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1. Introduction

The 2015 Paris Agreement marked a turning point in international climate policy, committing
parties to limiting global warming to below 2°C and pursuing efforts to limit the increase to
1.5°C (UNFCCC, 2015). For advanced economies, meeting these commitments required not
only broad decarbonisation strategies but credible near-term policies in sectors where emissions
had proved difficult to reduce. Sweden positioned itself as an early mover. In 2017, the Riksdag
adopted one of the most ambitious national climate frameworks in the world, committing to
net-zero greenhouse gas emissions by 2045 and establishing sector-specific interim targets to
anchor the transition (Regeringen, 2017). The transport sector presented a particular challenge.
Road transport accounted for approximately 90 percent of domestic transport emissions and
around one third of Sweden’s total greenhouse gas emissions, yet remained heavily dependent
on fossil fuels and faced slow fleet turnover (Naturvardsverket, 2019). Sweden therefore adopted
a sector-specific target of reducing domestic transport emissions by at least 70 percent by 2030
relative to 2010 levels (Regeringen, 2017). A target of this ambition could not be met through
electrification alone within the available timeframe; it also required instruments that lowered
emissions from the existing stock of internal-combustion vehicles (Klimatpolitiska radet, 2024).

It was against this backdrop that Sweden introduced the Reduktionsplikt in July 2018, The
policy requires fuel suppliers to achieve a specified annual reduction in the average lifecycle
greenhouse-gas intensity of the gasoline and diesel they place on the market, primarily through
the blending of renewable biofuels into conventional fossil fuels (Sveriges riksdag, 2017). Ide-
ally, the mandate reduces emissions through technical substitution, by making each litre less
carbon-intensive without substantially raising prices. However, if compliance costs increase and
are passed on to consumers, the policy also creates an unwanted price channel. A government-
induced price increase without corresponding tax revenue. The mandate was tightened progres-
sively, reaching a diesel reduction requirement of 30.5 percent in 2022, before being rolled back
to the EU minimum of 6 percent in January 2024 following a sharp rise in fuel prices during the
2022-2023 European energy crisis (Regeringen, 2023b). From July 2025, a redesigned mandate
has been phased back in.

The Reduktionsplikt did, in fact, not operate without economic consequences. This risk
was recognised already in the 2019 control-station process. Energimyndigheten and the subse-
quent government proposition noted that higher reduction levels would increase blending costs,
since biofuels already were — or risked becoming — more expensive than fossil fuels, and that
these costs were expected to be passed on to customers (Energimyndigheten, 2019; Regeringen,
2021). As the diesel mandate increased toward 30.5 percent and coincided with the European
energy crisis of 2021-2022, fuel prices rose sharply and the policy became a central topic of
political debate. Critics argued that the mandate had made diesel unaffordable for households
and haulage firms, and the government ultimately cited high fuel prices as a primary motivation
for the 2024 rollback (Regeringen, 2023a). The price effects of the policy have attracted aca-
demic and institutional attention. Konjunkturinstitutet (2023b) and C. Andersson and Thorell
(2024) study the pass-through of mandate-induced costs to pump prices using Sweden-Denmark
comparisons, while Sajtos (2025) examines the price effect of the 2025 policy change. Scenario
analyses have also been used to assess the feasibility of reaching Sweden’s 2030 transport target

"Reduktionsplikt” directly translates to "reduction duty”.



CHAPTER 1. INTRODUCTION

under alternative mandate trajectories (Klimatpolitiska radet, 2024).

Yet the policy debate has proceeded largely without a welfare-economic assessment of whether
the Reduktionsplikt was worth its costs. Price increases are a transfer, not a social loss in them-
selves. What matters for economic efficiency is whether the climate benefits generated by the
mandate exceeded the total surplus foregone by consumers and producers. This question is dis-
tinct from asking how large the price increase was, and it has not been addressed in the existing
literature. With the Reduktionsplikt currently under revision and new reduction levels in force
from July 2025, the question of whether the instrument is economically and environmentally
justified is directly policy-relevant.

This paper fills that gap. Our analysis combines causal estimates of the mandate’s price
effect with estimates of the emissions reductions achieved by two distinct channels. A technical
substitution channel, through which biofuel blending reduces the greenhouse gas intensity of
each litre sold, and a price channel, through which higher fuel costs reduce the quantity of
diesel consumed. From a welfare perspective, the key distinction is that the latter works by
reducing diesel consumption while also creating surplus losses for consumers and producers.
In practice, the sharp increase in HVO prices appears to have made this second mechanism
increasingly important, raising compliance costs, affecting demand, and thereby increasing the
welfare cost of the policy. Combining these channels, we can estimate the total surplus cost borne
by consumers and producers, and divide by total emissions reductions to arrive at an abatement
cost. Comparing this against the Swedish carbon tax rate and the social cost of carbon, we assess
whether the welfare cost of the policy was commensurate with the climate benefit it delivered.
Our findings are also relevant for predicting the implications of the redesigned mandate now
being phased back in. Specifically, this paper aims to:

1. estimate, in monetary terms, what the Reduktionsplikt cost Swedish society during the
high-mandate years from 2018 to 2024;

2. estimate the emissions reductions from both the price channel and the technical substitu-
tion channel; and

3. combine (1) and (2) into an abatement cost estimate that can be benchmarked against

various valuations of carbon emissions.

Our empirical strategy reflects the constraints imposed by the policy environment. A direct
estimate of the mandate’s effect on fuel consumption is not feasible. The Bonus-Malus vehicle
taxation system was introduced simultaneously in 2018 (Statens offentliga utredningar, 2016),
and fuel tax changes in 2022 confound any consumption-based comparison. Bonus-Malus is
a particularly clear confounder because it directly affects diesel consumption by incentivising
electric vehicle purchases and discouraging high-emitting vehicles, making it difficult to isolate
the demand effect of the Reduktionsplikt from observed consumption alone. Consumption is
also more likely to be affected by other country-specific shocks, such as differences in Swedish
and Danish Covid-19 strategies, whereas diesel prices without tax? are assumed to be more
plausibly exogenous to Swedish fuel demand. We therefore identify the mandate’s price effect
using a difference-in-differences design with Denmark as the control unit, exploiting six discrete
changes in the mandated reduction level over 2018-2024, and work with diesel prices wot to

2For the remainder of the paper, referred to as diesel prices wot.
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avoid confounding by the distinct and evolving tax structures in the two countries. We focus
exclusively on diesel, where the mandate was far more ambitious, reaching 30.5 percent as
opposed to 7.8 percent for gasoline. This is partly because EU fuel-quality rules severely limit
high biofuel blending in conventional gasoline vehicles, whereas HVO can be used as a drop-in
diesel substitute at much higher blend levels (European Commission, 2026). This makes diesel
the more relevant fuel for evaluating the effects of high-blend biofuel mandates.

Our findings reveal a policy whose welfare cost varied sharply over its mandate trajectory.
The reduction mandate was not costly in itself. When HVO prices were stable, the policy
operated mainly through the technical substitution channel and generated emissions reductions
without a measurable price effect. In the early phase (2018-2020), the estimated price premium
was indistinguishable from zero, while the technical substitution channel generated substantial
climate benefits. The policy was unambiguously welfare-positive in this period. The policy
became costly only later, when the high Swedish blending requirement coincided with sharply
rising biofuel prices during the European energy crisis, creating an unintended price channel.
From the 26 percent mandate level onward, the price premium rose steeply, reaching an estimated
2.05 SEK per litre at the 30.5 percent mandate and coinciding with the European energy crisis.
As diesel demand is highly inelastic (see tables 4.2 & 5.2), the consumer surplus loss came to
dominate the climate benefit, with the welfare turning point in the second half of 2021. Over
the full mandate phase from H2 2018 to H2 2023, total emissions reductions are estimated at 14
Mt COse, of which around 94 percent are attributed to the technical substitution channel. At
the Swedish carbon tax of 1,510 SEK per tonne of COse, the total abatement cost is 1,574 SEK
per tonne, resulting in slightly negative net welfare at —890 MSEK. Results are sensitive to the
societal valuation of carbon emissions. At the Rennert et al. (2022) estimate of 2,000 SEK per
tonne, net welfare turns clearly positive at +5,977 MSEK.

The remainder of the paper proceeds as follows. Section 2 provides background on the
Reduktionsplikt and the biofuel market, and reviews the related literature. Section 3 develops
the theoretical welfare framework. Section 4 describes the empirical strategy. Section 5 presents
the empirical results. Section 6 conducts the welfare analysis. Section 7 discusses validity and

policy implications. Section 8 concludes.



2. Background

Sweden’s Reduktionsplikt is a greenhouse gas reduction mandate requiring fuel suppliers to en-
sure that gasoline and diesel they place on the Swedish market achieves a specified annual per-
centage reduction in average lifecycle GHG intensity relative to a fossil reference value (Sveriges
riksdag, 2017). The reduction target is defined in emissions terms rather than volume terms.
Suppliers are obligated to reduce the carbon intensity of their fuel, not to blend a specific
share of renewable fuel. In practice, however, compliance has been achieved almost exclusively
through blending renewable fuels, primarily hydrotreated vegetable oil (HVO) and fatty acid
methyl esters (FAME) in diesel, and ethanol in gasoline, since these are the available pathways
for reducing lifecycle GHG intensity at scale (Energimyndigheten, 2025b). The policy’s climate
rationale rests on lifecycle accounting. COse released at combustion is assumed to be offset by
greenhouse gas uptake during biomass growth in the feedstock supply chain, conditional on sus-
tainability criteria (Ekonomifakta, 2026). Suppliers report compliance annually to the Swedish
Energy Agency and shortfalls incur a fee proportional to the gap (Sveriges riksdag, 2025).

Historically, biofuel use in road transport has been largely policy-driven, and in the EU it has
mainly been shaped by the Renewable Energy Directive framework. RED II required a minimum
renewable energy share in transport by 2030, while RED III kept the transport focus but allowed
more flexibility in how Member States comply (European Environment Agency, 2025; Joint
Research Centre, 2023). National implementations nevertheless differ substantially, so similar
targets on paper can imply different actual blending levels and compliance costs (Lundberg et al.,
2023). Similar approaches also exist outside Europe, including the U.S. Renewable Fuel Standard
and Brazil’s RenovaBio (Brazilian Ministry of Mines and Energy, 2024; U.S. Environmental
Protection Agency, 2024).

Sweden has stood out both in the European and international context through the ambition
and structure of its system, particularly its greenhouse-gas reduction logic and its comparatively
high renewable fuel use, especially HVO in diesel (2030-miljobarometern, 2026b; Lundberg et al.,
2023).

2.1 Reduction Levels

Table 2.1(a) shows the reduction path originally legislated in Prop. 2020/21:180. The diesel
mandate was set at 19.3 percent in the second half of 2018 and intended to reach 68 percent by
2030. In practice, the escalation did not continue as planned. As shown in Table (b) in 2.1,
from January 2024 the requirement was lowered to the EU minimum of 6 percent for both fuels,
where it remained through the first half of 2025, before being raised again to 10 percent from
July 2025 (Sajtos, 2025).
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Table 2.1: Intended and Actual Emission Reduction Levels

b) Actual
(a) Intended (b) Actua
Year Gasoline (%) Diesel (%) car asoline (%) iesel (%)
2018 (Jul-D 2.6 19.3
2018 (Jul Dec) 2.6 19.3 - (Jul-Dec) 20 5
2019 2.6 20 .
2020 4.9 21 2020 4.2 21
' 2021 (Jan-Jul) 42 21
2021 (Jan-Jul) 4.2 21
2021 (Aug—Dec) 6.0 26
2021 (Aug-Dec) 6.0 2% 2090 g o
2022 7.8 30.5 . .
2023 7.8 30.5
2023 7.8 30.5
2024 6.0 6.0
2024 12.5 40
2030 98 68 2025 (Jan—Jun) 6.0 6.0
2025 (Jul-Dec) 10 10

Source: Authors’ rendering of reduction mandate levels from Regeringen (2021) and Sajtos (2025).

2.2 Pre-Policy Context

Before 2018, Sweden promoted renewable transport fuels primarily through tax exemptions
within the Energy Tax Act, while fossil fuels faced regular energy and CO, taxes (Regeringen,
2014). Because these exemptions constituted state aid under EU law, they were repeatedly
revised to address overcompensation concerns, creating an unstable support environment (Skat-
teutskottet, 2017). Despite this, the tax-based system supported strong HVO growth during
the 2010s. As Figure 2.1 shows, the HVO share in Swedish diesel rose from near zero in the
mid-2000s to around 20 percent by the time the Reduktionsplikt was introduced in 2018, while
the FAME share remained broadly stable at around 5 percent throughout the period.

L

304

20

Blending share

2011 2013 2015 2017 2019 2021 2023 2025
Years

Figure 2.1: HVO (black) and FAME (grey) Shares in Swedish Diesel (Percentage Points),
2010-2025.
Source: Authors’ rendering of data from 2030-miljébarometern (2026b).

HVO was not much more expensive than fossil diesel during this time, so the tax exemptions
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were successful in promoting its use. Sweden therefore entered the mandate period with biofuel
blending shares substantially above the EU average (2030-miljobarometern, 2026b), meaning
the mandate did not immediately lead to a large increase in blending and appears to have
become binding only later, when the required reduction levels rose toward 25-30 percent. The
introduction of the Reduktionsplikt thus represented a structural shift in regulatory approach
from tax-based incentives toward a binding emissions-reduction obligation on fuel suppliers
(Sveriges riksdag, 2017). From the policy’s introduction, biofuels and diesel have been taxed the
same. In the same year, Sweden introduced the Bonus-Malus vehicle taxation system, together
marking a move toward a broader climate policy package targeting both fuels and vehicles
(Statens offentliga utredningar, 2016).

2.3 Biofuel Blenders and Feedstocks

Compliance with the diesel mandate has relied primarily on HVO and FAME (Energimyn-
digheten, 2018). HVO is a paraffinic drop-in substitute that can be blended at high shares while
meeting fuel quality requirements and has been the dominant compliance component in Swedish
diesel. Karlsson et al., 2020 show that only a small share of HVO sold in Sweden in 2018 was
produced from domestic raw materials, while the overwhelming majority of raw materials used
for HVO production in Sweden were imported. As Figure 2.1 illustrates, the HVO share tracked
the mandate escalation closely, rising to around 30 percent at the 30.5 percent mandate level
before reverting sharply at the 2024 rollback. FAME, which is predominantly rapeseed methyl
ester (RME) in Sweden, is an ester-based biodiesel typically constrained by blending limits of
around 7 percent, making it an important complement but insufficient as a sole compliance
pathway at high mandate levels (2030-miljobarometern, 2026b; Energimyndigheten, 2018).

The climate performance of these blends depends critically on feedstock and production
pathway. HVO produced from waste and residue feedstocks such as used cooking oil and certain
animal by-products carries substantially lower lifecycle emissions than crop-based alternatives.
HVO can also be produced from virgin vegetable oils, including palm oil-related inputs, which
raises concerns about indirect land-use change (Energimyndigheten, 2018; Widengard, 2025).
The governance of sustainability criteria around these feedstocks has been a recurring source of
contention in the Swedish policy debate (Riksrevisionen, 2023).

