4 - 2.4 -
Fertiliser
management 0.6 0.1 0.7
Other cattle
(e.g. suckler
cows and veal
calves) 1.4 0.1 1.5 1.0
Digestion 1.0 - 1.0 -
Fertiliser
management 0.4 0.1 0.5
Total 4.4 0.2 4.5

Note: The total does not add up due to rounding
Source: Climate status and Outlook 2023

In 2030, emissions from pigs are expected to be around 1.6 m tonnes of CO2-eq in

2030. In Climate Status and Outlook 2023, the pig population is expected to consist
of approx. 0.9 m yearling sows and approx. 32.9 m piglets, of which approx. 19.3 m
will become fattening pigs within the same year, see Table 7.4. Approx. 13.6 m pigs
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are exported, after which emissions are not included in the calculation. The majority
of emissions from pigs can be attributed to emissions from fertiliser management in
stables and storage facilities.

Table 7.4. Emissions from pigs in 2030

Methane Nitrous oxide Total CO-e Number of
(CH2) (N;0) 79 animals
m tonnes of COz-eq in 2030 m units in 2030

Piglets 0.2 0.0 0.2 32.9
Digestion 0.1 - 0.1 -
Fertiliser

0.1 0.0* 0.2 -
management
Fattening pigs 0.9 0.1 1.0 19.3
Digestion 0.2 - 0.2 -
Fertiliser

0.7 0.1 0.8 -
management
Yearling sows 0.4 0.0* 0.4 0.9
Digestion 0.1 - 0.1 -
Fertiliser

0.3 0.0 0.3 -
management
Total 1.5 0.2 1.6

Note: The total does not add up due to rounding. 0.0 means that there are still emissions. It just doesn't show up at
the 1st decimal place.
Source: Climate Status and Outlook 2023

It is estimated that in 2030, there will be emissions of approx. 0.3 m tonnes of CO2-
eq from other livestock, see Table 7.5. The population of other animals is expected
to be around 155 m animals, of which around 134 m are broilers.
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Table 7.5. Other livestock in 2030

Methane Nitrous oxide Number of
Total CO2-eq .
(CHa) (N20) animals
m tonnes of COz-eq in 2030 m units in 2030
Hens 0.002 0.02 0.02 9.8
Broiler
. 0.002 0.03 0.03 133.6
chickens
Pheasants
. 0.002 0.002 0.00 1.0

(chicks)
Pheasants

0.002 0.002 0.00 0.1
(hens)
Ducks, geese

0.002 0.002 0.00 0.6
and turkeys
Mink - 0 0.2
Sheep 0.03 0.01 0.04 0.1
Goats 0.002 0.002 0.00 0.0
Horses 0.12 0.05 0.17 0.2
Deer 0.002 0.01 0.01 0.0
Lambs 0.01 0.002 0.01 0.1
Ostriches 0.002 0.002 0.00 0.0
Total 0.2 0.1 0.3 145.7

Note: The total does not add up due to rounding. It should be noted that Climate Status and Outlook does not report
emissions from other livestock at the above level of detail. Therefore, data from DCE 2021 has been used, which
results in a deviation of 0.1 m tonnes of CO2-eq compared to the emissions projected in the Climate Status and
Qutlook 2023. 0.0 means that there are still emissions. It just doesn't show up at the 1st decimal place.

Source: Report from DCE 2021 and own calculations.

Emissions from carbon-rich agricultural land

Compared to other types of agricultural land, carbon-rich agricultural land has a
high content of organic matter (over 6 per cent carbon), which emits CO2-eq. “?
Emissions from the land can be reduced by setting aside land and rewetting it. Re-
wetting involves restoring the natural water level. This means that there may be peri-
ods of time when the soil is not under water.

Carbon-rich agricultural land is estimated to be around 75,000 hectares in 2030
and is estimated to emit around 2.2 m tonnes of COz in 2030.%* Carbon-rich agricul-
tural land is expected to account for around 3 per cent of the total agricultural area
by 2030.

42 Carbon-rich agricultural land is created when organic matter builds up in the soil near the surface due to high water
levels. Thus, much of the carbon-rich agricultural land was originally formed in natural wetlands such as bogs and
wet meadows. When the land is drained for cultivation, the soil is oxygenated and the carbon decays and is released
into the atmosphere, primarily as carbon dioxide (COy). If the carbon content is below 6 per cent, the soil is not char-
acterised as carbon-rich.

43 Based on DCE, Scientific note no. 2024 60 (Gyldenkaeme et al., 2024) update of updated map of carbon-rich agri-
cultural land from AU (Beucher et al., 2023)
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In the emissions inventory, the 75,000 hectares of carbon-rich agricultural land are
divided into four types with different emissions factors. The four types are cultivated
land and permanent pasture with carbon contents of 6-12 per cent and greater than
12 per cent, respectively, see Table 7.6. Emissions from carbon-rich agricultural
land are reduced if land is set-aside for permanent pasture, see Table 7.6. However,
the biggest reduction is achieved by the rewetting of the areas and their subsequent
transition to the area-class wetlands

Following the wetland restoration of carbon-rich agricultural land, there are still lim-
ited emissions, which come from a slight increase in methane emissions. If all car-
bon-rich agricultural land is rewetted, methane emissions are estimated to be 0.4 m
tonnes of CO2-eq in 2030.

Research is ongoing to update the emissions factor from carbon-rich agricultural
land, including the relationship between soil carbon content, water levels and emis-
sions. This research may give reason to revise the current assumption that soils with
6-12 per cent carbon have emissions equivalent to half of the soils with >12 per cent
carbon. It is expected that the results of the research project will be incorporated
into the Climate Status and Outlook for 2025.

Table 7.6. Emissions and hectares of carbon-rich agricultural land

Emissions per

Area Total
hectare
Area-classes b
y 1,000 hectares, Tonnes of COz-eq m tonnes of COz-eq in
per cent carbon
2030 per hectare, 2030 2030

content

Cultivated land
(agricultural land),  16.7 252 0.4
6-12 per cent

Cultivated land
(agricultural land),
larger than 12 per
cent

7.5 50.3 0.4

Permanent
grazing land, 6-12 291 18.7 0.5
per cent

Permanent
grazing land,
greater than 12
per cent.

Total 75.0 28.7" 2.2

21.7 37.4 0.8

- of which carbon

25.99 1.9
pool

- of which

2.8" 2
cultivation 8 0

Note: The total does not add up due to rounding. 1) Average of all carbon-rich agricultural land
Source: DCE, Scientific note no. 2024 60 based on correction due to new map for carbon-rich agricultural land (Peat
2022)
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Emissions from applied fertiliser and agricultural lime

Emissions from fertilisers applied to fields and agricultural lime can generally be
classified into nitrous oxide or CO2 emissions and are accounted for, see IPCC
guidelines, in the agricultural sector, see Table 7.7. Nitrous oxide emissions come
from nitrogen in fertiliser applied to fields. CO2 comes from agricultural lime that is
applied as part of field operations. The addition of nitrogen and lime is necessary to
provide nutrients to the agricultural land to maintain plant production. Emissions
from applied fertiliser and liming are thus the primary sources of emissions associ-
ated with plant production. Urea is a carbon-based fertiliser that is applied to the
field. It represents a very limited amount of the total fertiliser usage.

Table 7.7. Emissions from applied fertiliser and agricultural lime

Sector Activity Emission source Nitrous oxide (N20) Carbon dioxide (CO2)

m tonnes of CO2-eq in 2030

Total (CO2-eq)

Agriculture  Fertiliser Artificial fertilisers 0.9 0.9
applied Organic fertiliser 0.8 0.8
Applied
agricultural  Liming - 0.2 0.2
lime'
Oth_eT Urea 0.0 0.0
fertilisers

Total 1.7 0.2 1.9

Note: The total does not add up due to rounding
1) Liming is not covered by the current nitrogen regulation.
Source: Climate Status and Outlook 2023 based on the emissions inventory.

Emissions from field operations

Emissions from field operations can be broadly classified into CO2-eq emissions/re-
movals due to changes in the soil's carbon balance and nitrous oxide emissions
from fields.

The largest emission sources for field operations in 2030 are decomposition of plant
residues and uptake from carbon sequestration in mineral soils, which are ac-
counted for under agriculture and LULUCF, respectively. The two effects are mutu-
ally dependent. Crops initially cause carbon build-up, but when plant residue is left
on the field, nitrous oxide is released. Therefore, the net effect on greenhouse gas
emissions from field operations depends on the relationship between nitrous oxide
emissions and carbon uptake, which depends on crop choice, soil type and quality,
among other things.

When crops die and decompose in the field, nitrous oxide emissions are released,
which is accounted for under the agricultural sector (decomposition of plant resi-
dues). After that some nitrous oxide emissions from the decomposition of biomass
that occurs in the soil is released, which is also accounted for under the agricultural
inventory (mineralisation).

CO2-eq emissions/removals in the soil's carbon balance are calculated under the
LULUCEF sector, see IPCC guidelines. The LULUCF sector is an umbrella term for
land use and covers both emissions and removals from agricultural land use and the
forestry sector.
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Emissions and uptake of carbon in mineral soils depend on the interaction between
the input of organic matter (plant material and fertiliser) and the decomposition of
organic material. The breakdown depends on annual temperature fluctuations.
Other things being equal, increased temperatures will cause a greater decomposi-
tion of the existing organic material in mineral soil, resulting in net discharge. Con-
versely, a cooler year will result in a lower decomposition of soil organic matter, thus
increasing carbon sequestration and net uptake. Varying weather conditions thus
contribute to the overall uncertainty associated with projecting carbon pool changes
in mineral soils. This variation can result in both negative and positive emissions.
Since 1990, yields and temperature in particular have fluctuated.

However, the CO: effect of adding biomass is highly dependent on the soil's carbon
content and cultivation history. Increased addition of organic matter to mineral soils,
such as through increased plant cover as a result of alternative crop rotation or the
use of catch crops, can contribute to more carbon being sequestered in the soil
over a long period of time until the soil reaches a new equilibrium point. In the new
equilibrium point, the increased input of organic matter will be counterbalanced by
an increased decomposition of organic matter, so there will no longer be a CO2-eq
uptake from maintaining the same new plant cover. On the other hand, it will be
necessary to maintain the supply of organic matter (plant cover) to prevent the car-
bon pool in the soil from returning to a lower equilibrium point, which will lead to
CO2-eq emissions.

Emissions from indirect nitrous oxide consist of atmospheric deposition and N leach-
ing and runoff. The emissions are a derived effect of the supply of nitrogen to the
field through fertiliser, crop residues, mineralisation, etc.

Table 7.8. Emissions from field operations

Sector Emission source Methane Nitrous oxide Carbon dioxide
(CHa) (N20) (CO2)
m tonnes of CO2-eq in 2030

Crop residues 0.9
Atmospheric deposition 0.2

The N leaching and runoff 0.4

agricultural

sector . .
Burning of biomass 0.0
Mineralisation of the organic nitrogen 0.0
pool '

The Mineral soil on permanent agricultural 0.3

LULUCF land’ ’

sector Mineral soil on newly cultivated land 0.0
Living biomass on permanent 02
cultivated land ’
Living biomass on newly cultivated 0.0
land (deforestation) '
Dead wood as a result of 0.0
deforestation ’
Mineral soil on newly cultivated 0.0

grazing land

Total (CO2-eq)

0.9

0.0

0.0

-0.3
0.0

0.2

-0.0

0.0

-0.0
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Living biomass on permanent grazing

0.1 0.1

land
Living biomass on newly cultivated

. 0.0 0.0
grazing land
Dead organic matter on newly 0.0 0.0
cultivated grazing land ' '
Deforestation for agricultural land 0.0 0.0
Deforestation for grazing land 0.0 0.0
Total 0.0 1.5 -0.0 1.5

Note: The total does not add up due to rounding. 0.0 means that there are still emissions. It just doesn't show up to the 1st decimal place. "-" means that CO: is
being absorbed.

1) Agricultural land refers to cultivated land and permanent grazing land.

Source: Climate Status and Outlook 2023 based on the emissions inventory.

Emissions and removals from forests etc. and other land use

Uptake and emissions from forests are measured from various sources, including
the living biomass (i.e. the trees themselves and their roots), the forest floor and
dead wood (branches etc.) and the soil itself. In addition to these, are storage in and
emissions from harvested wood products. Removals and emissions from forests are
accounted for in the LULUCF sector and calculated as changes in carbon pools be-
tween two periods. For example, if the total amount of dead wood increases be-
tween two periods as a result of increased growth in the forest, and this growth is
greater than the ongoing decomposition of dead wood, a net uptake will be calcu-
lated.

According to the Danish Institute for Geosciences and Natural Resource Manage-
ment, CO- uptake from forests and harvested wood products is estimated to de-
crease significantly until 2025, after which CO2 uptake will increase slightly in 2030
and 2040. From 2025 to 2040, the annual CO2 absorption in the forestry sector is
thus estimated to be reduced by approx. 2.8 m tonnes of CO- relative to the CO:
absorption in 2021, see Table 7.9, although the forest area is also estimated to in-
crease towards 2030. The development is due to an expectation of increased thin-
ning and felling in IGN's forest projection based on the current age structure of the
forests. The average annual uptake in the period 1990-2020 was approx. 2 m
tonnes of CO..

When trees are harvested, all the CO: that was previously sequestered in the trees
is recorded as an emission. However, the part of the harvest where the carbon is in-
stead sequestered in wood products will be transferred to a fund for Harvested
Wood Products (HWP). Denmark's annual increment in the HWP pool is the part of
the Danish harvest that is processed in Denmark into lumber, wood panels or paper.
Every year, a portion of the sequestered carbon in the HWP pool is written off ac-
cording to a writing-off period set in the IPCC guidelines. A write-off of uptake in
HWP results in an emission.

Overall, the net increase in the Danish HWP pool in 2030 is estimated to be around
0.2 m tonnes of CO.. In 2021, the uptake in the HWP pool amounted to approx. 22
per cent of the total registered logging in the same year, corresponding to a net up-
take of approx. 0.1 m tonnes of COz, see Table 7.9.
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Table 7.9 Emissions and removals from forests etc. and other land use

m tonnes of CO2-eq per
year 2021 2025 2030 2035

Emissions and removals from forests etc.

Living biomass
(underground and
above ground) 2.3 0.3 -0.2 -0.4

Forest floor (small
branches, needles and
leaves) -0.7 0.1 0.1 0.1

Dead wood (dead
trunks and thick

branches) -0.1 -0.3 -0.1 -0.1
Mineral soils -0.1 -0.1 -0.1 -0.0
Carbon-rich soils 0.2 0.2 0.2 0.2
Forest in total -2.9 0.3 -0.0 -0.2
Harvested wood

products (HWP) -0.1 -0.3 -0.2 -0.2
Forest and HWP in total -3.0 -0.0 -0.2 -0.3

Emissions from other land use

Buildings 0.2 0.3 0.3 0.3
Wetlands 0.1 0.1 0.3 0.3
Other land use 0.3 0.4 0.6 0.6

Note: The total does not add up due to rounding. 0.0 means that there are still emissions/uptake. It just doesn't show up at
the 1st decimal place. Positive numbers represent net emissions; negative numbers are net uptake. HWP stands for
"Harvested Wood Products".

Source: Climate Status and Outlook 2023.

Emissions in the forest floor category cover the fact that layers of small branches,
needles, and leaves build up the carbon pool on the forest floor. The category of
dead wood, on the other hand, covers carbon build-up based on larger trunks and
branches that lie in the forest and decompose.

See Denmark's National Inventory Report 2023**, mineral soil with forest is not a
source of CO2 emissions. As there is currently no separate emissions factor for for-
est floor soil for carbon-rich soils with 6-12 per cent carbon content, only forest floor
soil with a carbon content above 12 per cent is included. Today, there are approx.
37,000 hectares of forest on carbon-rich soils (over 12 per cent), see the forest in-
ventory. The estimated emissions from this area are 0.2 m tonnes of COx.

Emissions from other land use cover built-up areas and natural wetlands. Built-up

areas are not associated with emissions per se but cover written-off emissions from
before the area was built on.

44 DCE SR 541 https://dce2.au.dk/pub/SR541.pdf
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7.4 IPCC Guidelines and Rules for the National
Emissions Inventory

The guidelines from the Intergovernmental Panel on Climate Change (IPCC)“* set
the framework for Denmark's national emission inventory of greenhouse gas emis-
sions and removals (negative emissions). Denmark's fulfilment of international obli-
gations to the UN and the EU is tied to the annually reported emissions inventory to
the EU and the UNFCCC, just as the emissions inventory is the basis for the Danish
climate targets, see the Danish Climate Act.

The IPCC guidelines and the systematics of the emissions inventory are therefore
important for the determination of relevant instruments and cost-effective achieve-
ment of international and national climate targets. The guidelines specify how a spe-
cific emission or removal can be included in the national emissions inventory to en-
sure the best possible degree of transparency, accuracy, comparability, consistency
and completeness across country reporting. The guidelines are thus central to the
estimated effect of a given regulation on emissions and removals (negative emis-
sions) across sectors, including from the activities of the agricultural and forestry
sector. At the same time, the guidelines specify documentation requirements for
how emission-reducing climate measures can be included in national emission in-
ventories.

International guidelines for the national emissions inventory

The national greenhouse gas inventory is reported annually in March to the EU and
in April to the United Nations Framework Convention on Climate Change (UN-
FCCC). In Denmark, the DCE (the Danish Centre for Environment and Energy at
Aarhus University) prepares yearly national greenhouse gas inventory based on ac-
tivity reports from relevant authorities and research institutes.

The IPCC's international guidelines describe the framework for how emissions
should be calculated and how emissions should be accounted for in predefined sec-
tors across all countries.

According to the UNFCCC, all territorial emissions are categorised into five sectors:
1) The energy sector (including transport, households and industry),

2) The Industrial Processes and Product Use (IPPU) sector,

3) The agricultural sector,

4) The Land Use, Land-Use Change and Forestry (LULUCF) sector, and
5) The waste sector.

The IPCC guidelines are based on a territorial principle that emissions and removals
are calculated in relation to the impacting activities they are associated with on the
national territory. This means that the Danish emissions inventory must include
emissions from activities that take place in Denmark, e.g. methane emissions from
Danish cattle farming and emissions from fertiliser when it is applied. This means
that each nation must account for emissions associated with activities within its own
territory. At the same time, it ensures that emissions associated with, for example,
the consumption of foreign products are included in the producing country's calcula-
tion. This ensures that all emissions are accounted for and avoids double counting.

45 |PCC (2006). 2006 IPCC Guidelines for National Greenhouse Gas Inventories.
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Emissions from international shipping and aviation are handled under UN agree-
ments with their own climate targets in the respective intergovernmental organisa-
tions for this purpose, respectively. IMO (shipping) and ICAO (aviation). Emissions
from e.g. Danish ships in international waters are therefore not included in the Dan-
ish emissions inventory, but are subject to independent reduction targets.

The greenhouse gases covered are carbon dioxide (CO-), methane (CHa), nitrous
oxide (N20) and the so-called F-gases (e.g. refrigerants). The gases are included in
the calculation based on the greenhouse effect of the gases converted to CO-
equivalents (CO2-eq) based on the Global Warming Potential (GWP) of each individ-
ual gas in a 100-year perspective in relation to CO2, see Box 1.1 in Section 1.2.

As new knowledge emerges as a result of technological development, research,
etc., IPCC guidelines and methods are continuously adjusted. This ensures that the
national inventories reflect the latest knowledge and technology. Technologies that
are covered by the IPCC's existing guidelines are included in the Danish national in-
ventory when DCE has qualified that the effects of use are sufficiently documented.
For all countries, the designated authority must qualify any adjustments according to
specified guidelines from the IPCC. In practice, the reflection of detailed measures
requires that emissions and removals are calculated with a detailed methodology
that requires a high degree of national data, which therefore also requires a high de-
gree of documentation.

The inclusion of the climate impact of new technology in national emission invento-
ries is assessed through UN (and EU) review processes to determine whether there
is sufficient evidence to support the inclusion. This ensures that all countries follow
the same standards. If a technology is not covered by the IPCC guidelines, it will
generally require the IPCC to update the guidelines before the effects of the technol-
ogy can be recognised, or in some cases a national methodology can be developed
that is qualified by the IPCC. Biochar produced by pyrolysis is an example of a tech-
nology where the IPCC guidelines do not provide a clear framework for recognising
reductions from the technology, which is why national research is needed, see Box
7.2.

Box 7.2
Recognition of biochar in national inventory

Biochar produced by pyrolysis applied to land is included in the IPCC guidelines. However, the IPCC
has currently only further defined the accounting principle for biochar in agricultural land and grazing
land in the LULUCF sector. This means that the climate effect of storing carbon in the form of
spreading biochar on agricultural land can be included as negative emissions (removals) in the Dan-
ish national emissions inventory when the DCE has approved a method for calculating the effects of
biochar added to agricultural land. The preparatory work for the development of the methodology
has been initiated.

According to the DCE, the application of biochar on other soil types such as paved areas, forests,
etc. is in principle covered by the IPCC guidelines. The IPCC specifically states that the method for
calculating biochar stored in agricultural land and grazing lands does not apply to forest areas, wet-
lands and sealed areas. Since the guidelines do not explicitly address forest areas, wetlands and
paved areas, it is even more up to the countries themselves to develop a methodology. The method-
ology will have to go through an extensive UN review process before the climate impact of these
forms of storage can be recognised in the national inventory. Such work has not been initiated.

It also follows from the IPCC guidelines that reductions from COz capture can only be included in the
calculation when there is subsequent permanent storage. For capture without permanent storage,
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emissions must be included in the emission inventory. The IPCC does not define what permanent
storage is, but refers to geological storage.

The guidelines do not describe the storage of biochar in above-ground storage with an aim for per-
manent storage. This means that the framework and circumstances that must be met before the
storage can be labelled as permanent storage and thus be recognised as a reduction in the calcula-
tion are not specified. Clarifying this is estimated to be an even more extensive UN review process,
including the development of principles, methodologies and possibly standard factors.

Alternative uses of biochar, e.g. in building materials, are not covered by the IPCC guidelines. It will,
therefore, require a revision of the guidelines before the effects of this type of use can be recognised
in national emissions inventories.

The guidelines were last adjusted in 2019. Since the Paris Agreement, a note has
been added to the COP26 reporting format to ensure that some forms of CCS asso-
ciated with industries or power plants that are fuelled wholly or partly by biomass
(Bioenergy with Carbon Capture and Storage (BECCS)) can be included. Techno-
logical developments towards 2030 could potentially increase the pressure for an
update of the IPCC guidelines. In January 2024, the UN Member States agreed,
among other things, that the IPCC should prepare a methodology report on emis-
sions inventories for "Carbon Dioxide Removal Technologies, Carbon Capture Utili-
zation and Storage", to be completed in 2027. The detailed content of the methodol-
ogy report, including whether pyrolysis and biochar will be part of the report, is ex-
pected to be finalised in 2024. After the finalisation of the methodology report in
2027, it must be decided whether the IPCC guidelines should be revised on this ba-
sis. Experience has shown that revising the guidelines is a relatively extensive pro-
cess that can take up to several years. In addition, all new IPCC guidelines must
subsequently be adopted under the UN Framework Convention on Climate Change,
either as mandatory or voluntary for countries.

Adjustments in calculation methods or adjusted emissions factors for individual
emission sources will both change CO- emissions, but also affect CO2 emissions
backwards and forwards to ensure time series consistency. This means that the en-
tire reported time series will be recalculated, and in some cases adjustments may
be made all the way back to 1990.

Calculation of emissions in the national emissions inventory

Emissions and removals from the agriculture and forestry sector are generally asso-
ciated with the agriculture and LULUCF sectors, see IPCC's categorisation. Energy-
related emissions from agriculture, e.g. diesel consumption, are calculated in the
energy sector, which was covered in the first interim report.

Emissions from the agricultural and LULUCF sectors are measured differently. Emis-
sions from the agricultural sector are calculated based on the biological processes
from agricultural activities in agricultural production: primarily methane and nitrous
oxide emissions from livestock digestion and fertiliser management, as well as ni-
trous oxide emissions from fertiliser applied to fields. Emissions and removals in the
LULUCEF sector are calculated based on changes in carbon pools from the entire
area of Denmark, which is categorised into agricultural land, grazing land, forest and
buildings.

The starting point for Climate Status and Outlook is that climate effects are not rec-
ognised until a national calculation method or emissions factor has been developed
and approved by the DCE.
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The regulation of emissions from the agricultural and forestry sector must, as a
starting point, be based on the systematisation and categorisation in DCE's invento-
ries, so that the regulation supports reductions in accordance with the national
emissions inventory. It can be politically decided that this practice should be
changed in relation to Danish objectives.

The governmental platform behind the Expert Group's models follows the systemat-
ics and categorisation in DCE's inventories. A regulation that deviates from the sys-
tematics and IPCC categorisation in the national emissions inventory can, in the
worst case, create inappropriate incentives that lead to more emissions, just as it
can lead to a risk of double counting across sectors, see Box 7.3.

Box 7.3
Biogas based on livestock manure in the Danish emissions inventory

According to IPCC guidelines, territorial greenhouse gas emissions of methane (CHa), nitrous oxide
(N20) and CO: are accounted for in the agricultural sector as well as the other sectors. CO2 from
biogenic sources such as biomass is recognised in the LULUCF sector in the country of origin of the
biomass. CO2 from biogenic sources is therefore recognised as CO2-neutral in the energy sector,
among others.

Livestock manure causes methane and nitrous oxide emissions in the agricultural sector. Emissions
are calculated in connection with fertiliser management in stables and storage facilities, as well as
nitrous oxide emissions from manure spread on fields.

Fertiliser management can produce methane from the carbon content of livestock manure when the
fertiliser is in low-oxygen conditions in stables and storage facilities. The emissions are included in the
agricultural sector and can be reduced by different types of housing and measures, including fre-
quent removal, see Technology Catalogue.

If livestock manure is to be used for biogas production, it means that the manure must be quickly
transported from the stable to the biogas plant. This will reduce methane and nitrous oxide emissions
in fertiliser management, as the livestock manure stays for a shorter time in stables and storage facili-
ties and, therefore, does not produce the same amount of methane. Specifically, the reduction will
result from, e.g. frequent removal and will be recognised in the agricultural sector.

When methane is burned in the energy sector, the methane is converted to CO», and since the
CO:sis formed from a biogenic source, it is calculated as COz-neutral in the energy sector, see IPCC
guidelines. Therefore, the use of biogas in the energy sector can lead to reductions if the biogas re-
places fossil fuels. There will be very limited methane and nitrous oxide emissions associated with the
burning of biogas, which are recognised in the energy sector. In addition, biogas production can be
associated with methane leakage from the biogas plants due to leaks etc. These emissions are rec-
ognised in the waste sector.

Livestock manure will typically be spread on agricultural land. The application of livestock manure will
be associated with nitrous oxide emissions. This applies to both livestock manure that is not used as
input for biogas production and livestock manure that is degassed at biogas plants. Nitrous oxide
emissions are unaffected by whether or not the manure is degassed in connection with biogas pro-
duction and are recognised in the agricultural sector. There may also be derived benefits for the
farmer, as degassing livestock manure can increase the quality of fertiliser, thereby reducing the
need for and use of fertiliser.
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Calculation methods for the national emissions inventory

The IPCC guidelines contain detailed calculation formulas for calculating emissions,
as well as descriptions of the data that should be collected for this purpose. Again,
this ensures that there is a consistent standard across countries. For the majority of
the emission sources in the national emissions inventory, the IPCC guidelines spec-
ify three possible tier levels that can be used to calculate emissions, see Box 7.4.

Box 7.4
IPCC classification of tier-level calculation methods

Tier 1

ATier 1 method is the simplest calculation method using the IPCC standard emissions factors. The

IPCC also provides suggestions on where to find activity data for a given source. Emissions are cal-

culated by multiplying activity data (AD) by an emissions factor (EF) in the simple formula: Emissions
=AD x EF

Tier 2

ATier 2 method requires more country-specific data rather than the IPCC's standard emissions fac-
tor. There is variation across emission sources as to what specifically constitutes a Tier 2 method,
but the method follows the same formula as for tier 1. There are also requirements for scientific doc-
umentation of why the country-specific factor is considered more accurate than the IPCC's standard
emissions factor. While the overall calculation method is simple in itself, the specific calculations can
be relatively complex, for example by including broad data from many samples. In particular, the
need for more detailed activity data to be collected annually complicates the use of Tier 2 and 3.

Tier 3

ATier 3 method is a calculation method that is developed on a country-specific basis. It differs in that
it is based on measurements and/or modelling and therefore does not follow the simple formula of
Tier 1 and Tier 2. Tier 3 methods should be documented by scientific publications and detailed meth-
odology reports and, according to the IPCC, should be peer-reviewed and undergo quality assur-
ance. The purpose of the quality assurance is to avoid any bias in the emission estimate.