Because Sweden has relied heavily on HVO, compliance costs have been closely tied to
international biofuel markets, where limited short-run supply scalability can amplify price effects
as mandated demand increases (2030-miljobarometern, 2026b). Figure 2.2 shows retail prices
for HVO100, B100, and blended diesel over the period 2016-2025 !. All three prices moved
broadly in parallel through 2020, before rising sharply during the European energy crisis of
2021-2022 and subsequently falling as supply conditions after the energy crisis improved and
the Reduktionsplikt was rolled back. It should be highlighted, that the HVO100 price increased
more than the blended diesel price. The close co-movement between HVO100, B100, and fossil
diesel prices reflects the role of HVO as a close substitute for fossil diesel on both the demand and
supply side. Critically for our identification strategy, this co-movement also makes it difficult to
separately identify the contribution of mandate induced demand for biofuels from the general
energy price shock in driving the Sweden—Denmark diesel price gap during 2021-2023; we return

We follow Konjunkturinstitutet, 2023b and use HVO100 and B100 as proxies for the non-accessible raw
material prices. HVO100 consists almost entirely of HVO, while B100 is a biodiesel within the FAME family
(Circle K Sweden, 2026)
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to this issue in Section 7.3.

SEK per Liter

2017 2019 2021 2023 2025
Years

Figure 2.2: Retail prices for HVO100 (dashed), B100 (grey), and blended diesel (black) and
gasoline (dotted) in Sweden, 2016-2025 (SEK per litre, inclusive of taxes).
Source: Authors’ rendering of price data from Circle K Sweden (2026).

2.4 Policy Debate and Recent Reforms

Over time, the Reduktionsplikt became increasingly contested. The debate shifted from the
technical design of the mandate toward broader concerns about fuel prices, distributional ef-
fects, biofuel scalability, and the environmental credibility of high mandated blending levels
(Riksrevisionen, 2023). These concerns culminated in a major policy reversal. In late 2023, the
government proposed lowering the obligation to 6 percent for both gasoline and diesel from 2024
to 2026 and removing the previously decided reduction levels for 2027-2030. The reform entered
into force on 1 January 2024 (Regeringen, 2023b).

The cost channel was central to this debate. Since compliance relied mainly on blending
renewable fuels into fossil fuels, higher mandated reductions increased exposure to the price of
biofuel components, especially HVO in diesel. When HVO prices rose sharply during 2022—
2023, the policy became more visibly connected to high pump prices, and the government
later noted that this weakened the perceived cost-effectiveness of the instrument (Regeringen,
2023a). The post-2022 energy crisis therefore amplified an existing vulnerability in the policy
design. The mandate was partly dependent on relatively thin and internationally traded biofuel
markets, where short-run supply constraints could translate into higher compliance costs (2030-
miljébarometern, 2026b; Energimyndigheten, 2018).

The debate also concerned environmental integrity. Critics questioned whether high blend-
ing levels could be scaled without increasing reliance on contested feedstocks, indirect land-use
change risks, or uncertain lifecycle accounting assumptions, including disputes over feedstock
classifications such as PFAD (Riksrevisionen, 2023; Widengard, 2025). The rollback was there-
fore not only a response to fuel-price pressure, but also reflected wider uncertainty about the
robustness of biofuel-based compliance at very high reduction levels.

After the rollback, several assessments warned that the lower mandate widened the gap to
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Sweden’s 2030 transport-sector target (Klimatpolitiska radet, 2024, 2025). From 1 July 2025, the
obligation was therefore raised again to 10 percent for both gasoline and diesel. At the same time,
the system was adjusted in line with RED III and supplemented with electricity credits, allowing
suppliers to use renewable electricity in transport as an additional compliance option. This
broadened the instrument beyond conventional biofuel blending and reduced reliance on volatile
HVO markets, although the new mandate level remained far below the pre-2024 trajectory
(Ekonomifakta, 2026; Energimyndigheten, 2025a; Regeringen, 2025).

2.5 Related Literature

The literature relevant to this paper falls into three strands: studies of the Reduktionsplikt
and Swedish transport-climate policy; estimates of abatement costs from relevant policies and
societal valuations of emissions; and the theoretical and welfare-economic literature on fuel
mandates.

The closest methodological reference points are Konjunkturinstitutet (2023b), C. Andersson
and Thorell (2024), and Sajtos (2025), all of which estimate the price effect of the Reduktion-
splikt using difference-in-differences designs with Denmark as the counterfactual. Their central
finding is that early mandate levels had no detectable price effect, while the step increases at 26
and 30.5 percent raised pre-tax diesel prices substantially, and the 2024 rollback produced a large
price reduction. Importantly, none of these studies translates the estimated price changes into
demand responses, emissions reductions, or welfare outcomes. A gap this paper fills. Carlén and
Hill (2023) compare the Reduktionsplikt with alternative pathways to the 2030 transport target
using a general equilibrium model, finding that meeting the target under a low-mandate path
would require large increases in fuel taxation. Riksrevisionen (2023) identifies implementation
and efficiency risks in the policy, including concerns about lifecycle accounting and feedstock
governance.

Table 2.2 summarises the benchmarks we use to interpret our abatement cost estimates,
with all values converted to 2026 SEK for comparability. Gillingham and Stock (2018) review
abatement costs across transport-related climate policies and report a wide range for low-carbon
fuel standards and biofuel mandates, reflecting sensitivity to compliance pathway and market
conditions. Hansson et al. (2023) estimate abatement costs specifically for diesel-compatible bio-
fuel pathways relevant to the Swedish context. We use the Swedish carbon tax as our primary
benchmark, since it represents the explicit price Sweden has placed on fossil CO2 emissions and
is therefore the most direct measure of the social value against which the mandate’s abatement
cost should be evaluated (Government Offices of Sweden, n.d.). We additionally report net wel-
fare against a range of social cost of carbon estimates. SCC estimates have risen substantially
over time, driven by both methodological advances and, importantly, the choice of discount rate
(Drupp et al., 2018). The estimates in Table 2.2 span roughly 440-2,000 SEK/tCO2 and illus-
trate this evolution. Nordhaus’s estimate reflects a relatively high discount rate and represents
the lower end, while more recent work converges on higher values. Rennert et al. (2022), which
is currently among the most cited contemporary estimates, yields ~2,000 SEK/tCOx.

10
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Table 2.2: Abatement Cost Benchmarks

Source Measure Approx. value (SEK/tCO3)
Rennert et al. (2022)* Social cost of carbon ~2,000

Stern (2007)P Social cost of carbon ~1,450

Nordhaus (2017)¢ Social cost of carbon ~440

Swedish carbon tax (2025) Explicit carbon price 1,510

Gillingham and Stock (2018)4 LCFS and biofuel mandates  1,200-34,000
Hansson et al. (2023)° Abatement costs biofuel 1,000-3,100

* USD values are converted to 2026 SEK using US CPI inflation adjustments and a spot exchange rate of
9.2 SEK/USD (May 2026).

* Original estimate: $185/tCO2 in 2022 USD ($216 in 2026 USD).

> Original estimate: ~$85/tCOx in 2000 USD ($157 in 2026 USD).

¢ Original estimate: ~$31/tCO2 in 2010 USD ($48 in 2026 USD).

4 QOriginal estimate: $100-2,900/tCO2 in 2018 USD ($127-3,680 in 2026 USD).

¢ Reported in SEK/tCO2; no currency conversion required.

The theoretical literature establishes that fuel mandates must be evaluated in an equilibrium
framework. de Gorter and Just (2009) show that the price effect of a blending mandate depends
on relative supply elasticities and the interaction with pre-existing fuel taxes, and need not
equal the per-litre compliance cost. Lapan and Moschini (2012) show in a second-best welfare
framework that quantity mandates dominate biofuel subsidies and that combining mandates
with fuel taxes can be welfare-enhancing. Holland et al. (2009) demonstrate that intensity-
based standards such as low-carbon fuel standards create weaker abatement incentives than
quantity- based instruments because they allow compliance through fuel-mix changes that do
not reduce total emissions. Using EU panel data, Lundberg et al. (2023) find that mandates
increase biofuel consumption and reduce emissions, but that price effects depend strongly on
country-specific market conditions. Korting et al. (2019) show in the U.S. context that tight
renewable fuel mandates can concentrate welfare costs on consumers when technical blending
limits constrain compliance flexibility. Taken together, this literature motivates our approach of
evaluating the Reduktionsplikt through a surplus-based welfare framework rather than relying

on compliance costs or engineering abatement estimates alone.
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3. Theoretical Framework

This section establishes the theoretical framework used to evaluate the Reduktionsplikt. It first
explains the policy in theoretical terms and defines the underlying market failure it is intended
to address. The section then develops the welfare-economic framework used to measure net
social welfare and abatement costs. This makes it possible to compare the policy’s economic
costs with its climate benefits from an efficiency perspective.

3.1 Diesel Consumption and Externalities

In a competitive equilibrium with complete markets, the First Welfare Theorem states that
resources are allocated efficiently (Arrow & Debreu, 1954). This result requires that all relevant
costs and benefits are reflected in market prices. Combustion generates CO2 emissions and
local air pollutants that impose costs on third parties through climate change and adverse
health effects. If left unaddressed, these costs are not fully borne by the consumer at the
point of purchase (Phaneuf & Requate, 2016). In a consumption-externality framework, the
marginal private benefit (M PB) of diesel consumption therefore exceeds its marginal social
benefit (M SB). This relationship can be written as

MSB=MPB— MD, (3.1)

where M D denotes the marginal external damage generated by an additional litre of diesel.
Because consumers evaluate diesel according to its private usefulness while society must also
account for the external harm, an unregulated market involves over-consumption relative to the
social optimum (Pigou, 1920).

The socially optimal level of consumption @Q* in this framework can be interpreted as the
level consistent with Sweden’s 2030 emissions target. It is the quantity at which the associated
emissions follow a path compatible with the mandated reduction. However, the relevant bench-
mark is not an entirely unregulated diesel market. Diesel is already subject to substantial energy
and COq taxation, which shifts the marginal private cost (M PC') upward and reduces consump-
tion relative to the unregulated equilibrium. If the resulting quantity, )., remains above Q*,
existing taxes are still insufficient to place emissions on the target path. The Reduktionsplikt
is therefore introduced as an additional instrument to close the remaining gap between Q. and
the 2030-consistent optimum. Thus, the relevant question is not whether the policy is first-best
relative to an ideal Pigouvian tax, but whether it reduces emissions at a reasonable welfare
cost in a setting where existing taxes do not fully achieve the relevant climate target. This
perspective is consistent with Moschini et al. (2012), who analyse biofuel policy in a second-best
welfare framework, and with Holland et al. (2009), who show that low-carbon fuel standards
affect both carbon intensity and fuel-use incentives and, therefore, need to be evaluated in
equilibrium rather than only by their technical emissions effects. Figure 3.1 illustrates. The
unregulated equilibrium quantity is @,,, where M PB = M PC'. Because diesel consumption
generates external damages, M SB lies below M PB, and the socially relevant quantity is Q*,
where M SB = M PC'. Fuel taxes shift the private cost curve upward from M PC to M PC + T,
reducing consumption from Q,, to Q.. If Q, > Q*, diesel remains over-consumed relative to
the social optimum, and a residual welfare loss remains. A 4+ B in the figure represents the
externality before a tax, while A is what remains after a tax. The role of additional policy is
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therefore to reduce A and move the quantity closer to Q*.

MPC=S§

Pre-Tax DWL/Negative
Externality

Post-Tax DWL/Negarive
Externality

Price/Marginal Benefit/ Marginal Cosr

MPB=D
MSB = MPBE - MD

QLar Q,

Driesel (-.'::|1.~iumpri.-:m

Figure 3.1: Diesel Over-Consumption in an Already-Taxed Market

Marginal external damage (M D) is not directly observable. In the empirical analysis, we
therefore quantify its climate component using the social cost of carbon (SCC).! If diesel emits
EFgieser kg COg per litre, the marginal external climate damage per litre can be written as:

EFdiesel
MD = SCC x ————=. 3.2
* 71000 (3:2)

In the theoretical diagram, M D can be interpreted more broadly as total marginal ex-
ternal damage from diesel consumption, including both climate and local pollution damages.
Equation (3.2) provides the empirical link between the theoretical externality and the welfare

valuation used below.

3.2 Two Channels of the Reduktionsplikt

The Reduktionsplikt ideally operates through a single channel. By blending a greater share
of biofuel into diesel, each litre sold becomes less carbon-intensive, reducing total emissions
without affecting the price consumers pay. In practice, a second channel may arise. If biofuels
are more costly than the fossil diesel, the pump price may increase which in turn dampens
consumption if consumption is elastic. The direction of this price effect is not theoretically
guaranteed. Were biofuels cheaper than fossil diesel, the mandate would instead put downward
pressure on prices. Distinguishing between the two channels matters for welfare analysis, since
each operates through a different mechanism and carries different welfare implications, as the
figures below illustrate.

Formalizing the technical substitution channel, let a denote the biofuel blending share,

EFfoss the emissions factor of pure fossil diesel, and EFj;, the emissions factor of the bio-

IThe SCC is defined per tonne of COs.
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fuel component, with EFy;, < EFf,ss;. The emissions factor of the resulting blend is
EF(a) = a EFyo+ (1 — o) EFfogsil, (3.3)

which is strictly decreasing in «: a higher biofuel share produces a cleaner blend. This lowers
the marginal external climate damage per litre, and from equations (3.1) and (3.2):
EF
MD(a) = SCC x 100(3), MSB(a) = MPB — MD(«).

A higher mandate therefore shifts M SB upward, narrowing the gap between the private and
social optimum. Figure 3.2 illustrates this: when « rises from g to «j, the blend becomes
cleaner, the damage curve falls, and M SB shifts from MSBy to MSBj, raising the socially
desirable quantity from Q*(ap) to @*(a1) while the market quantity (g is unchanged. In the
figure, M S B does not shift all the way to M PB, so area B remains as a residual externality. In
the limiting case where the mandate is sufficiently stringent, Q*(«;) = Qo and the externality

is fully closed.

MPC+1

Price/Marginal Benefit/Marginal Cost

MPB=D

, MSB, = MPB - MD{z,)
P {MSB_ = MPB - MD(x }
Qi) Qi) Q

Diesel Consumption

Figure 3.2: Technical Substitution Channel

Notes: The figure isolates the technical substitution channel, holding the price channel fixed.

The price channel works through marginal private cost. If blending requirements increase
production costs the M PC' curve shifts upward. In an already-taxed market, the baseline private
cost curve is M PC + 7, and the mandate-induced cost increase shifts this to M PC + 7 + Ac,
where Ac is the additional marginal cost caused by the Reduktionsplikt. Figure 3.3 illustrates
this in a case where the technical substitution channel has already been fully successful. MSB
has shifted up to M PB, closing the externality, so that Qp = Q*(a1). In this setting, the
upward shift in marginal private cost reduces consumption from Qp to Q1 < @*(aq), pushing
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the market below the social optimum. Area A represents the resulting welfare loss from forgone

diesel consumption caused by the mandate-induced price increase.

MPC + 1+ Ac

MPC+1x

Price/Marginal Benefit/Marginal Cost

MPB=D
=MSB, = MPB - MD{x,)

-—

Q Q=Q=)

Diesel Consumption

Figure 3.3: Price Channel

Notes: Area A denotes the welfare loss from a mandate-induced price increase, given that Qo = Q*(a1).

Whether the Reduktionsplikt improves welfare therefore depends on the relative magnitudes
of these two effects. If the mandate operates mainly through cleaner fuel with little or no price
effect, the technical substitution channel narrows the externality gap. If biofuels differ in cost
from fossil diesel, however, the resulting price channel can also shift the market equilibrium.
Depending on how far the technical substitution channel has already moved the market toward
@*, this price channel may either bring consumption closer to @* or move it further away. The
figures above are illustrative rather than predictive. The empirical analysis below estimates the

size of each channel.

3.3 Emissions Reduction and its Economic Benefit

Emissions reductions are the social benefit of the Reduktionsplikt. As established above, the
technical substitution channel is the intended mechanism. By mandating a higher biofuel share
«, the emissions factor of each litre sold falls from EFy,s towards EFy;,. The saving per
litre of additional blending relative to the counterfactual is the difference in emissions factors
between the fossil and biofuel components. Let o denote observed biofuel blending and « the
counterfactual baseline absent the mandate. The emissions reduction from the technical channel

is then:
ACOéeCh = (a - @) : (EFfossil - EFbio)- (34)

The key identifying assumption in this expression is the counterfactual blending level &, since a
lower assumed baseline mechanically attributes more emissions reductions to the Reduktionsp-
likt. We assume that a — a > 0, meaning that the mandate sets a binding blending floor above
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the counterfactual level. In the main welfare analysis, we use a 6 percent reduction requirement
— like the EU minimum and close to Denmark — as the counterfactual baseline, and discuss
the implications of this choice in Section 7.3. We further assume that all producers comply with
the policy, which is also discussed in Section 7.3.

If compliance is costly, the price channel may act on top of this. Each litre of demand
that is priced out avoids emissions equal to the blend’s current emissions factor EF(«). Let
0 € (0,1] denote the share of the mandate-induced cost increase passed through to consumer
prices, defined formally in Section 3.4. The emissions reduction through the price channel is
then:

ACOE(0) = 0]AQ| - EF (). (3.5)

This is a secondary and unintended source of emissions reductions. Total emissions reductions
over the policy horizon, aggregating both channels across periods, are:

ACOY'™(0) = 3 |ACOF" + ACOE(0)] . (3.6)
t
The economic benefit of these reductions is the avoided external climate damage. The SCC
converts each tonne of avoided COs into a monetary value, and therefore governs the magnitude
of the climate benefit. A higher SCC raises the benefit attributed to every tonne avoided through
either channel, making the policy look more favourable. A lower SCC shrinks the benefit side.
The total climate benefit is:

Climate Benefit(d) = SCC x ACOL™ (). (3.7)

3.4 Welfare Cost and Surplus Distribution

In an idealised setting where biofuels are cost-competitive with fossil diesel, the Reduktionsplikt
would constitute a costless improvement. Emissions fall while consumer prices and fuel con-
sumption is unaffected. But if compliance is costly, producers face a higher marginal cost of
supply. This cost increase may then be passed through to consumers, raising price and reducing
demand. The price channel is therefore an unwanted distortion, not a policy instrument in its
own right, and it is the sole source of welfare cost in this framework.

Figure 3.4 illustrates these surplus effects. The baseline cost curve is M PC'+7. The mandate
shifts it upward to M PC + 7 + Ac, raising the consumer price from Py to P; and reducing
consumption from Qg to (J1. The consumer surplus loss is area G + C' and the producer surplus
loss is area F' 4+ E. Together, G 4+ F represents the inframarginal compliance cost burden on
litres still consumed, while C' + E' is the triangular loss from consumption that is priced out.
The total economic cost of the price channel is therefore G + F + C' + E.
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Dhesel Price

- MPC + 1+ Ac

MPC+T

MPE=D

Diesel Consumprion

Figure 3.4: Surplus Distribution and Welfare Cost of the Price Channel

We now formalise these surplus effects. Let Ac denote the mandate-induced marginal cost
increase per litre and 0 € (0, 1] the pass-through rate to consumer prices. All variables defined
below are period-specific and later aggregated over the policy horizon. The consumer price
increase is AP, = 0 Ac, and the producer-absorbed share is AP, = (1 — ) Ac. Let Qo denote
counterfactual consumption and |AQ)| the quantity reduction under full pass-through. The de-
mand response scales linearly with pass-through, |[AQ(0)| = 6 |AQ)|, so the post-policy quantity
is (Q1 = Qo —0|AQ)|). Using a linear demand approximation, the change in consumer surplus is

ACS(0) = -0 AcQo + 3 0> Ac|AQ), (3.8)

where the first term is the inframarginal price burden on Qo (area G) and the second term
recovers the triangle on litres no longer consumed (area C'). The change in producer surplus is

the cost burden absorbed on the remaining quantity,
APS(0) = (1 - 6) Ac(Qo— 012Q]). (3.9)

corresponding to area F' 4 FE in the figure. At § = 1 this term vanishes. Producers bear none of

the cost. At 6 < 1 they absorb the remainder.?
The value of 0 is therefore important to how the welfare burden is distributed between

consumers and producers. In a standard competitive market it depends on the relative elasticities

2Under a tax, the surplus transfers G+ F would accrue as public revenue rather than reflecting a real resource
cost, and the net welfare loss would shrink to the deadweight triangle C' + E alone: DWL = 3 Ac6 |AQ|. Under
the Reduktionsplikt there is no such transfer; G + F represents a genuine compliance cost borne within the fuel
market, which is why the full surplus loss G 4+ F' 4+ C + E is the relevant welfare measure.
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of supply and demand (Weyl & Fabinger, 2013):

g—_°°

pa—— (3.10)
where g5 > 0 is the supply elasticity and €4 is the demand elasticity. When supply is relatively
elastic and demand relatively inelastic, most of the burden falls on consumers. The empiri-
cally relevant case for diesel, where short-run demand is typically price-inelastic. Harju et al.
(2022) estimate diesel carbon-tax pass-through of around 80 percent in Finland, and Marion
and Muehlegger (2011) find near-full pass-through for U.S. fuel taxes. For Sweden, J. Anders-
son and Tippmann (2022) finds almost one-for-one pass-through of the 2022 gasoline tax cut;
since diesel demand is typically more inelastic than gasoline demand, pass-through for diesel is
likely at least as high, consistent with Konkurrensverket (2024) description of a concentrated
Swedish fuel retail market. We therefore use full pass-through (§ = 1) as the baseline and report
sensitivity results for § = 0.9 and 6 = 0.8.

3.5 Net Welfare and Abatement Cost

The framework combines the climate benefit and the surplus loss into a single net welfare
measure. Since AC'S and APS are negative when the policy raises costs, net welfare in any
period is:

NW(0) = SCC x [ACOéeCh + ACO5(9)] + ACS(0) + APS(6). (3.11)

The Reduktionsplikt improves welfare only if the climate benefit on the left exceeds the surplus
loss on the right.
We define three abatement cost measures, all aggregated over the policy horizon 3. The

primary measure is the total welfare cost per tonne of emissions reduced across both channels:

2+ (|ACS(0)] + |APS(0)])
ACOi™I ()

ACotal(0) = (3.12)
Although the total social cost is what matters for efficiency, the distribution between consumers
and producers can be relevant for political feasibility discussions in 7 that go beyond the total

net-welfare evaluation. We therefore also report the incidence decomposition:

_ SACS(0)]
ACO¥ ()

_ 2 |APS(0)]

ACCOTLS’LL?TLE’I" 9 = =
®) ACOi™I ()

ACyproducer(0) (3.13)
The Reduktionsplikt raised diesel prices visibly at the pump, so the burden was likely concen-
trated on consumers rather than producers.

Finally, we define AC),. as the abatement cost that would obtain if the same price increase
had been delivered by a carbon tax rather than a blending mandate. A carbon tax of equivalent
magnitude would generate the same surplus losses and the same quantity reduction ACOL®, but
no technical substitution. AC), isolates exactly this hypothetical by attributing the full welfare

cost to the price-channel reductions alone:

_ SU(1ACS0)] + [APS(©))
AGO) =5 acor o)

(3.14)

3Due to the short time frame of the evaluated policy, we do not discount abatement costs.
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Since the numerator is identical in AC),. and AC¢fqre While AC’O%OW > ACOL, it follows
that:

ACPC(G) 2 Actotal(e)’ (315)

with equality only if the mandate induces no additional blending beyond the counterfactual.
The gap between the two is a direct measure of the value added by the mandate over a carbon
tax of equivalent price effect. The wider the gap, the more the technical substitution chan-
nel contributes reductions that a price instrument alone could not have delivered. All three
abatement cost measures will be compared against the benchmarks in Table 2.2, asking whether
the welfare cost of a tonne of COse avoided through the Reduktionsplikt falls below the value
Sweden and the broader literature assign to avoiding it.

To summarize, the theoretical framework above defines the channels through which the
Reduktionsplikt affects welfare. The next step is to quantify these objects empirically.
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4. Empirical Methodology

To perform the welfare analysis outlined in Section 3, we need to empirically identify the price
channel of the Reduktionsplikt, including its impact on diesel consumption and carbon emissions.
The technical substitution channel requires no separate causal estimation in the same sense, since
observed blending levels and emissions factors are directly available. However, its magnitude
still depends on the assumed counterfactual blending baseline &, which we set in the welfare
analysis and discuss in Section 7.3. The empirical strategy therefore focuses on the the price
channel. We separate the estimation into three steps:

(1) The causal effect of the Reduktionsplikt on diesel prices.
(2) The price elasticity of demand for diesel.

(3) The response of demand to the price effect using the results from (1) and (2).

Combined, these results provide the empirical values necessary to calculate the price channel
and perform the welfare analysis, giving values for the change in price and quantity.

4.1 Data

We use two datasets corresponding to the first two stages of the empirical strategy. The dif-
ferences in frequency and price definitions of the two datasets reflect the distinct identification

requirements of the two steps.

4.1.1 Price Effect

For step (1) we use daily diesel prices reported by Circle K Sweden (2026) in SEK and Circle
K Danmark (2026) in DKK, converted to SEK using the daily exchange rate from Sveriges
riksbank (2026). Because tax rates and the tax treatment of biofuels differ across countries and
vary over time, with-tax prices would confound mandate effects with unrelated tax changes.
With data on historical taxes and blending, we calculate the prices wot for Sweden, as described
in Appendix Al. Similar to Konjunkturinstitutet (2023b), the retail pump price can be written
as

Ppump,t = [0 Clieselt + (1 — ) Chiofuel ¢ + markup, | - VAT, (4.1)

where

C’i,t = Pi,t + (iTenergy,t + YiTCO2,t5 1€ {diesel, biOfuel}-

Here, P;; denotes the wholesale fuel price, o4 the blending share, and Tepergy,r and 7co,,+ the
relevant taxes with (; and ~; denoting the tax impact. Tax exemptions on biofuels lower the
per-liter effective tax on diesel when the sold product is a blend of biofuels and fossil. By using
prices wot, we remove the time-varying tax component and isolate the cost margin affected by
the mandate without imposing restrictive assumptions on tax wedges. In the absence of taxes,

the price reduces to

Pwot,t = Oﬁff)diesel,t + (1 - at)Pbiofuel,t + markupt (42)

LCircle K reports fuel prices wot for Denmark, therefore we do not need to do the same calculation for Denmark
as for Sweden.
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For time-invariant markups, variation in price reflect changes to the input costs and blending
of fuels. Thus, when input costs are common for countries, differences in price are driven by
blending and therefore orthogonal to contemporaneous tax policy changes. We interpret any
estimated mandate-induced price increase as a ceteris paribus effect. That is, the amount by
which pump prices were higher than they would have been in the absence of the Reduktionsplikt,
holding all other factors constant. Concurrent tax changes such as the 2022 fuel tax reduction
may have cushioned the consumer burden in the observed data, but shift rather than eliminate

the cost, with the difference absorbed by the government as forgone tax revenue.
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Figure 4.1: (top) Diesel prices in Sweden (black) and Denmark (grey) in SEK; (bottom)
Absolute price gap Psg: — Ppk .
Source: Authors’ rendering of price data from Circle K Danmark (2026) and Circle K Sweden (2026) using the
daily SEK/DKK exchange rate reported by Sveriges riksbank (2026).

Figure 4.1 plots daily diesel prices wot for Sweden (black) and Denmark (grey) alongside their
difference over the full sample period.? Prior to the Reduktionsplikt’s implementation in 2018,
the two series track each other closely with a near-zero gap. The gap widens markedly at each
successive mandate increase, reaching approximately 3 SEK per litre at the 30.5 percent level
in 2022-2023, before collapsing sharply at the January 2024 rollback to 6 percent. Notably,
the gap turns negative following the rollback, likely reflecting a combination of the contem-
poraneous weakening of the SEK and Denmark’s simultaneously rising blending requirement,
though changes in market structure cannot be ruled out. This potential confound is addressed

2Circle K Denmark sets prices at midnight while Circle K Sweden updates later in the day, resulting in Danish
peaks and troughs appearing one day later in the data. The analysis therefore uses a one-day lead-adjusted Danish
price series.
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in Section 4.2.

4.1.2 Price Elasticity of Demand

In step (2), demand elasticities are estimated using annual Swedish data from 1980 to 2024. The
dependent variable is per-capita road diesel consumption, obtained from Statens energimyn-
dighet (2026b). The price variable is the consumer pump price, inclusive of all taxes, sourced
from the same agency(Statens energimyndighet, 2026a). Nominal prices and GDP are deflated
to real 2023 SEK using the harmonised consumer price index from Statistiska centralbyréan
(2025); consumption and GDP are expressed in per-capita terms using Statistiska centralbyran
(2024) population data.

700
25
5600
g
g
2 ¥ & 500
g A /\/ :
g 3
i 15 § 400
® a
E
3
g
10 3 800
200
° 1980 1990 2000 2010 2020 1980 1990 2000 2010 2020
Year Year
(a) Real Prices for Fuel (b) Fuel Consumption

Figure 4.2: (black) Diesel; (grey) Gasoline
Source: Authors’ rendering of price and consumption data from Statens energimyndighet (2026a, 2026b).

Figures 4.2a and 4.2b display the two main variables used in the elasticity estimation. Real
diesel prices (black) have risen broadly from around 6 SEK per litre in 1980 to approximately
1827 SEK in recent years, with a pronounced spike around 2022 driven by the energy crisis.
Gasoline prices (grey) follow a near-identical trajectory throughout the sample. Per-capita diesel
consumption rose steadily from around 200 litres in 1980 to a peak of roughly 490 litres around
2016-2019, before declining modestly in more recent years. Gasoline consumption followed
the opposite trajectory, declining persistently from its 1980s peak as diesel vehicles became
dominant. The long-run positive comovement between prices and quantities for diesel motivates

the error-correction specification used in Section 4.3.2.

4.2 Denmark as a Counterfactual

The estimation strategy in 4.3.1 requires a credible counterfactual. Since Sweden has no un-
treated identical twin, we argue that Denmark is the best available comparison when looking at
Swedish diesel prices wot. The countries are geographically close, belong to the same broader
northwest European fuel market, and are exposed to similar shocks in crude-oil prices, refinery
conditions, transport costs, and regional supply conditions. They are also structurally similar
in several fuel-market and macroeconomic dimensions, as shown in A. Denmark has further
been used as a comparator in previous Swedish fuel-price evaluations to absorb common market
shocks unrelated to Swedish policy (C. Andersson & Thorell, 2024; Konjunkturinstitutet, 2023c;
Sajtos, 2025).

Denmark was not untreated in a strict sense, since it also had biofuel regulation during the
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sample period. However, Danish policy did not change drastically during the Swedish treatment
period. As shown in Table 4.1, Denmark’s obligation increased from 5.75 percent in 2012-2019
to 7.6 percent from 2020 onward, while Sweden’s diesel reduction mandate rose from 19.3 percent
in 2018 to 30.5 percent in 2022-2023. The Danish obligation is measured by energy content and
is therefore not directly equivalent to the Swedish Reduktionsplikt, which is defined in terms of
lifecycle greenhouse-gas reductions.? Earlier work also describes Danish blending as relatively
low and stable in practice (Carlén & Hill, 2023; Konjunkturinstitutet, 2023b). The estimates
should therefore be interpreted as the additional Swedish price premium relative to a low- and
stable-policy counterfactual, not relative to a no-policy counterfactual.