There are no specific requirements in the guidelines as to which tier levels should be
used to calculate emissions from individual emission sources. This means that coun-
tries are free to choose whether to use the IPCC's standard emissions factors or
more detailed national emissions factors to calculate specific emissions. It is gener-
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ally recommended that emission sources identified as "key categories" use a mini-
mum of Tier 2. Key categories include emissions related to fertilisers applied to
fields, livestock and cultivation of carbon-rich agricultural land. These emission
sources have a significant impact on the country's emissions either quantitatively or
show a significant trend over the years.

In the Danish emissions inventory, different methods and types of emissions factors
are used to calculate emissions in the agricultural and forestry sector. For Tier 1 and
2 methods, emissions are typically calculated based on recorded or estimated activ-
ities, such as the number of cows or the amount of fertiliser applied. For these ar-
eas, there will be a simple correlation between e.g. regulatory base and inventory.
For other types of calculation methods, several variables may be included in the cal-
culation of emissions from an activity, e.g. rainwater volume and cultivation history,
which is why there will not immediately be a simple connection between the regula-
tory basis (the activity that the farmer can influence) and the calculation of emis-
sions.

In general, the emissions inventory is subject to uncertainty, including in relation to
the estimation of activity data and emissions factors. Uncertainties in the agriculture
and LULUCF sectors are generally higher than in other sectors. However, this is es-
pecially true for those emissions in LULUCF that are biologically determined, where
temperatures, humidity, chemistry, nutrient availability and microbial activities,
among other things, determine the final emissions.

Inclusion of new measures in the national emissions inventory
Including new measures in the national emissions inventory requires documentation
of the reduction effect and activity data (deployment and operating conditions).

In this context, it is recommended that the relevant authorities work together to pri-
oritise the provision of research results and documentation in order to ensure that
new technologies are incorporated into the DCE's inventories as soon as possible.

Technologies and transition elements for reducing agricultural emissions are at dif-
ferent stages of maturity, see Appendix 7.5.

When introducing voluntary subsidy schemes or reduced taxes in connection with
the use of technologies or transition elements, it is necessary to ensure the compila-
tion of activity data. If a measure is stipulated by law, the emissions inventories can
assume that the law is followed and the measure is therefore widespread.

For example, if the use of methane-reducing feed is to be calculated in the national
emissions inventory, two types of data must be obtained before the DCE can ap-
prove the technology. Firstly, representative impact data must be collected. Efficacy
data documents that methane-reducing feed has the claimed reduction effect when
national differences in feed composition and ration are taken into account. Sec-
ondly, activity data must be collected, which is data on actual usage in Denmark.
The two types of data must ensure that there is certainty about both the effect of the
individual technology and the extent to which the technology is used in practice. For
example, for the methane-reducing feed additive Bovaer, it is estimated that with
the research activities initiated, there will be sufficiently solid results for the technol-
ogy to be included in the national emissions inventory. It is possible to include esti-
mates for the uptake of the technology in the projection.
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7.5 Technology Catalogue

This chapter provides an overview of the current options for technical transition in
the agriculture and LULUCF sector.

The options for technical transition in the agricultural sector relate to livestock diges-
tion, manure management and fertiliser application, and for the LULUCF sector, soil
carbon uptake. The options for technical transition are generally limited in their im-
pact, have high socio-economic costs (low cost-effectiveness), and are low in ma-
turity.

Most of the option for technical transition presented in this chapter correspond to
what is presented in the government's Climate Programme 2023 from September
2023.

Overview of technologies

Table 7.10 provides an overview of the currently known technological transition ele-
ments for agriculture and LULUCF. Estimates have been made for potential, costs,
side effects, maturity level and the status of being able to recognise the effects of
technical conversion options in the emissions inventory.

The effects in the technology catalogue deviate from several stakeholders' assess-
ment of the potential for technological change in agriculture. This is largely due to
the fact that the effects in the table below can be recognised in the Climate Status
and Outlook, which ensures that there is no overlap between effects recognised as
a result of previous political agreements, e.g. the Agricultural Agreement and vari-
ous financial laws.

Many of the transition elements are substitutes and their effects cannot be added
together within the same emission source. Table 7.10 shows the full potential for
each technology. For a number of technologies, overlaps will need to be taken into
account, which is why the potentials cannot be summarised. In the calculations of
the presented models, overlaps and substitutes are taken into account.

The technical reduction potential examines solely the technically possible reduction,
based on the limiting factors such as area or number of animals. It does not take
into account the possibilities for realising the transition elements, e.g. whether it is
possible to install tent covering with floating layers on all slurry tanks or to build a
certain number of pyrolysis plants by 2030.

The assessment of the total potential in 2030 is based on a summation of the me-
dian estimates for each of the instruments. Realisation in 2030 will depend on when
and how the instruments are incentivised, as there may be practical challenges as-
sociated with rolling out all the instruments over a short number of years towards
2030.

The current maturity level of the technologies from a purely technical point of view is
indicated by a Technology Readiness Level (TRL) scale 1-11 (1= low maturity, 11=
high maturity), which is based on the International Energy Agency's Clean Energy
Technology Guide 2021. The maturity of the technologies is continuously monitored.
There is a big difference in maturity. For the feed additive Bovaer, for example, there
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is reasonable certainty of efficacy, but efficacy documentation under Danish condi-
tions is pending. For the storage technology tent covering with floating layers, docu-
mentation for efficacy is pending, while nitrification inhibitors are being studied for
both efficacy under Danish conditions and possible environmental impact (ground-
water pollution).

It is generally required that the reduction effect of a given technology is well docu-
mented and included in the IPCC guidelines in order to include it in the emissions in-
ventory. Table 7.10 indicates the following for each technology: ready, if it can be
immediately recognised today, possible, if research projects have been initiated that
are expected to document the effect before 2030, uncertain, if research projects
have yet to be initiated to document the effect or side effects, and difficult, if the
technology is considered so immature that it is unlikely to be realised before 2030.
The categories only cover documentation of the reduction effect. This does not take
into account activity data and penetration, which are also necessary data to recog-
nise the effect in the emissions inventory.

It should be noted that these are uncertain estimates of costs and reduction poten-
tials. There is a general uncertainty associated with estimating future technological
development. Description of the individual technologies follows Table 7.10.

Table 7.10. Current known technical transition options for agriculture and LULUCF
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Technology / Technologipal costs Ppsitive Reduc.tion Limiting factor TRL Status
Transitions element I factor prices side ef~-  potentials 1-11 for
fects in
(DKK per tonne) factor Em :mi inclusio
prices .Onnes uri nin the
(DKK ;‘030)1) y) emissio
per ns
tonne) invento
ry in
2030
Agriculture, Livestock digestion (effects from the different feed measures cannot be added together)?
Number of conventional dairy cattle. Or-
Bovggr (feed 425 0 0.50 ganic cattle cannot receive Bovaer. 9 Possible
additive) Bovaer cannot currently be used when
cows are grazing.
Substance X2 (feed Number .Of gonventional cattle and .
. - 0 0.7 whether it will be EU-approved for all 2 Uncertain
additive) )
conventional cattle.
Nitrate N§ga- 013 Number of Iconvenhonal dairy cattle and 6 Uncertain
tive safe allocation method.
Animal health — the seaweed is being
Tropical red algae 1.3 risk assessed. Whether the seaweed is 1-4  Uncertain
organic.
Fertiliser management in stables
Stable acidification, . .
cattle (excludes other Number of conventional dairy cattle.
) ) 1,000 200 0.04 Slurry cannot be used for biogas. Can 9  Possible
measures including ) )
o only be used in some types of housing
storage facilities)
Slurry cooling, new 4,825 150 0.02 The number of newly constructed barns 9 Ready

stables

from 2025.
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Slurry cooling, existing

The calculation does not differentiate

. R
stables 0.05 between new and old stables. 9 eady
Chan.ge of t}/pe of i 0 0.07 Potential is limited by new requirement 9 Possible
housing — pigs ¥ for frequent removal.
Relevant in pig barns, as new cattle
Slurry removal every 7 barns are established with daily re- )
- - - . ) 9  Possible
days moval or stable acidification due to cur-
rent environmental regulations.
Slurry and fertiliser management in storage
Tent. covering + . 300 0 012 Ngt relevarlt if slurry is acidified or set 7 Uncertain
floating layer — pigs aside for biogas.
. . o
Tent. covering 405 0 0.04 Ngt relevarlt if slurry is acidified or set 7 Uncertain
floating layer — cattle aside for biogas.
idificati
St(?rage acidification 0.08 Same as tent covering 6  Possible
- pigs
St idificati
orage acicication 0.04 Same as tent covering 6  Possible
— cattle
Flaring — pigs 0.15 Same as tent covering 6  Possible
Flaring — cattle 0.07 Same as tent covering 6  Possible
Biofilter — pigs 0.18 Same as tent covering 6  Possible
Biofilter — cattle 0.08 Same as tent covering 6  Possible
STAF/Nogas - 3 Difficult
Washing robots
3 Difficult
Nitrogen application on fields
Nitrification inhibitors — Posi Total amount of livestock manure. Risk
added to livestock ma- 1,250 tive 017 of groundwater contamination is investi- 9  Uncertain
nure® gated.
Nitrification inhibitors — Posi Total amount of inorganic fertiliser. Risk
added to inorganic fer- 1,500 tive 0.22 of groundwater contamination is investi- 9  Uncertain

tiliser®

gated

LULUCF

Carbon balance in cultivated soil ® (effects from the different cultivation methods cannot be added together)

Catch crops® - Positive - Agricultural land 9 Ready
Catch crops® - Positive - Agricultural land 9 Ready
Wint |

|n.er crops (early - Positive - Agricultural land 9 Ready
sowing)®
Fallowing® - Positive - Agricultural land 9 Ready
Perennial ener:

5)| 9y - Positive - Agricultural land 9 Ready

crops
G .

ras.s n crop - Positive - Agricultural land 9 Ready
rotation®

. Agricultural land
BIOChalf by 900-3.300 } 0.8-38  Environmental authorisation of quantity 9  Possible
pyrolysis®

per hectare (phosphorus cap)
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Note: Technological costs are stated in 2023 factor prices, administration costs etc. are not included. For capital investment, a required rate of return of 7 per cent is
assumed. Costs and side effects are rounded to the nearest DKK 25 per tonne. TRL technology readiness level (1= low maturity, 11= high maturity). 1) The reduction
potentials are calculated additionally in relation to KF23. 2) The general requirement for livestock digestion from the Agricultural Agreement corresponding to increased
fat feeding has been deducted from the technologies' potentials, as there is currently assessed to be full overlap. It is uncertain whether this is possible for organic cattle.
3) Itis a prerequisite for the use of nitrification inhibitors that negative side effects are clarified, including the risk of groundwater contamination via leaching to
groundwater. 4) It has not been possible to estimate the cost curve and climate effect for the individual field management measures. 6) The technical potential for
biochar reflects a range if biochar is produced only on digestate, which has the highest phosphorus content (the 0.8 m tonnes of CO2-eq), and if biochar is produced
only on wood, which has the lowest phosphorus content (the 38 m tonnes of CO--eq).

Agricultural sector

Livestock - digestion

Methane is formed in the rumen during the digestion of feed in ruminant livestock,
but various measures can reduce methane emissions from livestock digestion and
thus reduce the emissions factor per animal. Cattle have by far the largest methane
emissions from digestion, which is why methane-reducing technologies target cattle.

It is not fully clarified whether the different types of methane-reducing feed have an
additional effect when used together or whether their effects are mutually exclusive.
Studies already conducted have not demonstrated additive effects when using sev-
eral types of methane-reducing feed at the same time, which is why the possibilities
are considered to be limited. However, it should be noted that different types of me-
thane-reducing feed can be used simultaneously for different types of cattle. An ex-
ample is the feed additive Bovaer, which is only authorised for conventional dairy
and breeding cows, and the feed additive Substance X2, which is expected to be
used for beef cattle as well. Therefore, the expected future distribution of conven-
tional and organic dairy cattle will affect the potentials, just as the potentials will de-
pend on the number of cattle in 2030.

It was decided with the Agricultural Agreement to implement a general reduction re-
quirement for conventional cattle digestion from 2025, corresponding to an effect of
approx. 0.2 m tonnes of >-eq in 2030 based on an increased proportion of fat in the
feed, but with methodological freedom. However, increased fat content is not ex-
pected to be utilised with the other feed additives.

For a number of the methane-reducing measures, sufficient documentation of the
climate effect and studies of side effects on animal health and the environment are
still lacking.

Bovaer/3-NOP (feed additive)

Bovaer (with the active ingredient having the chemical name 3-NOP) is a feed addi-
tive approved in 2022 as the first methane-reducing feed additive in the EU, and is
expected to be marketed in Denmark within a shorter timeframe. It is expected that
the substance will be marketed in complementary feed that is mixed into the feed.
Bovaer is authorised for use in conventional dairy cows and breeding cows, while it
is currently not authorised for use in organic cattle*®. The substance is sold today in
e.g. Netherlands, Belgium, Italy and Australia.

The climate impact of using Bovaer under Danish conditions is the subject of an
ongoing research project with the final report being due in 2024. Among other things,

46 Bovaer is currently not authorised for organic cattle because it is synthetically produced.
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the research project aims to clarify whether the effect of Bovaer can be included in
the national emissions inventory for 2025.

The effect of Bovaer depends on the feed ration to which it is added. In a Danish
feed ration, the substance is expected to reduce methane emissions by up to 30 per
cent, which corresponds to an additional reduction of approx. 0.5 m tonnes of CO»-
eq in 2030. The reduction effect is adjusted for the general reduction requirement.
Bovaer need to be fed daily in the barn, but feeding methods for grazing cattle are
currently being worked on, which is expected to be possible in two years. It is also
expected that Bovaer will have a similar effect on heifers as it does on dairy cows.
SEGES has estimated that this reduction will amount to around 0.17 m tonnes of
CO2-eq. However, the climate impact on heifers still needs further documentation
before it can be included in the national inventory.

COWI has estimated the cost of purchasing Bovaer based on dialogue with the
manufacturer and on the basis of the price of a specific product. On this basis, it is
estimated to cost the industry in the region of DKK 250 m annually to feed all con-
ventional dairy cattle with Bovaer. The technological costs are estimated to be
around DKK 425 per tonne of CO--€eq.

Substance X2 (feed additive)

At Aarhus University (AU), research is being conducted into the development of a
methane-reducing feed additive called 'Substance X2', which is expected to be used
for conventional cattle. As the substance is still being patented, the content of Sub-
stance X2 is not publicly known, nor has a timeline been set for the publication of
the research results

According to AU, Substance X2 is expected to reduce methane emissions by up to
30 per cent for all conventional cattle, which corresponds to a reduction potential of
approx. 0.7 m tonnes of CO2-eq. Substance X2 could potentially reduce methane
emissions by up to 40 per cent if a so-called "triple-action" product is successfully
developed with Substance X2 as a sub-component. In this case, the potential would
be up to 1 m tonnes of CO2-eq in 2030. However, there is considerable uncertainty
about whether this can be realised in practice.

Substance X2 is currently not market-ready, and it is not used anywhere in the
world as it is still under development. This includes further clarification of how Sub-
stance X2 affects animal health, including whether it has any derived effects on feed
intake and milk yield.

Nitrate

Calcium nitrate (nitrate for short) is a feed additive that works by removing some of
the hydrogen produced in the cow's rumen that would otherwise be used to create
methane. Therefore, changing the composition of the feed ration through increased
addition of nitrate could potentially reduce methane emissions from livestock diges-
tion. Nitrate can potentially be used for all types of cattle in conventional farming,
but not by organic farmers.

Research indicates a 10 per cent reduction in methane emissions from cattle diges-
tion. The limiting factor for the use of nitrate is considered to be the high content of

nitrogen in nitrate, which means that nitrate must replace other nitrogen-containing
feed materials in the ration to avoid a reduction in methane emissions being fully or

partially offset by an increase in nitrogen emissions. Further clarification of both the

environmental effects and how nitrate affects animal health is also needed.
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Seaweed, algae, etc. in feed

Seaweed in feed is an example of a feed additive that is currently very immature and
where the health and other side effects have not yet been analysed. Other feed ad-
ditive measures include essential oils, plant extracts, etc.

Initial studies have indicated that seaweed added to feed can have a reducing effect
on over 50 per cent of methane emissions from digestion in young cattle, but only
25-35 per cent in dairy cattle. The estimate is uncertain and research is ongoing.
The European Commission has asked the European Food Safety Authority (EFSA)
to assess the risks of using red algae in feed, but they do not expect to present a
risk assessment until 2024 at the earliest.

Livestock - Fertiliser management in stables

Storing slurry in the barn before transferring it to storage releases methane and ni-
trous oxide as it evaporates. Different stable systems have different surface areas
and capacity for slurry. Changing these factors can change the emissions factor per
animal. In addition, technologies can be added to treat the slurry while it is stored.

Switching to a stable with more frequent slurry discharge and installing stable acidifi-
cation are mutually exclusive. This is because it is not relevant to establish barn
acidification in barns that are already climate-friendly due to their slurry handling
system with wire-type stable cleaners/scraper. Slurry cooling can be established at
the same time as stable acidification and a change in the type of housing. In prac-
tice, however, it is often a choice between a stable acidification system or a slurry
cooling system, as there are high costs associated with both.

Change in type of housing - pigs

A farm's choice of stable is closely linked to animal type with a particular determi-
nant being the market situation (demand, price formation, production costs, etc.),
where the entire production apparatus (stable, storage, technologies, etc.) is
geared towards a specific type of animal. However, it is possible to change the sta-
ble for a given animal type, which would be a purely technical conversion. Choosing
a "low emission stable" will reduce the emissions factor per animal.

The total reduction potential for pig farms is estimated to be less than 0.07 million
tonnes of CO2-eq in 2030. The cost range of -100 - 84,000 covers different produc-
tion types, herd sizes and whether the existing stable system has been depreciated.
The majority of the potential effect is associated with a high shadow price. The
range of the shadow price is large, as it depends on the specific type and age of the
stable. For all types of production, the technological costs exceed DKK 8,000 per
tonne of CO2-eq if the type of housing is changed before the existing housing is de-
preciated. If only fully depreciated barns are included, the potential is less than 0.01
million tonnes in 2030.

When changing the stable system, the reduction effect depends on the slurry's resi-
dence time in the stable. The potential is limited by the fact that there is a general
requirement for frequent removal from pig houses as a result of the Agricultural
Agreement that came into force on 1 May 2023. The distribution of stable systems
across animal types with their respective emissions factors are included in the emis-
sions inventory based on the fertiliser register.

Stable acidification, cattle
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During acidification in stables, the pH value in the slurry is lowered by the allocation
of sulfuric acid via a stable acidification plant, reducing the turnover and formation of
methane and ammonia in the slurry. Stable acidification has the advantage that the
reduction effects in the stable are expected to be retained in the storage facility.
Livestock acidification is a mature technology due to its use as an ammonia-reduc-
ing technology. However, the climate impact still needs further documentation be-
fore it can be included in the national inventory. With stable acidification, the use of
the slurry for biogas is excluded, as sulphuric acid is incompatible with biogasifica-
tion.

Based on estimates for the spread of the technology, which are based on the
spread of types of housing where livestock housing acidification can be directly im-
plemented, it is estimated that the technological costs associated with an increased
share of stable acidification amount to DKK 575-3,950 per tonne of reduced CO:..
There is an estimated potential to reduce emissions by 0.04 million tonnes of CO--
eq in 2030. The starting point for this potential is that only existing and new cattle
stables with a ring channel that does not already acidify the stable or supply biogas
can be converted. Further documentation of possible negative side effects on the
environment is still pending. In addition, it is estimated that there is an additional po-
tential of 0.42 million tonnes of CO2-eq in 2030, for which technological costs can-
not be estimated. Realising this potential will require remodelling the type of pig
housing that do not have slurry channels. Overall, the shadow price of converting
pig houses is estimated to be significantly higher than the estimates given here.
Slurry cooling, without the possibility of utilising excess heat

Slurry cooling lowers the temperature of the slurry while it is stored in the stable,
thereby reducing the conversion and formation of methane. Slurry cooling is only
relevant in pig houses, which are typically closed stable systems. Slurry cooling is a
mature technology due to its use as an ammonia-reducing technology. Slurry cool-
ing does not technically exclude any other slurry and fertiliser technologies. Slurry
cooling contributes to both ammonia and methane reduction. By using slurry cool-
ing, the excess heat can be utilised. It is estimated that further use of slurry cooling
will take place in stables where the excess heat cannot necessarily be utilised.

The technological costs associated with an increased share of slurry cooling sys-
tems amount to DKK 4,250-6,125 per tonne of CO.-eq reduced. Based on the tech-
nological costs, it is estimated that there is a potential to reduce emissions by 0.02
million tonnes of CO2-eq. The potential is limited by the assumption that slurry cool-
ing is not implemented in existing stables, as this would require extensive and costly
remodelling. Therefore, it is estimated that there is an additional potential of 0.05
million tonnes of CO2-eq in 2030 for which technological costs cannot be assessed
(existing stables).

Final documentation for slurry cooling has yet to be finalised, including the optimal
operation of a plant to reduce methane from the slurry.

Livestock - Fertiliser management in storage

There is full overlap between the different technologies for handling slurry in the
storage facility. At the same time, the storage technologies will have no effect in
combination with stable acidification. Conversely, the best effect will be achieved if
storage technologies such as low-dose storage acidification are combined with fre-
quent removal from the stable or slurry cooling at the stable.

Tent covering with floating layers
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Tent covering on the slurry container combined with a natural floating layer on top of
the slurry reduces greenhouse gas emissions by stabilising the water balance of the
floating layer, and makes it possible to regulate the air exchange with the aim of
maintaining an elevated concentration of methane in the air above the floating layer.
Although tent coverings and floating layers are used individually as ammonia tech-
nology, the combined technology as a climate technology is very immature due to
the concept being in the pilot phase. Tent covering with floating layers are not rele-
vant for slurry sent to biogas, as the slurry is not stored in the slurry tank before de-
gassing. It is estimated that the technological costs associated with an increased
proportion of tent roofing with floating layers amount to DKK 75-975 and DKK 50-
875 per tonne of reduced CO2-eq for pig and cattle slurry, respectively. The range
in costs covers different costs depending on the size of the slurry tank. Especially
slurry tanks where a tent covering is already installed will have low costs, as only the
floating layer needs to be installed. Based on the technological costs, it is estimated
that there is a potential to reduce emissions by 0.16 million tonnes of CO2-eq. Final
documentation of the reduction effect on greenhouse gases and more detailed
knowledge of construction and operation are still pending.

Low-dose storage facility acidification

Low-dose acidification in the slurry tank lowers the pH of the slurry by adding sul-
phuric acid to the slurry tank while stirring the slurry. The combination of added sul-
phur from sulphuric acid and a lowered pH means that the formation of methane is
inhibited. Storage facility acidification is currently used as an ammonia-reducing
technology, but is added just before application and therefore only has an effect out
on the field. Low-dose acidification in storage facilities is an immature technology.
Further research is needed on, for example, acid dose and optimal addition and
mixing methods before the concept is ready for implementation as a methane-re-
ducing technology. Low-dose storage facility acidification is not relevant in combina-
tion with biogas, as slurry is typically delivered to biogas plants directly from the sta-
ble. Low-dose storage facility acidification could potentially fulfil two requirements at
once, ammonia and methane reduction. The total technical reduction potential is es-
timated to be 0.12 million tonnes of CO2-eq in 2030. Documentation of the reduc-
tion effect and more detailed knowledge about the operation of the technology is
pending.

Flaring

In flaring, the methane emitted from the slurry is collected in the air above the slurry
tank under a tightly sealed tent, then discharged into a flare and burned. Flaring is
not considered relevant in combination with stable acidification or with biogas, as
slurry is typically delivered to biogas plants directly from the stable and as acidifica-
tion is assumed to reduce or eliminate methane emissions from the storage facility.
Flaring is a known technology for burning methane in landfills (e.g. Danish company
Deponigas). However, flaring in slurry tanks is still early in the research and devel-
opment phase, and the final concept is not yet known. At this point, only a prototype
for slurry storage has been developed. The technical reduction potential is 0.23 mil-
lion tonnes of CO2-eq in 2030. There are uncertainties associated with the potential,
including a lack of documentation of the reduction effect on greenhouse gases, de-
sign and operation.

Biofilter

Biofilters work by collecting the methane-containing air from slurry stores and blow-
ing it into a layer of soil or compost, where methane-oxidising bacteria break down
methane into CO2. The same principle is currently used in landfills under the term bi-
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ocover, but the technology's effect has not yet been proven in slurry storage facili-
ties. Biofilter is an immature technology due to the lack of documentation of the re-
duction effect and the lack of repeated full-scale testing. Biofilter is not considered
relevant in combination with stable acidification and is not relevant in combination
with biogas, since slurry is typically delivered to biogas plants directly from the sta-
ble and since biofilter is assumed to reduce or eliminate methane emissions from
the storage. Overall, biofilter is estimated to have a technical reduction potential of
0.26 million tonnes of CO2-eq in 2030. The assessment is subject to a number of
uncertainties, partly due to the stillincomplete documentation of the reduction ef-
fect.

STAF/Nogas

STAF is a slurry additive whose active ingredients tannin and fluoride reduce micro-
bial activity in the slurry, preventing the formation of methane and ammonia. In la-
boratory trials, STAF has shown a promising reduction effect on methane and am-
monia in the slurry before application, as well as a reducing effect on nitrous oxide
emissions during application. In 2019, the University of Southern Denmark's project
managers have roughly estimated that if STAF is used on 50 per cent of all slurry in
Denmark, the additive will potentially reduce greenhouse gas emissions from agri-
culture by 0.4-1 million tonnes of CO2-eq annually. The assessment has been made
without consideration of the overlap between this technology and other technologies
(such as biogas). This potential is associated with significant uncertainties, as the
technology has not yet been fully developed or tested in practice in stables and stor-
age facilities. The documentation behind the estimated potential is based on labora-
tory tests and is therefore still very incomplete, as field trials under Danish condi-
tions are still pending.

Washing robots

A washing robot is a robot that can wash the slurry pits in pig houses. With a wash-
ing arm, the robot removes all residual fertiliser and bacteria from the slurry chan-
nels between each batch of pigs, thus providing poorer growth conditions for the
methane-producing bacteria. An ongoing GUDP project, GreenSlurry, expects that
the washing robot can reduce total methane emissions from stables and storage fa-
cilities by up to 60 per cent. However, this estimate is associated with significant un-
certainties due to the low maturity, which is why it is not considered possible to esti-
mate a technical reduction potential for the technology.

Field application of nitrogen - Decomposition of nitrogen in the field
Nitrogen applied to fields can be converted into nitrous oxide when it comes into
contact with soil microbiological life. By 2030, changes are expected in the way ni-
trous oxide emissions from agricultural fertiliser usage are measured, as current as-
sumptions do not match actual measurements in the field. Current research indi-
cates that the emissions factor for fertilisers is lower than the emissions factor from
livestock manure.

Nitrification inhibitors

Nitrification inhibitors have been developed as a means to optimise the utilisation of
fertilisers and manure applied to fields. The addition of nitrification inhibitors reduces
nitrous oxide emissions from the applied fertiliser and manure, thereby reducing the
emissions factor per unit of manure/fertiliser applied.

It is estimated that the technological costs associated with the use of nitrification in-
hibitors amount to DKK 1,325 and DKK 1,225 per tonne of reduced CO2-eq for live-
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stock manure and non-organic fertiliser, respectively. The potential to reduce emis-
sions is estimated at 0.39 million tonnes of CO2-eq overall. The addition of nitrifica-
tion inhibitors to fertilisers is estimated to have a positive side effect in the form of re-
duced nitrogen leaching to the aquatic environment.

Research is ongoing into the climate impact of nitrification inhibitors under Danish
conditions and whether they pose a risk of contaminating drinking water. It is a
prerequisite for the use of nitrification inhibitors that negative side effects are
clarified, including the risk of leaching to groundwater. If the preliminary results from
ongoing Danish research into the emissions of nitrous oxide in relation to fertiliser
application show that the emissions factor for non-organic fertilisers is lower than
previously assumed, this will mean that the use of nitrification inhibitors in non-
organic fertilisers has a significantly smaller reduction effect. The research projects
are expected to report in 2024.

LULUCEF sector

Carbon balance in cultivated land - Change in carbon pools

Changes in the soil's carbon pool are calculated in a dynamic model with historical
input data. The key is that the carbon pool is moving towards equilibrium. If the
same amount of biomass is added to the soil annually, the same equilibrium is main-
tained, keeping the soil carbon pool constant. If the amount of biomass added in-
creases, other things being equal, there will be an increased carbon uptake until a
new equilibrium with a larger carbon pool is reached, and if the amount of biomass
added decreases, other things being equal, there will be an increased emission until
the adaptation to a new equilibrium with a lower carbon pool. The carbon balance is
sensitive to weather changes, so a new temperature projection will affect the calcu-
lations.