Table 4.1: Danish Biofuel Obligation for Diesel, 2010-2024

Period Obligation (% energy content)
2010 0.75
2011 3.35
2012-2019 5.75
2020-2024 7.60

Note: Values refer to Denmark’s biofuel obligation
measured by energy content. Sources: IEA Bioen-
ergy (2018, 2021, 2024), International Energy Agency
(2012, 2024), and U.S. Department of Agriculture For-
eign Agricultural Service (2021).

Other nearby countries provide less convincing comparisons. Finland also pursued an active
biofuel policy above the EU minimum, while Norway is outside the EU and has a more distinct
transport market, particularly due to rapid electrification. Denmark is therefore the most trans-
parent nearby comparator. Nonetheless, the empirical evidence is ultimately more important
than institutional similarity alone. Figure 4.1 shows that Swedish and Danish diesel prices wot
moved closely together before the Reduktionsplikt was introduced. The lower panel also shows
a small and relatively stable bilateral price gap before treatment. This visual parallel-trends
pattern supports the idea that the two price series were driven by similar underlying market
conditions before the policy became active. The post-2018 divergence therefore appears more
consistent with Sweden’s changing mandate intensity than with an obvious pre-existing break
between the countries. Still, visual evidence is only suggestive. The most important support for
the identifying assumption is that the formal parallel-trends tests pass. More sophisticated diag-
nostics, including pre-trends tests, placebo treatment checks and sensitivity checks are reported
in Section 5.1.

We do not assume that Swedish and Danish retail markups are identical. Comparable markup
data is not available, so this cannot be tested directly. Instead, cross-country markup differ-
ences must either be approximately time-invariant or not systematically correlated with Swedish
mandate changes. Under this condition, changes in the bilateral diesel price gap wot can be
interpreted primarily as reflecting policy-induced differences in fuel composition rather than un-

3The two obligations are not directly comparable, as Denmark’s is defined by energy share while Sweden’s
is defined by GHG intensity. A 7.6 percent energy share nevertheless corresponds to roughly a 6 percent GHG
reduction, assuming an average lifecycle saving of around 80 percent (European Parliament and Council of the
European Union, 2018, Annex V, Part C).
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related changes in retail pricing behaviour. Some variation in retail margins across the sample
period cannot be ruled out, but the sharp collapse of the price gap at the January 2024 rollback,
visible in Figure 2.2, suggests that markup changes are unlikely to account for a substantial
share of the estimated gap.

Finally, we use synthetic control as a diagnostic check. The purpose is not to confirm Den-
mark mechanically, but to examine whether the Denmark-only design overlooks another plausible
control country. Using weekly pre-treatment diesel prices wot from January 2015 to July 2018,
together with structural fuel-market and macroeconomic predictors, the synthetic-control exer-
cise checks whether a data-driven donor pool points to a different comparator. In the full donor-
pool specifications, Denmark receives a weight of 0.884. Austria receives almost all remaining
weight, while all other countries receive zero. When Denmark is excluded, the pre-treatment fit
worsens. This suggests that no clearly better control country has been missed. We therefore
retain Denmark as the sole counterfactual. It is more transparent, easier to motivate institution-
ally. A synthetic counterfactual would add complexity without clearly improving identification.
The donor countries are themselves exposed to biofuel rules and climate-policy adjustments,
while Denmark already exhibits strong pre-treatment parallel trends. The synthetic-control ex-
ercise supports this choice by showing that the donor pool does not reveal a more convincing
alternative counterfactual. The results and discussions related to this exercise can be found in
Appendix B.

A possible threat to identification that requires separate discussion is the exchange rate. A
specific concern in the Sweden—Denmark comparison is that the Danish diesel price is observed
in DKK but enters the analysis in SEK. The price gap between the two countries can be written
as

Y, = P — pxER/PEK pDK. (4.3)

where PP is the Swedish diesel price without taxes, PP

in DKK, and F X{q EK/DKK 4 the exchange rate in % Exchange-rate movements therefore

enter the dependent variable mechanically. When the SEK weakens, the Danish comparison

is the Danish diesel price without taxes

price rises in SEK terms, compressing the measured price gap. Konjunkturinstitutet (2023c)
discuss the same issue and address it by including the exchange rate as a control variable.
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Figure 4.3: SEK/DKK exchange rate.
Source: Authors’ rendering of daily SEK/DKK exchange-rate data from Sveriges riksbank (2026).

Figure 4.3 illustrates the relevance of this issue in our setting. Over the sample period, the
Swedish krona depreciates against the Danish krone. Since the Danish krone is pegged to the
euro, this can also be interpreted as a weakening of the SEK against a relatively stable euro-
linked currency. This creates a possible threat to the parallel-trends assumption. If exchange-
rate movements generate systematic trends in the bilateral price gap, part of the variation
attributed to Swedish mandate regimes could instead reflect currency movements.

The most direct threat to identification would be if a sizeable exchange-rate movement
coincided with one of the mandate changes. Such a shift could be mistaken for a discrete policy
effect. We therefore include the exchange rate as a control and test whether the regime estimates
are sensitive to its inclusion. The more persistent concern, however, is that the accumulated
depreciation of approximately 0.3 SEK mechanically shifts the converted Danish series upward
over time, compressing the estimated Swedish price premium. This makes our estimates more
likely to be conservative than overstated, and helps explain why the two series do not fully
recouple after the 2024 rollback in Figure 4.1.# Appendix B confirms that the series recouple
more closely when the Danish price is converted at a flat exchange rate.

For these reasons, we need to take the daily SEK/DKK exchange rate into consideration
in the empirical estimation of the mandate-induced price gap. We therefore include the daily
SEK/DKK rate as a control variable and test whether the mandate-regime coefficients are

sensitive to its inclusion.

4.3 Specifications
4.3.1 Price Effect

We estimate the causal effect of the Reduktionsplikt on diesel prices wot using a difference-in-
differences design with Denmark as the control unit, defended in Section 4.2. The identifying
assumption is that, absent the Swedish mandate, the SE-DK price gap would have followed a

4Tt could be a combination of different factors, including Denmark’s marginally higher biofuel obligation and
potential differences in markups or contract adjustment. We do not evaluate this further as it falls after the
paper’s studied time period.
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stable, drift-free path during the treatment period. With only two countries, country and time
fixed effects reduce to a single intercept difference and a day-by-day control absorbed entirely
by the Danish price series, so subtracting the Danish price from the Swedish price recovers
all identifying variation by construction.” We therefore work directly with the price gap 4.3.
Since the mandate changed at six distinct dates, a single binary post-treatment indicator would
average across heterogeneous levels of biofuel cost exposure. We instead estimate a mandate
level-based decomposition:

Yi=a+ Z Br Wit + €t, (4.4)

ke

where k= {19.3%, 20%, 21%, 26%, 30.5%, 6%}, W} equals one during mandate level k and zero
otherwise, and the pre-mandate period (January 2017 to June 2018) serves as the omitted
baseline. The baseline is restricted to January 2017 onward because the price gap exhibits greater
stability from this point, as visible in Figure 4.1.6 Each Bk estimates the average realised biofuel
cost premium borne by Swedish consumers during mandate level k relative to this baseline.
The mandate rollback (k = 6%) provides an additional test of the causal link between the
Reduktionsplikt and diesel prices. We also estimate a specification controlling for the exchange
rate:

Yi=a+ Y B Wiy +yFXPRIPEE 4 (4.5)

kel

We select equation (4.5) as our primary specification on the basis of the intuition provided
in 4.2 and parallel pre-treatment trends reported in 5.1 and appendix C. We report (4.4) as a
robustness check.” All specifications are estimated by OLS on daily observations with Newey-
West HAC standard errors (Newey & West, 1987) using bandwidth L = |4(7/100)*°] (Newey
& West, 1994). One remaining identification concern is SUTVA. If Swedish biofuel demand was
large enough to tighten northwest European biofuel markets and raise Danish input costs, the
Danish series would partially absorb the Swedish price premium. Sajtos (2025) notes that such
spillover is not unlikely given the scale of Swedish biofuel procurement. If present, our estimates

constitute a lower bound on the true mandate cost, discussed further in Section 7.3.

4.3.2 Price Elasticity of Demand
— 0lnQ

In step (2) we estimate the price elasticity of demand for diesel ¢, = 3~ in Sweden, which

is the prerequisite to translate the price effect from step (1) into a demand response. We
replicate the two-step error-correction methodology of Engle and Granger (1987) as applied
by Brannlund (2013) and Cuddington and Dagher (2015), using annual data from 1980 to
2024. Two assumptions underpin the elasticity estimation. First, we treat real diesel prices as
weakly exogenous to Swedish aggregate demand. Sweden is a price-taker on northwest European
wholesale fuel markets, so domestic demand shocks do not feed back into input costs. Second, the
long-run price elasticity 51 is assumed to be stable across the sample. Given structural changes
in the Swedish vehicle fleet and energy policy over 1980-2024, this is a strong assumption, which
we assess by comparing our estimate against the literature range.

SFormally, Pi; = o; + 7t + 8D + €i, where D;; = 1[i = SE, t > to]. With i € {SE, DK}, differencing
eliminates «; and = simultaneously, yielding Y; = u + 8D + u:, where y = asg — apk.-

5The 20152016 period coincided with a sharp global oil price collapse that may have affected Sweden and
Denmark differently, making the earlier pre-period a less reliable baseline.

"As a further robustness check we replace the daily F X, with its full-sample mean FX, so that all residual
variation in Y; is attributable solely to local-currency price differences.
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We estimate the cointegrating relationship between diesel consumption and its determinants
in log levels:
mQf = fo + A1l PP + faln PE + B3 In Yy + fat + e, (4.6)

where QP is per-capita road diesel consumption, PP and P& are the real consumer prices of
diesel and gasoline, Y; is real GDP per capita, and t is a linear trend capturing autonomous effi-
ciency improvements. Under cointegration, ; is stationary and (31 has the interpretation of the
long-run price elasticity of demand. The long-run price elasticity is interpreted as the percent-
age change in consumption after all dynamic adjustments are complete following a permanent
one-percent increase in price. We test stationarity of é; using the Augmented Dickey-Fuller test
(Dickey & Fuller, 1979). We include DPM | a level-shift indicator equal to one from 2018 onward.
The inclusion is motivated by the fact that Bonus-malus shifts the long-run equilibrium level
of diesel demand through vehicle fleet composition, not through the price channel. Omitting
it leaves the post-2018 structural decline in consumption unexplained. Since Bonus-malus was
introduced when real diesel prices were elevated, the omitted demand reduction is spuriously
attributed to the price variable, biasing B toward zero.

Given equation (4.6), the short-run error-correction model is:

AlnQP = Bo+ A A PP + BoAIn PE + BsAInY; + Baée 1 + uy, (4.7)

where &;_; is the lagged residual from equation (4.6). Here (3; is the short-run price elasticity.
That is, the immediate within-year percentage change in consumption following a one-percent
price increase, before any further adjustment has occurred. The error-correction coefficient
B4 < 0 measures the adjustment speed at which consumption moves to its long-run equilibrium
after a shock. ? Standard errors are Newey-West HAC following Newey and West (1994).

From basic economic intuition, the short-run elasticity should be negative and smaller in
absolute value than the long-run elasticity, since consumers face adjustment costs in switching
vehicles or changing behaviour in response to price changes. The gasoline cross-price elasticity
should be positive (substitutability), and the income elasticity positive.

Since the ECM rests on cointegration, which is difficult to establish formally in samples of
n ~ 45 annual observations (Karpaty et al., 2024), we validate our estimates against the existing
literature. Table 4.2 summarizes prior estimates for Sweden and comparable northern European
economies. We use the resulting range as a plausibility check on our own estimates and as
bounds for the demand response calculation.

Table 4.2: Summary of Price Elasticity Estimates from the Literature

Authors SR LR MR Method Region
Brannlund (2013) —-0.17  —0.40 ECM Sweden
AKlilu (2020) —0.158 —0.421 ARDL-Bounds Sweden
Labandeira et al. (2017) —0.153 —0.443 Meta-analysis ~ Sweden
Dahl (2012) —0.25 Sweden
Dahl (2012) —0.27 High-income

8 A Covid-19 indicator was also tested but was consistently insignificant across all specifications and is therefore
excluded from the final model.

9A value of —0.3 implies that 30 percent of any disequilibrium is closed within one year, with full adjustment
taking approximately three to four years
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Short-run estimates range from —0.153 to —0.17 and long-run estimates from —0.40 to
—0.443. The medium-run estimates from Dahl (2012) come from static rather than dynamic
specifications and are therefore best interpreted as falling between the short- and long-run val-
ues, which they do. We use —0.153 to —0.443 as the literature bounds in the demand response
calculation, with our own preferred ECM estimates as the central case.

4.3.3 Demand Response to the Price Effect

This section translates the estimated price effect of the Reduktionsplikt into an estimated change
in diesel consumption. Higher diesel prices reduce demand, but the response is not immediate,
and since the mandate changed several times, each price shock creates its own adjustment path.
At any evaluation date we therefore sum the demand responses from all previous mandate
changes, where the size of each response depends on how much time consumers and firms have
had to adjust.

To combine the price effect from step 1 with the elasticity estimates from step 2, we derive a
formula for the cumulative demand response to sequential price shocks over time. The demand
response is derived as an analytical consequence of the ECM methodology, which defines the
connection between long-and short-run elasticities. Throughout, Ap denotes a proportional price
change, i.e. Ap = Af; / Psg, where ABy, is the estimated SEK /litre price change at mandate step
k and Psg is the mean Swedish wot price in the pre-window of that transition. The long-run
equilibrium condition states that after a price shock Ap, starting from equilibrium, demand
eventually adjusts fully by e g Ap. Since the Reduktionsplikt implied multiple price shocks over
time, we decompose the cumulative demand response into individual responses to each shock
and sum them.

Define C} as the cumulative demand response at time t to a single shock Ap. The immediate
response is Cy = egpAp and the long-run response is Cro = e, g Ap. The outstanding adjustment
gap at time t is

u = Cp — Co = Cy — e RAD,

which equals zero only at t = co. The ECM coefficient A on the lagged error-correction term
governs how quickly this gap closes each period. Specifically,

ut:(l—l—)\)ut_l, O<‘)\‘ <1,

since u; and the error correction term &; from 4.3.2 are the same object.'9 Both measure the
log-percentage deviation of actual consumption from its current long-run equilibrium. Applying
A to wug is therefore an exact transfer from the ECM, not an additional assumption. Since the
same fraction |A| of the remaining gap is closed each period, this generalises to u; = (1 + \)*ug.
The initial gap is ug = Cy — Co = (esr — €Lr)Ap > 0, since |eggr| < |err| and both elasticities
are negative, so esg — err = |eLr| — |esr| > 0. Substituting into Cy = e rAp + uy yields:

Cy = [eLr + (esr — eLr) (1 + A)'] Ap.

10Tp the short-run ECM (4.7), é:—1 measures how far consumption deviated from its long-run equilibrium in the
previous period. The coefficient A on this term is estimated from the regression of Aln Q: on &;_1, so it captures
the fraction of last period’s disequilibrium that is corrected within one year. If consumption was x percent above
its long-run equilibrium, it falls back by |A| -« percent the following year. In the demand response framework, u,
plays the same role as é; in the ECM, measuring the gap between the current and long-run demand response, so
the same coefficient governs its evolution: us = us—1 + Aue—1 = (1 + A) ug—1.
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At t = 0 this collapses to Cy = esrAp and as t — oo it converges to Coo = errAp, as
required. To account for mandate changes arriving at different points within the year, we work
in half-year units (¢ = 0,0.5,1.0,...). Since the short- and long-run elasticities are defined over
annual periods, we impose that a fraction f of the first-year demand response occurs within the
first half-year, with f = %.H The initial response at ¢ = 0 is therefore Cy = fegrAp, giving
uo = (fesr —erLr)Ap > 0 since |fegr| < |err|. The general formula becomes:

Cy = [err + (fesr —err)(1+ \)'] Ap. (4.8)

The total demand response to the Reduktionsplikt at any evaluation date T is then the sum of
the individual adjustment paths from all mandate steps k that occurred before T":

pry =Y c¥ (4.9)

_sk7
k: s <T

12 where s; is the arrival date of shock k and C’;@Sk

that shock using equation (4.8) with the corresponding Apy. Setting T' equal to the January 1

is evaluated at the elapsed time since

2024 rollback date gives the total reduction in diesel consumption attributable to the mandate
over its escalation phase, but excluding potentially ongoing demand responses that materialize
in the rollback period. The true behavioural effect of the high-mandate period partly persists
beyond 2024, since some consumers and firms that adjusted during the escalation phase may
have continued those habits or investments after the rollback. At the same time, the rollback
itself likely generated an opposite demand response, as lower fuel prices may have encouraged
higher diesel consumption or delayed further adjustment. We do not estimate these post-rollback
dynamics here.

= % assumes a linear within-year adjustment path. Since our interest is in the cumulative demand response
rather than its precise timing within the first year, this choice is of secondary importance to the final result.

12The demand response compounds estimation uncertainty from two stages (the DiD regime coefficients and
the ECM elasticity estimates) and formally propagating both would yield wide confidence intervals. The reported
demand responses should therefore be read as central estimates.
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5. Empirical Results
5.1 Price Effect

We begin by evaluating the parallel trends assumption across specifications, as the evidence
bears directly on the choice of primary estimator. We then present and discuss the main results.

Regressing the gap on a linear time trend over the 546-day pre-treatment baseline yields dif-
ferent conclusions across specifications. Without FX control, the time coefficient is —0.000252 SEK
per day (p < 0.001), implying a cumulative downward drift of approximately 0.14 SEK over the
baseline, rejecting the null of no-drift. With FX control, the time coefficient is +0.000166 SEK
per day (p = 0.237), statistically indistinguishable from zero. The SEK depreciated against the
DKK during 2017-2018, mechanically compressing the SEK-denominated gap through the term
PPK . FX; even when both local-currency prices move in parallel. Controlling for FX; at least
partially adjusts for this artefact.

Figure 5.1 presents pre-treatment bin coefficients from both specifications around the July
2018 treatment date. In the no-FX panel, all six pre-period bins are individually significant and
uniformly elevated at approximately 0.09-0.18 SEK relative to the reference bin k = —1. The
joint F-test strongly rejects the null (Fg 1983 = 9.03, p < 0.001). Importantly, the pre-period
coefficients do not exhibit a monotone or accelerating pattern indicating a level shift near the
reference period rather than a genuine diverging trend. This is consistent with the exchange rate
compressing the gap in the final 90-day window before treatment, deflating the reference bin
relative to earlier pre-period observations. In the FX-controlled panel, five of six pre-period bins
are individually insignificant and close to zero; the joint F-test gives Fg 1982 = 3.15 (p = 0.004),
with the rejection driven entirely by the single £ = —2 bin (0.110 SEK, p = 0.022). The absence
of a monotone pre-trend in the FX-controlled specification, and the transitory, non-accelerating
nature of the k = —2 deviation, supports the parallel trends assumption in local-currency terms.
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Figure 5.1: Each panel shows 90-day bin coefficients relative to the reference bin k = —1,
re-centred on the pre-period mean. Black dots are pre-treatment bins with 95% confidence
intervals; grey dots are post-treatment bins shown for context only. The vertical line marks the
treatment date. Left panel: without FX control (Fg 1983 = 9.03, p < 0.001). Right panel:
FX-controlled (F6,1982 =3.15,p= 0.004).

As a further check on parallel trends, we assign false treatment dates at monthly intervals
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within the pre-mandate period and re-estimate the DiD for each. Under the null of no spurious
pre-trends, at most one of twelve placebo tests should be significant at the five percent level by
chance. Without FX control, 7 of 12 placebo estimates are significant, suggesting the raw series
does not satisfy parallel trends. With FX control, only 2 of 12 are significant (November 2017
and January 2018), both coinciding with the transient elevation visible in the k = —2 event-study
bin and reverting before the true treatment date. Full results are reported in Table C.2.

Augmented Dickey—Fuller tests reject a unit root in the pre-treatment gap at the 1% level
for the January 2017 — June 2018 baseline (ADF = —4.18, p = 0.010) and at the 5% level for
the extended January 2015 — June 2018 period (ADF = —3.51, p = 0.041). As the ADF test
operates on the raw gap series, these results apply to both specifications equally and support
stationarity of the pre-mandate gap.

The parallel trends evidence consistently favours the FX-controlled specification. The no-FX
specification fails both the pre-treatment trend test and the event study joint F-test through
mechanisms that are mechanically attributable to exchange rate movements rather than genuine
divergence in diesel market conditions between the two countries. The FX-controlled specifica-
tion passes the trend test cleanly and yields a substantially cleaner event study, with pre-period
coefficients uniformly close to zero. We therefore adopt equation (4.5) as our primary specifi-
cation and treat equation (4.4) and the fixed-rate specification as secondary checks. We note
that the FX coefficient in equation (4.5) is not cleanly identified due to the mechanical rela-
tionship between F'X; and the dependent variable discussed in Section 4.3.1. However, since
the alternative specification demonstrably violates parallel trends for mechanical reasons, the
FX-controlled specification provides the more credible causal estimates. The near-zero and in-
significant 4 = 0.310 (p = 0.336) further suggests that conditioning on F'X; does not materially
distort the mandate coefficient estimates, as the two columns differ by at most 0.05 SEK/L
across all regime dummies.

Table 5.1 reports estimates of equations (4.5) and (4.4) alongside the fixed-rate robustness
specification. Column (1) is the primary FX-controlled specification. Column (2) omits the
exchange rate control and is included to confirm that the mandate coefficient estimates are
stable across the two columns. Column (3) converts Danish prices at the full-sample mean rate
of 1.424 SEK/DKK, isolating local-currency price differences and providing a further robustness
check on the exchange rate dimension.

The mandate coefficient estimates in columns (1) and (2) are strikingly consistent, differing
by at most 0.05 SEK/L across all regimes. This stability confirms that the over-control concern
raised in Section 4.3.1 does not materially affect the results. The FX coefficient itself is small
and insignificant (0.310, p = 0.336), consistent with the mandate-level dummies absorbing the
discrete policy variation and leaving little systematic co-movement between the exchange rate
and the residual gap.

The primary estimates in column (1) tell a clear and economically coherent story. The pre-
mandate baseline gap is —0.074 SEK /L, statistically indistinguishable from zero. The 19.3% and
20% regime coefficients are —0.020 and —0.084 SEK/L respectively, both small and the latter
marginally significant (p = 0.027), together indicating that the earliest blending increments
generated no detectable biofuel cost premium above the pre-mandate level. From the 21%
regime onward the pattern is monotone and economically large. The gap exceeds baseline by
0.173 SEK/L at 21%, 0.988 SEK /L at 26%, and 2.049 SEK/L at 30.5%, all significant at the 0.1%
level. The escalating magnitude is consistent with increasing biofuel cost exposure as blending
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shares rise and biofuel markets tighten, generating an indirect price effect that compounds the
direct blending cost. The rollback coefficient of —1.576 SEK/L (p < 0.001) places the post-
rollback gap 3.6 SEK/L below the 30.5% peak, providing strong confirmation of the causal link
between the Reduktionsplikt and the Swedish price premium. The reversal of the mandate

produces a rapid and large reversal of the gap.

Table 5.1: Mandate-Level Decomposition of the SE-DK Price Gap

(1) (2) (3)

Wig.3% —0.020 0.003 0.320***
(0.030) (0.018) (0.031)
Wagy, —0.084* —0.053** 0.430***
(0.038) (0.017) (0.028)
Worg, 0.173*** 0.195*** 0.540***
(0.038) (0.034) (0.030)
Wago 0.988*** 1.003*** 1.135***
(0.026) (0.020) (0.037)
Wag. 59 2.049*** 2.100%** 3.097**
(0.057) (0.034) (0.078)
Wey, (rollback) —1.576%** —1.514*** —0.296***
(0.078) (0.035) (0.054)
FX rate (SEK/DKK) 0.310 — —
(0.322)
Intercept —0.074 0.335%** —0.183***
(0.424) (0.014) (0.021)
Observations 3,103 3,103 3,103

Notes: OLS estimates of the mandate-level decomposition. The outcome is the daily SE-DK pre-tax diesel
price gap in SEK per litre. The omitted baseline is January 2017 — June 2018. Column (1) is the primary
specification. Column (2) omits the exchange rate control. Column (3) converts Danish prices at the full-
sample mean exchange rate of 1.424 SEK/DKK. Standard errors in parentheses are Newey—West HAC with
bandwidth L = [4(7/100)%/°|. *p < 0.05, **p < 0.01, ***p < 0.001.

Column (3) reveals the exchange rate dimension of these estimates. Because the SEK depre-
ciated substantially over the sample period — from approximately 1.28 SEK/DKK in the pre-
mandate baseline to around 1.55 at the 30.5% peak — converting Danish prices at the historical
mean rate amplifies the gap estimates during the high-depreciation years. The 30.5% coefficient
rises to 3.097 SEK/L, reflecting that the consumer-facing gap was partly compressed by the
weak SEK during 2022-2023. More notably, the rollback coefficient shrinks to —0.296 SEK /L,
implying that in local-currency terms the post-rollback gap is only modestly negative. This is
consistent with the discussion in Section 4.2. The post-rollback negative gap in SEK terms is
substantially driven by the long-run SEK depreciation, with the residual reflecting Denmark’s ap-
proximately 7% blending obligation now exceeding Sweden’s 6% mandate. Columns (1) and (3)
therefore bracket the mandate effect from two complementary perspectives. Column (1) mea-
sures prices as consumers face them in SEK, while column (3) isolates the underlying local-
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currency price differential.!

5.2 Price Elasticity of Demand

Table C.5 reports ADF tests for each variable in levels and first differences. All four series fail
to reject the unit-root null in levels and reject it in first differences, confirming /(1) status and
satisfying the preconditions for cointegration.?

Table 5.2 reports ECM estimates for two specifications: a baseline that replicates the
Brannlund (2013) structure on the extended 1980-2024 sample, and a preferred specification
that augments it with a level-shift dummy for the Bonus-Malus reform introduced in 2018. The
cointegration residuals from the preferred specification yield Engle-Granger ADF statistics of
—4.02, —3.49, and —2.25 at lags 1-3 respectively; the lag-1 result is significant at the 1% level,
supporting a long-run equilibrium relationship.?

The long-run price elasticity is ér,r = —0.321 (p < 0.05) in the preferred specification. The
baseline replication yields é,g = —0.142 (p > 0.10), an attenuation attributable to omitted
variable bias: without a level-shift dummy, the post-2018 decline in diesel demand driven by
EV adoption under Bonus-Malus is partially absorbed by the price coefficient. The Bonus-
Malus dummy itself enters negatively and precisely estimated in both the long run (B = —0.135,
p < 0.01) and short run (B = —0.024, p < 0.05), consistent with a structural reduction in
demand operating independently of the price channel.

The short-run price elasticity is £gg = —0.195 (p < 0.10) in the preferred specification, stable
against the baseline estimate of —0.177. The borderline significance reflects the limited statisti-
cal power of n = 44 annual first differences rather than a weak relationship; the point estimate
is stable across specifications and consistent with adjustment costs that prevent full within-year
response to price changes. The ordering |ésr| < |éLr| holds as expected. The income elastic-
ity is large and precisely estimated (BGDP ~ 1.18-1.30, p < 0.001). The gasoline cross-price
elasticity is positive and significant in the long-run equation (Bpg = 0.533, p < 0.05), indicating
substitutability between fuels over the horizon relevant for vehicle and route choices, but falls
short of conventional significance in the short run (ﬁpg ~ 0.181, p > 0.10), consistent with lim-
ited scope for fuel switching within a single year. The error-correction coefficient A= —0.344
(p < 0.01) implies that approximately one-third of any deviation from long-run equilibrium is
corrected within one year.

!The early mandate regime coefficients in column (3) — 0.320 SEK/L at 19.3% and 0.430 SEK/L at 20%
— appear large relative to columns (1) and (2). This is a mechanical artefact. The pre-mandate SEK/DKK
of approximately 1.28-1.32 lies well below the full-sample mean of 1.424, so fixing the conversion rate at the
mean renders the baseline gap more negative than it actually was, inflating all subsequent regime coefficients by
a common upward shift.

2The result for In GDP,, is borderline at the first-difference stage (—3.08, significant at the 5% level against
the 7o distribution). A supplementary KPSS test on the first difference (level = 0.084, p > 0.10) and an ADF on
the second difference (stat = —7.03) corroborate the I(1) classification; we proceed on this basis. In Pgasoline 1S
similarly borderline in levels (—3.484, against a 5% critical value of approximately —3.45), but rejects clearly in
first differences (—4.036); given the ambiguity we treat it as I(1), consistent with the broader literature on fuel
price series.

3Deterioration of the statistic at longer lags is a known feature of Engle-Granger tests in short samples and does
not alter the interpretation. The significantly negative error-correction coefficient in Panel B provides independent
economic confirmation of mean reversion. Given n = 45 annual observations, we treat the long-run estimate as
an implied equilibrium elasticity and validate it through the literature comparison in Table 4.2.
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Table 5.2: Long-Run Cointegrating Equation and Short-Run Error Correction Model

Panel A: Long-Run OLS  Panel B: Short-Run ECM

In Qdiesel, pe Aln Qgiesel,pe
(1) (2) (1) (2)
In Piesel —0.142 —0.321**
(0.152) (0.149)
In Pyasoline 0.368* 0.533**
(0.223) (0.199)
In GDP,,. 1.704%** 1.424%**
(0.213) (0.225)
Trend —0.010* 0.000
(0.006) (0.007)
Aln Pyjesel —0.177* —0.195*
(0.107) (0.104)
Aln Pyasoline 0.191 0.181
(0.153) (0.158)
Aln GDP,, 1.295%** 1.177%*
(0.267) (0.225)
ECT;_, —0.248** —0.344%**
(0.116) (0.107)
DBonusMalus —0.135%** —0.024**
(0.047) (0.010)
Constant 6.801*** 6.356*** —0.000 0.006
(0.515) (0.436) (0.008) (0.007)
R? 0.956 0.967 0.381 0.451
DW 0.582 0.764 1.780 1.923
N 45 45 44 44

Notes: Specification (1) replicates Brannlund (2013) on the 1980-2024 sam-
ple. Specification (2) augments with DponusMalus, @ level-shift dummy equal
to one from 2018 onward. ECT,_; is the lagged residual from Panel A spec-
ification (2). Standard errors are Newey-West HAC (k = 3 lags in Panel A
column (1); k = 2 lags otherwise).

T p<0.01, [*]p<0.05 []p<0.10.