The different types of biomass can replace each other to a certain extent, so for ex-
ample, biomass from straw can be replaced by several cover crops, although not
necessarily 1:1.

Catch crops

Catch crops are grown after harvesting the main crop and take up excess nitrogen
in the soil, reducing leaching and ideally making the nitrogen available for next sea-
son's crop production. In terms of climate impact, the cultivation of catch crops will
lead to a reduction in indirect nitrous oxide emissions. This is due to reduced leach-
ing and runoff of nitrogen, reduced nitrous oxide as a result of reduced fertiliser us-
age and increased carbon uptake in the soil through the greater amount of plant
residues in the field. Note that the carbon build-up in the soil follows a decreasing
curve until the saturation point is reached. At the same time, the effect is reversible.
Decomposition of plant residues from catch crops leads to increased nitrous oxide
emissions and a marginal increase in ammonia emissions.

Nitrogen regulation includes the following schemes to limit nitrate leaching from the
root zone: 'Targeted regulation’, 'mandatory catch crops' and 'livestock catch crops'.
In all schemes, the farmer can choose between several alternatives, and catch
crops are the measure that farmers primarily use.

Catch crops
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Catch crops are used with the aim of limiting nitrate leaching from the root zone.
Catch crops are grown before sowing winter crops and absorb excess nitrogen in
the soil, reducing leaching. Cultivation of catch crops leads to reduced emissions of
indirect nitrous oxide from the leaching and runoff of nitrogen and increased carbon
uptake in the soil through the greater amount of plant residues in the field. Nitrous
oxide from decomposition of plant residues from catch crops will also marginally in-
crease ammonia emissions.

Climate regulation of field operations

Cultivation practices in the field affect the soil's carbon stock and can thus lead to
emissions or removal of CO2z-eq. An increased supply of organic matter in the field,
e.g. through increased plant cover or application of organic fertiliser, will lead to a
gradual build-up of carbon in the soil. The build-up of carbon will continue until a
new equilibrium is reached in the soil carbon stock that corresponds to the new cul-
tivation practices. Carbon storage in arable farming is reversible, which means that
if there is a change in cultivation practices towards a lower input of organic matter,
carbon storage will gradually decrease. This will lead to CO2-eq emissions. To avoid
this, it is thus necessary to maintain a given cultivation practice. It is estimated that it
takes around 20-60 years to achieve a new equilibrium in the soil.

The existing nitrogen regulation uses measures (e.g. catch crops and catch crops)
that can increase carbon storage in the soil by increasing the supply of organic ma-
terial to the field. These measures are used in large areas of the country to reduce
nitrogen leaching and also have a climate impact. This climate effect is already in-
cluded in the climate projection and it is expected that these measures will be main-
tained until 2030 due to nitrogen considerations.

The CO2-eq shadow price of a cultivation practice that affects soil carbon stocks
must reflect that the effect is diminishing and reversible. This means that any sub-
sidy rate should be reduced to ensure a uniform financial incentive across reversible
and irreversible CO.-eq reductions when all effects and costs over time are taken
into account. In addition, maintaining field management measures such as catch
crops and intercropping may result in a small net emission of CO2-eq in the long
term due to a permanent emission of nitrous oxide that continues after carbon build-
up has ceased.

Field management measures to reduce nitrogen leaching are central to the planned
nitrogen regulation, and the Expert Group recommends that climate effects, such as
carbon absorption in the soil and nitrous oxide emissions from plant residues, be in-
cluded in the new regulation. Granting subsidies for field operations may be consid-
ered to increase the soil's carbon stock, bearing in mind that the effect is diminish-
ing and reversible. Subsidies for field management measures are included as a pos-
sible adjusting screw in Section 2.6.

It is possible to derive the optimal ratio between subsidies for measures with a re-
newable effect and carbon storage measures with a decreasing impact so that a
similar shadow price is achieved across the two types of measures. The optimal ra-
tio will depend on the future carbon accumulation and the cost of maintaining the
measures discounted according to the socio-economic discount rate. With a sub-
sidy of DKK 429 per tonne of CO2-eq, it is estimated to provide a CO2-eq reduction
of 0.2 in 2030 with a marginal shadow price of DKK 700 per tonne of CO2-eq in
2030. As the effect is diminishing, the CO2-eq reduction is estimated to be 0.1 in
2045 if the cultivation practice is maintained.
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Research has been initiated to help improve fertiliser emissions factors so that the
overall cultivation practice, including crop selection and management, can be taken
into account when calculating the nitrous oxide loss from applied fertiliser. In this
way, field operations can eventually be included in the calculation of the farm's emis-
sions and improve the interaction between climate and nitrogen regulation.

Biochar by pyrolysis

Pyrolysis is a process where material is heated under oxygen-deficient conditions,
creating a form of incomplete combustion of the material. The pyrolysis process pro-
duces a carbon-containing solid product and a pyrolysis gas, which can be con-
verted into a pyrolysis oil when cooled. When biomass is used as an input to the py-
rolysis process, the solid fraction is called biochar. Over time, some of the seques-
tered carbon is rereleased. Still, since only a small portion is expected to be re-
leased after 100 years and a large portion of the carbon in biochar is expected to be
stored for centuries, biochar is considered to be approximately a long-term store or
carbon.

The pyrolysis process also produces energy products in the form of waste heat, py-
rolysis gas and potentially pyrolysis oil. It is estimated that the pyrolysis oil will be
used in shipping, which is outside the 70 per cent target, and that the gas and ex-
cess heat will replace other renewable energy production. It is therefore assumed
that pyrolysis oil, gas and excess heat do not lead to CO- reductions in the national
emissions inventory, but that the pyrolysis plant sells all energy products, which
generates revenue for the plant.

Pyrolysis costs are made up of plant investment costs, operating costs, biomass
costs and costs associated with the transport and application of biochar. Revenue is
generated from the sale of waste heat, pyrolysis gas and pyrolysis oil. Climate cred-
its may also be sold, but these are not included in the technological costs per tonne
of COz, see Table 7.10. The technological costs depend on which biomass is used
for production, as well as the amount of biochar produced, as it is estimated to be
more expensive the more biomass that must be allocated to biochar production.
The technological costs thus amount to DKK 900-3,300 per tonne. However, the so-
cio-economic costs per tonne will be higher, as the CO: effect here must be offset
by the fact that some of the biomass was a temporary carbon store to begin with.

Biochar can be produced from different biomasses such as straw, biogas digestate

and wood waste. However, the technical potential is highly dependent on the phos-
phorus content of the biomass. If the applied biochar is limited to biochar produced

by the total Danish amount of biomass that is currently either applied to agricultural

land or incinerated, the total technical potential would be approx. 3.5 million tonnes

of COa. If only Danish biomass that is currently used on agricultural land is used, the
potential is even lower at a total of approx. 1.6 million tonnes of CO..

If large amounts of biomass are imported, the potential for biochar application will be
very high. For biochar produced on wood, it is estimated that 12 million tonnes of bi-
ochar can be applied annually, corresponding to 38 million tonnes of CO2, while it is
estimated that 6 million tonnes of biochar can be applied annually on straw, corre-
sponding to 12 million tonnes of CO2. For biochar produced on digestate, it is esti-
mated that 0.8 million tonnes of biochar can be applied annually, corresponding to a
CO:z effect of 0.9 million tonnes of COx.

Research into the formation and degradation of environmentally harmful substances
during biochar production, which is expected to deliver results by the end of 2025,
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and results from multi-year cultivation trials on the environmental and agronomic ef-
fects of spreading biochar on agricultural land, which are expected to be completed
in 2033, with annual reports and interim reporting in 2027, are still pending. In addi-
tion, a methodology for including biochar in Denmark's emissions inventory has yet

to be developed and is expected to be finalised in 2026.

In the short term, the realisation of biochar application is estimated to depend on the
possibility of obtaining a permit for large-scale biochar application, which depends
on the upcoming research results. In addition, realisation in the short term is esti-
mated to be limited by the expansion of facilities, as there are currently only small
demonstration facilities.
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7.6 Regulatory Basis and Data

It is assumed that regulatory models for taxes and subsidies in the agricultural and
forestry sectors are based on the same data as in the preparation of the emissions
inventory, which calculates agricultural emissions, see Chapter 5. This appendix de-
scribes farm-related data that is included in the preparation of the national emis-
sions inventory, including how it can be included in the regulatory basis that will
serve as the foundation for taxes and subsidies in the agricultural area. These are
data that farms currently self-report as part of the existing environmental and food
regulation under the Ministry of the Environment and the Ministry of Food, Agricul-
ture and Fisheries and emissions factors estimated by the DCE. The chapter should
also be read in conjunction with Appendix 7.4, which describes the methods used to
prepare the national emissions inventory.

The Expert Group has noted that there will be a need to strengthen the control and
quality of data sources from existing environmental, food and climate regulation, in-
crease incentives for correct registration in existing registers and adjust the adminis-
trative setup if data from these registers are to be used in the implementation of a
tax and subsidy system. This is because the current data is designed with other pur-
poses in mind, which requires customisation to ensure reliable and relevant data for
the CO:2-eq regulation models.

When assessing the implementation options, see Chapter 5, it is assumed that au-
thorities with responsibility for the data used, e.g. from existing environmental and
food legislation, are also generally responsible for administrative law obligations, in-
cluding the declaration process and data corrections.

Farm-related activities and emissions factors

CO:2-eq regulation of the agricultural and forestry sector's non-energy-related emis-
sions must, as a starting point, be based on the systematics and categorisation in
the national emissions inventory so that the regulation supports reductions in ac-
cordance with the national emission inventory, see Appendix 7.4. In this context, it is
important that the inventory is continuously developed within the framework of the
IPCC guidelines so that new knowledge is taken into account and the effect of new
technologies can be reflected.

The DCE's calculation follows the IPCC guidelines, which specify calculation formu-
las for calculating emissions and contain descriptions of the data that should be col-
lected for this purpose. Emissions are basically calculated by multiplying activity
data (AD) by an emissions factor (EF) in the simple formula: Emissions = AD x EF.
Activity data is e.g. number of dairy cattle, number of pigs, hectares of carbon-rich
agricultural land, amount of fertiliser applied to fields and type of housing. Activity
data included in the national emissions inventory is based on the farm-related data
that is self-reported as part of existing food and environmental regulation.

The emissions factor for the emitting activities can either be an IPCC standard fac-
tor, a country-specific factor or modelled from national data. Emissions factors asso-
ciated with a given activity can be updated if adjustments are made based on initia-
tives, such as the development of new technology, that affect the activity or emis-
sions factors. This update takes place in the work on the national emissions inven-
tory. The emissions factors associated with an activity can both be updated gener-
ally as a result of new research, but can also be adjusted based on farm-specific
conditions. This means that a company's emissions can be affected by, for example,
the company using a new, approved technology that affects the emissions from a
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given activity in relation to the standard emission in accordance with the emission
inventory, see Appendix 7.4. The basis for subsidies for technologies that are not
currently included in the national emissions inventory is described in Appendix 7.5.

The basis for regulation can be based on the existing reporting of activities, while at
the same time work is initiated to increase the scope and quality of reporting, admin-
istration and control, see Chapter 5. This will meet a consideration that the tax and
subsidy base should follow the calculation of emissions associated with a given ac-
tivity in the emissions inventory, see Appendix 7.4.

Data

The following sections describe data that is assumed to be used as a basis for regu-
lating emissions from livestock. Examples include cattle and pigs, fertiliser applied to
fields, field management and carbon-rich agricultural land. For other livestock, the
systematisation will be comparable to cattle and pigs. Emissions from livestock can
be attributed to 1) emissions from animal digestion, 2) emissions from animal ma-
nure in stables and storage facilities, see Appendix 7.4.

Livestock (emissions from digestion processes)

Registering data on cattle

The emissions inventory's unique variations (type and subtype) for cattle are regis-
tered in the fertiliser accounts, see Table 7.11. Cattle are registered in the fertiliser
accounts in the number of animals produced per year, corresponding to the count
in the emissions inventory.

Table 7.11. Variations for cattle emissions from digestion in the emissions inven-
tory, including data sources in existing environmental and food legislation

Emissions
factor, tonne of  Data source for
Type Subtype
CO2-eq per subtype
animal’
Dairy cows, jersey 3.79 Fertiliser accounts
Dairy cows
Dairy cows, heavy breed 4.61 Fertiliser accounts
Suckler cows <400 kg 1.23 Fertiliser accounts
Suckler .
Suckler cows >600 kg 2.02 Fertiliser accounts
cows
Suckler cows 400-600 kg 1.78 Fertiliser accounts
Breeding, 0-6 months, jersey 0.47 Fertiliser accounts
Breeding, 0-6 months, heav .
9 y 0.63 Fertiliser accounts
breed
Cattle for
. Breeding, >6 months - calves, -
breeding i 9 1.19 Fertiliser accounts
jersey
B ing, > hs - cal
reeding, >6 months - calves, 1.59 Fertiliser accounts
heavy breed
Veal calves, 0-6 months, jersey  0.26 Fertiliser accounts
Veal calves, 0-6 months, heav -
y 0.18 Fertiliser accounts
Veal calves  breed
Veal calves, >6 ths - 328
eal calves montns 0.47 Fertiliser accounts

kg, jersey
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Veal calf, >6 months - 440 kg,

0.34 Fertiliser accounts
heavy breed

Note: Itis the type and subtype that is registered farm by farm in the fertiliser accounts. The emissions factor is
calculated as part of the emissions inventory and is therefore not included in the fertiliser accounts. The emissions
inventory is prepared on the basis of reports from the fertiliser accounts. 1) These are emissions factors based on
data for emissions from 2021. Emissions factors change continuously as part of the work on the national emissions
inventory, which is published annually.

Registration of data on pigs

All the unique variations (type and subtype) of pigs in the emissions inventory are
registered in the fertiliser accounts, see Table 7.12. Pigs (fattening pigs, piglets and
yearling sows) are recorded in the fertiliser accounts as the number of animals pro-
duced per year, corresponding to the count in the emissions inventory.

Table 7.12. Variations for pigs' emissions from digestion in the emissions inven-
tory, including data sources in existing environmental and food legislation

Emissions factor,
Data source for

Type Subtype tpoenrn:n?r; ;)I?z-eq type/subtype
Fattening pigs, 31-115 kg 0.01 Fertiliser accounts

Pigs Piglets, 6.7-31 kg 0.00* Fertiliser accounts
Yearling sows 0.08 Fertiliser accounts

Note: It is the type and subtype that is registered farm by farm in the fertiliser accounts. The emissions factor is
prepared as part of the emissions inventory and thus does not appear in the fertiliser accounts. *0.00 means that
emissions do not appear at the 2nd decimal place. There are still emissions. 1) These are emissions factors based on
emissions data from 2021. Emissions factors change continuously as part of the work on the national emissions
inventory, which is published annually.

Livestock (emissions from fertiliser management in stables and storage)
Types of housing are crucial for variations in emissions factors for emissions from
fertiliser management in the stable and at storages from cows and pigs. Types of
housing refer to different flooring and fertiliser systems in the stable. Table 7.13
shows a sample of selected types of housing and subtypes of livestock. In total,
there are over 100 variations in the emissions inventory for emissions from types of
housing for cattle and pigs across different animal types. Data on types of housing
are registered farm by farm in the fertiliser accounts.
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Table 7.13. Table with selected variations on emissions from types of housing
for cattle and pigs

Emissions
Tvpe Subtvpe factor, tonne Data source for
ye yp of CO2-eq per  type/subtype
animal’
Deep bedding (entire area) 4.62 Fertiliser accounts
Deep bedding, solid floor, scraper 2.23 Fertiliser accounts
Deep bedding, slatted fioor, 2.23 Fertiliser accounts
flush/channel
Deep bedding, slatted floor, scraper 2.23 Fertiliser accounts
Dairy Tied-stall w/ floor grating 1.67 Fertiliser accounts
cows,
heavy Cubicles, solid floor, scraper 1.56 Fertiliser accounts
breed
Cubicles, slatted floor, flush/channel 1.56 Fertiliser accounts
Cubicles, slatted floor, scraper 1.56 Fertiliser accounts
icl lid fl 2 t
Cubicles w/ solid floor, 2 per cen 1.56 Fertiliser accounts
slope, scraper
Biogasified slurry system 1.08 Fertiliser accounts
Tied-stall w/ gutter 0.39 Fertiliser accounts
Deep bedding 0.09 Fertiliser accounts
Partially sl fl -7
a.rt|a y slatted floor (0-75 per cent 0.04 Fertiliser accounts
solid floor)
Partially sl fl 25-4
. a.rt|a y slatted floor (25-49 per cent 0.04 Fertiliser accounts
Fattening solid floor)
pigs, 31-
115 kg Drained floor + slatted floor (33/67) 0.04 Fertiliser accounts
Divided rental area 0.03 Fertiliser accounts
Biogasified slurry system 0.03 Fertiliser accounts
Solid floor 0.01 Fertiliser accounts

Note: Itis the type and subtype that is registered farm by farm in the fertiliser accounts. 1) These are emissions factors
based on data for emissions from 2022. Emissions factors change continuously as part of the work on the national
emissions inventory, which is published annually, and are therefore not included in the fertiliser accounts.

In addition to types of housing, there are a number of stable and storage technolo-
gies that reduce greenhouse gas emissions on the individual farm, such as slurry
cooling, frequent removal, delivery to biogas, acidification, flaring and covering of
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slurry tanks, etc. This is described in Appendix 7.5. It should be noted that these
technologies are not included in the emissions inventory today, as the climate ef-
fects are not sufficiently documented. However, most of the mentioned stable and
storage technologies are included in the Climate Status and Outlook, as there is
deemed to be sufficient documentation for the DCE to be able to recognise the ef-
fects in 2027. Some of the technologies are currently used to reduce ammonia
emissions in agriculture.

Barn and storage technologies are not currently registered in the fertiliser accounts
or in other registers in the environmental area. It is assumed that these will be in-
cluded in the regulatory basis when the necessary registration is provided.

Fertiliser applied to fields in kg nitrogen

Emissions from fertiliser applied to fields are calculated based on how many kilo-
grams of nitrogen are in the fertiliser applied to agricultural land. Some of the nitro-
gen in the fertiliser is converted into nitrous oxide, which is a greenhouse gas.

A tax on nitrous oxide emissions from fertiliser applied to fields can be based on how
many kg of nitrogen is applied annually to the individual farms' land, see Table 7.14.
According to current regulations, this is already registered. The farmer reports infor-
mation in the fertiliser accounts about how many kg of nitrogen is applied annually
to the farm's land. The requirement for balance between farmers' nitrogen quota
and nitrogen consumption is covered by the rules on conditionality and cross-com-
pliance. Violation of the requirement will thus result in an administrative sanction in
relation to the payment of agricultural subsidies.

Table 7.14. Data sources in existing environmental legislation for applied ferti-
liser (kg N)

Type/subtype Emissions factor Data source for

type/subtype
Fertiliser applied to the 4.2 tonnes of COz—eq per Fertiliser accounts
field (kg N) tonne N applied to fields

Note: Itis the type and subtype that is registered farm by farm in the fertiliser accounts. The emissions factor is
calculated as part of the emissions inventory and is therefore not included in the fertiliser accounts. This is an
emissions factor based on data for emissions from 2022. Emissions factors change continuously as part of the work
on the national emissions inventory, which is published annually.

In the emissions inventory, emissions from fertilisers are calculated based on an
emissions factor of 4.2 tonnes of CO»-eq per tonne of nitrogen applied to fields, re-
gardless of whether livestock manure, non-organic fertiliser or other types of organic
fertiliser are applied.

A tax on how much fertiliser (in kg nitrogen) the individual farm applies to its fields
annually, based on the emissions factor, will target the calculation of Denmark's 70
per cent target but will not take into account the variation in CO2-eq emissions from
fertiliser applied to fields, e.g. as a result of use in connection with plant production.
It is expected that the emissions factor will eventually differentiate the emissions fac-
tor between livestock manure, non-organic fertiliser and other organic fertilisers.

Carbon-rich agricultural land

A regulatory basis for carbon-rich agricultural land in agriculture can be prepared by
an overlap analysis of the so-called carbon map (Peat 2022) and the cultivation map
(IMK), which is used in connection with the payment of the hectare subsidy. Such
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an overlap analysis already forms the basis for the regulation of the current volun-
tary efforts to set aside carbon-rich agricultural land and the calculation of emissions
from carbon-rich agricultural land in the national emissions inventory.

Today, there are no existing data and registers that contain a farm-specific inventory
of the amount of carbon-rich agricultural land. Thus, an independent regulatory ba-
sis will have to be prepared, which is described in section 3.7 as part of the Expert
Group's models for regulating emissions from carbon-rich agricultural land.

The emissions factors from the emissions inventory for different types of carbon-rich
agricultural land in agriculture are shown in Table 7.15. Emissions are reduced upon
wetland restoration.*” After wetland restoration, there is still a minor CO-eq emis-
sion, which comes from an increase in methane emissions.

Table 7.15. Emissions from carbon-rich agricultural land in agriculture and data
source

Type Emissions factor’ Data source for type
Tonne of COz-e
Units zeqper
hectare
Cultivated land (agricultural land), 052
6-12 per cent '
Cultivated land (agricultural land), > 503 Overlap analysis between
12 per cent the so-called carbon map
. ~ (Peat 2022) and the culti-
Permanent grazing land, 6-12 per 18.7 vation map (IMK)
cent
Permanent grazing land, > 12 per 374

cent.

Note: This is an emissions factor based on data for emissions from 2022. Emissions factors change continuously as
part of the work on the national emissions inventory, which is published annually.
Source: DCE, Scientific note 2024 60.

47 Rewetting means that the natural water level is restored and the land can become a kind of wetland. In practice,
there are soils where restoring the natural water level means that there are periods when the soil is not under water.
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7.7 ETS in Agriculture and Forestry

The terms of reference of the Expert Group state that:

"The second report will also assess the advantages and disadvantages of a
regulatory solution for the agricultural sector, a subsidy model for EU agricultural
support and a CO:z-eq tax for this sector or a combination of these, as well as
possible measures for cost-effective requlation of agriculture that address CO2-eq
emissions and other externalities, including, e.g. environment and health."

As stated in the summary and models section, the Expert Group has chosen to
present models where tax and subsidies are combined in order to fulfil climate
targets and EU obligations. As part of this work, the Expert Group has considered
whether an ETS within agriculture (which may also include forestry) would be a
more appropriate tool to fulfil Denmark's climate goals. In an ETS with tradable
allowances, the state issues a number of allowances that entitle the right to emit a
certain amount of COz-eq and allows companies to trade the allowances among
themselves.

After weighing up the advantages and disadvantages of an ETS for agriculture, the
Expert Group has chosen not to present such a system in the models in Chapter 2.

The main benefits of an ETS are as follows:

1) An ETS allows for precise control of total emissions from agriculture. It is an
advantage if there is a political requirement for agriculture to reduce emissions by a
certain amount within a given timeframe. With a CO2-eq tax, there is not the same
certainty of achieving a specific reduction.

2) An ETS offers the opportunity to reduce the burden on the agricultural sector and
associated capital losses of climate regulation through some free allocation of
allowances.“® This can reduce the need for other and potentially more complicated
compensation schemes.

An ETS, on the other hand, has the following disadvantages:

3) Under an ETS, it is difficult to align the price of agricultural CO2-eq emissions
represented by the allowance price with the CO: tax for other industries outside the
EU ETS. This is a problem if there is a political desire for a uniform CO2-eq price for
all industries.

4) Unpredictable fluctuations in the price of allowances over time will increase
uncertainty about the profitability of investments in more climate-friendly
technologies. This is not the case under a tax system where the development of the
tax is fixed in advance.

5) A compensation scheme in the form of free allocation of allowances is
challenging to design without creating either discrimination between current and

48 However, an ETS with free allowances will basically work in the same way as a tax system with a base deduction.
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future generations of farmers, weakened incentives to reduce emissions or possibly
undesirable redistributions within the agricultural industry that would require
additional compensation schemes.

In the Expert Group's assessment, the disadvantages 3), 4) and 5) of a separate
national ETS for agriculture outweigh the advantages 1) and 2).

However, the Expert Group is aware that the European Commission is considering
the possible introduction of an EU ETS for agriculture. A significant advantage of
such a common climate regulation is that it will put Danish agriculture on an equal
competitive footing with agriculture in the rest of the EU, thereby avoiding distortions
in agricultural production. The models presented by the Expert Group, which do not
introduce a separate Danish ETS for agriculture, should, therefore, not be
interpreted as a rejection of a possible future pan-European ETS for agriculture. The
Expert Group notes that the preparation of the administrative basis for a Danish
climate tax on agriculture will probably contribute to the future implementation in
Denmark of a common EU ETS for agriculture, should such a system be adopted.

The Expert Group's considerations on an ETS for agriculture are elaborated in the
following.

ETS versus tax system: Similarities and differences

In a theoretical world with perfect information exactly the same CO2-eq price and
the same amount of emissions can, in principle, be achieved with a tax system as
with a system with tradable CO.-eq allowances. Under complete information, the
authorities can calculate the exact amount of emissions resulting from a given tax
rate, just as they can calculate the precise price of allowances resulting from a given
allowance supply. This will allow authorities to implement exactly the same CO2-eq
price and emissions in the two systems.

However, in the real world, with uncertainty about companies' cost and market
conditions, there will be uncertainty about how high emissions will be at a given
CO:2-eq tax rate, while under an ETS there will be uncertainty about what quota
price will be formed at a given quota supply.

An ETS with a liquid market for tradable allowances, like a tax system, can deliver
cost-effective reductions in greenhouse gas emissions from the sector covered by
the allowances, as the price of allowances establishes a uniform price on emissions
for all covered production units. Through the determination of the supply of
allowances, the state can precisely control the amount of emissions from the sector,
which in principle provides full certainty that the desired reductions will be achieved.

In contrast, the price of allowances cannot be perfectly controlled as there is
uncertainty about the cost to producers of reducing their emissions and, thus,
uncertainty about the demand for allowances. With a separate ETS for agriculture, it
is therefore difficult to standardise the price of CO2-eq across sectors in
combination with e.g. the CO2-eq tax on industry, etc. The purpose of a uniform
CO2-eq tax is to ensure that CO2-eq reductions are made where it is cheapest, both
within and across sectors. If agriculture is regulated separately through an ETS and
the price of allowances differs from the CO.2-eq tax for industry, the same degree of
cost efficiency that a common, uniform CO2-eq tax for industry and agriculture
would create is not achieved, as the marginal reduction costs are not equalised
across sectors. However, if politicians want to operate with a different CO2-eq price
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for agriculture than for other sectors, this argument against a separate ETS for
agriculture naturally carries less weight.

Another problem, however, is that the CO2-eq price can fluctuate significantly over
time under an ETS due to uncertainty about the cost to producers of reducing their
emissions and because, for example, fluctuations in the prices of agricultural
products can cause fluctuations in the price of allowances. These uncertainties
mean that the incentives to invest in climate-friendly technologies may be lower
under an ETS than under a tax system, see box 7.5.

Box 7.5
Examples of investments in technologies under an ETS in agriculture

Inan ETS, the price of allowances can vary from year to year, whereas the price of a CO2-eq tax is
fixed. Below are two stylised examples of a technology that is invested in annually and a technology
that requires a longer-term investment.

For a technology where the farmer has to decide annually whether to use the technology, e.g. feed
additives, the implementation of the technology under an ETS will depend on the relative prices of
allowances and the specific technology. With a tax system, the implementation of a given technology
will depend on the technology price in the given year. In both cases, the farmer will assess each year
whether or not it is profitable to invest in the technology. The figure below illustrates an example
where the price of a given technology is fixed year on year. Under an ETS, the farmer will only invest
in the technology in years where the price of allowances exceeds the price of the technology,
whereas under a tax system, the farmer will invest in the technology every year, provided the tax is
higher than the cost of implementing the technology.

The investment decision will depend on the farmer's long-term expectations of relative prices for a
technology that requires a longer-term investment, such as technologies for stables. Under an ETS,
the investment decision depends on the farmer's expectations for the development of the price of
allowances and how much risk the farmer wants to take on. In a tax system where the future tax rate
is predetermined, the uncertainty about the future CO2-eq price is removed and the farmer only has
to assess whether it is profitable to invest in the technology based on his knowledge of the invest-
ment cost and the expected future operating costs of using the technology.

Overall, a tax system can thus provide more favourable incentives for investment in climate-friendly
technologies than an ETS.

Example of technology costs relative to allowance price and
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The design of an ETS

In its purest form, an ETS works by the state auctioning allowances to companies,

which are then authorised to emit a given amount of CO2-eq. Companies can then
trade allowances among themselves as needed after the initial auction round. The

state receives revenue from the sale of allowances, which can be used to compen-
sate emitters, for general tax or duty relief, or for increased public spending.