Table 4.2 places our estimates in the context of the existing literature on Swedish and Euro-
pean fuel demand. Our preferred long-run elasticity of —0.321 lies below the range of —0.40 to
—0.443 reported by Brannlund (2013), Aklilu (2020), and Labandeira et al. (2017) for Sweden,
and below the medium-run estimates of —0.25 to —0.27 in Dahl (2012). Two factors plausibly
account for this. First, our sample extends to 2024 and encompasses a period of accelerating
EV and hybrid car adoption and structural demand decline; controlling for this with the Bonus-
Malus dummy recovers a cleaner price signal, but the post-2018 observations may nonetheless
Second, the
sharp real-price increases of 2021-2022 may have generated a different demand response than

attenuate the long-run estimate relative to samples ending in the early 2010s.
the moderate price variation in earlier decades. Our short-run estimate of —0.195 lies slightly
above the —0.153 to —0.177 range reported for Sweden, though the difference is small relative to

the standard errors involved. Taken together, the estimates carry the expected sign, magnitude
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ordering, and error-correction structure; we treat them as reasonable central values for the de-
mand response calculations in Section 5.3, with the full literature range as bounds for sensitivity
analysis. Finllay, we also test the sensitivity of our demand-response and welfare results using
different literature elasticities in Appendix D.

5.3 Demand Response to the Price Effect

Combining the price effect estimates from Section 5.1 with the elasticity estimates from Sec-
tion 5.2, we compute the cumulative demand response to each mandate transition using equa-
tion (4.8). The incremental price shocks Apy, are constructed as first differences of the FX-
controlled regime coefficients from Table 5.1, setting BO = 0 for the pre-mandate baseline, and
dividing by the mean Swedish pre-tax diesel price in the pre-window of each transition to ob-
tain proportional price changes.* All results use the preferred ECM parameters egr = —0.195,
err = —0.321, and X\ = —0.344 from specification (2) of Table 5.2.

As introduced in Section 3, we assume full pass-through (§ = 1) as the baseline. Since the
Reduktionsplikt imposes a binding input cost requirement on fuel distributors, the mandate-
induced increase in blending costs is expected to be fully reflected in the pre-tax price, which is
precisely what the regime coefficient differences measure. This is consistent with the identifica-
tion strategy: the gap estimates already embed whatever pass-through occurred.

Two further assumptions underlie the demand calculations. First, the welfare calculations
assume a linear demand curve with a constant price elasticity equal to the ECM estimates.
Departures from linearity have negligible consequences for the aggregate results because the
price channel accounts for only approximately 8 percent of total estimated emissions reductions.
Even substantial misspecification of the demand curvature would leave the aggregate abatement
cost materially unchanged. Second, we assume markup stability and full pass-through (6 = 1)
as the baseline, consistent with the empirical literature on fuel tax incidence (Harju et al., 2022;
Marion & Muehlegger, 2011). Table C.6 in the Appendix reports the total cumulative demand
response under alternative pass-through assumptions. The peak demand reduction ranges from
—4.06% at 6 = 0.8 to —5.07% at # = 1.0, a difference of approximately one percentage point. The
qualitative pattern is unchanged across all three scenarios, and the implications for abatement
cost are discussed in Section 6.

Table 5.3 reports the period-by-period demand response from each shock evaluated at half-
year intervals from H2 2018 to H2 2024. Three features of the results are worth noting. First,
the demand responses to the initial mandate steps (19.3%, 20%, 21%) are small in magnitude,
consistent with the small price premia estimated for those regimes. The apparent positive
entry for the 20% transition reflects the marginally negative gap estimate at that step and
implies a trivially small increase in demand, not a genuine expansion; the estimated coefficient is
statistically indistinguishable from zero (Table 5.1). Second, the large simultaneous appearance
of the 26% and 30.5% shocks at H1 2022 reflects the evaluation timing: the August 2021 and
January 2022 transitions both precede H1 2022, so their effects accumulate before the first
evaluation point at which both can be observed. Third, the total demand response peaks at
—5.077% in H2 2023, just before the January 2024 rollback. Following the rollback the gap
begins to recover, reaching —2.57% by H2 2024, consistent with the large estimated rollback

“Tncremental shocks: ABk = ﬁk — kah where Bk are the FX-controlled regime estimates from column (1)
of Table 5.1. Reference prices used to convert to proportional changes: 6.88, 8.38, 8.33, 7.43, 10.22, and 15.10
SEK/litre for transitions 1-6 respectively.
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effect of —1.576 SEK/L reversing a substantial portion of the mandate-induced price premium.
The ongoing negative demand response at H2 2024 reflects the partial adjustment dynamics
of the ECM: with |5\| = 0.344, only approximately one-third of the remaining disequilibrium is
corrected each year, implying that the full demand recovery extends beyond the sample window.
The peak-to-H2-2024 recovery of 2.51 percentage points also implies that the rollback generated
a meaningful demand stimulus, which partly offsets the emissions reductions accumulated during
the escalation phase; this dynamic is discussed further in Section 7.

Table 5.3: Cumulative Demand Response by Half-Year Period (%)

Contribution of each price shock (%)

Period AB AB, ABs Ay ABs ABs  D(T)
19.3% 20% 21% 26% 30.5%  Rollback
H2 2018  0.000 — — — — — 0.000
H12019  0.000 0.098 — — — — 0.098
H2 2019  0.000 0.140 — — — — 0.140
H12020  0.000 0.175 —0.301 — — —  —0.126
H2 2020  0.000 0.203 —0.432 — — — —0.229
H12021  0.000 0.226 —0.538 — — —  -0.313
H2 2021  0.000 0.244 —0.624 — — —  —0.380
H12022  0.000 0.259 —0.694 —1.465 —1.012 —  —2.912
H2 2022  0.000 0271 —0.751 —1.857 —1.453 —  =3.790
H12023  0.000 0281 —0.796 —2.174 —1.811 —  —4.501
H2 2023 0.000 0.289 -0.833 -2431 -2.101 —  —5.077

H1 2024 0.000 0.295 —0.863 —2.639 —2.335 2.340 —3.203
H2 2024 0.000 0.300 —0.888 —2.807 —2.525 3.362 —2.558

Notes: Each cell reports C(T' — si) from equation (4.8), the cumulative percentage
demand change at period T attributable to shock k arriving at si. Dashes indicate
periods prior to the relevant shock. D(T) =", oo <T C(T — si) is the total cumulative
response (rightmost column). Incremental price shocks are first differences of the FX-
controlled regime coefficients in Table 5.1, converted to proportional changes using pre-
window reference prices. Parameters: esg = —0.195, e,r = —0.321, A = —0.344; full
pass-through (6 = 1), f = 0.5. The 19.3% shock (ABl ~ 0) is statistically insignificant
and contributes zero throughout.
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6. Welfare Analysis

This section combines the price-effect estimates from Section 5.1 and the demand responses
from Section 5.3 with the framework of Section 3 to quantify the welfare consequences of the
Reduktionsplikt over its mandate phase (H2 2018-H2 2023). Detailed derivations are provided
in the Appendix D. Inputs are the FX-controlled regime coefficients 3(¢) (Table 5.1) and the
half-year demand responses D(t) (Table 5.3). Swedish road diesel consumption is from Statens
energimyndighet (2026b). The counterfactual emissions baseline is set at 6 percent, correspond-
ing to Denmark’s blending obligation and the EU RED minimum, so that ACO" captures
reductions attributable to Sweden’s mandate above the floor that EU law would have imposed
regardless. The choice of baseline is as mentioned discussed in Section 7.3. Under mandate
accounting, qualifying biofuels are assigned zero lifecycle emissions, so the technology-channel
saving per mandated litre equals the full fossil emissions factor EFjese; = 2.68 kg COqe/L.

Table 6.1: Consumer Surplus, Emissions, and Net Welfare by Half-Year Period (6§ =1, SCC
— 1,510 SEK /)

Period AP JAQ| ACS(t) ACOE ACOL"  Climate benefit NW (t)

(SEK/L) (Ml) (MSEK) (kt) (kt) (MSEK)  (MSEK)
H2 2018 0.000 0.0 0.0 0.0 864.5 1,305.5 1,305.5
H1 2019 —0.084 2.5 212.3 5.3 948.7 1,440.6 1,652.9
H2 2019 —0.084 3.5 212.2 7.6 948.3 1,443.4 1,655.6
H1 2020 0.173 3.0 —417.3 6.4 970.2 1,474.8 1,057.5
H2 2020 0.173 9.5 —417.5 11.7 971.2 1,484.3 1,066.8
H1 2021 0.173 7.8  —430.2 16.5  1,001.3 1,536.9 1,106.7
H2 2021 0.852 9.5 —2,120.0 19.0 1,280.3 1,961.9 —158.0
H1 2022 2.049 699 —4,847.8 130.1 1,576.4 2,576.9 —2,270.9
H2 2022 2.049 918 —4,870.3 171.0 1,590.8 2,660.4 —2,209.9
H1 2023 2.049 105.0 —4,679.9 195.6 1,534.2 2,612.0 —2,068.0
H2 2023 2.049 119.3 —4,694.5 222.2 1,543.5 2,666.2 —2,028.4
Total —22,053 785.5 13,230 21,163 —890

AP(t) = (t) from Table 5.1 (FX-controlled specification). H2 2021 uses a weighted average
(% x 0.173 + % x 0.988 = 0.852) reflecting the August 2021 mandate change partway through the period. The
19.3 % mandate coefficient is statistically insignificant and set to zero. |AQ)| is the demand reduction implied by
Table 5.3. Under 6 = 1 all mandate cost is passed through to consumers, so APS = 0. ACO“" is the
incremental mandate reduction above the 6 % EU-minimum baseline applied to counterfactual consumption,
valued at FFyieser = 2.68 kg CO2e/L. ACO3X® uses the blend emissions factor (1 — ay) - EFgjeser. Climate benefit
= 1,510 x (ACOL° + ACO") /1,000 in MSEK. NW (t) follows equation (3.11).

Table 6.1 reports period-by-period surplus flows, climate benefits, and net welfare under
full pass-through ( = 1) at the Swedish carbon tax SCC of 1,510 SEK/tonne. During the
initial mandate windows (H2 2018-H2 2019), the price premium is either statistically indis-
tinguishable from zero or marginally negative, so consumers experience no surplus loss and
the 20 % regime generates a small consumer gain of 212 MSEK per half-year. Net welfare
over this period is strongly positive at 1,306-1,656 MSEK per half-year, driven almost entirely
by technology-channel reductions of approximately 950 kt COqe per period. The 21 % man-
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date window (H1 2020-H1 2021) introduces a 0.173 SEK/L premium and consumer surplus
losses of 417-430 MSEK per half-year, but these remain well outweighed by climate benefits of
1,475-1,537 MSEK, leaving net welfare positive at 1,067-1,107 MSEK per period. The welfare
turning point occurs in H2 2021, the transition half-year in which the August 2021 mandate
increase to 26 % takes effect for five of the six months: the resulting weighted-average premium
of 0.852 SEK/L generates consumer surplus losses of 2,120 MSEK that for the first time ex-
ceed the climate benefit of 1,962 MSEK, yielding net welfare of —158 MSEK. From H1 2022
onward, under the full 2.049 SEK/L premium coinciding with the peak of the European energy
crisis, consumer surplus losses reach 4,577-4,870 MSEK per half-year against climate benefits
of 2,663-2,666 MSEK, with net welfare ranging from —2,028 to —2,271 MSEK per period and
a cumulative loss of —8,577 MSEK over the four half-years of the 30.5% mandate window.
Over the full mandate phase, aggregate net welfare is —890 MSEK at the Swedish carbon tax,
reflecting the sharp contrast between Phases 1-2 (+7,845 MSEK combined) and Phases 3—4
(—8,735 MSEK combined). The mandate was welfare-enhancing during its early, low-premium
phase and welfare-reducing once blending shares and biofuel prices rose simultaneously in 2021—
2022.

Table 6.2 reports aggregate emissions reductions and abatement costs. Under full pass-
through, the price channel accounts for 785.5 kt CO9e and the technology channel for 13,230 kt COxe,
totalling 14,015 kt COge over the mandate phase. The technology channel thus generates ap-
proximately 94 % of total emissions reductions, underscoring that the Reduktionsplikt operated
primarily through biofuel blending rather than price-induced demand compression. This share
should be interpreted with caution: to the extent that above-6 % blending would have occurred
absent the escalating mandate, the true incremental share attributable to the policy may be
lower.

The total abatement cost AC},,; is approximately invariant to pass-through, ranging from
1,574 to 1,588 SEK/tonne, since the combined surplus loss |ACS| + |APS]| is nearly con-
stant across 6. The welfare verdict depends critically on the choice of SCC. The break-even
SCC, at which aggregate net welfare is exactly zero, equals AC}yq =~ 1,574 SEK/tonne. The
Swedish carbon tax of 1,510 SEK/tonne lies marginally below this threshold, yielding net wel-
fare of —890 to —1,071 MSEK across pass-through assumptions. The Rennert et al. (2022)
SCC of 2,000 SEK/tonne lies well above it, yielding robustly positive net welfare of +5,691 to
+5,977 MSEK. The Nordhaus (2017) SCC of 450 SEK/tonne implies net welfare of approxi-
mately —15,746 MSEK, since it falls far below the mandate abatement cost. The qualitative
conclusion, that the welfare sign depends heavily on whether the social cost of carbon ex-
ceeds 1,574 SEK /tonne, is robust to the pass-through assumption, since ACyu, varies by only
14 SEK /tonne across 0.
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Table 6.2: Emissions Reductions, Abatement Costs, and Net Welfare

=10 6=09 6=08

Emissions reductions (kt COqe)

Price channel (ACO¥Y°) 786 704 623

Technology channel (ACO%“") 13,230 13,202 13,175

Total 14,015 13,906 13,799
Surplus changes (MSEK)

ACS —22,063 —19,810 —17,576

APS 0 —2165 —4330

ACS + APS ~92.053 —21,976 —21,906
Abatement costs (SEK /tonne COsze)

AC.onsumenr 1,574 1,425 1,274

AChroducer 0 156 314

AC)otal 1574 1580 1,588
Net welfare: SCC x total emissions + (ACS + APS) (MSEK)

Swedish carbon tax (2025), 1,510 SEK/t —890 -977  —1,071

Rennert et al. (2022), 2,000 SEK/t +5,977 45837  +5,691

Nordhaus (2017), 450 SEK/t —15,746 —15,718 —15,697

ACOL°" is evaluated relative to a 6 % EU-minimum counterfactual baseline under mandate accounting
(EFyio =0, EFgieser = 2.68 kg CO2e/L). ACOL uses the blend emissions factor (1 — o) - EFgieser. The
break-even SCC equals ACtotar = 1,574 SEK/tonne; any SCC above (below) this threshold implies positive
(negative) net welfare. The deadweight loss triangle is embedded within AC'S + APS and is not reported
separately.

Two additional sensitity checks can be found in Appendix D. First, even though the elasticity
result lies within the literature bound, we want to assess the sensitivity of the abatement cost to
these results. Thus we recalculate AC;qq; using alternative elasticity values from the literature
and finds very similar abatement costs. Second, a separate sensitivity check shows that the
counterfactual blending baseline matters substantially. The baseline leaves the estimated price
channel and surplus losses unchanged, but determines how much technology-channel abatement
is attributed to the Reduktionsplikt. The most informative alternatives are 0 percent, repre-
senting no blending, and 17 percent, approximating the reduction level implied by Sweden’s
pre-treatment renewable diesel use under the previous tax-exemption system.! Table D.1 shows
that moving from a 0 to a 17 percent baseline reduces attributed emissions reductions from
18.3 to 6.1 Mt COqe and raises ACiyq from 1,203 to 3,608 SEK/tCOge. We nevertheless use 6

percent as our preferred counterfactual. We return to this assumption in Section 7.3.

'Figure 2.1 shows that Sweden already had substantial renewable diesel use before the Reduktionsplikt, with
roughly 5 percentage points FAME and the remainder mainly HVO. A fossil share of 0.783 implies approximately
21.7 percent renewable blending. Using illustrative lifecycle savings of 71 percent for FAME and 92 percent for
HVO, as in Drivkraft Sverige (2023), gives a reduction of roughly 16-18 percent. We therefore use 17 percent as
a midpoint sensitivity case.
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7. Discussion

The following discussion aims to interpret the welfare results, situate them in the broader policy
context, and discuss the assumptions and limitations that bound them. We begin by assessing
the results from the welfare analysis of the Reduktionsplikt over its mandate trajectory, before
turning to the political economy of its rollback, the unresolved question of how much the energy
crisis contributed to its high late-phase costs, and the broader implications for biofuel policy
design.

7.1 Interpreting Results and Cost Effectiveness

The welfare results reveal a policy that was not uniformly costly over time. In the early mandate
phase (2018-2020), emissions reductions came almost entirely through the technical substitution
channel — as intended — while the estimated price premium was close to zero. Climate benefits
therefore accrued without a corresponding loss of consumer or producer surplus, and the policy
appeared efficient.

From 2021 onward, the picture changes as the unintended price channel becomes more pro-
nounced. The estimated diesel price premium rose from 0.173 SEK/litre at the 21 percent
mandate to 0.988 SEK/litre at the 26 percent mandate and 2.049 SEK/litre during the 30.5
percent mandate of 2022-2023, coinciding with the surge in HVO100 and B100 retail prices vis-
ible in Figure 2.2. These estimates align closely with those of Konjunkturinstitutet (2023b) and
C. Andersson and Thorell (2024), who find no detectable price effect at the 2018 introduction
and estimate increases of approximately 0.7 and 1.2 SEK/litre at the 2021 and 2022 mandate
steps.! Since both our short-run and long-run elasticity estimates are well below one in absolute
terms, diesel demand can, as expected, be characterised as rather inelastic. This helps explain
why the consumer-surplus loss becomes large while the forgone consumption? remains relatively
smaller. Many diesel consumers have limited scope to adjust their consumption in response to
higher prices, and therefore continue consuming diesel at a higher cost rather than exiting the
market. As the price premium rose, the consumer-surplus loss grew large enough to dominate
the estimated climate benefit. H2 2021 therefore marks the welfare turning point beyond which
the policy becomes welfare-negative, and net welfare over the full mandate phase is slightly
negative at the Swedish carbon-tax benchmark.

Considering the full mandate phase, the total abatement cost under full pass-through is
estimated to be 1,574 SEK /tCOqe, marginally above the Swedish carbon-tax benchmark of 1,510
SEK/tCOa. Since the carbon tax represents Sweden’s explicit policy price on fossil carbon, the
average abatement cost of the Reduktionsplikt was broadly in line with what Swedish society has
determined a tonne of CO2 costs. Compared with international estimates this appears relatively
low. Gillingham and Stock (2018) report substantially higher costs for some low-carbon fuel
standards, and Hansson et al. (2023) find that diesel-compatible biofuel pathways in Sweden can
reach costs well above our estimate. It is also worth noting that achieving equivalent emissions
reductions through higher fuel taxation rather than a mandate would likely have required very
high pump prices. Riksrevisionen (2023) report that such a scenario could imply pump prices
of around 42 SEK/litre for both gasoline and diesel.

!'Minor differences likely reflect different treatment of transition windows.
2Generally referred to as the DWL triangle.
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The central interpretation is that a reduction obligation is not inherently costly. Its wel-
fare cost depends on the price of the renewable fuels required for compliance, and therefore on
market conditions at the time the mandate is in force. This is consistent with the international
literature. Lundberg et al. (2023) find that the welfare effects of blending mandates are context-
dependent, driven by market conditions rather than mandate levels alone. Korting et al. (2019)
show that tight mandates can concentrate welfare costs on consumers when blending constraints
limit compliance flexibility, a mechanism directly relevant to the large consumer surplus losses
estimated at the 26 and 30.5 percent mandate levels. Lapan and Moschini (2012) show that
combining mandates with fuel taxes can be welfare-enhancing, suggesting that the welfare out-
come of the Reduktionsplikt depended not only on the mandate level but on the broader policy
design within which it operated.

This favourable average comparison should nonetheless be interpreted with care. The abate-
ment cost exceeded both the carbon-tax benchmark and several SCC estimates during the high-
mandate period, meaning the policy was not uniformly defensible across its mandate trajectory.
A policy can be defensible in average cost-per-tonne terms while still becoming politically frag-
ile if costs are concentrated in a short period and clearly visible to consumers. Few prices are
more salient to households and firms than fuel prices, and the concentrated cost exposure during
2022-2023 arguably mattered more for the political durability of the Reduktionsplikt than the
average cost over the full mandate phase.

7.2 Political Economy and Policy Durability

The welfare results provide a plausible political-economy interpretation of why the Reduktionsp-
likt was scaled back despite an average abatement cost broadly in line with relevant benchmarks.
Political feasibility depends not only on the average cost over the full mandate period, but on
who pays, when they pay, and how visible the cost is at the time of the political decision. The
politically decisive period was maybe not the cheap phase of 2018-2020 but the high-cost phase
of 2021-2023, when the diesel price premium became large and appeared directly at the pump.

The distributional incidence of this cost matters. Much of the estimated welfare cost takes
the form of consumer surplus losses, and although we do not estimate distributional incidence
directly, the burden is unlikely to have been experienced evenly. It was probably most salient
for inelastic groups with high diesel dependence and weak substitution possibilities, like long-
distance commuters, freight operators, farmers, and rural households where higher diesel prices
are tied to work, location, and everyday mobility rather than being a marginal consumption
cost. For these groups, a price increase functions less as an incentive and more as a penalty.
This distributional pattern plausibly explains the urban-rural dimension of the political debate.
Political support for the mandate was concentrated among parties with stronger urban voter
bases, where diesel dependence is lower and alternatives to car use are more available, while
opposition was strongest among groups with limited substitution possibilities and high cost
exposure (Konjunkturinstitutet, 2023a; Larsson et al., 2020). This does not reduce opposition to
the Reduktionsplikt to material self-interest, nor does it mean that all rural voters were affected
in the same way, but it suggests that distributional exposure made the policy easier to criticise
and harder to sustain. Climate policy is not evaluated only by aggregate cost-effectiveness. It
also has to be perceived as fair by the groups asked to carry the most visible costs.

The timing of the backlash reinforces this interpretation. The major political turn against
the Reduktionsplikt followed the 2022 energy crisis and the sharp increase in fuel prices accom-
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panying Russia’s invasion of Ukraine, at which point lower fuel prices had become an explicit
political objective. This suggests the policy was not scaled back primarily because it was judged
inefficient on welfare grounds, but because it became politically associated with a broader fuel-
price crisis. The distinction is difficult to communicate publicly: voters observe the pump price
rather than its decomposition between fossil diesel costs, HVO premia, taxes, and exchange-rate
movements. The broader energy-price shock was widely attributed to international disruptions
beyond domestic control, but perhaps the Reduktionsplikt offered politicians a concrete and ac-
tionable domestic lever. Possibly, the lowering of the mandate therefore became a visible way to
respond to fuel-price concerns, even though the underlying price increase reflected international
market conditions that domestic policy could only partially address.

A related point is that the Reduktionsplikt is harder to defend politically than a tax-based
instrument in one specific respect. A carbon or fuel tax also raises consumer prices and would
clearly have faced major political resistance at the levels needed to replace the Reduktionsplikt.
The difference though, is that a tax generates public revenue that can, at least in principle,
be recycled, used to compensate affected households, or fund other climate measures. The
Reduktionsplikt raises costs through mandated input substitution instead. The higher price
paid by consumers is not collected by the state, but reflects higher compliance costs in the fuel
supply chain. This gave the policy the political visibility of a fuel-price increase, but with fewer
direct fiscal tools for compensation.

Finally, it is worth noting that the 2030 transport target provides an additional lens through
which to evaluate the policy. By increasing the renewable share in diesel, the Reduktionsplikt
reduced measured lifecycle emissions from the existing vehicle fleet without requiring immediate
changes in vehicles, infrastructure, or transport behaviour. Scenario analyses suggest that a
higher Reduktionsplikt was central to Sweden’s ability to reach the 2030 target, and the rollback
has made that target harder to meet (Klimatpolitiska radet, 2024). At the same time, the policy
looks strongest as a bridge instrument: effective for near-term compliance, but not a substitute
for the deeper structural transition toward electrification and reduced transport demand that a

near-zero-emission transport system ultimately requires.

7.3 Validity of the Welfare Estimates

Abatement cost is conventionally defined as the expense incurred by a firm to prevent a given unit
of emissions (Phaneuf & Requate, 2016). Our measure departs from this definition by treating
the total loss in consumer and producer surplus per tonne of COs reduced as the relevant cost
concept. In concrete terms, this captures two things. How much more consumers paid for diesel
relative to the counterfactual over the mandate period, and the value of the consumption they
foregone as a result of higher prices. The departure from the conventional definition is warranted
by the institutional structure of the Reduktionsplikt. Because the mandate raises marginal
input costs rather than imposing a direct compliance charge, and because pass-through is high
(inelastic consumers), the economic burden does not rest with distributors but is transmitted to
consumers through higher wot prices. Measuring only the direct compliance cost would therefore
understate the true social burden (Parry et al., 1999). This approach is consistent with Lapan
and Moschini (2012), who analyse biofuel policy in a second-best welfare framework and show
that mandates affect both the fuel mix and overall fuel-use incentives, supporting the treatment
of the Reduktionsplikt as a policy with welfare consequences through the price channel rather
than merely a technical emissions instrument. Our welfare analysis is therefore essentially a
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cost-benefit analysis: we ask whether the economic cost borne by consumers and producers per
tonne of CO5 reduced exceeded the social value of that reduction.

Any cost-benefit evaluation of a climate policy ultimately rests on how society values a tonne
of CO4 reduced. We use the Swedish carbon tax as our primary benchmark since it represents
the explicit price Sweden has placed on fossil carbon emissions and is therefore the most coherent
reference point for evaluating a domestic climate instrument. However, the welfare conclusion
is sensitive to this choice. Using the social cost of carbon instead introduces substantial uncer-
tainty: Nordhaus (2017) and Rennert et al. (2022) arrive at estimates that differ by an order
of magnitude, driven primarily by different assumptions about the discount rate. A reader who
accepts the higher valuation would conclude that the Reduktionsplikt generated net welfare
gains over the mandate period, while a reader who follows Nordhaus would conclude that even
the early low-cost phase was difficult to justify on welfare grounds. In addition, it ought to be
mentioned that recent SCC estimations often are even higher than the value proposed by Ren-
nert et al. (2022). The sensitivity of the conclusion to the carbon valuation is not a weakness of
our analysis but a reflection of a genuine and unresolved disagreement in the literature, and we
report net welfare across multiple benchmarks precisely to make this dependence transparent.

A related assumption is that the redistribution of surplus from fossil fuel producers toward
biofuel producers and feedstock suppliers carries no additional social cost or benefit beyond what
is captured in prices and emissions. This is not necessarily correct. Fossil fuel production may be
associated with other negative externalities beyond carbon emissions, including local pollution
and labour-related costs, so a shift toward biofuel production could reduce some of these effects.
At the same time, biofuel and feedstock production carries its own externalities, including land-
use pressure and supply-chain impacts. The direction of the net effect is therefore ambiguous,
and we make no adjustment for it. To the extent that these externalities are material, our
welfare measure captures an incomplete picture of the true social cost of the policy.

Several further assumptions underlying our emissions and price-effect estimates warrant dis-
cussion. Not all of them point in the same direction, and we assess each in turn.

Approximately 94 percent of our estimated emissions reductions are attributed to the tech-
nical substitution channel, making the welfare results highly sensitive to the assumed counter-
factual blending level. A zero-blending counterfactual is not reasonable. EU legislation implied
a non-zero minimum level of renewable fuel use, and the political landscape made some form
of continued biofuel policy likely regardless of the Reduktionsplikt. We therefore set the coun-
terfactual at 6 percent, corresponding to the EU Renewable Energy Directive minimum, and
broadly consistent with Danish blending practice, noting that a 6 percent reduction requirement
corresponds to approximately 7.4 percent volumetric blending (C. Andersson & Thorell, 2024;
International Energy Agency, n.d.). This choice is also consistent with Sweden’s own decision
to roll back to 6 percent following the energy crisis (Regeringen, 2023c). The benchmark is
not without limitations. As Figure 2.1 shows, Sweden already maintained substantial biofuel
blending before 2018, suggesting the counterfactual may be somewhat low. The political econ-
omy also suggests that Sweden might have pursued an alternative biofuel policy implying higher
blending than Denmark even without the Reduktionsplikt, given the broad initial parliamen-
tary support for the instrument (Regeringen, 2017). Nonetheless, any attempt to specify such
a path becomes highly speculative, and we retain a 6 percent reduction level as a transparent
and policy-relevant low-blending benchmark. The sensitivity check in Appendix D confirms that
this assumption is not minor. Changing the counterfactual baseline leaves the price channel cost
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largely unchanged, but substantially changes the amount of technical substitution abatement
attributed to the mandate. The 6 percent baseline should therefore be interpreted as a policy-
relevant low-blending counterfactual rather than a neutral estimate of what would certainly
have happened absent the Reduktionsplikt. Hence, our welfare results should be interpreted as
conditional on this counterfactual choice. If Sweden would have maintained substantially higher
blending absent the mandate, the true incremental technical substitution effect would be smaller
and the abatement cost higher than reported. It also ought to be mentioned, that a different
reduction mandate counterfactual, likely would have resulted in a different price premium.

Our emissions reduction estimates also rely on two assumptions about how the mandate
translates into actual reductions. First, we assume that fuel suppliers comply with the mandate
exactly, blending sufficient renewable fuel to meet the required reduction level but no more. From
a profit-maximising perspective this is reasonable. Non-compliance fees exceed the marginal
cost of blending, while over-compliance is costly when biofuel prices are high. The sharp drop
in blending coinciding with the 2024 rollback is consistent with suppliers tracking the mandate
closely. In the early phase, when biofuel prices were close to those of fossil diesel, some over-
compliance is more plausible, which would imply a slight understatement of emissions reductions
for that period. The net effect is ambiguous and likely small. Second, we assume that the lifecycle
emissions factors applied by Swedish authorities to different biofuel types correctly reflect their
true climate impact. This is a consequential assumption. Lifecycle emissions are highly sensitive
to feedstock origin, production pathway, and land-use effects, and the regulatory framework for
calculating them has evolved considerably over time (Searchinger et al., 2008). Earlier periods
may therefore have been less precisely accounted for than more recent ones. Errors could run
in either direction. Overly generous emissions factors would mean our estimated reductions
are overstated, while overly conservative factors would mean they are understated. Systematic
bias seems unlikely given that assessments are conducted by professionals under an increasingly
detailed framework (Riksrevisionen, 2023), but inaccuracies at particular points in time cannot
be ruled out. On balance, this assumption is unlikely to introduce a consistent directional bias
into our estimates, but it adds uncertainty around the true magnitude of the emissions reductions
attributed to the technical substitution channel.