The rules for the use of allowances can be designed in two main ways that will affect
companies' incentives differently, see Box 7.6.

Box 7.6
Design of the EU ETS

Time-limited allowances

The allowances expire after a given period of time, e.g. one year, after which a new allowance period
starts. If the allowances expire after a given time period and are subsequently worthless, it creates
certainty to achieve a given volume reduction within that time period. This will create certainty in rela-
tion to political reduction targets, such as the 70 per cent target.

On the other hand, there will be uncertainty about the price of CO2-eq in this ETS, as there may be
large variations in the demand for allowances both within the individual allowance period and across
allowance periods, e.g. due to fluctuations in weather conditions.

Allowances that can be saved up

Alternatively, you can allow allowances to be "saved up" for later use. This can reduce short-term
fluctuations in the price of allowances, as companies can choose to bank allowances in years when
the price of allowances is relatively low and use banked allowances in years when the price of allow-
ances is particularly high. Such a system gives the companies the opportunity to make a larger
share of the reductions this year when the reduction efforts are relatively cheap, thereby reducing
the present value of the total reduction costs over time. An ETS with the option to bank allowances
does not guarantee the achievement of a given reduction in any given year, but still ensures a certain
amount of reductions within the time horizon over which banked allowances can be utilised. Even if
allowances can be utilised in perpetuity, there will still be a guarantee that total emissions over time
cannot exceed the total amount of allowances issued over time. However, there will be no certainty
that a specific amount of reductions will be achieved in a given future year, such as 2030.

An ETS with free allowances

If the government wants to reduce the immediate business burden of the ETS, it can
choose to allocate some or even all of the issued allowances to companies free of
charge. This reduces the need for other forms of compensation to companies, as
the allocation of free allowances is equivalent to handing out financial assets with a
market value equal to the price of allowances.

The extent of the allocation of free allowances can be gradually phased out over
time to the extent that there is a political will to enforce the polluter pays principle.

The distributional consequences of such a system will depend on the criteria for
allocating free allowances. In the following, various possible criteria are discussed.

Allowance allocation based on historical emissions

In an ETS for agriculture, allowances could be allocated according to the farms'
historical emissions from land and livestock. A fixed free allowance allocation that is
independent of the company's current production means that the price of
allowances is fully reflected in the companies' marginal costs. Thus, it is a question
of compensation for the farmer, which does not affect the farmer's production
decision. In this way, the farmer's full incentive to reduce their emissions is
maintained. For example, at the margin, livestock producers will have the same
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incentive to reduce livestock numbers as if the allowance were auctioned by the
state.

It is essential that the allocation of allowances is based on a criterion such as
historical emissions that is not influenced by the current behaviour of companies, so
that individual companies do not risk having the allocated amount of free allowances
reduced if they reduce their emissions after the introduction of the system.
Otherwise, companies that implement reduction measures will fear that their free
allowance will be reduced in the long run, thereby weakening the incentive to
transition.

However, a system of free allowances based on historical emissions may be less
efficient than a system based on auctioning allowances, as more efficient farmers
with increasing production will have to buy allowances from less efficient farmers
with decreasing production. This will result in an economic redistribution in favour of
the latter group, which can hamper the industry's productivity development. A
particular problem is that farmers who set up after the introduction of the ETS
cannot be allocated free allowances on the basis of historical emissions, so special
allocation criteria must be designed for this group to avoid discriminating against
new generations of farmers.

In addition, there may be administrative and control challenges when calculating the
historical emissions of the individual farms.

Allowance allocation based on the farm's production

Within the EU's emissions trading system (ETS) for the energy sector and the
energy-intensive industry, allowances are allocated free of charge to companies in
certain industries exposed to competition, such as steel and cement, where there is
considered to be a particularly high risk of leakage of CO. emissions to countries
outside the EU. The allocation of free allowances to each company is proportional to
the company's production over a certain previous period multiplied by an emissions
factor that reflects the average CO: intensity (CO- emissions per unit produced) of
the 10 per cent of companies in the industry with the lowest CO: intensity. Under
this system, an increase in a company's production will, with a certain delay, trigger
an increase in the company's allocated amount of free allowances, which in isolation
strengthens the company's competitiveness and counteracts the structural effects
(the fall in production) caused by the ETS. At the same time, the individual
company's incentive to lower its CO: intensity through technical conversion of
production (thereby freeing up allowances that can be sold on the market) is
preserved, as the individual company has no significant influence on the average
CO: intensity that forms the basis for the allocation of allowances.

However, a similar system for allocating free allowances in a national quota system
for agriculture would probably result in a very high allowance price if the climate
targets are to be met, see Box 7.7. As the box explains, free allocation of
allowances on the basis of individual farm's production will severely weaken the
incentive to reduce emissions when emissions are highly correlated with production
due to limited technological possibilities to lower emissions per unit produced. The
Expert Group's analyses indicate that the technical possibilities for lowering the
emission intensity of Danish agriculture at affordable reduction costs are so far
limited and that it is, therefore, not realistic to meet Denmark's national climate
targets and international climate commitments without some reduction in
agricultural production. A system of free allocation of allowances based on
production will inhibit the necessary production adjustment, which means that the
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price of allowances must be pushed up very high to ensure the necessary
greenhouse gas reductions. A disproportionately high CO2-eq price in agriculture
compared to the CO2-eq tax on other industries will make climate action less cost-
effective. A free allocation of allowances based on the individual farm's production
may therefore be inappropriate.

Box 7.7
Free allocation of allowances based on the individual farm's production

A simplified example can illustrate the potential problem of allocating free allowances to
each farm based on the farm's production.

Consider a dairy farmer who owns K dairy cattle, each producing g litres of milk per year, so the
farm's total annual production is g X K. Assume that the average emission per dairy cow in total agri-
culture is estimated to be u based on Denmark's emissions inventory, and that the dairy farmer in
question is allocated a quantity Q =k xu X g x K of free allowances, where k is a proportionality
factor common to all producers and u g X K'is the emissions that the dairy farm would have if its pro-
duction had the average greenhouse gas intensity u. Furthermore, assume that you are in the ideal
situation where you can measure the actual greenhouse gas intensity u rfrom the farm in question. If
the allowance price is p, the ETS will then impose a total net payment N on the farm of the size

N=(pxurxqxK)—(pxkxuxqgxK) (1)

where the term in the first parenthesis on the right-hand side of equation (1) is the farm's cost of pur-
chasing allowances in the absence of free allocation of allowances, and the term in the last parenthe-
sis is the market value of the free allocated allowances, which depends on the allowance price p. If
the dairy farmer is able to reduce the farm's emission intensity by the amount du 1, e.g. via feed addi-
tives, it follows from (1) that his net payment will decrease by the amount du ¢ x p x g X K, since the
amount of free allowances allocated to the farm will remain unchanged. Thus, the free allocation
does not weaken the incentive to reduce emissions through technical reduction measures.

If the farm instead lowers its emissions by lowering the cattle population by the amount dK, the
change dN in the farm's net payment according to (1) will be

dN = (us-kxu) x pxuxqgxdK (2)

According to (2), compared to an ETS without free allocation of allowances, where k = 0, free alloca-
tion will reduce the decrease in the farm's net payment and thus weaken the incentive to reduce
emissions by reducing the effort of the production input (in this case cattle) that is the source of emis-
sions.

The example illustrates that if there are only limited technical possibilities to reduce emission intensity
and thus a high degree of proportionality between production and emissions, a system of free allow-
ance allocation on the basis of the individual farm's production can weaken the incentive for green-
house gas reductions to such an extent that it will require a very high allowance price to achieve the
targeted reductions. The issue is exacerbated if it is difficult in practice to measure the actual emis-
sion intensity (ur) on the individual farm, as this will reduce the individual farmer's incentive to imple-
ment technical reduction measures.

Allowance allocation per hectare of land

Another option is to allocate free allowance proportional to the area of the individual
farm. This would be administratively simple, as the area of farms is already
calculated in connection with the payment of the hectare subsidy under the EU's
Common Agricultural Policy. Furthermore, an allowance allocation based on
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hectares will not reduce or distort farmers' incentives to implement reduction
measures, as these will not affect the allowance allocation.

An allowance allocation per hectare of land that applies to both current and future
landowners will counteract the decline in land values that would otherwise occur in
an ETS without free allowances. This may be a desired effect in terms of limiting the
number of bankruptcies and the resulting pressure on financial stability in
connection with a future climate regulation of agriculture. However, the counterpart
to capitalising the value of free allowances in land values is that these can become
more volatile due to fluctuations in the price of allowances.

By linking the free allocation of allowances to the area and continuing the free
allocation when ownership changes, the system avoids favouring current farmers
over future generations of farmers. This equality of current and future farmers is a
favourable feature of the area criterion compared to a system where free allowances
are allocated based on historical emissions.

However, unlike an allocation based on historical emissions, an allocation based on
area will have more significant distributional consequences within the current
generation of farmers, as the area criterion will favour producers with large areas
over producers with more limited areas. In particular, livestock farms with high
emission intensities will be less favoured by using the area criterion. If you politically
want to counter this redistribution effect, you could choose to supplement an
allowance allocation based on area with an allowance allocation per animal, which
could work in the same way as a base deduction per animal, as described in
Chapter 2. This will help reduce the redistributive effect of an allowance allocation
per hectare and maintain the incentive at the margin to use technological solutions,
but it will still be difficult to control the CO2-eq price.

It should be noted that an allocation of free allowances based on the area of the
farm in an ETS will work in the same way as a base deduction based on area in a
tax system.

State aid law issues

When assessing whether a possible ETS is covered by the state aid rules, it will
have to be assessed whether the introduction of such a system may involve state
aid in relation to companies that the ETS does not cover, are allocated proceeds
from the system, or are allocated free allowances that the company can
subsequently trade.

In the variants of a Danish ETS for agriculture discussed above, it is assumed that
any allocation of free allowances is not limited to selected agricultural subsectors,
but is extended to all farms above a certain size according to one of the three
criteria discussed above. Thus, the issue of state aid law concerns whether these
systems for free allocation of allowances will be considered to distort competition
within the EU's internal market, even though they are only intended as (partial)
compensation for the burden on Danish agriculture that a national ETS would
constitute.

7.8 Carbon Leakage

The terms of reference state that the Expert Group must consider greenhouse gas
leakage (carbon leakage), including the consideration in the Danish Climate Act, to
ensure that Danish CO.-eq reduction measures do not simply move greenhouse
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gas emissions outside of Danish territory. In general, climate actions that result in
CO2-eq reductions due to structural changes can be associated with carbon
leakage. For this reason, carbon leakage in agriculture caused by a CO2-eq tax
should be compared with alternative reduction measures that may also cause
carbon leakage.

This section describes the Expert Group's work on carbon leakage in agriculture,
including the risk of carbon leakage through the modelling of greenhouse gas
emissions from agriculture.

No conclusion is drawn on the exact size of the risk of carbon leakage, as there is a
high degree of uncertainty associated with the calculations. Instead, different
estimates of carbon leakage under different assumptions are presented.

Chapter 2 presents three different designs of tax systems that reflect the weighting
of low socio-economic costs against considerations of limited carbon leakage and
limited structural changes in agriculture. This section describes the overall risk of
carbon leakage in each of the models included in chapter 2. It is estimated that a
lower tax level will result in a lower carbon leakage rate if the subsidy for
technological reductions is increased so that the technical share for a given CO2-eq
reduction is increased.

Background on greenhouse gas leakage from the first interim report

As described in the first interim report, greenhouse gas leakage refers to a situation
where domestic measures aimed at reducing greenhouse gas emissions in
Denmark lead to increased emissions abroad, e.g. if part or all of the production of a
given product is moved abroad. This means that Danish climate policy measures
potentially reduce global emissions less than Danish emissions are reduced.

This effect can be calculated as a carbon leakage rate, which indicates the
proportion of domestic CO2-eq emissions that are replaced by foreign emissions for
a given measure. Carbon leakage can, for example, occur through foreign trade by
making Danish production of goods with a high climate footprint more expensive as
a result of a CO2-eq tax, which can weaken the competitiveness of Danish
producers and lead to Danish and foreign consumers shifting their consumption
from goods produced in Denmark to goods produced abroad.

In what follows, a decomposition is reviewed that illustrates that the results for the
carbon leakage effects in Danish agriculture are very sensitive to which
assumptions are used as a basis for the calculations. Next, the assumptions that are
considered to have a significant impact on the size of the carbon leakage rate are
analysed.

Decomposition of the carbon leakage effect of a CO2:-eq tax on agriculture
The following shows step-by-step calculations of the leakage effects for Danish
agriculture of an exemplified CO2-eq tax of DKK 750 per tonne on fertiliser usage,
liming and livestock, including subsidies for afforestation and other measures, as
well as the harmonisation of the tax on F-gases to DKK 750 per tonne of CO.-eq
and the set-aside of carbon-rich agricultural land, see Figure 7.1, and broken down
by industry level, see Table 7.16, where the assumptions that are expected to affect
the carbon leakage rate in Danish agriculture are gradually changed. The
calculations show, among other things, that the results for carbon leakage effects
are very sensitive to assumptions about the production's greenhouse gas intensity,
i.e. emissions in relation to value added, in agriculture in Denmark and abroad. In
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the following, each step of the decomposition is summarised, and Box 7.8
elaborates on each step.

Step 1: Step 1 assumes that the greenhouse gas intensity of Danish agriculture is
the same as abroad and that Danish production is replaced 1:1 by foreign produc-
tion. A 100 per cent carbon leakage rate would mean, among other things, that
there are no technological reduction options in agriculture.

Step 2: When other effects*? are included, the carbon leakage rate drops from 100
per cent to 52 per cent, which is due to the fact that technical effects lead to signifi-
cant CO2-eq reductions at a tax of DKK 750 per tonne of CO2-eq.

Step 3: Carbon leakage rates can be broken down into a combination of direct car-
bon leakage and indirect carbon leakage. In step 2, only direct carbon leakage is
taken into account, i.e. how much of the emissions directly move from Danish agri-
culture to foreign agricultural sectors. The indirect carbon leakage shows the gen-
eral equilibrium effects that may occur, including industry shifts and reduced return
on capital in Denmark as a result of the tax. For this reason, indirect carbon leakage
is taken into account in step 3, reducing the carbon leakage rate to 37 per cent.

Step 4: Steps 4a and 4b look at how different assumptions regarding the relative
greenhouse gas intensity of Danish agriculture compared to other countries affect
the carbon leakage rate. In step 4a, it is assumed that Danish agriculture has a
lower greenhouse gas intensity than foreign agriculture, resulting in a carbon leak-
age rate of 44 per cent. In step 4b, it is assumed that Danish agriculture has a
higher greenhouse gas intensity than abroad, which reduces the carbon leakage
rate to 22 per cent.

Step 5: In this step, the carbon leakage rate in GreenREFORM is calculated with
leakage coefficients from GTAP-E®?, where it is assumed that EU countries will fulfil
binding limits for their emissions in the part of the industry that are not currently reg-
ulated under the Effort Sharing Regulation sector, while there are no limits for emis-
sions from non-EU countries In addition, substitution away from consumption of
foods with a high climate footprint is taken into account. The carbon leakage rate is
then reduced to 21 per cent.

Thus, the Expert Group assesses that the carbon leakage rate of a CO2-eq tax on
Danish agriculture is significantly less than 100 per cent, as it is expected that the
tax will drive technical change and lead to general equilibrium effects. For this
reason, the leakage rate is based on steps 3-5, where it is estimated that the carbon
leakage rate in agriculture is between 21-44 per cent, corresponding to 21-44 per
cent of the reductions from a CO2-eq tax of DKK 750 per tonne of CO.-eq on
agriculture resulting in carbon leakage, see Figure 7.1 and Table 7.16.

49 Other effects include technical effects (reductions that do not affect the scope of production but reduce emissions

per unit produced, e.g. via feed additives for cattle, biochar in pyrolysis, etc.) and activity effects (e.g. change from

farmland to forest or carbon-rich agricultural land being flooded).

50 The GTAP model is a model of global trade that describes bilateral trade pattems, production, consumption and
intermediate use of goods and services. GTAP-E is an extended model that includes energy consumption and CO.-
eq emissions and can be used to determine carbon leakage rates.
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Figure 7.1. Decomposition of carbon leakage effects in agriculture at a CO2-eq
tax of DKK 750 per tonne

/
o @ @ 44 per cent
\ leakage

Total CO,-eq- Structural effect 37 per cent @ — @
reduction in Denmark 52 per cent leakage
100 per cent leakage leakage 22 per cent 21 per cent leakage
leakage
3,2 m tonnes CO,eq 1.6 m tonnes COzeq 1,2 m tonnes COeq 0.7-1,4m tonnes CO,eq 0,7 m tonnes CO.eq
\ A . A g A . A
Other effects are Indirect effectis deducted. Changes in foreign Calculations in GreenREFORM with
deducted, including The indirect effect stems countries' CO2-eq GTAP leakage coefficients,
technical effect- from increased activity in intensity. In the lower limit, including the effect ofan increase in
Leakage through other parts of the Danish foreign countries have the world price in the non-ETS for
foreign trade, economy and the shift of lower CO2-eq intensity all EU countries and substitution
increase in imports or activity abroad towards than Denmark, and in the  away from meat consumption.
corresponding the agricultural sector. upper limit, foreign
decrease in exports. countries have higher
CO2-eq intensity than
Denmark.

Note: For each step, a single component changes from the previous calculation. For example, steps from 3 to 4a
assume that Danish agriculture has a lower CO2-eq intensity than abroad for similar production, but still take into
account price pass-through in agricultural goods. Greenhouse gas intensities for the lower estimate (4a) come from
Lesschen et al. (2011), while the upper estimate (4b) assumes that agriculture in the rest of the world is 42 per cent
less greenhouse gas intensive than Danish agriculture in 2030, as assumed in the 2020 report from the Danish
Environmental Economic Council (DMZR).

Source: Own calculations

The decomposition of the carbon leakage effect can also be done at industry level,
see Table 7.16. In step 2, it can be seen that the technical effects have the greatest
impact on the carbon leakage rate for cattle, which is mainly due to the cattle
producers' ability to apply CO2-eg-reducing measures.

Table 7.16. Changes in foreign emissions and carbon leakage rates in model 1
by agricultural sectors (2030 effects)

Step 5:
Step 4a: Step 4b:
Step 3: . P P Restrictions
Step 1: Step 2: After Higher Lower on
Immediate  Structural | COz-eqg- COz-eq- .
indirect . ) . ) emissions
effect effect intensity intensity .
effects in the EU
abroad abroad otc

Million tonnes of CO2-eq (Carbon leakage rate in per cent)

0.4 0.3 0.2 0.2 0.1 0.1
Crop

(100) (67.7) (48.8) (57.1) (28.3) (25.3)
Cattle 1.8 1.0 0.7 0.8 0.4 0.4
(100) (56.1) (40.4) (47.3) (23.4) (23.7)
Pias 0.5 0.3 0.2 0.3 0.1 0.1
g (100) (62.2) (44.8) (56.51) (26.0) (21.4)
Other 0.4 0.0 0.0 0.0 0.0 0.0
measures (100) (0.0) (0.0) (0.0) (0.0) (0.0)
3.2 1.6 1.2 1.4 0.7 0.7

Overall
(100) (51.6) (37.1) (44.1) (21.5) (20.5)

Note: The effects in 2030 of introducing a COz-eq tax of DKK 750 per tonne of CO2-eq (2022 prices) on fertilisers,
liming and livestock and introducing subsidies for afforestation. Changes in foreign emissions are stated in million
tonnes of COzeq and rounded to the nearest 100,000 tonnes. The total emission changes do not necessarily match
the sum of the individual categories due to rounding. Other measures include a tax on F-gases and the set-aside of
carbon-rich agricultural land. A tax on F-gases and the rewetting of carbon-rich agricultural land will lead to reductions
of 0.1 and 0.3 million tonnes of CO2-eq in 2030, respectively, which are assumed to be 100 per cent technical and
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activity effects that are therefore not replaced by emissions abroad.
Source: Own calculations

Box 7.8
Description of the decomposition of the carbon leakage effect

Step 1: As a starting point, it is assumed that the greenhouse gas intensity of Danish agriculture is
the same as abroad and that Danish production is replaced 1:1 by foreign production. A 100 per
cent carbon leakage rate would mean that there are no technological reduction options in agricul-
ture, and the total decrease in emissions of 3.2 million tonnes of CO2-eq from a CO2-eq tax on agri-
culture of DKK 750 per tonne and other measures would consist solely of structural effects. How-
ever, this is considered to be an unrealistic scenario, as it is expected that agriculture will use techno-
logical measures at a CO2-eq tax of DKK 750 per tonne.

Step 2: When other effects, including technological measures and activity effects, are included, the
carbon leakage rate drops from 100 per cent to 52 per cent, which is due to the fact that other ef-
fects amount to approx. 1.5 million tonnes of COz-eq within the individual agricultural industries, see
Chapter 2. For this reason, structural effects will amount to 1.6 million tonnes of COz-eq at a CO2-eq
tax of DKK 750 per tonne. Thus, it is the structural effects of the total decrease in emissions that con-
stitute the carbon leakage effect in step 2, and therefore the carbon leakage rate is less than 100 per
cent of the total effects. If the effect of rewetting carbon-rich agricultural land is not taken into ac-
count, the carbon leakage rate would be 57 per cent.

Step 3: Carbon leakage rates can be broken down into a combination of direct carbon leakage and
indirect carbon leakage. In step 2, only direct carbon leakage is taken into account, i.e. how much of
the emissions directly move from Danish agriculture to foreign agricultural sectors. The indirect car-
bon leakage shows the general equilibrium effects that can occur, including industry shifts due to in-
creased activity in other industries in the Danish economy, as capital and labour move from Danish
agriculture to other industries, thereby increasing their production and emissions. Conversely, capital
and labour abroad move away from other industries and towards the agricultural sector, which low-
ers production and emissions from other industries abroad. The tax reduces the return on capital in
Denmark, which leads to a slight deterioration in global investment opportunities and thus lowers
overall global production.®! The indirect carbon leakage rate is determined based on Beck et al.
(2023), who find an indirect carbon leakage rate of -28 per cent.52 By including this indirect carbon
leakage rate, the total carbon leakage rate becomes 37 per cent.

Step 4: Next, we look at how different assumptions regarding the relative greenhouse gas intensity of
Danish agriculture compared to other countries affect the carbon leakage rate. Step 4a assumes
that foreign agriculture has a higher greenhouse gas intensity than Danish agriculture. Here, green-
house gas intensities from Lesschen et al. (2011)°2 are used, resulting in a carbon leakage rate of
44 per cent. In step 4b, on the other hand, it is assumed that agriculture abroad has a 42 per cent
lower greenhouse gas intensity than Danish agriculture based on 2014 data from the GTAP data-
base, which reduces the carbon leakage rate to 22 per cent. These two assumptions can be consid-
ered the extremes of relative greenhouse gas intensity, and for this reason, the carbon leakage rate
is expected to be within a range. There is thus considerable variation in the analyses of relative
greenhouse gas intensity, and it is not clear which analyses are generally the most accurate in terms
of carbon leakage effects, see Box 7.9.

Step 5: In this step, the carbon leakage rate is calculated in GreenREFORM, assuming that EU
countries will meet binding limits on their emissions in the Effort Sharing Regulation sector, i.e. that
EU countries fuffil the Effort Sharing Regulation. In addition, substitution away from consumption of

51 The first interim report described how general equilibrium effects can affect leakage effects (https://skm.dk/me-
dia/Skatteministeriet/Publikationer/Rapporter/groen-skattereform-foerste-delrapport-tigaengelig.pdf)

52 Beck, U. R., Kruse-Andersen, P. K., & Stewart, L. B. (2023), “Carbon leakage in a small open economy: The im-
portance of international climate policies”, Energy Economics.

53 Lesschen, J.P., et al. (2011), "Greenhouse gas emission profiles of European livestock sectors", Animal Feed Sci-
ence and Technology, 166-167, 16-28.
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foods with a high climate footprint is taken into account. The GreenREFORM's carbon leakage mod-
ule uses 2014 data from the GTAP database and carbon leakage coefficients from GTAP-E. In the
GreenREFORM calculations, it is the greenhouse gas intensity in the activity types and regions
where production increases the most that is important for the carbon leakage and not the green-
house gas intensity abroad as a whole, in contrast to the partial calculations in steps 1-4. It should be
noted that the assumptions about where production will increase the most are subject to some un-
certainty, see Section 3 on foreign trade below. The calculation assumes that a number of EU coun-
tries have restrictions on emissions from the Effort Sharing Regulation sector, while there are no re-
strictions on emissions for non-EU countries (thus, the Paris Agreement is assumed to be non-bind-
ing). It can be seen that if, in relation to step 4b, it is assumed that there are binding restrictions in the
Effort Sharing Regulation sector in the EU, the carbon leakage rate is further reduced to 21 per cent.

Carbon leakage rates in primary models

Table 7.17 presents the estimated carbon leakage rates for models 1-3, as pre-
sented in Chapter 2. The carbon leakage rates are based on steps 3-5, which are
described above. The carbon leakage rate gradually decreases from models 1 to 3.
This is due to the fact that models with a high share of technological reductions for a
given COs-eq reduction have a relatively limited change in the occupational struc-
ture of the economy and therefore lower structural effects. Therefore, there is a less
risk of carbon leakage. The gradually lower carbon leakage rate from models 1 to 3
should be seen in light of the fact that the subsidy for technological reductions from
biochar by pyrolysis and other possible technologies increases, and the socio-eco-
nomic costs rise as a result of that.

Table 7.17. Carbon leakage rates of the models (2030 effects)

Per cent
Model 1 20.5-441
Model 2a 13.0-29.6
Model 2b 8.4-23.1
Model 3a 8.0-20.4
Model 3b 3.5-12.3

Note: Based on steps 3-5, see Table 7.16. Changes in foreign emissions are stated in million tonnes of COz-eq and
rounded to the nearest 10,000 tonnes. Other effects include a tax on F-gases, removal of carbon-rich agricultural
land and subsidies for biochar by pyrolysis. A tax on F-gases leads to reductions of 0.1 million tonnes of COz-eq in
2030, which is assumed to be 100 per cent structural effects. Tax on F-gases, set-aside of agricultural land and
subsidies for pyrolysis lead to reductions of 0.1, 0.3 and 0.2 million tonnes of CO2-eq in 2030, respectively, which is
assumed to be 100 per cent technical and activity effects.

Source: Own calculations

The impact of assumptions on the size of the carbon leakage

As described in the previous section, there are a number of assumptions that have
a significant impact on the calculations of the carbon leakage effect. This includes
assumptions about 1) the greenhouse gas intensity of Danish agriculture relative to
other countries, 2) assumptions about policy response abroad and international
reduction targets, and 3) assumptions about global trade patterns.

1. Greenhouse gas intensity in Danish agriculture relative to other countries

As described above, the carbon leakage effect depends, among other things, on
Danish agriculture's greenhouse gas intensity relative to the countries to which
production will potentially shift after the introduction of a CO2-eq tax. For example, if
Danish agriculture has a lower greenhouse gas intensity than foreign agriculture,
this will increase the carbon leakage effect of a CO2-eq tax, as the production of a
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given product will have a larger CO2-eq footprint if it is produced abroad rather than
in Denmark.

Conversely, it will reduce the carbon leakage effect of a CO2-eq tax if foreign
countries have a lower greenhouse gas intensity than Danish agriculture. When
calculating carbon leakage effects, it is therefore important to consider the
emissions, earning capacity and production conditions of farm types in Danish
agriculture relative to similar farm types in foreign agriculture.

Within the literature, three studies can be highlighted that shed light on the climate
impact of specific countries, including Denmark, see Box 7.9.

Box 7.9

Description of three studies that review the climate effectiveness of, among other things,
Danish agriculture

Lesschen et al. (2011) finds that Danish agriculture is among the most climate-friendly in the EU,
while Weiss & Leip (2012) finds that Danish agriculture is among the least climate-efficient in the
EU.54 A third study by Wirsenius et al. (2020) finds that Danish agriculture, specifically dairy and pig
production, is among the most climate-efficient from a global perspective, but that other major ex-
porting countries of e.g. dairy products are also relatively climate-efficient.>® Thus, the carbon leak-
age effect for Danish agriculture as a result of a COz-eq tax will be reduced if the countries to which
production is shifted are as climate-efficient as Denmark, and the carbon leakage effect will increase
if the countries are less climate-efficient.

The differences in the results in the three studies can be attributed to different approaches to calcu-
lating emissions from land use, changes in land use and forestry (LULUCF). Lesschen et al. (2011)
do not include emissions from animal feed production based on land use change, which means that
the climate footprint does not take into account whether production takes place on land that has re-
cently been used for non-agricultural purposes. Weiss & Leip (2012), on the other hand, include
emissions in production as a result of land use changes, e.g. deforestation of rainforest in South
America for soy production, which is not included in Denmark's emissions inventory and thus not in the
70 per cent target. For this reason, their calculation of the carbon footprint of animal production
takes into account that land for feed production may have been used for non-agricultural purposes in
the past. This climate impact due to land use change abroad leads back to the country's soya im-
ports, which increases the international climate footprint of Danish agriculture. Wirsenius et al. (2020)
attempt to account for the opportunity cost of all feed production by including the fact that all agricul-
tural land can, in principle, be converted to e.g. forest. With this calculation method, the climate im-
pact of Danish agricultural production is significantly lower.

The Expert Group assesses that Danish agriculture's relative climate efficiency is
associated with significant uncertainty, as it largely depends on how emissions are
calculated and which countries that are compared with.*¢ Thus, considerations
about the relative greenhouse gas intensity of Danish agriculture depend on the
extent to which a shift is expected and which countries Danish production may shift
to. For example, it depends on whether a shift is to non-EU countries with less
climate-efficient agricultural production or to countries that are relatively more
climate-efficient.

54 Weiss, F. & Leip, A. (2012), "Greenhouse gas emissions from the EU livestock sector: A life cycle assessment car-
ried out with the CAPRI model’, Agriculture, Ecosystems and Environment 149, 124-134.

55 Wirsenius, S., et al. (2020), "Comparing the Life Cycle Greenhouse Gas Emission of Dairy and Pork Systems
across Countries Using Land-Use Carbon Opportunity Costs", Working Paper, World Resources Institute.

56 See e.g. Mogensen, L., et al. (2022), "Vidensyntese om livscyklus vurderinger og klimaeftektivitet i landbrugs-
ektoren" (Knowledge synthesis on life cycle assessments and climate efficiency in the agricultural sector), Aarhus
University, DCA Report No. 200, February 2022.
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2. Climate policy abroad and international objectives

The carbon leakage effects of a CO2-eq tax on Danish agriculture will largely de-
pend on foreign climate policy and the credibility of compliance with non-binding in-
ternational agreements, such as the Paris Agreement. It should be noted that agri-
cultural emissions are regulated through the EU's Effort Sharing Regulation, and if
other EU countries' agricultural production increases as a result of a Danish CO2-eq
tax, it will immediately put pressure on these EU countries to reduce emissions in
other sectors covered by the Effort Sharing Regulation, such as road transport.

It is expected that the EU climate policy will have an impact on carbon leakage and
that European and global climate action will reduce carbon leakage. The size of the
calculated carbon leakage effects will be different if other assumptions are made
about foreign climate policy and the credibility of compliance with non-binding
international agreements, such as the Paris Agreement.*’

The EU's upward revision of the 2030 target of a reduction in CO2-eq emissions of
at least 55 per cent, together with the EU's Carbon Border Adjustment Mechanism
(CBAM), may thus have an impact on carbon leakage. However, agricultural
products are currently not covered by CBAM. Binding climate policy in the EU can
reduce the displacement of the part of Danish production assumed to be taken over
by Denmark's trading partners in the EU and thus reduce the extent of carbon
leakage, see below on foreign trade.

3. Foreign trade

Carbon leakage through foreign trade are calculated by, for example, a reduction in
Danish production in a given industry, giving rise to a corresponding increase in
output in each of the other regions based on a trade-weighted average, i.e.
depending on the initial trade with Denmark in the industry in question in each
region.

Even if initial trade patterns are expected to follow to some extent the current
differences in production and transport costs, product quality, etc., across regions,
it is not certain that changes in Danish production will lead to proportional changes
in foreign output according to current trade patterns. For example, production could
be taken over to a greater extent by one of the other regions, or simply distributed
among the regions in a different way than the initial Danish trade pattern suggests.

There can be a wide range of factors that affect international trade patterns over
time, including climate policy abroad, technology development, trade agreements,
etc. As it can be difficult to predict changes in future trade patterns, the more
general assumption presented above is used.

57 See e.g. Kraka: "Landbrugets laeekage afheenger kritisk af udlandets klimapolitik” (Agriculture's carbon leakage de-
pends critically on foreign climate policy), 31 May 2023, (https://kraka.dk/analyse/landbru-
gets_laekage_afhaenger_kritisk_af_udlandets_Kklimapolitik)
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Studies of carbon leakage

Three studies, namely the 2019 report from the Danish Environmental Economic
Council®®, the 2020 report from the Danish Environmental Economic Council®*? and
Beck et al. (2023), estimate the carbon leakage effects of a CO2-eq tax in Denmark.

Carbon leakage rates are calculated both in aggregate and by industry. The

variation in carbon leakage rates in agriculture can be seenin Figure 7.2. The
carbon leakage estimates in the studies vary between 21-85 per cent depending on

the model approach, assumptions about relative greenhouse gas intensity in

agriculture and assumptions about climate policy abroad. It should be noted that the
2019 report from the Danish Environmental Economic Council (DMJR) and Beck et
al (2023) do not include technical reduction options in the main scenarios. The
reasons for the large variation in the results of the carbon leakage rate are
discussed in Box 7.10.

Figure 7.2. Studies of carbon leakage rates for agriculture
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58 Secretariat of the Danish Environmental Economic Council (2019), "Economy and Environment 2019", Report from

the Presidency.

59 Secretariat of the Danish Environmental Economic Council (2020), "Economy and Environment 2020", Report from

the Presidency.
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Box 7.10

Review of three studies that estimate the carbon leakage effects of a CO2-eq tax for Den-
mark

The 2019 report from the Danish Environmental Economic Council (DM@R) is based on a modified
version of the GTAP-E model. A 2019 report from the Danish Environmental Economic Council
(DM@R) found a total carbon leakage rate for Denmark of 45-53 per cent and a separate carbon
leakage rate for agriculture of 75 per cent in the baseline scenario. Here, the baseline scenario rep-
resents a situation where 1) a number of EU countries have restrictions on emissions from non-ETS
sectors, 2) there is no restriction on emissions for non-EU countries and 3) Danish climate policy only
reduces the amount of allowances in the EU ETS to a limited extent in the long term. These assump-
tions are adjusted in the five alternative scenarios, resulting in a range in carbon leakage rates of 27-
75 per cent for agriculture.

In'a 2020 report from the Danish Environmental Economic Council (DM@R), it was concluded that
the total carbon leakage rate for the Danish economy is 21 per cent in the central scenario where
the GTAP-E model is coupled with the REFORM model. The large differences in carbon leakage
rates between the two reports are due to the different assumptions made in the report. The Danish
Environmental Economic Council points out that the primary reasons for the lower carbon leakage
for the Danish economy in the 2020 report are that:

e Asmaller share of CO2-eq reductions take place in the EU ETS sector, from 64 per cent in the
2019 report to 19 per cent in the 2020 report, lowering the overall carbon leakage rate.

e  The carbon leakage rate is assumed lower within the EU ETS, where an EU ETS leakage rate
of 83 per cent was used in the 2019 report compared to 20 per cent in the 2020 report. The
reason for this can be found in the time horizon for the reduction of the Danish demand for al-
lowances, which in the 2019 report went to 2060, but in the 2020 report it only goes to 2030.

e  The carbon leakage rate in agriculture is lower than in the 2019 report.

A report from Kraka (2023) argues that the carbon leakage rates found for agriculture are underesti-
mated in the 2020 report from the Danish Environmental Economic Council (DM@R).4° Kraka points
out, among other things, that the model used in the 2020 report does not include capital mobility be-
tween Denmark and abroad, which would increase the carbon leakage rate, as the introduction of a
COz-eq tax will lead to falling productivity in Danish agriculture and thus the relocation of capital,
which increases foreign emissions. In addition, Kraka points out that the modified REFORM model
used in the 2020 report from the Danish Environmental Economic Council (DM@R) does not include
adjustments in the land values, which results in too high an adjustment in crop production and thus
leads to a lower leakage rate. It is thus the assessment of Kraka (2023) that the carbon leakage rate
for agriculture is higher than estimated in the 2020 report from the Danish Environmental Economic
Council (DM@R).

In Beck et al. (2023), the GTAP-E model is used in a modified version in line with the modelling ap-
proach in the 2019 report from the Danish Environmental Economic Council (DM@R). A carbon
leakage rate of 73 per cent in agriculture is estimated at a CO2-eq tax of just over DKK 300 per
tonne if it is assumed that the Paris Agreement is not binding, and 30 per cent if the Paris Agreement
is binding, see Figure 7.2. However, the study does not include technical conversion, which may
mean that the study overestimates the carbon leakage rate. The study shows that there is a large
variation in agriculture's carbon leakage rates within the model due to assumptions about interna-
tional climate policy.

The large differences in the estimates of carbon leakage effects thus result from the different underly-
ing assumptions and modelling assumptions, especially regarding the greenhouse gas intensity of
Danish agriculture relative to other countries, current and future climate policies abroad, as well as
the model and database used and their level of detail.

60 Ulrik Beck, Andreas Lund Jargensen, Peter Kjeer Kruse-Andersen and Emma Terreni. (2023): "Leekageraten i
dansk landbrug” (The carbon leakage rate in Danish agriculture). Kraka on 31 May 2023, (https://kraka.dk/ana-
lyse/landbrugets_laekage_afhaenger_kritisk_af_udlandets_klimapolitik).
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7.9 Environmental Externalities

The Expert Group's terms of reference state that the second interim report must in-
clude an assessment of the advantages and disadvantages of regulatory solutions,
including taxes, that address CO2-eq emissions and other externalities, including
environment and health. This section explains the environmental externalities that
are included in the calculated shadow prices of CO2-eq reductions in the Expert
Group's regulatory models.

Agriculture's CO2-eq emissions and other negative externalities are largely linked to
the same agricultural activities. This means that environmental regulation generally

reduces agriculture's CO2-eq emissions, just as other negative environmental exter-
nalities in agriculture can be reduced by CO:-eq regulation.

There are a number of environmental externalities associated with land use in agri-
culture, including groundwater pollution and oxygen depletion in lakes and coastal
waters. For example, reducing fertiliser usage will reduce phosphorus discharges to
lakes and thereby improve the state of the environment. At the same time, reducing
fertiliser usage will reduce nitrogen leaching into the groundwater, thereby improv-
ing the quality of drinking water.

A decrease in agricultural production will reduce agricultural nutrient emissions and
potentially provide more space for nature. Both parts will benefit biodiversity.

For some externalities, valuation of the reduction is difficult, as quantification of the
value requires both a clear connection between land use and effect, and quantifica-
tion of the value of the effect. Therefore, the value of e.g. reduced phosphorus dis-
charge to lakes and nitrogen leaching to groundwater is not calculated, even though
it has a socio-economic value. This is primarily due to a lack of valuation of the dam-
aging effects of phosphorus application and the fact that the mechanisms of land
use nitrogen leaching's impact on groundwater have not been determined at this
time.

Two environmental externalities are particularly linked to the emission sources that
are regulated by climate regulation of agriculture and can be quantified and valued
at the same time. These are ammonia emissions and nitrogen leaching, both of
which are specifically linked to fertilisers. These two externalities are included in the
modelling calculations and are valued based on the socio-economic value of reduc-
tion. In addition, the recreational values associated with the recommended affor-
estation are calculated.

The three quantified values of environmental externalities are adjusted for the in-
crease in total disposable family income up to 2024. This implies an assumption that
the value of recreational services follows the development in total income, which
means that the income elasticity of the individual family's demand for recreational
services is 1 and that demand otherwise develops proportionally to the development
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in the number of households. The nominal value of recreation is thus adjusted not
only for inflation, but also for changes in average real income and population size.
Drupp et al. (2023) recommend this practice.®’

Ammonia

The largest source of Danish ammonia emissions is agriculture. Ammonia emissions
come mainly from fertilisers. Climate regulation that affects the amount of fertiliser
thus has a direct effect on ammonia emissions, just as certain climate technologies
for stables and slurry storage also reduce ammonia emissions, such as covering
slurry tanks. The national reduction of ammonia emissions in 2030 as a result of a
tax on CO2-eq emissions in agriculture is estimated with GreenREFORM . ¢?

The two main externalities from ammonia emissions are human health effects and
increased nutrient loading in natural areas. The nutrient load on natural areas is well
known, but the impact is largely geographically dependent on proximity to ammonia-
sensitive natural areas, and it is not quantified, so the value cannot be included. This
means that only the value of human health effects is included in the modelling calcu-
lations. The value of reduced ammonia emissions is thus a lower bound estimate.

The health effects of ammonia emissions from agriculture have been calculated by
the DCE (2023)¢® based on dose-response modelling in relation to the impact on
the population. The valuation is also carried out by DCE based on the value of sta-
tistical life as calculated in the Ministry of Finance's documentation note on the value
of statistical life.

Ammonia can be transported long distances in the atmosphere, so there is a high
degree of exchange of ammonia between countries. Therefore, only a small propor-
tion of ammonia emitted on Danish soil will have a negative impact in Denmark.
Based on Brand et al.'s (2023) calculation, the socio-economic damage value for
ammonia from agriculture is set at DKK 43 per kg of ammonia. However, in connec-
tion with the valuation for the green tax reform, only the value of damage on Danish
territory is used, which corresponds to DKK 10 per kg of ammonia.

The contribution of Danish sources to the total ammonia load on Danish territory is
limited. It is therefore considered that the stated reductions are marginal and that
the value can be approximated as constant.

Nitrogen discharge to coastal waters
Nationwide, agriculture accounts for almost 70 per cent of nitrogen emissions to
coastal waters and is thus the largest source®* of nitrogen emissions to the aquatic

41 Drupp, M., M. Hansel, E. Fenichel, M. Freeman, C. Gollier, B. Groom, G. Heal, P. Howard, A. Millner, F. Moore, F.
Nesje, M. Quaas, S. Smulders, T. Stemer, C. Traeger, F. Venmans (2023). The increasing benefits from scarce
ecosystems. Appears in Science

62 Hansen, M.K. and Berg, A.K. (2023). "Modellering af ammoniakudledninger i landbruget” (Modeling ammonia
emissions in agriculture). DREAM documentation note 2023, December 2023, (https://dreamgruppen.dk/Me-
dia/638387647814477951/modellering af ammoniakudledninger i landbruget.pdf)

63 Brandt, J., Christensen, J.H. and Andersen, M.S. (2023). "Miliggkonomiske beregningspriser for emissioner 4.0"
(Environmental economic calculation prices for emissions 4.0).  Aarhus University, DCE, Scientific note no.
2023/54,(N2023_54.pdf (au.dk))

¢4 Danish Environmental Protection Agency (2023). "Udlledning af kveelstof til kystvand opdelt pa kilder" (Discharge of
nitrogen to coastal waters by source). Note to the Environment and Food Committee (https:/Avww.ft.dk/sam-
ling/20222/almdel/MOF/bilag/121/2657955/index.htm)


https://dreamgruppen.dk/Media/638387647814477951/modellering_af_ammoniakudledninger_i_landbruget.pdf
https://dce.au.dk/fileadmin/dce.au.dk/Udgivelser/Notater_2023/N2023_54.pdf
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environment. The main source of nitrogen leaching is nitrogenous fertilisers in the
form of livestock and artificial fertilisers. The national reduction in fertiliser applica-
tion as a result of regulating CO2-eq emissions in agriculture in 2030 is estimated
with GreenREFORM. This has been converted to nitrogen discharge to coastal wa-
ter by the Danish Environmental Protection Agency according to the following pro-
cedure.

The national estimated reduction in fertiliser application is distributed to coastal wa-
ter catchments proportional to past fertiliser use.®® This results in a reduction in ferti-
liser usage for each coastal water catchment. Some of the fertiliser applied is taken
up by plants, metabolised or retained before a smaller proportion of the applied ni-
trogen reaches coastal waters. The assessment takes into account whether com-
mercial fertiliser or livestock manure is applied. As mentioned, some of the nitrogen
lost from the field is retained or converted before it reaches coastal waters. This is
recognised as a percentage specific to each coastal water catchment. The change
in fertiliser application thus gives the change in nitrogen emissions for each individ-
ual coastal water body.

The overall goal of the Water Framework Directive is to achieve a good condition in
the water environment by the end of 2027 at the latest. With the Agreement on the
Green Transformation of Danish Agriculture (2021), efforts have been agreed until
2027 that are estimated to ensure the prerequisites for good ecological status, pro-
vided that the shortfall in the nitrogen initiative of 2,600 tonnes and any updating of
the effort requirement is decided when the agricultural agreement is revisited in
2024. A tax can only be introduced from 2027, and the achievement of the target
must be assumed to have been promised at that time. A tax introduced from 2027
will therefore not contribute to the fulfiiment of the Water Framework Directive in
2027, but may provide the opportunity to subsequently relax the nitrogen regulation
implemented at that time to meet the objectives of the Water Framework Directive.
The value of nitrogen reductions will thus be the reduction in costs to achieve such
a good condition in the aquatic environment, which varies somewhat across the 108
coastal water catchments in Denmark. The costs of target fulfilment are calculated
in a research project commissioned by the Danish Environmental Protection Agency
with two models, the SMART model (Jacobsen, 2022)%¢ and TargetEconN (Hasler
et al., 2022)¢".

The costs calculated with the two models are used to provide a range for the socio-
economic value of nitrogen reductions. The costs cover the set-up, running and op-
portunity costs of implementing agricultural measures. The calculations with the two

65 The distribution of commercial fertiliser and livestock manure is calculated in 2017 at ID15 catchment level and de-
scribed in (Bgrgesen and Bach (2023). Bgrgesen, C.D., Bach E.O. (2023). "Modelberegnet nitratudvaskning fra
landbrugsarealet til en vurdering af grundvandspavirkningen pa grundlag af landbrugsdata fra 2017 og klimadata fra
1990-2010" (Modelled nitrate leaching from agricultural land for an assessment of groundwater impact based on
agricultural data from 2017 and climate data from 1990-2010). Aarhus University, DCA Advisory Note.

6 Jacobsen, B. H., (2022). "@konomiske konsekvensberegninger af scenarier for vandomrédeplaner 2021-2027
med brug af SMART-modellen” (Economic impact assessments of scenarios for river basin management plans
2021-2027 using the SMART model). University of Copenhagen, IFRO Commissioned Work No. 2022/03,
(https://static-curis.ku.dk/portalfiles/320645278/IFRO_Udredning 2022 03.pdf)

¢7 Hasler B., Filippelli R., Levin G. & Nainggolan D. (2022). "@konomiske konsekvensberegninger for vandrammedi-
rektivet i 2027" (Economic impact calculations for the Water Framework Directive in 2027). Scenarios for the full im-
plementation of VP3 action requirements for coastal water catchments 2021-2027". Aarhus University, DCE Scien-
tific Report No. 502, (http:/dce2.au.dk/pub/SR502.pdf7)


https://static-curis.ku.dk/portal/files/320645278/IFRO_Udredning_2022_03.pdf
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models have been carried out in the same time period, and we have endeavoured to
ensure that the data basis for the two models is as similar as possible.

TargetEconN models the cost-effective distribution of instruments at field level in the
coastal water catchment, while the SMART model does not optimise the placement
of instruments within the catchment area. TargetEconN, therefore, selects fields for
implementation where the contribution margins are low, while SMART uses more
average costs. The results of both models assume optimal use and placement of in-
struments, which is not expected to be achieved in practice through regulation. The
real costs of target fulfilment and thus the estimated value of reducing nitrogen
emissions will therefore be higher.

The value of nitrogen reduction for each coastal water catchment is calculated
based on the cost of the marginal instrument that must be used to fulfil the nitrogen
target, as this reflects society's willingness to pay for nitrogen reduction in the
coastal water catchment in question. This will be accurate for smaller reductions,
but for larger reductions, this will be an overestimate.

The valuation of nitrogen is based on the fulfilment of politically set targets®®, which
are translated into different levels of reduction targets across coastal water bodies.
Due to increasing marginal costs for the majority of the instruments that can be
used in nitrogen regulation, the socio-economic value of nitrogen reductions will
vary across areas. In coastal water catchments without a need for action, further ni-
trogen reductions are not valued, as the valuation is tied to target fulfiiment. If fur-
ther improvement of the environmental status in coastal water catchments that have
achieved good ecological status has a socio-economic value, this would mean that
the valuation is an underestimate.

On this basis, the socio-economic value of nitrogen reduction is estimated to be
from DKK 0 per kg nitrogen to between approx. DKK 380 and 600 per kg nitrogen,
depending on the calculation model and coastal water catchment where the reduc-
tion takes place. Based on the calculated reduction in nitrogen emissions for each
coastal water catchment, the full value is calculated, first per coastal water catch-
ment, then totalled to the national level. This results in two estimates of the value of
this side effect of the regulation, and the average is represented in the model sec-
tion.

Set-aside of land for forestry or peatland will also reduce nitrogen emissions. Partly
because of the reduced fertiliser consumption associated with the set-aside, and
partly because the areas will act as "filters" that reduce nitrogen leaching into the
aquatic environment. The value of this effect on Water Framework Directive target
fulfilment will depend on where the area is set aside. Using the above estimates of
marginal costs from Jacobsen (2022) and Hasler et al. (2022), the average value
would be approx. DKK 102 per kg.

8 The Agreement on the Green Transformation of Danish Agriculture initiates nitrogen-reducing measures corre-
sponding to a reduction in emissions to coastal waters of approx. 10,400 tonnes of nitrogen. When revisiting the
agreement, a decision is made on how to handle the reduction deficit of approx. 2,600 tonnes of nitrogen. An evalu-
ation of the technical and legal basis for the nitrogen initiative is currently being carried out ("second opinion"). This
can, among other things, lead to an adjustment of the need for a nitrogen initiative.
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Recreational values

Afforestation has a recreational value. Recreation valuation is methodologically well-
established in Denmark, where the population's use of forests has been studied ex-
tensively since the 1970s, when the first major national study was launched. The
Danish Economic Councils (2014) analysed the Danish population's use of Danish
nature in order to evaluate state and private afforestation.¢’ The valuation is based
on a multi-site travel cost method where Danes' observed use of natural areas and
thus willingness to incur transport costs is used to derive the value of recreation.

Recreational values of new areas vary significantly across geography, with popula-
tion density and the number of alternative recreational areas significantly impacting
the value of a new area. It is not possible to take geographical aspects etc. into ac-
count in the valuation of the recommended afforestation, as the recommendations
do not include a geographical element. Therefore, an average value is used.

The valuation of DKK 4,038 per hectare (The Danish Economic Councils, 2014)
should be seen as an average valuation for privately owned forests. State forests
are typically located in more densely populated areas and have better access and
facilities. Location, layout, size and access conditions affect the use of the forest
and thus the recreational value. The recreational value of state forests is estimated
to be around DKK 50,000 per hectare (The Danish Economic Councils, 2014),
which is significantly higher than the value of private forests.

Based on these analyses, it is not possible to assess the impact of forest age and
species composition on the recreational value.

Socio-economic value of side effects in the models
Table 7.18 shows shadow prices for the models with and without the value of reduc-
ing the described externalities (side effects).

Table 7.18. Shadow price for the presented models excluding and including side
effects (DKK per tonne of CO2-eq)

Shadow price excluding Shadow price side effects
side effects

Model 1 475 150

Model 2a 525 250

Model 2b 550 325

Model 3a 750 475

Model 3b 775 575

Source: Own calculations.

Table 7.19 presents the socio-economic value in the individual models for each of
the calculated externalities in 2030.

49 The Danish Economic Councils (2014) "Vzerdi af rekreative omrader” (Value of recreational areas), in: Economy
and Environment 2014. Copenhagen, pp. 103-192, (https://dors.dk/files/media/rapporter/2014/m14/m14_kapi-
tel_4.pdf)
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Table 7.19. Socio-economic value of environmental effects (DKK million in 2030)

Nitrogen Ammonia Recreation Total
Model 1 480 100 200 770
Model 2a 380 60 200 630
Model 2b 200 40 200 430
Model 3a 260 40 200 490
Model 3b 170 20 200 380

Note: Totals may not add up due to rounding
Source: Own calculations.
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7.10 Food Security and Calorie Production

This appendix analyses the impact of a tax on agricultural activities on food security
and food production for human consumption in Denmark. A CO2-eq tax in isolation is
not expected to reduce food security in Denmark. In addition, the analysis shows,
with great uncertainty and under certain assumptions and conditions, that a tax of
DKK 750 per tonne of CO2-eq is estimated to lead to a decrease in Danish food pro-
duction for human consumption of 2-4 per cent, corresponding to a total loss of 225-
500 bn calories (kcal). The very limited decrease in food production for human con-
sumption, despite the large decline in animal production, is due to an expected shift
in activity from feed production to other crop production.

7.10.1 Food security in the EU

Food security is about ensuring a sufficient supply of food for each individual or region
(e.g. the EU). With a growing world population and changes in dietary habits, there is
a corresponding need to increase global food production. In addition, some major
countries, such as China and Brazil, are moving towards increased consumption of
animal products, partly due to a growing middle class. The OECD and the UN Food
and Agriculture Organisation (FAO) expect global demand for animal proteins to in-
crease over the next 10 years.”°

Basically, animal production is more land-intensive than crop production. This is partly
because livestock production requires additional land use for feed production. Thus,
there is generally a higher need for inputs in the production of animal foods compared
to plant-based foods. The balance between animal and plant-based food consump-
tion thus determines how much land use is needed and how many calories are pro-
duced for human consumption.

The EU's food trade balance

In 2020, the EU's net exports of food and agricultural products totalled EUR 62 bn,
driven mainly by processed foods. Thus, the EU primarily imports cheap raw materi-
als, such as soybeans for animal feed and cocoa, and exports processed foods, such
as chocolate and dairy products.

A report from the European Commission in 20217" states that more than 85 per cent
of EU food and agricultural production is consumed within the EU, but that the share
of exports to countries outside the EU has been increasing. The Commission also
emphasises that the EU has experienced high income growth by exporting certain
food products (e.g. wine, cheese and pork) to third countries, whose consumption
patterns have changed with rising levels of prosperity.

The EU is also the world's largest exporter of food and agricultural products and in
2019 was the world's third largest importer after the US and China. Today, approx.
6-10 per cent of food and agricultural products are imported into the EU, of which
imports of fishery products account for 24 per cent.

The self-sufficiency of food in the EU

70 OECD-FAO Agricultural Outlook 2023-2032.

71 EU Commission, "Contingency plan for ensuring food supply and food security in times of crisis", 2021.
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The European Commission also calculates a self-sufficiency rate, which acts as an
indicator of how much of specific products are imported from outside the EU. From
2017-2021, the EU was self-sufficient in a wide range of food products, including
wheat, animal products, fruit and vegetables. In contrast, the EU was not self-suffi-
cient when it came to certain cereals (e.g. rice and maize), oilseeds (e.g. rapeseed
oil and soybeans), protein crops (e.g. lentils), and certain fruits and vegetables. In
addition, the EU's self-sufficiency rate for fisheries products was only 42.5 per cent
and only 14 per cent for the five most consumed types of fish (e.g. tuna, salmon, cod,
etc.).

These trade deficits for specific commodities can be interpreted as indicating that the
food system in the EU may be exposed to a certain degree, as it may be difficult to
substitute certain imported commaodities in the short term, as they are widely used in
the production of other food products. For example, price increases for oilseed can
translate into higher production costs for animal products, which can lower produc-
tion. However, the report from the European Commission emphasises that it would
require a number of significant effects to occur at the same time to challenge the food
security in the EU. This could, for instance, be by having a high import dependency
from specific countries coupled with further disruptions in supply chains elsewhere in
the EU.

The EU is thus a significant global market for the production, trade and consumption
of food. It is estimated that the EU is self-sufficient in a number of important food
categories, but that the EU's significant trade surplus is primarily due to exports of
processed foods, which is why there is also some dependence on imports of certain
raw materials from third countries. However, it is estimated that food supply in the EU
will only be challenged if several special circumstances occur at the same time. It is
also pointed out that within certain food categories, there could be some form of sub-
stitution in emergency cases. In addition, it will depend on how dietary habits change
in the future, especially as a result of changing climate policies and regulations, the
introduction of CO2-eq taxes and increasing climate concerns, all of which can lead
to behavioural changes in the population.

7.10.2 Food safety and security of supply in Denmark

Denmark has a high degree of self-sufficiency in cereals, oilseeds, dairy products and
general animal production. However, in 2021, self-sufficiency rates were only 83 per
cent for beef, but for a wide range of products, Denmark was a net exporter and had
a self-sufficiency rate above 100 per cent. For example, Denmark had a self-suffi-
ciency rate of 333 per cent for pork, 232 per cent for general meat production, 156
per cent for dairy products and 112 per cent for cereals. However, there is an esti-
mated self-sufficiency rate of O for soybeans, for example, which is why Danish farm-
ers primarily trade with countries outside the EU to meet demand. Soybeans, are for
example used as protein in animal feed, where there is limited scope for producing
alternative crops in Denmark that can be used for animal feed, such as broad beans.
As part of the Agricultural Agreement from 2021, the parties agreed to transition to
more plant production and a larger national protein supply, which are key elements
in the green transition.

The effect of a tax
The introduction of a CO:-eq tax on agriculture can have various effects on food pro-
duction in Denmark. Animal production may experience a decline, which is estimated

Page 210



Green Tax Reform

to lead to a decline in both livestock and feed production. A possible consequence of
this could be a weakened food security for animal products in Denmark.

However, these production decreases, e.g. in the number of dairy cattle, can poten-
tially also release areas that can be used for other crop production instead of feed
production.

There may thus be some contradictory effects of a CO-eq tax on food security in the
form of reduced animal production and increased crop production. However, an iso-
lated tax on Danish agriculture alone cannot be expected to have a significant impact
on European food production.”?

In addition, Denmark is largely self-sufficient when it comes to several food prod-
ucts. Thus, it is not expected that a CO2-eq tax in isolation will significantly reduce
the food security in Denmark.

7.10.3 Calorie production for human consumption in Danish
agriculture

Crop production in Denmark is characterised by delivering a high degree of input to
animal production in Denmark. There are no precise calculations of how much of the
Danish agricultural area is used for feed production. The University of Copenhagen
estimates that approx. 65 per cent of Danish agricultural area was used for feed pro-
duction in 2022.7% In addition, a large part of Danish feed consumption is imported.
According to the University of Copenhagen, Denmark is 69 per cent self-sufficient in
protein for animal feed, with the rest being imported.”*

Feed production thus indirectly contributes to the total calorie production in Denmark,
as it is used as an input in livestock production. In the use of feed for livestock pro-
duction, there is an energy loss as the energy content of the feed is reduced in the
conversion to the final output, i.e. meat and dairy products. In addition to livestock
production, the total calorie production in Danish agriculture is also made up of the
crop production of food for human consumption.

As the global population increases, it is expected that the global demand for food will
also increase. The OECD and FAO estimate that there will be an increase in global
food consumption of 1.4 per cent per year over the next 10 years.”* In this context, it
can be assumed that if fewer calories are produced in Denmark for global sales, the
increased global demand will have to be met elsewhere. However, to the extent that
a CO:z-eq tax reduces Danish feed imports, it may also free up foreign feed production
for other uses.

72 |n 2020, Danish agriculture was the seventh largest producer in the EU and accounted for approx. 2-3 per cent of
the total output from the EU countries' agricultural sectors, see European Commission, "Statistical Factsheet - Euro-
pean Union", June 2021.

73 Analysis of barriers and possible regulatory instruments to promote increased Danish production of green protein
sources for food and feed, IFRO Commissioned Work 2023_20.

74 Green protein sources for animal feed, IFRO Commissioned Work 2023_07.

75 OECD-FAO Agricultural Outlook 2022-2031.

Page 211



Green Tax Reform

Structural effects as a result of a CO2-eq tax for animal production, in the form of
production decline or relocation, can also lead to a decline in feed production. In iso-
lation, lower livestock production will reduce the total calorie production in Denmark.
However, a decline in animal production also releases land from feed production,
which can be used to produce plant-based food, for example.

If it is assumed that the vacant areas can be taken over by plant production for human
consumption, such as cereals or legumes, the accompanying increase in calorie pro-
duction can reduce the initial decrease in total calorie production due to the decline
in animal production.

However, plant-based products don't always contain as many vitamins and minerals
as animal-based products. For example, grains lack certain amino acids and micro-
nutrients (vitamins and minerals - e.g. calcium, iron and vitamin B). Livestock, on the
other hand, are good at converting energy-dense, but micronutrient-poor grains from
their feed into more nutrient-dense protein sources. Therefore, grains from feed pro-
duction cannot be used as like-for-like for human consumption, as other plant-based
foods, such as legumes, may also be needed to achieve a suitable mix of amino acids
in the dietary composition. There may, therefore, be a need for a shift in crop produc-
tion from the current land use.

Change in calorie production in structural equilibrium

Table 7.20 shows estimates of changes in calorie production (range) based on the
model calculations for a CO2-eq tax of DKK 750 per tonne on emissions from both
fertiliser usage and livestock.

The results show that a tax is estimated to lead to a decrease in Danish food produc-
tion for human consumption of 2-4 per cent, corresponding to a total loss of 225-500
bn kcal, see Table 7.20. In isolation, animal calorie production for human consump-
tion is estimated to decrease by approx. 1,425 bn kcal, although this is offset by an
increase in crop production of approx. 925-1,200 bn kcal, depending on how large a
share of crop production is produced for human consumption. It is estimated that the
total calorie production for human consumption, after the introduction of a tax, will be
approx. 12,350-12,625 bn kcal.

In comparison, the average actual calorie consumption for Danes is estimated to be
approx. 3,400 kcal per day per person, indicating that the current calorie production
can feed approx. 10.4 million people with an average Danish calorie consumption.
With a recommended intake of around 2,300 kcal per person per day, the current
production level is estimated to be able to feed around 15.3 million people. After the
introduction of a tax, the total Danish calorie production is estimated to be able to
feed approx. 10.0-10.2 million people with an average actual Danish calorie con-
sumption or alternatively 14.7-15.0 million people with the recommended calorie con-
sumption.

It is assumed that 70 per cent of plant production in Denmark is used for feed pro-
duction, 15-20 per cent for the production of plant-based food for human consump-
tion, and the remaining 10-15 per cent is used for other purposes, such as rapeseed
for biodiesel, Christmas trees, industrial potatoes, flowers or uncultivated land. This
assumption regarding the distribution of plant production in Denmark for feed produc-
tion, human consumption or other uses has a major impact on the results. For exam-
ple, if 20 per cent of plant production is used for human consumption instead of 15
per cent, the increase in calorie production is reduced by 6 per cent. It should be
noted that in the Expert Group's calculations, land will also be taken out of production
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as a result of the tax making certain land unproductive’¢, which also affects the total
calorie production in a downward direction.

To account for these differences, a range of the possible effects on the net calorie
production for human consumption is shown, depending on assumptions about the
distribution of plant production used for human consumption. The figures are sub-
ject to significant uncertainty.

Table 7.20. Calculation of the impact of a tax of DKK 750 per tonne of CO2-eq on calorie production

Change in Change in produc-

. Calorie production Calorie production ) . ] 9e In produ

Production calorie production tion
before tax after tax
SFA tax SFA tax
bn kcal per cent
Cattle 125 100 -25 -20
Pigs 4,825 3,950 -875 -18
Dairy 3,275 2,750 -525 -16
Animal production
8,225 6,800 -1,425 -17
(total)
Plant production 8
(total)
Of which for human
. 4,625 5,650-5,825 925-1,200 20-26

consumption
Of which for feed

. -15
production
Total, human

. 12,850 12,350-12,625 -500; -225 -4; -2

consumption

Note: Rounded to the nearest 25 bn kcal. Conventional and organic production have been merged. The ranges indicate the results based on different assumptions
regarding the share of crop production for human consumption (15 or 20 per cent)
Source: Own calculations based on figures for production decline in the model calculations and calorie production from FAO, FBS (2020)

In the model calculations, feed imports are estimated to decrease by 14 per cent,
corresponding to approx. 775 bn kcal. A degree of so-called calorie leakage must be
expected, as some foreign feed production is no longer exported to Denmark, but is
instead released for other uses, e.g. feed production for other/own countries, in-
creased plant production for human consumption etc. If it is the case that the reduced
feed imports of approx. 775 bn kcal are used abroad in the production of, for example,
plant-based production for human consumption, the total calorie production for hu-
man consumption will increase by approx. 2-4 per cent.

It should be noted that the above figures are subject to significant uncertainty, includ-
ing the extent to which it is possible to switch between different types of crops.

76 According to the model calculations, a uniform tax on agriculture of DKK 750 per tonne of CO--eq means that ap-
prox. 9 per cent of agricultural land will be taken out of use by 2030.
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7.11 Base Deduction

Model 2 and 3 incorporates a base deduction per animal differentiated by animal
type so that the base deduction is on average 50 per cent of the immediate tax pay-
ment for a given farm. Thus, the effective tax rate averages approx. DKK 375 per
tonne of CO2-eq in model 2 and approx. DKK 125 per tonne of CO2-eq in model 3.
The base deduction is organised according to the same criteria as for the tax, i.e.
with variations based on weight, breed, type of housing, etc.

The combination of a higher marginal tax rate and base deduction in model 2 incen-
tivises the farmer to use technological solutions (e.g. more climate-friendly barns,
feed additives) that reduce the tax. The Expert Group estimates that a model with
DKK 750 per tonne of CO2-eq on the margin and a base deduction that on average
corresponds to 50 per cent of the immediate tax payment has better properties than
a simple reduction of the tax rate to DKK 375 per tonne of CO2-eq as in the indus-
try's EU ETS.

Table 7.21 shows the CO2z-eq impact, including structural reductions, and the bur-
den on the farmer in models with a base deduction and a simple rate reduction to
DKK 375 per tonne of CO2-eq emitted. The effects show that in the model with a
base deduction per animal, the CO2-eq reduction is 0.3 million tonnes higher, while
the structural effects are 0.2 million tonnes lower compared to a simple rate reduc-
tion. This is because the higher marginal tax rate with a base deduction provides a
greater incentive to switch to less CO2-eg-intensive production, such as changing
animal breeds etc. In addition, the burden on the agricultural sector is DKK 75 mil-
lion lower in the model with a base deduction. The model with a base deduction thus
increases the total CO.-eq reductions and at the same time reduces the overall bur-
den on the agricultural sector as well as the structural effect.

The cost of the model with a base deduction is a higher shadow price compared to
a model with a simple rate reduction. This is because the tax model with a simple
rate reduction involves larger structural effects that are cheap in socio-economic
terms, whereas a tax model with a base deduction involves more expensive reduc-
tions from shifts in production, e.g. towards other animal breeds.

Fewer structural effects and a lower burden, on the other hand, reduce the risk of
carbon leakage and preserve more of the existing occupational structure. At the
same time, the shadow price of the additional reductions remains relatively low
compared to other reduction initiatives. Against this background, the Expert Group
favours a model with a base deduction over models with a simple rate reduction.
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Table 7.21. Effects of base deductions
CO:-eq tax of DKK 750
per tonne with a base de-

CO:-eq tax of DKK 375 per

duction of 50 per cent tonne

CO:2-eq reductions (million tonnes) 29 19
- of which are structural (million 10 19
tonnes) ' '
Burden on the agricultural sector

1 1,42
after adjustment (DKK million) 350 42

h ice incl. side effect

Shadow price incl. side effects 300 205
(DKK per tonne CO2-eq)
Value of side effects (DKK million) 350 350

Note: The shadow price is rounded to the nearest DKK 25. The tax calculation is for the tax on livestock and ferti-
liser. The value of side effects covers reductions in ammonia and nitrogen emissions. Burden on the agricultural
sector after adjustment covers the tax revenue minus the share of the tax that is passed on in higher consumer
prices. In the calculations for the CO2-eq tax of DKK 375 per tonne, it is assumed that there are requirements for
feed additives and tent covering with floating layers.

Source: Own calculations.

7.12 Subsidy Scheme for Capacity Reduction in
Animal Production

This section examines the possibilities for establishing a voluntary subsidy scheme
for full or partial capacity closure of livestock production in order to support struc-
tural changes in agriculture.

It is considered immediately possible to obtain EU approval for a voluntary decom-
missioning scheme for capacity closure based on, for example, environmental or cli-
mate considerations. Such schemes have been state aid approved in Belgium and
the Netherlands with compensation rates up to 120 per cent. The scheme could tar-
get cattle production and be designed with a number of prioritisation criteria that
govern the allocation of subsidy, so that, for example, climate considerations or geo-
graphical location with associated need for a nitrogen initiative or proximity to
Natura 2000 areas are used as a basis for prioritising beneficiaries. It must be deter-
mined whether climate considerations can include, for example, that the scheme
targets types of housing with high emissions factors in relation to fertiliser manage-
ment.

The scheme can be organised so that the capacity closure only concerns the keep-
ing of livestock on a property, allowing other agricultural operations, such as plant
cultivation or conversion to forestry, to continue. In general, this entails that the as-
sociated areas are not included in the scheme. This is linked to the subsidy
schemes and the recommendations for increased afforestation and rewetting of
peatland areas, as you do not want competition with the other subsidy schemes for
the same areas and cause a smaller drain on these schemes. The state aid rules do
not preclude the areas from being included, e.g. if synergies to the nitrogen initiative
or nature can speak in favour of this.

The scheme cannot include companies that were in crisis at the time the subsidy
was granted, see Box 7.11. There is no overview of how many cattle farms will be
classified as crisis-hit.
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At the same time, the subsidy scheme for capacity closure cannot be directly condi-
tioned on the applicant being significantly negatively affected by a future CO2-eq
tax. If there is no such linkage, it is assessed that it is possible to establish a subsidy
scheme for capacity closure in parallel with the adoption of a CO2-eq tax to ensure
the achievement of Denmark's climate objectives.

Box 7.11

Definition of a company in crisis

A company in crisis means a company which, without government intervention, will almost certainly
have to cease its activity in the short or medium term. Therefore, a company is considered to be in
crisis if at least one of the following circumstances occurs:

1) For limited liability companies, when more than half of its subscribed share capital has disap-
peared as a result of accumulated losses.

2) For companies where at least some of the shareholders have unlimited liability for the company's
debts when more than half of the share capital recognised in the company's accounts has disap-
peared due to accumulated losses.

3) When the company is in bankruptcy proceedings or fulfils the criteria under national rules for bank-
ruptcy proceedings at the request of its creditors.

4) When the company is not an SME and in the last two years has had and still has a debt ratio, i.e. a
ratio of book debt to equity, of more than 7.5 and an EBITDA interest coverage ratio of less than 1.0

The support under the scheme can be granted as compensation for the value of the
assets measured on the basis of e.g. standardised rates based on the age of the
plant etc. In addition, compensation may be granted for the costs of destroying pro-
duction capacity etc.

A legally binding commitment must be obtained from the beneficiary that the closure
of the production capacity concerned is definitive and irrevocable and that the ben-
eficiary will not restart the same activity elsewhere. These commitments must also
be binding on any future purchaser of the land or facility in question. This can be se-
cured, for example, by registering a declaration on the property in question.

It is difficult to estimate the overall process time for the dialogue with the European
Commission. On average, the Danish Agricultural Agency's experience is that the
approval process takes about 8-12 months, but up to 2 years should be expected
for the implementation of the necessary national regulatory framework. It will be
possible to run the legislative and state aid process in parallel.

It should be noted that in 2023, the European Commission approved a Dutch and a
Belgian scheme that provides compensation for the purchase and closure of live-
stock farms, see Box 7.12. However, the approved schemes differ in some areas
from the proposed scheme, particularly in that they have the reduction of nitrogen
emissions as their primary objective. The schemes are justified on environmental
grounds.
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Box 7.12

Dutch scheme to decommission livestock farms with high nitrogen emissions

On 3 July, the Dutch government opened a nationally funded scheme for the voluntary closure of
livestock farms with high nitrogen emissions. Here, a subsidy is granted for the definitive and irre-
versible closure of livestock production on the condition that the same activity is not resumed else-
where. Farmers in the vicinity of Natura 2000 areas (so-called "peak emitters") can be reimbursed
120 per cent of the value of the production capacity (livestock housing, feed silos, etc.), which is cal-
culated based on a standard price per square metre, depending on the type of animal and the age
of the facility. In addition, 100 per cent compensation is given for the market value of production
rights and destruction costs.

Farmers keep their land and are allowed to use it for crop production. The government has allocated
EUR 975 million to the peak emitters scheme, which covers around 3,000 farmers. On 2 May, the
European Commission approved the scheme, which runs until 2028. By January 2024, more than
1,250 farms had voluntarily applied to join the scheme.””

If the scheme is approved in mid-2024, it is expected to open in mid-2026. The du-
ration of the subsidy scheme can be considered limited to, for example, 12 months
for the collection of applications for participation and another 12 months for the ac-
tual decommissioning to ensure that the capacity closure scheme can quickly have
an impact on the market. Combined with an approach where the subsidy is based
on standardised rates, such an arrangement is estimated to increase the likelihood
that the EU Commission will approve the subsidy scheme.

Example of possible capacity closure of cattle production

It is proposed that the aid in the scheme for capacity closure should be determined
based on the standard rates. This would ensure that the scheme is based on clear,
transparent rules that are easy to administer and contribute to the fact that payment
will be made significantly faster.

This model shows a stylised example of a capacity closure subsidy scheme that in-
cludes the following subsidy measures where 100 per cent compensation is given:

1) Support for the dismantling of existing production capacity of cattle stables.
2) Support for the dismantling of existing production capacity of cattle.

3) Support for the dismantling of existing production capacity of cattle-related
equipment.

The subsidy for closing down stables, cattle and cattle-related equipment can be
calculated by applying a standard rate per yearling cow, e.g. DKK 20,000 or DKK
25,000. These rates are determined by totalling the asset value of barns, cattle and
cattle-related equipment and then dividing by the number of yearling cows on the
farms. At subsidy rates of up to DKK 20,000 and DKK 25,000 per yearling cow, re-
spectively, it is estimated with great uncertainty that the farms that will choose to
participate in the abandonment scheme possess cattle-related assets with a value
corresponding to 15 per cent and 30 per cent of the value of cattle-related assets
across all farms, respectively. 15 per cent and 30 per cent of the value of cattle-re-
lated assets across all farms.

The cattle farms that are expected to participate in the scheme are typically smaller
farms and have approx. 10 per cent or 23 per cent of all yearling cows and heifers
in Denmark.
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The calculated standard rates do not include the opportunity value of yearling cows
and heifers. The slaughter price for yearling cows and heifers is currently not de-
ducted, which could be deducted from the standard rate to get a more accurate
calculation of the real value loss.

Table 7.22. Technical calculation of subsidy scheme for capacity closure

15 per cent of the cattle 30 per cent of cattle farms'
farms' cattle-related assets cattle-related assets

Subsidy per yearling cow DKK 20,000 DKK 25,000
Number of yearling cows culled” 52,000 units. 120,000 units.
Cost of subsidy scheme DKK 1.1 bn DKK 2.9 bn

Note: There is considerable uncertainty in the estimate. The estimate is based on the total book values of live-
stock-related inventory, cattle and estimated value of livestock housing in cattle farms in 2021. It is assumed that
the subsidy rate corresponds exactly to 100 per cent of the book value of the assets. Destruction costs and ad-
ministrative costs are not taken into account in the subsidy scheme. 1) The heifers are also included in the clo-
sure, which is recognised in the subsidy amount. 2) Covers stables, cattle and cattle-related inventory.

Source: Own calculations based on accounting data from SEGES.

It should be noted that this example is for illustration purposes only. The final design,
costs and climate impact of a subsidy scheme for capacity reduction requires a
more concrete assessment. Further work is needed to define exactly what specific
elements the subsidy scheme should include.

7.13 Distribution and Employment

The terms of reference state that the Expert Group should analyse the economic
consequences associated with the models, including the effects on employment, as
well as the effects on social balance, including income distribution. This section
describes the effects on distribution and employment of introducing CO2-eq taxes,
base deductions and possible requirements for technology use corresponding to the
Expert Group's models.

Effects on distribution

The effect of the models on income distribution can be analysed by examining the
impact of changes in consumer prices and changes in wages and transfer incomes
as a result of the tax. Table 7.23 presents the average tax burden from changing
consumer prices and changing wages and transfer incomes as a percentage of
disposable income across income deciles. The results show that the tax burden as a
share of disposable income is approximately equally distributed across income
deciles, which means that the effect on Gini is estimated to be 0. It should be noted
that the calculations do not take into account any derived effects on savings.

The above results should be seen in light of the following effects:

e The direct price effects on milk, meat, etc. when the tax is passed on in higher
sales prices hit low-income groups a little harder. This is because low-income
groups spend a higher proportion of their total consumption on taxed food com-
pared to high-income groups.

e Indirect price effects are where the prices of other goods and services fall as
part of the tax is passed on in lower wages, reducing production costs in the
rest of the economy. This benefits low-income groups relatively more, as they
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spend a larger proportion of their total consumption on other goods and ser-
vices compared to high-income groups. As other goods and services make up
the vast majority of household consumption, the effect from indirect price ef-
fects will dominate over the effect from direct price effects.

Wage and transfer effects cover the fact that part of the tax is passed on to
lower wages and that lower wages are reflected in the rate adjustment, which in
turn leads to lower transfers. Since high-income households have a larger share
of wage income as disposable income (e.g. low-income groups receive more
income from transfers on average), they are more affected by the wage decline.
If low-income groups have a higher proportion of transfer incomes, they will
bear a greater share of the tax burden from this. The wage and transfer income
effects resulting from wage devaluation thus affect high- and low-income
groups in opposite directions, and overall, these effects are estimated to be dis-
tributionally neutral.
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Table 7.23. The average change in real disposable income due to consumer price changes across income deciles,
per cent of total consumption

1

2

10

Avg.

Model 1

Direct price
effects

-0.04

-0.03

-0.02

-0.02

-0.02

-0.02

-0.02

-0.02

-0.01

-0.01

-0.02

Indirect
price effects

0.13

0.1

0.10

0.10

0.09

0.08

0.08

0.08

0.08

0.07

0.09

Wage and
transfer in-
come ef-
fects

-0.36

-0.36

-0.36

-0.36

-0.36

-0.36

-0.36

-0.36

-0.36

-0.36

-0.36

Overall im-
pact

-0.26

-0.28

-0.28

-0.28

-0.29

-0.29

-0.30

-0.30

-0.29

-0.30

-0.29

Gini coeffi-
cient

0.00

Model 2a

Direct price
effects

-0.02

-0.02

-0.02

-0.02

-0.01

-0.01

-0.01

-0.01

-0.01

-0.01

-0.01

Indirect
price effects

0.08

0.06

0.06

0.06

0.05

0.05

0.05

0.05

0.05

0.04

0.05

Wage and
transfer in-
come ef-
fects

-0.20

-0.20

-0.20

-0.20

-0.20

-0.20

-0.20

-0.20

-0.20

-0.20

-0.20

Overall im-
pact

-0.15

-0.16

-0.16

-0.16

-0.17

-0.17

-0.17

-0.17

-0.17

-0.17

-0.16

Gini coeffi-
cient

0.00

Model 2b

Direct price
effects

-0.02

-0.01

-0.01

-0.01

-0.01

-0.01

-0.01

-0.01

-0.01

-0.01

-0.01




Green Tax Reform

Page 220

Indirect
price effects

0.05

0.04

0.04

0.04

0.03

0.03

0.03

0.03 0.03 0.03 0.03

Wage and
transfer in-
come ef-
fects

-0.13

-0.13

-0.13

-0.13

-0.13

-0.13

-0.13

-0.13 -0.13 -0.13 -0.13

Overall im-
pact

-0.10

-0.10

-0.10

-0.10

-0.11

-0.11

-0.11

-0.11 -0.11 -0.11 -0.10

Gini coeffi-
cient

- - - 0.00

Model 3a

Direct price
effects

-0.01

-0.01

-0.01

-0.01

-0.01

-0.01

-0.01

-0.01 -0.01 -0.01 -0.01

Indirect
price effects

0.04

0.03

0.03

0.03

0.03

0.03

0.03

0.03 0.03 0.03 0.02

Wage and
transfer in-
come ef-
fects

-0.11

-0.11

-0.11

-0.11

-0.11

-0.11

-0.11

-0.11 -0.11 -0.11 -0.11

Overall im-
pact

-0.09

-0.09

-0.09

-0.09

-0.10

-0.09

-0.10

-0.10 -0.09 -0.10 -0.09

Gini coeffi-
cient

- - - 0.00

Model 3b

Direct price
effects

-0.01

-0.01

-0.01

-0.01

-0.01

0.00

0.00

0.00 0.00 0.00 -0.01

Indirect
price effects

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01 0.01 0.01 0.01

Wage and
transfer in-
come ef-
fects

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04

-0.04 -0.04 -0.04 -0.04

Overall im-
pact

-0.03

-0.03

-0.03

-0.03

-0.03

-0.03

-0.03

-0.03 -0.03 -0.03 -0.03

Gini coeffi-
cient

- - - 0.00

Notes: Households are categorised into income deciles based on their disposable income. The direct price effect covers price changes on dairy, vegetables,
beverages, pork, cows, fish and poultry. The indirect price effect covers price changes on houses, cars, energy, services and other non-food products. Behavioural

effects (substitution effects across products) are not included.

Source: Own calculations.

Effects on employment

Total employment in the economy will fall in the short term as a result of a CO2-eq
tax of DKK 750 per tonne on fertiliser, liming and livestock. Part of this is through the
announcement of the tax, as the anticipation of a future tax will cause food compa-
nies and farmers to reduce investments. This lowers the demand for labour that pro-
duces capital goods for agriculture. The introduction of the tax reduces agricultural
production, which reduces the demand for labour in agriculture. The weaker devel-

opment of demand from capital goods and agriculture reduces the rate of wage
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growth. The relative wage decline, in turn, will gradually increase the demand for la-
bour in the economy in general, with employment eventually rising back towards the
starting point so that there are no significant structural changes in employment.

Table 7.24 shows which industries will experience the largest decreases in employ-
ment in 2030 in terms of full-time employees as a result of the tax. In particular, ani-
mal production and ancillary industries are estimated to experience the largest de-
clines. This is a natural consequence of the significant tax base. The decline in em-
ployment in agriculture is offset by a corresponding increase in jobs elsewhere in the
economy, which is why the employment migrations in Table 7.24 are transitory.

Table 7.24. Employment effects in 2030 of CO2-eq taxes on livestock and fertiliser, change in full-time employees

Baseline in Model 1: DKK Model 2a: DKK  Model 2b: Model 3a: Model 3b:
2030 750 per 750 pertonne  DKK 750 per DKK 250 per DKK 50 per
tonne of CO>-  of COz-eqwith  tonne of CO-  tonne of CO-  tonne of CO.-
eq (livestock a base eq with abase  eq or with a eq with a base
and fertiliser) deduction of deduction of base deduction  deduction of
50 per cent 50 per centfor  of 50 per cent 50 per cent for
livestock and for livestock livestock and
restructuring of and DKK 750 restructuring of
the hectare per tonne of the hectare
subsidy CO2-eq and subsidy
base deduction
on fertiliser
Number (per cent)
-2,150 -1,200 -1,050 -700 -500
Cattle 10,950
(-19.7) -11.1) (-9.5) (-6.3) (-4.6)
-1,350 -900 -400 -700 -200
Crop 12,650
(-10.8) (-7.1) (-2.9) (-5.5) (-1.6)
-1,300 -800 -600 -500 -250
Pigs 7,300
(-17.6) (-10.9) (-8.1) (-6.5) (-3.4)
Pig slaughter- 8.700 -1,200 -750 -550 -450 -250
houses ’ (-13.8) (-8.5) (-6.3) (-5) (-2.7)
-950 -500 -450 -300 -200
Dairies 6,050
(-15.5) (-8.3) (-7.2) (-4.6) (-3.4)
Cattle slaughter- 1100 -350 -200 -200 -100 -100
houses ’ (-32.5) (-18.7) (-16.1) (-10.8) (-7.9)
Other food in- 11300 -350 -200 -100 150 -50
dustr '
Y (-2.9) 1.7) 1) (-1.2) (-0.4)
-250 -150 -100 -100 -50
Machine pools 2,800
(-9.4) (-5.8) (-3.6) (-3.9) -1.7)
0 0 0 0 0
Poultry 950
() ) ) ) Q)
0 0 0 0 0
Bakeries 13,000
() () () ) Q)
Poultry slaugh-
650
terhouses 0 0 0 0 0
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) ) ) ) ¢
50 0 0 0 0

Horticulture 1,950
(1.3) () () () ©)
-7,950 -4,800 -3,400 -3,050 -1,650

Total 77,450
(-10.2) (-6.1) (-4.3) (-3.8) (-2.0)

Note: Full-time employees are rounded to the nearest 50 people. The effects in the table are the change in the number of full-time employees in a given industry.

Therefore, the table does not indicate specific migration flows between industries or whether the employment table in a particular industry consists of the same

employees as before.
Source: Own calculations.

7.14 Effects on Land, Capital and Cultivation Value

The terms of reference state that the Expert Group must shed light on the economic
consequences associated with the models, including the effects and impact on
business. When a tax is imposed on agriculture, farmers' wealth is reduced through
reduced land and capital value, and future earnings are reduced through increased
operating costs. Subsidies can be used as a means to promoting technological
change and development, thereby reducing the decline in land and capital value
and the paradigm shift in business that may result from the application of taxes. The
consequences for agriculture must be seen in the context of current regulation and
the future overall regulation.

This section describes the effects on land, capital and cultivation value of introduc-
ing a CO2-eq tax on agriculture corresponding to the Expert Group's three model
types with effective taxes of DKK 750, 375 or 125 per tonne of CO2-eq.

Effects on land and capital value

A tax on agriculture reduces the return that can be generated from a given amount
of land and capital, causing a decline in the asset value of land and capital. The
decline in profits can be mitigated if agriculture has technological reduction options
that are cheaper than the tax, or if agriculture reduces the amount of fertiliser for the
land in use (e.g. by changing the choice of crop). It should be noted that the total
land value of agricultural land (both in operation and fallow land) is estimated to be
DKK 210 bn in 2030 in the baseline.

Specifically, the calculations take the following into account: A tax results in less
need for feed and less fertiliser. The lower demand for feed leads to a shift in crop
production away from feed production, and the lower amount of fertiliser increases
the price of fertiliser, which lowers the earnings of crop producers. This translates
into lower land values.

Intra-agricultural market effects:

e Taxon livestock leads to fewer animals: The tax on animal husbandry lowers
the earnings per animal, reducing the number of animals.

e Fewer animals affect crop production: Crop producers sell crops in the form of
feed and bedding for livestock production, where there is limited competing
imports. This means that a decrease in livestock production as a result of a
CO2-eq tax will reduce the production value of crop production and thus the
contribution margin on land and capital, see Tables 7.25 and 7.26, if other
crops with the same contribution margin cannot be produced. It reduces the
land value for crop producers.
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e Reduced animal manure increases the price of fertiliser: Livestock producers
supply manure for crop production, and prices in this market affect profits on
land and capital. A decline in livestock production due to a CO2-eq tax will
increase the price of livestock manure (due to the reduced supply), further
lowering the contribution margin and thus the land value for crop producers.

Internal land market:

¢ Organic and conventional agriculture are affected differently: A uniform CO2-eq
tax will constitute a larger share of the production value in conventional crop
production relative to organic crop production, which in isolation makes organic
production relatively more profitable as a result of the tax. The conditions for
organic area subsidy further restrict the use of organic fertilisers on organic
areas compared to the current harmony requirement. This means that more
organic areas are needed to spread the same amount of livestock manure,
which is why a drop in land values will theoretically affect organic farmers
relatively more. In addition, organic farmers cannot use feed additives that
reduce emissions and the tax per animal.

Other demand:

e  Crops for food industries: Crops are sold to food industries, directly for export
and to other sectors of the economy (e.g. straw for energy production for the
utilities sector). Thus, the contribution margin is affected by competitive
conditions for both agriculture and food industries as well as the effects of a
possible tax on the rest of the economy.

However, several of the Expert Group's tax models include subsidy schemes for
land use change in the form of transition from agricultural land (grazing land or
cropland) to wetlands or forest. In particular, the recommended subsidy for affor-
estation of 250,000 hectares, see Section 3.3, can have significant effects on land
values:

1. Effect of compensation: Many of the lands that lose or have a reduced arable
value after a tax could be converted to forest and receive income from subsi-
dies. In addition, the compensation rate may be higher than the existing contri-
bution margins on some land. This will collectively capitalise in the land values
in an upward direction.

2. Supply effect: When land is converted to other land uses, the supply of crop ro-
tation land is reduced. Less land in rotation increases the price of crops and
harmony area, which capitalises in the land values in an upward direction. In-
creased supply of wood products due to increased forest area reduces the
price of wood products, which capitalises in the land values in a downward di-
rection. The result of afforestation, then, is that an immediate drop in price turns
into an increase in land values that is higher than the subsidy given for affor-
estation.

Table 7.25. Change in land values in 2030 with different tax models

Model 1 Model 2a Model 3a

Tax on livestock, liming and fertiliser, per
cent

-16.8 -6.2 -3.8

Tax on livestock and liming, per cent -10.1 -7.3 -4.4
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Tax on livestock, liming and fertiliser + sub-
sidies for afforestation, per cent

-8.8 4.1 7.2

Note: The effect from subsidies for afforestation is under the assumption that the land converted to forest has an
average cultivation value compared to agricultural land in rotation.
Source: Own calculations.

If a significant area is converted to afforestation, the demand for farm buildings and
machinery will decrease, reducing the value of the current capital stock, see Table
7.26.

Table 7.26. Changes in capital value in 2030 with different tax models

Model 1 Model 2a Model 3a
Tax on livestock, liming and fertiliser, per -13.7 -8.3 -5.0
cent
Tax on livestock and liming, per cent -11.0 -5.8 2.7
T livestock fertiliser + idies fi
ax on livestock and fertiliser + subsidies for 133 81 51

afforestation, per cent

Note: The effect from subsidies for afforestation is under the assumption that the land converted to forest has an
average cultivation value compared to agricultural land in rotation. Capital value is the present value of the future
payments from the agricultural assets of buildings and machinery, i.e. the discounted value of future net payments
that the assets are expected to generate in the normal course of business.

Source: Own calculations.

Effects on cultivation value

With the introduction of a CO2-eq tax, there will be a direct decrease in the cultiva-
tion value per hectare, i.e. the return on land, by taxing fertiliser (after behavioural
adjustment). As explained above, the CO2-eq tax may also have other effects on the
cultivation value via other channels, such as reduced animal production's im-
portance for livestock manure and crop composition. If the cultivation value (plus
any subsidies) falls below the value of the alternative use, it is expected that the land
will switch to the alternative use.

Alternative uses other than cultivation would be afforestation, wetland restoration of
carbon-rich agricultural land, renewable energy production or fallowing where the
land has no productive use.

How much land is taken out of production depends on the spread in land productiv-
ity and how much the return on land is affected by a tax. There is a difference in the
degree of productivity of soils that makes some soils more profitable to farm than
others. Figure 7.3 shows the cultivation value of land in rotation, as measured by the
surplus it is estimated to generate. The difference in land yields has an impact on
how farmers react to higher costs as a result of a CO2-eq tax, including whether to
stop cultivation on land with relatively low yields.
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Figure 7.3. Supply curve for land - distribution of cultivation value per hectare
per year
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Hectares in rotation

Note: Farming value is stated as contribution margin I, which is earnings minus variable and partially variable costs. It
is based on 2013-18 prices. Cultivated land refers to land that is cultivated, whereas land that is not cultivated is used
for other purposes (e.g. fallow land). Cultivated land makes up about 2.2 million hectares of the total agricultural area
of about 2.7 million hectares.

Source: Own calculations and IFRO Documentation 2022 4.

7.15 Examples of Typical Farmers and Bankruptcy
Risk

Type numbers and example calculations for average farm types

Below are a number of examples that illustrate an average farm's immediate impact
at each of the tax levels (before behavioural response and adaptation). For this rea-
son, the examples do not take into account that the farmer can, for example, reduce
their tax burden by utilising technological means. In addition, the farmer is expected
to be able to partially pass on the tax burden in higher sales prices, which reduces
the burden.

Table 7.27 shows examples of figures for an average farm across farm types, in-
cluding turnover, number of livestock and agricultural land. It should be noted that
the farm types in Table 7.27 do not correspond one-to-one to the emission sources
in the modelling calculations in Chapter 2, as the model is broken down at the in-
dustry level and not by farm type, like the example calculations below. In the ac-
counting data used for the example calculations, a single farm will be assigned to an
overall farm type if it accounts for 50 per cent or more of the total standard output.
For this reason, the economic burden of agricultural products can vary from farm to
farm. For example, a cattle farm in Table 7.27 will typically also have crop produc-
tion and will therefore be affected by both a CO.-eq tax on cattle and fertiliser us-
age.

Table 7.27. Description of average farm types (full-time farms)

Crop, Crop, Dairy Dairy Fat- Pig- Pigs,  Agri-
conv. or- cattle, cattle, tening lets, or- cul-
ganic conv. or- pigs, conv. ganic ture
ganic conv.
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Number Unit 2,139 222 1,998 363 876 775 56 7,599

DKK

Revenue
1,000 5,132 3,734 10,067 10,593 12,405 17,194 10,655 9,307

Operating DKK
profitloss” 1,000 1,029 600 1,312 1,451 2,067 2,317 1,031 1,280

Tonnes
f
Emissions ©
CO2-
eq 246 130 2,052 1,690 739 849 380 957
T
- Of which O””f;
from live-
CO2-
stock
eq 19 26 1,863 1,538 576 702 287 773
Number of  Year-
cows ling 1 1 242 199 0 1 0 74
Number of  Year-
heifers ling 1 4 222 187 1 1 0 69
Year-
Sows )
ling 1 0 1 1 62 1,028 214 137
Fattening Year-
pig ling 100 51 40 36 13,363 1,828 3,930 2,453
Area un- Hec-
der grain tares 198 107 48 61 163 161 112 135
Area un-
der coarse Hec-
feed tares 17 45 136 185 7 7 42 56
Clay soil Hec-
y tares 182 112 45 34 123 115 11 111
Hec-
Sandy soil

tares 134 127 146 227 101 104 179 132

Note: Only full-time farms are included in the table. The operating branches in the table are a selection of the largest
types of operating branches. There are other types of operating branches, such as other cattle, integrated pig farms
and mixed farm types. The other types of agriculture are included in the column with agriculture. Revenue and
operating profit are calculated based on averages over the period from 2017-2021. The number of livestock,
emissions and amount of land are calculated based on 2021. Averages in the table are based on a sample from
SEGES weighted up to the representative population in agriculture. Operating profit is calculated before owner
remuneration and after financial expenses.

Source: Own calculations based on SEGES' accounting data.

Table 7.28 illustrates examples of the immediate tax burden for average farms
(before adaptation and behaviour) across farm types. This is calculated based on
type numbers from Table 7.27. The examples are calculated for models 1-3.

The immediate tax payment is gradually reduced from model 1 to model 3 as the
effective tax rate is reduced. However, it is limited how much the immediate tax
payment of crop farms is reduced from model 2a to model 3a, as the effective tax
rate for fertiliser usage is unchanged in the two models. Across farm types, the
average dairy farm has the largest immediate tax payment and thus the largest
negative change in operating profit, which is due to the fact that dairy cattle have
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higher CO2-eq emissions and thus a larger immediate tax payment as a result of a
CO2-eq tax. It should also be noted that the immediate burden is lower when
restructuring direct agricultural subsidies (variant b) relative to a fertiliser tax with a
base deduction (variant a).

Table 7.28. Example calculations with immediate burden and immediate change in result for different types of
farms

Crop, Crop, Dairy cattle, Dairy cattle, Fattening Piglets, Pigs, Agriculture
conv. organic conv. organic pigs, conv. organic
conv.

Model 1: Tax of DKK 750 per tonne of CO2-eq on fertiliser, liming and livestock

Immediate
burden 185 98 1,539 1,268 554 637 285 718
(DKK 1,000)

Immediate

change in

operating -18 -16 -117 -87 -27 -27 -28 -56
profit (per

cent)

Model 2a: Tax of DKK 750 per tonne of CO2-eq on fertilisers, liming and livestock, incl. a base deduction of 50 per cent

Immediate
burden 92 49 770 634 277 318 143 359
(DKK 1,000)

Immediate

change in

operating -9 -8 -59 -44 -13 -14 -14 -28
profit (per

cent)

Model 2b: Tax of DKK 750 per tonne of CO2-eq with a base deduction of 50 per cent for livestock and restructuring of the hectare subsidy

Immediate
burden 21 16 710 586 226 272 113 301
(DKK 1,000)

Immediate

change in

operating -2 -3 -54 -40 -1 -12 -11 -24
profit (per

cent)

Model 3a: Tax of DKK 250 per tonne of CO2-eq on livestock and DKK 750 per tonne of CO2-eq on fertilisers and liming, incl. a base deduction
of 50 per cent

Immediate
burden 88 42 304 249 133 143 71 166
(DKK 1,000)

Immediate

change in

operating -9 -7 -23 -17 -6 -6 -7 -13
profit (per

cent)

Model 3b: Tax of DKK 250 per tonne of CO2-eq with a base deduction of 50 per cent for livestock and restructuring of the hectare subsidy
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Immediate
burden 17 10 245 202 82 97 42
(DKK 1,000)

Immediate

change in

operating -2 -2 -19 -14 -4 -4 -4
profit (per

cent)

108

Note: Only full-time farms are included in the table. The calculations are based on the effective tax rate and type numbers from Table 7.27.
Note: Operating profit is before owner remuneration and calculated as an average for 2017-2021
Source: Own calculations based on SEGES' accounting data.

Example calculations of effects on bankruptcy risk at different tax levels
An analysis has been made of the consequences of the presented models for full-
time farms on the immediate bankruptcy risk of the farms.

As a starting point, 6 per cent of the total turnover in agriculture is estimated to be
among farms at high risk of bankruptcy. Table 7.29 shows an estimate of the
proportion of turnover in agriculture that immediately moves into farms at high risk of
bankruptcy in each of the models presented. This includes the immediate burden of
the CO2-eq tax and change in capital value (incl. afforestation). Price and volume
adjustments are not taken into account in the calculations.

Table 7.29. Immediate changes in bankruptcy threat, in per cent of revenue

Model 1 Model 2a Model 2b Model 3a Model 3b
Crops 6 1 0 -1 -1
Cattle 25 11 10 1 1
Pigs 12 2 2 0 0
her

I(i?/te:tock ! 0 0 0 :
Mixed 1 0 0 0 0
Full-time

overall 15 > 4 0 0

Note: The calculations for changes in the threat of bankruptcy take into account the immediate capital income effect
of the introduction of the CO 2-eq tax and technological reduction options. Adjustment is thus not taken into account.
Source: Own calculations based on SEGES accounting data

In agriculture, there are approx. 7,600 full-time farms, of which it is estimated that
approx. 360 farms are at high risk of bankruptcy to begin with. Table 7.30 shows an
estimate of the number of farms that would immediately become at high risk of
bankruptcy in each of the models presented. This includes the immediate burden of
the CO2-eq tax and change in capital value (incl. afforestation). Price and volume
adjustments are not taken into account in the calculations.

Table 7.30. Immediate changes in threat of bankruptcy, number of farms

Model 1 Model 2a Model 2b Model 3a Model 3b

Crops 230 90 70 50 50
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Cattle 590 240 240 20 <20
Pigs 200 30 30 0 0
Other
. <20 0 0 0 0
livestock
Mixed <10 0 0 0 <10
Full-time

1,040 360 340 70 70
overall

Note: The calculations for changes in the threat of bankruptcy take into account the immediate capital income effect
of the introduction of the CO 2-eq tax and technological reduction options. Adjustment is thus not taken into account.
Source: Own calculations based on SEGES accounting data

Example calculation for a tax of DKK 125 per tonne of CO2-eq after adjustment

The following is an example calculation for model 3a, i.e. an effective tax rate of DKK
125 per tonne of CO»-eq for livestock and DKK 375 per tonne of CO2-eq for fertiliser
usage, where the consequences for livestock and crop producers after adjusting
production are also examined. It should be noted that the threat of bankruptcy does
not mean that the farm is actually going bankrupt. Farms may well be at risk of
bankruptcy for several years. Box 7. 13 describes the used definition of the risk of
bankruptcy.

Box 7.13
Definition of threat of bankruptcy

The threat of bankruptcy is defined as a situation in which farms need liquidity but have a debt ratio
that makes this difficult. The bankruptcy situation is thus determined by two factors: the debt ratio
and liquidity. The debt ratio is calculated as the debt's share of the total asset value, while liquidity
corresponds to the result after financing, depreciation, amortisation and owner remuneration, includ-
ing non-agricultural income. Liquidity is made into a general measure by relating it to gross proceeds
(revenue).

Four levels of bankruptcy threat are used: Strongly at risk of bankruptcy, at risk of bankruptcy, some-
what at risk of bankruptcy and not at risk of bankruptcy. ‘Strongly at risk of bankruptcy' means a debt
ratio of over 100 per cent (insolvency) and a negative liquidity. However, prolonged negative earn-
ings that erode equity can lead to more farms being at risk of bankruptcy in the future. Conversely,
'not at risk of bankruptcy' means that a farm has equity and/or a result that means it is not in immedi-
ate difficulty. In between these two situations are 'at risk of bankruptcy' and ‘at risk of bankruptcy to a
lesser extent', which are characterised by combinations of debt ratios and liquidity, which can make
farms vulnerable to declines in earnings or in asset values.

The analysis focuses on how many more farms are threatened with bankruptcy based on the differ-
ent tax levels. A tax will have an effect on both the debt ratio via decreases in land and other asset
values and on liquidity due to the increased cost.

Full-time farms and not part-time farms are analysed in terms of bankruptcy risk, as full-time farms
are expected to be run professionally, while part-time/hobby farms may have other purposes. This is
based on accounting figures for 2021 from SEGES' accounting database, where a cyclical smooth-
ing of turnover has been made on the basis of the period 2015-21.

The analysis shows that 360 farms, corresponding to approx. 5 per cent of farms,
are at high risk of bankruptcy before a tax is introduced, and these farms account
for 6 per cent of turnover. Basically, 1,630 farms, corresponding to 21 per cent of
the farms, are at risk of bankruptcy to a lesser or greater extent, and these farms

account for 27 per cent of the turnover.

The immediate effects have been calculated as a result of the following:
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1. Immediate capital effect of a CO2-eq tax: With the introduction of a CO2-eq tax,
farms are expected to experience a capital loss in the form of loss of value of
land and other assets (e.g. machinery and buildings). A significant part of the
capital loss can be expected at the time of the announcement.

2. Immediate income effect of the introduction of the CO2-eq tax and technological
reduction options: Agricultural enterprises' costs increase as a result of the
CO:2-eq tax, and the technological reduction options that are immediately ex-
pected to be used in the event of a tax (feed additives, etc.) are included.

3. Short-term effect with price and volume adjustment: This step includes in-
creases in sales prices and decreases in production volumes. The price and
volume correction is calculated so that it occurs proportionally on all farms. This
will not be a realistic adjustment, but shows in a stylised way how a farm will be
affected by the average volume adjustment (production decline).

The total turnover in agriculture varies over the years, but in recent years it has
been in the region of DKK 80-85 bn. Based on data for 2021, where the business
cycle is levelled out, agricultural turnover in the baseline before the introduction of
the tax is calculated at DKK 77 bn. Figure 7.4 shows an estimate of the expected
development in total revenue by bankruptcy risk for the immediate capital effect (1),
immediate income effect (Il) and short-term effect with price and volume adjustment
(IN). It can be seen that the share of the total turnover of farms threatened with
bankruptcy (6 per cent) is unchanged after the introduction of the tax. Although the
tax in isolation has a negative impact on earnings and assets in the form of buildings
etc., there is a parallel increase in asset value in the form of an increase in the land
values of 7.2 per cent, see Table 7.25 in Appendix 7.14, as a result of, among other
things, subsidies for afforestation, which can have significant effects on the land val-
ues, which overall mitigates the impact on bankruptcy risk.

Figure 7.4 Development in total revenue by bankruptcy risk, DKK bn.
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®m Threatened with bankruptcy to a lesser degree m Not in danger of bankruptcy
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Note: The figure shows examples of how the gross dividend is distributed by bankruptcy risk for different scenarios in
the calculations. In step Ill, price and volume adjustments are taken into account. This results in a volume decline of
DKK 6 bn, which is assumed to be distributed equally across all farms.

Source: Own calculations based on SEGES accounting data

Table 7.31 shows that the share of revenue distributed in farms threatened with
bankruptcy is generally unchanged as a result of a tax of DKK 125 per tonne of
CO2-eq.
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Table 7.31. Share of total turnover distributed in farms highly threatened with bankruptcy at a CO:-eq tax of DKK

125 per tonne (per cent)

Branches of operation  0) Before tax 1) Immediate capital II) Immediate income

effect effect

IIl) Total effect after
price and volume
adjustment

—_

Crops

Cattle 1

Pigs

Other livestock

Mixed

DO | W | W
DO | w N |W

Full-time overall

DO | |w [N |Ww

DO | |w [N |Ww

Note: The table shows the figures for all full-ime farms.
Source: Own calculations based on SEGES' accounting data.

In the long term, volume and price adjustments are expected. The volume adjust-
ment can be done by the individual farms reducing their production or by certain
farms stopping altogether, for example, in connection with a bankruptcy. With lower
production, agriculture can pass on some of the cost increases to the selling price.
For calculation purposes, it is assumed that the price and volume correction takes
place for all farms with a proportional reduction, and that no specific farms take the
volume decline. The scenario includes a reduction in revenue corresponding to 3
per cent in model 3a when price and volume adjustments are taken into account.
Looking at the volume adjustment alone, the reduction in production corresponds to
a reduction in the number of farms by 450.

There is great uncertainty about how large a proportion of farms will actually go
bankrupt and how the tax will affect the remaining existing farms. A farm can be
threatened with bankruptcy for many years without necessarily going bankrupt. Of-
ten, the farm will be bought and continued, and there may therefore be a restructur-
ing or change in production on the individual farm, and thus a bankruptcy for the in-
dividual farmer does not necessarily mean a decline in production for agriculture as
a whole. Thus, there is not necessarily a direct correlation between the number of
farms, the increased threat of bankruptcy from a tax and the structural effect, un-
derstood as a structural decline in production as a result of a tax.

Considerations on the debt structure of farms

There is a close correlation between the age of farmers and the debt ratio of farms,
with young farmers typically having higher debt than older farmers, see Figure 7.5.
This may be due to both the fact that younger farmers have invested more in the
farm and that they have had the farm for a shorter number of years after the takeo-
ver and therefore have not had as many years to consolidate the farm. If there is not
a strong enough correlation between higher debt ratios and increased productiv-
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ity/lower CO2z-eq emissions, there is a risk that farms with high debt ratios will be-
come bankrupt with the introduction of a tax. This can increase the risk of bank-
ruptcy among younger/newly established farmers.

Conversely, there may be a tendency for the most productive/climate-efficient farms
to also be among those with the highest debt ratio. This may be because older pro-
duction facilities have a positive contribution margin and can, therefore, make oper-
ations profitable if the debt is low, while it may not necessarily be profitable to invest
in new facilities on the farm in question, e.g. due to a lack of scale. It will often be an
older farmer who runs these farms. Against this background, there may also be a
correlation between age, low debt ratio and age of production facilities. A tax on
CO2-eq emissions can reduce the contribution margin of these plants to such an ex-
tent that these types of farms are not profitable, even if the debt is low.

The Expert Group has not had the opportunity to make an assessment of the preva-
lence of the two illustrated correlations, which is why it is difficult to assess in ad-
vance how the structural change will be put together.

Figure 7.5. Debt ratios for full-time farms in 2021 by age of owner
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Source: Own calculations based on SEGES accounting data

Geographical impact

The following shows the estimated decline in gross value added across regions for
each of the Expert Group's main models, see Table 7.32. In all regions of the
country, agriculture accounts for a limited share of production, which is why all
models have a limited effect on the geographical income balances in Denmark.

Table 7.32. Decline in GVA across regions due to production decline in primary
agriculture

GVA in the starting point Decline in GVA, share of total GVA, per cent
Agri- Agri-
Total It -
Re- ot cure € Model Model Model Model Model

(DKK (DKK ture's
million) mil- share
lion)  of total

gion: 1 2a 2b 3a 3b
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GVA
(Per
cent)
The city
of Co-
589,800 0 0.0 0.0 0.0 0.0 0.0 0.0
penha-
gen
Greater
Copen- 357,700 100 0.0 0.0 0.0 0.0 0.0 0.0
hagen
North
© 155,800 300 0.2 0.0 0.0 0.0 0.0 0.0
Zealand
Born-
10,500 400 3.8 0.9 0.6 0.3 0.4 0.2
holm
East
68,700 400 0.6 0.2 0.1 0.1 0.1 0.0
Zealand
West
and
153,200 4,100 2.7 0.7 0.4 0.2 0.3 0.1
South
Zealand
Funen 150,300 2,900 1.9 0.5 0.3 0.2 0.2 0.1
South
286,600 5,700 2.0 0.5 0.3 0.2 0.2 0.1
Jutland
East Jut-
332,200 4,100 1.2 0.3 0.2 0.1 0.1 0.1
land
West
s 167,200 7,500 45 1.1 07 04 05 0.2
Jutland
North
189,600 4,400 2.3 0.6 0.4 0.2 0.3 0.1
Jutland
Total 2,461,600 29,900 1.2 0.3 0.2 0.1 0.1 0.1

Note: GVA in the starting point is the 2022 figure from Statistics Denmark. The decline in GVA is estimated for 2030.

The calculations do not take into account any change in GVA due to production decline in the secondary industry.

Source: Own calculations.

7.16 Financial Stability

The financial risks associated with a CO2-eq tax have been assessed by Danmarks
Nationalbank in connection with the preparation of this report. It is assessed that

Danish banks and mortgage credit institutions are generally well-equipped to handle
the potential losses that may arise as a result of a CO2-eq tax on agriculture. This is
due to, among other things, a high level of security in the underlying mortgages and

ongoing earnings.

However, there are differences between the individual institutions' exposures to
farms threatened with bankruptcy. Danmarks Nationalbank finds that individual
institutions may need to utilise their excess capital adequacy to cover potential
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losses. However, this depends on which tax rate is adopted politically, as well as the
extent of compensation. If the proceeds of a tax are returned directly to the industry,
the risk of loss for the institutes will be significantly reduced. The overall
methodology behind the analysis is described in Box 7. 14.

A gradual implementation of the tax, e.g. from 2027 to 2030, would be favourable
for financial stability. This allows institutions to absorb potential losses over several
years with current earnings, and fewer credit institutions will therefore need to utilise
their excess capital adequacy. In addition, it gives institutions more time to adjust
their capital planning and business model, and agricultural customers more time to
adapt their production.

Box 7.14

Summary of Danmarks Nationalbank's analysis of financial risks associated with the intro-
duction of a CO2-eq tax on agriculture

Danmarks Nationalbank's calculations are based on, among other things, accounting data from a
proportion of Danish farms for the period 2019-2021. The derived consequences of a CO2-eq tax,
such as a drop in asset prices on land and buildings, are based on calculations in GreenREFORM,
which is an environmental and climate economic model for the Danish economy developed by
DREAM.

The analysis consists of calculating the exposures of banks and mortgage credit institutions to farms
threatened with bankruptcy as a result of a COz-eq tax. At the same time, the institutions' ability to
cover potential losses on lending is assessed. A portion of the potential loss on loans to farms threat-
ened with bankruptcy will already be recognised as impairment losses reserved to cover expected
losses on the loans. At the same time, the institutions have a significant security in the underlying
mortgages. Credit institutions have two additional defences against potential losses. Firstly, the insti-
tution's current earnings can cover the loss. If current eamings are not sufficient, the institution will
then utilise its excess capital adequacy. Excess capital adequacy is the excess capital that an institu-
tion has available over and above the capital requirement that the institution is required to hold by the
authorities.

7.17 Description of Export Elasticities

This section explains how export elasticities in the calculations are determined and
the magnitudes of the elasticities used in the sensitivity analyses.

The size of export elasticities is important as the demand for output from a given in-
dustry is often dominated by the reaction of foreign trade when dealing with a small
open economy like Denmark. Industry-specific elasticities describe the reaction in
exports, and the reaction in imports is described by substitution between Danish
and imported goods and services from the same industry in the outermost branch-
ing of the consumption functions. 7®

78 Kirk, J. S. and Hansen, K. H. (2023). "Elasticiteter og markedsvilkar i GranREFORM" (Elasticities and market condi-
tions in GreenREFORM)
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Fontagné et al. (2022)

The Expert Group has chosen to base its impact assessments on Fontagné et al.
(2022). 7? The export elasticities from Fontagné et al. (2022) are based on a tariff
study and should reflect the long-term elasticity. Fontagné uses IV cross-sectional
analysis to estimate trade elasticities at the product level, where tariffs are the in-
strument for price differences. Tariff rates generally vary between 0-20 per cent and
can thus be compared to the relevant cost shocks in the Expert Group's models.
Data covers tariffs and trade flows in the period 2001-2016 between 189 exporting
countries and 152 importing countries across 5,052 product categories (HS6
grouping). As tariffs are very consistent over time, these estimates can be consid-
ered true structural long-term assessments.

Figures 7.6 and 7.7 show that Fontagné's estimated elasticities are generally be-
tween 3 and 10.

Figure 7.6. Fontagné distribution of export elasticities for all industries

| Oensiy

Kedensity ‘

Note: The graph shows the distribution of export elasticities in Fontagné et al. (2022).
Source: Fontagné, L., Guimbard, H., and Orefice, G., (2022) Tarif-based productevel trade elasticities', Journal of
International Economics.

79 See, for example, Fontagné, L., Guimbard, H., and Orefice, G., (2022) Tarifbased product-level trade elasticities',
Joumnal of International Economics.
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Figure 7.7. Fontagné distribution of elasticities for agriculture
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Note: The graph shows the distribution of export elasticities in Fontagné et al. (2022) for agriculture and food
production.

Source: Fontagné, L., Guimbard, H., and Orefice, G., (2022) Tarifbased productevel trade elasticities', Journal of
International Economics.

The export elasticities for goods-producing industries are determined based on ex-
port elasticities (on 6-digit product codes) from Fontagné et al. (2022), which are
weighted together to industry level based on the distribution of each industry's ex-
ports on the same products as in the national accounts. The industry-specific aver-
age export elasticities for agriculture and the food industry are shown in Table 7.33.

Table 7.33. Average export elasticities of the agriculture and food industry in the Expert Group's impact assess-
ments

Average elasticity Export share
Crop production, conventional 5.36 21.5%
Crop production, organic 5.36 21.1%
Horticulture 7.50 17.2%
Cattle farming 8.1 2.6%
Pig farming 6.41 26.9%
Poultry 6.41 17.2%
Dairy 5.46 50.7%
Bakery 6.67 21.2%
Other food industry 6.93 36.9%
Slaughterhouse, cattle 5.69 53.1%
Slaughterhouse, pigs 12.10 61.3%
Slaughterhouse, poultry 5.84 27.6%

Note: The export elasticities shown are weighted together to industry level based on export estimates at product level. The export estimates at the product level mask
alarge underlying variation. Note also that the estimates for the animal industries are largely the same for organic and conventional producers, which is why only one
overall estimate is reported for these despite the division in GreenREFORM.
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Source: BACI database80 and Fontagné, L., Guimbard, H., and Orefice, G., (2022) Tariff-based product-level trade elasticities', Journal of International Economics

The average export elasticities mask a large underlying variation in export elasticities
at the product level. In the dairy industry, for example, the average elasticity is 5.46,
which means that drinking milk has an estimated export elasticity of close to 10 (lower
market power) compared to butter and cheese, which have estimated export elastic-
ities of around 3 and 5 (higher market power). Meat powder, residual products (such
as tongues), etc. all have an elasticity above 20. However, weighted together, the
export elasticities will be between approx. 5-10. Only 9 per cent of Danish agricultural
exports are estimated to have an export elasticity above 15 and 2 per cent above 20
in Fontagné et al. (2022).

The variation can partly be explained by differences in transport costs and shelf life,
as it can be seen that milk powder and meat powder have the highest elasticity val-
ues for dairies and slaughterhouses, respectively. In addition, differences in brand
and bulk goods can also explain parts of the variation, as, for example, milk and
meat powder must be described as bulk goods.

The size of the average export elasticities harmonises well with the general level of
goods export elasticities and the empirical literature in general. See, for example,
Hertel et al. (2007)8" and a review of the literature by Boehm et al. (2023)%? and An-
derson et al. (2004)82,

As the Expert Group's estimated export elasticities are assessed to be struc-
tural/long-term, a certain amount of inertia in the consumption reaction should, in
principle, be taken into account based on the expectation that the short-term elas-
ticity is smaller than the long-term. The Expert Group has not had access to data on
the speed of consumption reactions for food exports and has therefore disregarded
export inertia in the calculations. In the MAKRO modelling, work is underway to esti-
mate export inertia for the Danish economy as a whole, but these are not neces-
sarily accurate for food exports, which are expected to have faster consumer reac-
tions than other exports (of medicine, furniture, machinery, etc.). If the preliminary
assumptions from MAKRO's export inertia are used in the Expert Group's assump-
tions, this would result in a maximum decrease in reductions in 2030 of 0.2 million
tonnes in model 1, 0.1 million tonnes in model 2 and less than 0.1 in model 3. Export
inertia is thus not considered to have significant implications for the models in prac-
tice, but will need to be addressed in the future model development in Green-
REFORM.

80 The database is documented in BACI: International Trade Database at the Product-level: The 1994-2007
Version

81 Hertel, Thomas, Hummels, David, lvanic, Maros, Keeney, Roman, (2007) ‘How confident can we be of CGE-
based assessments of Free Trade Agreements?’, Economic Modelling.

82 Boehm, Christoph E., Andrei A. Levchenko, and Nitya Pandalai-Nayar. "The Long and Short (Run) of Trade Elastic-
ities." American Economic Review 113.4 (2023): 861-905. Note that Boehm et al. (2023) themselves find signifi-
cantly lower elasticities.

83 Anderson, James and Eric van Wincoop. 2004. “Trade Costs.” Journal of Economic Literature 42 (3):691-751.
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Figure 7.8. Estimates of export elasticity by product group, primary and food in-
dustry (Expert Group's central estimates based on Fontagné et al. (2022))
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Note: The graph shows the distribution of export elasticities in Fontagné et al. (2022) for agriculture and food
production in relation to the Danish export shares of total Danish agricultural and food exports.

Source: Fontagné, L., Guimbard, H., and Orefice, G., (2022) Tarifbased product-evel trade elasticities', Journal of
International Economics. BACI: International Trade Database at the Product-level: The 1994-2007 Version

Feenstra et al. (2018)

In previous publications®*, GreenREFORM has estimated the export elasticities for
goods-producing industries at detailed product level (6-digit product codes), based
on Feenstra's method.®®

Figures 7.9 and 7.10 show that the average export elasticity for dairies and slaugh-
terhouses masks a large underlying variation in export elasticities at the product
level. Figure 7.9 shows that almost 50 per cent of dairy exports consist of cheese,
while butter and milk powder account for around 10 per cent of exports. Figure 7.10
shows that approx. 2/3 of slaughterhouse exports consist of fresh and frozen pork.

84 See "Elasticiteter og markedsvilkar i GranREFORM" (Elasticities and market conditions in GreenREFORM), and
"Estimering af udenrigshandelselasticiteter i MAKRO" (Estimation of foreign trade elasticities in
MACRO), Kronborg, Poulsen and Kastrup 2020 for documentation of the estimation method

85 Feenstra, R., Luck, P., Obstfeld, M. and Russ, K. (2018), 'In Search of the Armington Elasticity’, Review of Econom-
ics and Statistics 100(1), 135-150. and Feenstra, R. C. (1994), ‘New product varieties and the measurement of in-
ternational prices’, American Economic Review 84, 157-177.



http://www.cepii.fr/pdf_pub/wp/2010/wp2010-23.pdf
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Figure 7.9. Estimated product-specific export elasticities for dairies

(Feenstra's method)
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Note: The graph shows the distribution of export elasticities in Fenstra et al. (2018) for agriculture and food production

in relation to the Danish export shares of total Danish agricultural and food exports.

Kilde: Feenstra, R., Luck, P., Obstfeld, M. and Russ, K. (2018), ‘In Search of the Armington Elasticity’, Review of
Economics and Statistics 100(1), 135-150, and Feenstra, R. C. (1994), 'New product varieties and the measurement
of international prices', American Economic Review 84, 157-177. "Elasticiteter og markedsvilkér i GranREFORM"
(Elasticities and market conditions in GreenREFORM), and BACI: International Trade Database at the Product-

level: The 1994-2007 Version
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Figure 7.10. Estimated product-specific export elasticities for slaughterhouses
(Feenstra's method)
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Note: The graph shows the distribution of export elasticities in Fenstra et al. (2018) for agriculture and food production
in relation to the Danish export shares of total Danish agricultural and food exports.

Kilde: Feenstra, R., Luck, P., Obstfeld, M. and Russ, K. (2018), ‘In Search of the Armington Elasticity’, Review of
Economics and Statistics 100(1), 135150, and Feenstra, R. C. (1994), 'New product varieties and the measurement
of international prices', American Economic Review 84, 157-177. "Elasticiteter og markedsvilkér i GranREFORM"
(Elasticities and market conditions in GreenREFORM), and BACI: International Trade Database at the Product-
level: The 1994-2007 Version

Feenstra's method calculates averages (moments) over time. Therefore, the esti-
mated elasticity can be interpreted as a weighted average of the short and long
term (‘medium-term"). The data used (BACI) covers the period 1995-2020 (25
years). Thus, the effect may be lower than the "pure" long-term elasticity. Fontagné
et al. (2022) use an IV cross-sectional analysis to estimate trade elasticities at the
product level, where tariffs are the instrument for price differences. As tariffs are
very consistent over time, these estimates can be considered true structural long-
term assessments. For the agricultural sector, Fontagné et al. (2022) find estimates
that are approx. 20-30 per cent higher than Feenstra's method.

A new study by Boehm et al. (2023), The Long and Short (Run) of Trade Elasticities,
estimates export elasticities based on event studies of tariff changes. They generally
find low elasticities (in the order of 2 in the long run) and generally argue that
Feenstra and previous studies overestimate trade elasticities by not including bilat-
eral fixed effects.®¢ Their cross-sectional estimates (excluding bilateral fixed effects)
of trade elasticities are between 4-7 (consistent with Feenstra, Fontagné and other
previous studies). However, the lower estimates for bilateral fixed effects may also
be due to a general attenuation bias increase in the event study specification.®’

86 |ncluding bilateral fixed effects means that a constant for the countries' existing trade between each other is in-
cluded in the regression to account for unobservable constant bilateral trade preferences between the countries.
This will need to be taken into account in its estimation if there is a correlation between trade preferences and tariff
levels, as it will lead to omitted variable bias. These challenges will arise, for example, if you have scenarios where
consumers in a given importing country have very strong preferences for a product from a specific exporting coun-
try, causing the importing country's policies to set a lower tariff on these products.

87 Attenuation bias describes a situation where one's estimates tend towards 0, due to the signal vs. noise ratio in-
creasing as more variables (in this case, fixed effects) are increased. See e.g. https://towardsdatasci-
ence.com/biased-model-coefficients-part-1-2722128b9e1c.


http://www.cepii.fr/pdf_pub/wp/2010/wp2010-23.pdf
http://www.cepii.fr/pdf_pub/wp/2010/wp2010-23.pdf
https://towardsdatascience.com/biased-model-coefficients-part-1-2722128b9e1c
https://towardsdatascience.com/biased-model-coefficients-part-1-2722128b9e1c
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However, the focus in Boehm et al. (2023) is not the level of elasticity so much as
the time response function. From this, it can be seen that the long-term effect oc-
curs after about 7-10 years and that the short-term elasticity is about half of the
long-term elasticity. Since Feenstra's method is interpreted as a weighted average
of the short and long-term, the Boehm et al. time response function implies that
Feenstra's elasticities can be increased.

On this basis, the Expert Group has chosen to use the Fontagné et al. (2022) esti-
mate as a basis (weighted according to Danish export shares), but at the same time
include a sensitivity analysis with estimates based on Feenstra, see Section 2.7. The
Expert Group notes that there are no significant differences in the impact assess-
ment in this sensitivity analysis.

Empirical studies on the size of export elasticities

Table 7.34 provides an overview of estimated export elasticities for the food indus-
tries. In general, the weighted elasticities vary in the range of 5-10%¢ across estima-
tions.

Table 7.34. Overview of the literature on export elasticities in the food industry.

Hertel et al. (2007) (GTAP) Expert Group / Fontagné Feenstra et al. (2018) /
(2022) GreenREFORM (2023)
Export elasticity
Crop production, conventional 2.6-8.9 5.36 4.14
Crop production, organic 2.6-8.9 5.36 2.97
Horticulture 3.7 7.50 3.14
Cattle farming 4.0 8.11 3.89
Pig farming 4.0 6.41 4.01
Poultry 4.0 6.41 8.47
Dairy 7.3 5.46 5.36
Bakery 2.6-8.9 6.67 9.66
Other food industry 2.3-6.6 6.93 5.60
Slaughterhouse, cattle 7.7-8.8 5.69 4.98
Slaughterhouse, pigs 7.7-8.8 12.10 4.98
Slaughterhouse, poultry 7.7-8.8 5.84 4.98

Source: "Elasticiteter og markedsvilkar i GranREFORM" (Elasticities and market conditions in GreenREFORM), Fontagné, L., Guimbard, H., & Orefice, G. (2022).
Tariff-based product-level trade elasticities. Journal of International Economics, 137, 103593 and Hertel, Thomas, Hummels, David, Ivanic, Maros, Keeney, Roman,
(2007) ‘How confident can we be of CGE-based assessments of Free Trade Agreements?’, Economic Modelling.

Import elasticities

The elasticity of substitution between Danish produced and imported consumption
is determined based on the "rule of two", whereby the import elasticity of substitution
is set to the same as the export elasticity for the supplying industry divided by 2.

88 See previously issued memo "Elasticiteter og markedsvilkar i GrgnREFORM" (Elasticities and market conditions in
GreenREFORM), and "Estimering af udenrigshandelselasticiteter i MAKRO" (Estimation of foreign trade
elasticities in MACRO), Kronborg, Poulsen and Kastrup 2020 for documentation of the estimation method
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There is good empirical evidence for the 'rule of two'. This is similar to the approach
in the MAKRO and REFORM model, and implies that consumers have a preference
for domestically produced goods. Feenstra (2018)# finds that the rule of two can
only be rejected for 20 out of 98 products, Hilberry and Hummels (2012)%° empha-
sise that the rule of two is frequently used in CGE models, including GTAP. In Sec-
tion 2.7, sensitivity analyses are performed without the rule-of-two.

89 |n Search of the Armington Elasticity, Feenstra et al. (2018).

70"Elasticiteter og markedsvilkar i GranREFORM" (Elasticities and market conditions in GreenREFORM), Kirk and
Hansen, and "Estimering af udenrigshandelselasticiteter i MAKRO" (Estimation of foreign trade elasticities in
MACRO), Kronborg, Poulsen and Kastrup 2020 for documentation of the estimation method
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7.18 Other Model Results

Tax base and immediate burden
Table 7.35 shows a comparison of the immediate burden per animal group for mod-
els 1-3.

Table 7.35. Tax base and immediate burden divided by animal groups

Tax base Immediate burden Burden per animal
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
m tonnes DKK million DKK per animal
Dairy cows 3.08 2,200 1,100 375 4,200 2,100 700
Other cattle 1.44 1,025 525 175 1,000 500 175
Fattening pigs 0.98 700 350 125 25 25 0
Yearling sows 0.41 300 150 50 325 150 50
Piglets 0.23 175 75 25 5.00 2.50 0.75
Horses 0.15 100 50 25 600 300 100
Sheep 0.04 25 25 0 350 175 50
Broiler chickens 0.03 25 0 0 0.25 0.00 0.00
Lambs 0.02 25 0 0 125 50 25
Hens 0.02 0 0 0 1.25 0.50 0.25
Deer 0.01 0 0 0 900 450 150
Goats 0.01 0 0 0 375 175 50
Eﬁgfj*rfeey?e 0.00 0 0 0 3.75 1.75 0.50
Pheasants (hens) 0.00 0 0 0 25 25 0
(Pchh‘?glf;”ts 0.00 0 0 0 0.50 0.25 0.00
Ostriches 0.00 0 0 0 3,250 1,625 550
Overall 6.43 4,575 2,300 775 25 0 0

Note: Immediate burden and burden per animal are given in the 2023 level. Immediate burden is rounded to the nearest DKK 25 million, while burden per animal is
rounded to the nearest DKK 25, except for piglets, broilers, chickens, ducks, geese, turkeys and fanatics (chickens) where burden per animal is rounded to the
nearest DKK 0.25. It is assumed that the taxes are continuously indexed with the general price level.

Source: Own calculations based on Climate Status and Outlook 2023.



Yearly effects tables
This section presents tables of the models' public costs and CO2-eq effects on an
annual basis from 2025-2035.

Table 7.36. Yearly economic and CO:-eq effects

Model 1

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

Avg.

Econ-
omy

Tax of
DKK 750
per tonne
of CO»-
eq"

Peat-
land?

Subsidy
for affor-
estation
Tax on F-
gases
and other
regula-
tions

Total

-1,175

-275

-1,450

-1,175

-350

-1,525

925

-1,175

-450

75

-625

1,725

-1,175

-5650

75

75

DKK m (2023 level)

2,400

-1,175

-675

75

625

3,000

-1,175

-750

75

1,150

2,925

-1,175

-850

75

975

2,850

-1,175

-925

75

825

2,750

-975

75

1,850

2,675

-1,050

75

1,700

2,625

-1,110

75

1,600

2,000

-850

-125

50

475

CO2-eq
effects
Tax of
DKK 750
per tonne
of CO»-
eq

Peatland

Subsidy
for affor-
estation
Tax on F-
gases
and other
regula-
tions

Total

0.1

0.0

0.0

0.0

0.1

0.4

0.0

0.0

0.0

0.4

0.0

0.0

0.0

1.4

1.8

0.1

0.0

0.0

2.0

m tonnes of CO,

2.4

0.2

0.0

0.0

27

2.7

0.3

0.1

0.1

3.2

>-eq

2.8

0.6

0.2

0.1

3.7

2.8

1.0

0.3

0.1

4.2

2.8

0.3

0.1

4.2

2.8

1.0

0.4

0.1

4.3

2.7

1.0

0.6

0.1

4.4

2.1

0.5

0.2

0.1

2.8

Note: Figures have been rounded to the nearest DKK 25 million.

1) The calculations assume that the COz-eq tax is phased in gradually from 2027 to 2030.
2) A total of DKK 9.4 bn has been set aside for the rewetting of carbon-rich agricultural land. For calculation purposes, the funds are divided equally between
2025-2032, when the set-aside is expected to be carried out.

Source: Own calculations




Table 7.37. Yearly economic and CO:-eq effects

Model
2a

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

Avg.

Econ-
omy

Tax of
DKK 750
per tonne
of CO»-
eq with a
base de-
duction
of 50 per
cent.)

Peat-
land?

Subsidy
for affor-
estation
Tax on F-
gases
and other
regula-
tions
Subsidies
for bio-
char by
pyrolysis

Total

-1,175

-275

-1,450

-1,175

-350

-1,525

250

-1,175

-450

75

-1,375

775

-1,175

-550

75

-100

-975

DKK m (2023 level)

1,275

-1,175

-675

75

-150

-650

1,550

-1,175

-750

75

-225

-525

1,500

-1,175

-850

75

-225

-675

1,475

-1,175

-925

75

-225

=775

1,425

-975

75

-225

300

1,400

-1,050

75

-225

200

1,350

-1,110

75

-225

100

1,000

-850

-725

50

-125

-650

CO2-eq
effects
Tax of
DKK 750
per tonne
of CO»-
eq with a
base de-
duction
of 50 per
cent.

Peatland

Subsidy
for affor-
estation
Tax on F-
gases
and other
regula-
tions
Subsidies
for bio-
char by
pyrolysis

Total

0.1

0.0

0.0

0.0

0.0

0.1

0.2

0.0

0.0

0.0

0.0

0.2

1.1

0.0

0.0

0.0

0.1

1.2

0.1

0.0

0.1

0.1

1.7

m tonnes of COz-eq

1.9

0.2

0.0

0.1

0.1

23

2.1

0.3

0.1

0.1

0.2

2.8

2.2

0.6

0.2

0.1

0.2

3.3

2.2

0.3

0.1

0.2

3.8

2.2

1.0

0.3

0.1

0.2

3.8

2.2

0.4

0.1

0.2

3.9

2.0

1.0

0.6

0.1

0.2

3.9

0.5

0.2

0.1

0.1

24

Note: Figures have been rounded to the nearest DKK 25 million.
1) The calculations assume that the COz-eq tax is phased in gradually from 2027 to 2030.

2) A total of DKK 9.4 bn has been set aside for the rewetting of carbon-rich agricultural land. For calculation purposes, the funds are divided equally between

2025-2032, when the set-aside is expected to be carried out.
Source: Own calculations




Table 7.38. Yearly economic and CO:-eq effects

Model
2b

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

Avg.

Econ-
omy

Tax of
DKK 750
per tonne
of CO»-
eq with a
base de-
duction
of 50 per
cent.)

Peat-
land?

Subsidy
for affor-
estation
Tax on F-
gases
and other
regula-
tions
Subsidies
for bio-
char by
pyrolysis

Total

-1,175

-275

-1,450

-1,175

-350

-1,525

100

-1,175

-450

75

-75

-1,525

575

-1,175

-650

75

-100

-1,175

DKK m (2023 level)

1,125

-1,175

-675

75

-150

-800

1,375

-1,175

-750

75

-225

-700

1,350

-1,175

-850

75

-225

-825

1,300

-1,175

-925

75

-225

-950

1,275

-975

75

-225

150

1,225

-1,050

75

-225

25

1,200

-1,110

75

-225

875

-850

-725

50

-125

=775

CO2-eq
effects

Tax of
DKK 750
per tonne
of CO»-
eq with a
base de-
duction
of 50 per
cent.

Peatland

Subsidy
for affor-
estation
Tax on F-
gases
and other
regula-
tions
Subsidies
for bio-
char by
pyrolysis

Total

0.1

0.0

0.0

0.0

0.0

0.1

0.3

0.0

0.0

0.0

0.0

0.3

1.1

0.0

0.0

0.0

0.1

1.2

0.1

0.0

0.1

0.1

1.6

m tonnes of COz-eq

1.7

0.2

0.0

0.1

0.1

21

0.3

0.1

0.1

0.2

2.6

2.0

0.6

0.2

0.1

0.2

341

2.0

0.3

0.1

0.2

3.6

2.0

1.0

0.3

0.1

0.2

3.6

2.0

0.4

0.1

0.2

3.7

1.9

1.0

0.6

0.1

0.2

3.8

1.5

0.5

0.2

0.1

0.1

23

Note: Figures have been rounded to the nearest DKK 25 million.
1) The calculations assume that the COz-eq tax is phased in gradually from 2027 to 2030.

2) A total of DKK 9.4 bn has been set aside for the rewetting of carbon-rich agricultural land. For calculation purposes, the funds are divided equally between

2025-2032, when the set-aside is expected to be carried out.
Source: Own calculations




Table 7.39. Yearly economic and CO:-eq effects

Model 3a

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

Avg.

Economy

Tax of DKK
250/125
per tonne of
CO2-eq with
a base de-
duction of
50 per
cent”

Peatland?

Subsidy for
afforesta-
tion

Tax on F-
gases and
other regu-
lations
Subsidies
for biochar
by pyrolysis

Total

-1,175

-275

-1,450

-1,175

-350

-1,525

150

-1,175

-450

75

-375

-1,775

500

-1,175

-650

75

-500

-1,650

DKK m (2023 level)

850

-1,175

-675

75

-175

-1,700

1,050

-1,175

-750

75

-1,150

-1,950

1,025

-1,175

-850

75

-1,150

-2,075

1,000

-1,175

-925

75

-1,150

-2,175

975

-975

75

-1,150

-1,075

950

-1,050

75

-1,150

-1,175

925

-1,110

75

-1,150

-1,250

675

-850

-725

50

-175

-1,625

COz¢q ef-
fects

Tax of DKK
250/125
per tonne of
COz-eq with
a base de-
duction of
50 per cent.

Peatland

Subsidy for
afforesta-
tion

Tax on F-
gases and
other regu-
lations
Subsidies
for biochar
by pyrolysis

Total

0.1

0.0

0.0

0.0

0.0

0.1

0.1

0.0

0.0

0.0

0.0

0.1

0.0

0.0

0.0

0.2

1.2

1.1

0.1

0.0

0.1

0.4

1.7

m

0.2

0.0

0.1

0.5

2.0

tonnes of C!

1.3

0.3

0.1

0.1

0.8

2.6

O2eq

0.6

0.2

0.1

0.8

341

1.4

1.0

0.3

0.1

0.8

3.6

0.3

0.1

0.8

3.6

1.3

1.0

0.4

0.1

0.8

3.6

1.3

1.0

0.6

0.1

0.8

3.8

1.1

0.5

0.2

0.1

0.5
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Note: Figures have been rounded to the nearest DKK 25 million.

1) The calculations assume that the COz-eq tax is phased in gradually from 2027 to 2030.
2) A total of DKK 9.4 bn has been set aside for the rewetting of carbon-rich agricultural land. For calculation purposes, the funds are divided equally between

2025-2032, when the set-aside is expected to be carried out.
Source: Own calculations




Table 7.40. Yearly economic and CO:-eq effects

Model 3b

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

Avg.

Economy

Tax of
DKK
250/125
per tonne
of CO2-eq
with a
base de-
duction of
50 per-
cent”

Peatland?

Subsidy
for affor-
estation
Tax on F-
gases and
other reg-
ulations
Subsidies
for biochar
by pyroly-
sis

Total

-1,175

-275

-1,450

-1,175

-350

-1,525

50

-1,175

-450

75

-375

-1,875

325

-1,175

-650

75

-500

-1,825

DKK m (2023 level)

700

-1,175

-675

75

-775

-1,850

875

-1,175

-750

75

-1,150

-2,125

850

-1,175

-850

75

-1,150

-2,250

825

-1,175

-925

75

-1,150

-2,350

800

-975

75

-1,150

-1,250

775

-1,050

75

-1,150

-1,350

750

-1,110

75

-1,150

-1,435

550

-850

-125

50

=775

-1750

CO2-¢eq ef-
fects

Tax of
DKK
250/125
per tonne
of COz-eq
with a
base de-
duction of
50 per
cent.

Peatland

Subsidy
for affor-
estation
Tax on F-
gases and
other reg-
ulations
Subsidies
for biochar
by pyroly-
sis

Total

0.0

0.0

0.0

0.0

0.0

0.0

0.2

0.0

0.0

0.0

0.0

0.2

0.0

0.0

0.0

0.2

1.2

1.0

0.1

0.0

0.1

0.4

1.6

m tonnes of COz-eq

0.2

0.0

0.1

0.5

1.9

1.1

0.3

0.1

0.1

0.8
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0.6

0.2

0.1

0.8

2.8

1.1

1.0

0.3

0.1

0.8

3.3

0.3

0.1

0.8

3.3

1.1

1.0

0.4

0.1

0.8

3.4

1.1

1.0

0.6

0.1

0.8

3.6

0.9

0.5

0.2

0.1

0.5

2.2

Note: Figures have been rounded to the nearest DKK 25 million.
1) The calculations assume that the COz-eq tax is phased in gradually from 2027 to 2030.

2) A total of DKK 9.4 bn has been set aside for the rewetting of carbon-rich agricultural land. For calculation purposes, the funds are divided equally between

2025-2032, when the set-aside is expected to be carried out.
Source: Own calculations




Decline in production volume and value for th

e models

Table 7.41. Change in production volumes and value for the models, 2030 effects

Model Effective tax rate in 2030 ; Production value Decrease in production Decrease in production
value

DKK per tonne of COz-eq DKK bn per cent per cent
Model 1/Tax of DKK 750 per tonne of COzeq on fertiliser, liming and livestock
Crop 750 19.8 7.9 7.6
Cattle 750 16.7 20.2 8.7
Pigs 750 16.7 17.7 13.6
Overall 750 53.2 15.0 9.8
Model 2a/Tax of DKK 750 per tonne of CO2-eq on fertilisers, liming and livestock, incl. a base deduction of 50 per cent
Crop 375 19.8 4.8 4.5
Cattle 375 16.7 11.4 4.9
Pigs 375 16.7 11.0 8.4
Overall 375 53.2 8.9 5.8

Model 2b/tax of DKK 750 per tonne of COz-eq on liming and livestock, and DKK 750 per tonne of COz-eq subsidy for reduced fertiliser, incl. a base

deduction of 50 per cent

Crop 0-375 19.8
Cattle 375 16.7
Pigs 375 16.7
Overall 375 53.2

Model 3a/Tax of DKK 750 per tonne of CO»-eq on fertilisers
cent

and liming, DKK 250 per tonn

Crop 375 19.8
Cattle 125 16.7
Pigs 125 16.7
Overall 125-375 53.2

Model 3b/Tax of DKK 750 per tonne of COz-eq on liming, D
reduced fertiliser, incl. a base deduction of 50 per cent

KK 250 per tonne of COz-eq ol

Crop 0-375 19.8
Cattle 125 16.7
Pigs 125 16.7
Overall 125-375 53.2

0.8

9.8

8.1

6.0

e of COz-eq on livestock, incl.

3.8
6.5
6.6

5.6

0.0
4.7
3.4

2.6

2.6

4.3

6.2

4.2

a base deduction of 50 per

2.9
2.8
5.0

3.5

n livestock, and DKK 750 per tonne of CO2-eq subsidy for

1.1

21

2.6

1.9

Note: Production value is stated for 2030, includes intra-agricultural deliveries and is calculated at the 2023 level. It should be noted that for crop producers in the b
variants, a range of 0-375 is specified, as there is still a tax on liming even though there is no tax on applied fertiliser.

Source: Own calculations




Table 7.42. Degree of price pass-through in the models, per cent

Tax rate in 2030 Partial models Overall
Livestock (base Fertiliser (base
deduction, per deduction, per Crop Cattle Pigs Overall
cent) cent) i i
DKK per tonne of CO2-eq Per cent (pass-through in consumer prices)
Model 1 750 (0) 750 (0) 38 62 45 56
Model 2a 750 (50) 750 (50) 39 58 46 51
Model 2b 750 (50) 750 (subsidy) - 55 38 49
Model 3a 250 (50) /125 (0) 750 (50) 39 56 42 46
Model 3b 250 (50) /125 (0) 750 (subsidy) - 50 26 41

Note: Partial models are calculated with the same rates as the general models, but where the 3 agricultural branches are taxed separately.
Source: Own calculations.
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