A further identification concern is whether the Reduktionsplikt itself affected Danish diesel
prices through its effect on northwest European biofuel markets. If Swedish demand for HVO
and FAME was large enough to tighten regional supply and raise Danish input costs, the Dan-
ish price series would partially absorb the Swedish price premium, causing our difference-in-
differences estimates to understate the true mandate-induced cost. Sajtos (2025) suggest that
such spillovers are not unlikely given the scale of Swedish biofuel demand relative to regional
markets. Nevertheless, a violation of this kind would strengthen rather than weaken our cen-
tral interpretation: the true abatement cost would be higher than reported, since higher Danish
prices would compress the estimated Sweden—Denmark price gap and make the observed Swedish
premium appear smaller.

Exchange-rate movements point in a similar direction. As discussed in Section 4.2, the
gradual depreciation of the SEK against the DKK mechanically raises the Danish comparison
price when expressed in SEK, compressing the Sweden—-Denmark price gap. This suggests that
our estimated mandate-induced price premium is likely conservative. At the same time, the
weaker krona may also have increased the realised Swedish cost of compliance, since fossil diesel
and biofuel components are traded internationally and the Reduktionsplikt increased Sweden’s
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exposure to biofuel components, especially HVO, during the high-mandate years. However, this
is not necessarily a confounder to be removed. Our welfare analysis evaluates the realised cost
of the policy under the market and currency conditions that actually prevailed. To the extent
that the mechanical conversion effect dominates in the DiD comparison, the price channel,
the associated demand response, and the abatement cost attributable to the price channel are
understated. Since the technical substitution channel accounts for most of the total emissions
reductions, this does not change the central welfare interpretation, but it implies that the price-
channel costs for this reason should be read as a lower-bound estimate.

A further assumption concerns the mapping from prices without taxes to consumer-facing
pump prices. In the welfare analysis, we assume that the mandate-induced premium estimated
in prices without taxes is the same premium consumers face at the pump under full pass-
through, holding all tax components fixed.> This ceteris paribus assumption also means that
contemporaneous tax changes, such as the 2022 fuel-tax reduction, are treated as separate policy
decisions that would have occurred also in the counterfactual without the Reduktionsplikt. This
may not fully hold. If the tax reduction was partly a response to higher fuel prices caused by the
Reduktionsplikt, the effective consumer-facing price channel would be smaller than our estimates
imply, and our demand response attributed to the mandate would be overstated. However, in
that case part of the cost of the mandate would instead appear as lower government tax revenue,
effectively shifting part of the burden from consumers to the state. Modelling such a policy-
response counterfactual would be highly speculative, so we retain the simpler assumption that
tax changes are exogenous to the mandate effect.

Finally, higher Swedish diesel prices may have induced some cross-border fueling in Denmark
or Norway, displacing rather than reducing transport emissions. The effect is likely modest
given that most diesel consumption occurs far from border crossings, but it would reduce actual
emissions savings below our consumption-based estimates without affecting the surplus loss in
the abatement cost ratio, pushing the true AC}yq upward.

Taken together, the counterfactual blending level is the most consequential assumption and
points toward our abatement cost estimates being a lower bound on the true welfare cost per
tonne of COge actually abated, since it may attribute too much of the emissions reduction
to the Reduktionsplikt. Several identification issues related to the price channel point in the
same direction. Potential spillovers to Danish biofuel costs and the gradual depreciation of the
SEK may both compress the estimated Sweden—Denmark price gap, implying that the mandate-
induced price premium, the price-channel demand response, and the corresponding abatement
cost may be understated. The compliance, lifecycle accounting, and cross-border fueling are
unlikely to introduce systematic bias in a consistent direction, but collectively add uncertainty
around the true magnitude of the emissions reductions and surplus losses attributed to the policy.
Our exact number should therefore be interpreted with caution, and the reported abatement
costs should be read as conservative rather than precise point estimates.

7.4 The Mandate—Energy Crisis Interaction

A central limitation of our analysis is that we cannot cleanly separate two distinct mechanisms
that both contributed to the high biofuel price premium observed during 2021-2023. The first is

3In principle, an increase in the price without taxes also increases VAT payments, since VAT is levied on
the pre-VAT pump price. We do not add this VAT component to the welfare calculation, as doing so would
require modelling the corresponding change in government revenue and would turn the analysis into a broader
fiscal-incidence exercise.
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the Reduktionsplikt itself. By requiring fuel suppliers to blend increasing volumes of HVO and
FAME, the mandate raised Swedish demand for renewable diesel components. If supply is inelas-
tic in the short run, this demand increase would push up biofuel prices, transmitting costs into
Swedish diesel prices and ultimately into consumer surplus losses. Under this interpretation, the
high welfare cost of the policy during 2022-2023 is at least partly endogenous to the mandate’s
own ambition. The second mechanism is tied to broader European energy price developments
following events such as Covid-19 and more importantly Russia’s invasion of Ukraine, which
tightened fossil and renewable fuel markets simultaneously and raised HVO and FAME premia
independently of Swedish policy. Under this interpretation, the Reduktionsplikt was an unlucky
victim of external circumstances: it increased Sweden’s exposure to biofuel input costs, so that
an externally driven price shock transmitted more directly into Swedish diesel prices than into
Danish prices, but the shock itself was not caused by the mandate. The depreciation of the
SEK during the same period may have reinforced this mechanism, since internationally traded
biofuel components became more expensive in SEK precisely when Sweden’s required exposure
to them was highest.

Technically, both mechanisms could have been present. The surge in HVO100 and B100
proxy prices visible in Figure 2.2 coincided with the broader energy-price spike, suggesting a
strong external component.® At the same time, Sajtos (2025) note a correlation between the
level of the Swedish mandate and the biofuel price premium, which is consistent with demand-
driven price pressure. However, Sweden already had relatively high biofuel blending before the
sharpest price increases without seeing the same dramatic cost response, which speaks against
a purely mandate-driven explanation. Formally, separating the two contributions would require
granular data on raw biofuel feedstock prices and supply-side capacity across European markets,
which falls outside the scope of this paper.

This distinction matters substantially for the policy conclusion. If the high-cost phase was
primarily driven by the energy crisis, the Reduktionsplikt may have been abandoned too early:
Sweden scaled back the mandate at precisely the point when biofuel supply was beginning to
expand and premia were likely to fall. The policy would then have suffered mainly from a timing
problem rather than a fundamental structural flaw. In other words, a first-mover disadvantage in
scaling up a mandate before the biofuel market had matured. Under this view, a more gradually
escalating mandate with better-designed cost-containment provisions could have delivered the
same emissions reductions at substantially lower welfare cost.

If instead the high prices reflected a structural constraint on the supply of sustainable biofuel
feedstocks, the conclusion is more troubling. Blending mandates draw on the cheapest available
feedstocks first. As ambition rises, producers must increasingly rely on more expensive inputs,
more constrained feedstock categories, or more carbon-intensive production pathways, causing
the marginal cost of compliance to rise with the mandate level. If this scalability ceiling is real,
the Reduktionsplikt may have been approaching the limits of what biofuel blending can deliver
as a climate instrument, with important implications for how the policy should be assessed and

designed going forward.

‘Figure 2.2 suggests that HVO100 began to decouple from blended diesel around the introduction of the
Reduktionsplikt. This is consistent with tighter HVO-market conditions, but should be interpreted cautiously.
HVO100 is only a proxy for the HVO blending component. Pure HVO used in blending is an internationally
traded input, whereas HVO100 is a Swedish retail fuel product that also reflects distribution costs, retail margins,
taxes, and product-specific demand. The figure therefore cannot by itself separate Swedish mandate-induced
demand from broader international biofuel-market shocks.
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7.5 Further Considerations

The scalability question points to a broader issue that our analysis cannot resolve: whether bio-
fuel blending mandates are sustainable as a large-scale climate instrument, not just in Sweden,
but globally. Sweden’s diesel mandate was among the most ambitious in Europe, yet it remains
far below what would be required for full transport decarbonisation. A key policy question is
therefore what happens as ambition moves toward 50, 60, or near-100 percent fossil fuel replace-
ment, consistent with the Paris Agreement and Sweden’s net-zero target for 2045. At those
levels, sustainable feedstock demand would rise sharply. If the EU or major economies adopted
similar biofuel-based strategies at scale, demand would multiply many times over. Sweden’s
HVO supply relies heavily on waste and residue feedstocks such as used cooking oil and tall oil,
which are globally limited by definition. Further scaling would likely require more crop-based
inputs, increasing risks of land-use competition, deforestation, indirect land-use change, and
food security pressures (Searchinger et al., 2008). Since the climate value of biofuels is highly
sensitive to these effects, fuels that appear carbon-neutral under mandate-counting conventions
may still carry substantial lifecycle emissions. Biofuels may therefore have a role in decarbonisa-
tion, but heavy reliance on blending as the primary pathway to net-zero transport possibly faces
supply-side limits that become more binding as adoption becomes wider and more ambitious.

Electrification is widely regarded as the primary long-run pathway to near-zero transport
emissions. Against this backdrop, the Reduktionsplikt can be evaluated either as a complement
to electrification or as a potential substitute for it. A blending mandate can deliver near-
term emissions reductions from the existing vehicle fleet while electrification gradually scales
up, making it a useful bridge instrument during the transition. At the same time, a strong
policy focus on fuel blending may reduce political urgency for the structural changes in vehicle
fleets, charging infrastructure, and transport planning that complete decarbonisation ultimately
requires. This tension is particularly relevant given that Sweden has recently recorded the lowest
share of new electric vehicle registrations among the Nordic countries, raising questions about
whether the availability of a biofuel compliance pathway has reduced pressure for faster fleet
transition (International Energy Agency, 2025). Whether the Reduktionsplikt complemented or
crowded out electrification cannot be determined from our data, but it is an important question
for future research.

A high blending requirement reduces dependence on fossil diesel but increases exposure to
imported biofuels and internationally traded feedstocks, shifting the type of supply risk rather
than eliminating it. Sweden’s experience in 2021-2023, when HVO premia rose sharply along-
side broader energy-market stress, illustrates this vulnerability. The newer version of the policy,
which allows compliance through electric credits linked to domestic renewable electricity, par-
tially addresses this concern by reducing dependence on internationally traded liquid biofuels
and linking compliance more directly to the long-run electrification pathway.
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“Government investigator Svante Mandell argues that the Reduktionsplikt, currently at 10 per-
cent may need to be increased. The electrification of the transport sector is moving too slow.
[...] Everything indicates that the current level will not be enough to meet the climate target
by 2030” — Omni (2026)

“Romina Pourmokhtari (L) believes that one of the most debated climate targets should be
scrapped. [...] The target was to reduce emissions in the transport sector by 70 percent before
2030, but so far Sweden has only reduced emissions by 19 percent. [...] The Liberal Party calls
out for an electrification target” — SVT (2026)

Ten years have passed since Sweden set up its ambitious climate goals, and this is where
the Swedish pre-2026 election debate currently stands. A central question remains: Can the
Reduktionsplikt, or some version of it, be a tool going forward — and should it be?

This paper provides a welfare-economic evaluation of the Swedish Reduktionsplikt for diesel
during 2018-2024. While previous work has mainly examined the policy’s effect on pump prices,
our contribution is to connect the mandate-induced price premium to demand responses, emis-
sions reductions, surplus losses, net welfare, and abatement costs. This distinction matters
because higher fuel prices are not, in themselves, evidence that the policy was inefficient. The
relevant question is whether the climate benefits generated by the mandate exceed the economic
costs imposed on consumers and producers.

Our results show that the welfare effect of the Reduktionsplikt changed markedly over time.
In the early mandate years, the diesel price premium was close to zero while higher renewable
content generated sizeable emissions reductions, making the policy clearly welfare-positive with
a low abatement cost. From 2021 onward, however, higher mandate levels and rising biofuel
prices sharply increased the price premium, and from H2 2021 consumer surplus losses exceeded
estimated climate benefits. Over H2 2018-H2 2023, we estimate total emissions reductions of
approximately 14 Mt C'Os, about 94 percent of which came from technical substitution. The
full-period abatement cost is estimated at 1,574 SEK per tonne of COy under full pass-through,
slightly above the Swedish carbon-tax benchmark of 1,510 SEK per tonne, implying modestly
negative net welfare at this benchmark, around —890 MSEK, clearly positive welfare under
Rennert’s higher SCC estimate, and clearly negative welfare under Nordhaus. The central con-
clusion is therefore not that the Reduktionsplikt was simply efficient or inefficient, but that
its cost-effectiveness depended strongly on mandate ambition, biofuel-market conditions, and
timing. The early phase suggests that a reduction obligation can work as an effective bridge
instrument when renewable fuel premia are low, while the high-mandate phase shows that the
same instrument can become costly and politically fragile when compliance depends on expen-
sive, internationally traded biofuel inputs. This helps explain the 2024 political reversal. Even
if the average abatement cost was close to Sweden’s explicit carbon price, the costs were con-
centrated in a short period, highly visible at the pump, and likely most salient for inelastic
diesel-dependent households and firms with limited substitution possibilities.

Several features of our analysis caution against taking the exact estimates at face value.
The counterfactual blending assumption is the most consequential. We argue that a 6 percent
counterfactual is the most reasonable choice. But, as the technical substitution channel creates

the majority of emission reductions, our abatement cost and net-welfare results can become
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either an upper or a lower bound depending on assumed counterfactual mandate. At the same
time, exchange-rate movements and potential Danish biofuel-market spillovers may compress
the estimated Sweden—Denmark price gap, implying that the price-channel cost is also likely
conservative. We also cannot fully separate whether the high biofuel premium during 2021-2023
reflected mandate-induced demand, broader energy-market stress, or the weaker SEK, meaning
the welfare cost during the high-mandate phase may partly reflect circumstances beyond the
policy’s design. Finally, our analysis is partial equilibrium and focuses exclusively on diesel, so it
does not capture distributional effects across different groups of consumers, nor any interaction
between the mandate and the broader transition toward electrification. The qualitative pattern
across mandate phases is more robust than the exact figures.

The external validity of our results is conditional. Sweden is a useful case because it im-
plemented one of Europe’s most ambitious diesel reduction mandates and relied heavily on
HVO, making it informative about the welfare consequences of high biofuel blending require-
ments. However, the results should not be directly transferred to other countries, periods in
time, with different fuel-market structures, domestic biofuel supply, tax systems, vehicle fleets,
or electrification trajectories. The broader lesson is that mandate policies are most likely to be
cost-effective where sustainable biofuel supply is elastic, compliance pathways are flexible, and
distributional exposure is limited. Where sustainable feedstocks are scarce and fuel consumers
have few short-run substitutes, similar mandates may generate high and politically fragile welfare
costs.

Gaps for future research remain. Some about the Reduktionsplikt itself, and some about
biofuels in general. First, more granular data on HVO, FAME, and feedstock markets are
needed to separate mandate-driven biofuel price effects from broader energy-crisis effects, and
to assess whether sustainable biofuels can be scaled without rising costs, feedstock competition,
indirect land-use change, or other sustainability concerns. Second, distributional impacts should
be evaluated directly, especially across rural and urban households, freight operators, farmers,
and other diesel-dependent groups. Third, future work should assess whether biofuel mandates
complement or delay electrification, ideally in a general equilibrium framework that captures
vehicle markets, charging infrastructure, tax interactions, and long-run transition incentives.
The redesigned Reduktionsplikt, with electric credits alongside biofuel blending, may address
some vulnerabilities by reducing dependence on volatile HVO and FAME premia and linking
compliance more directly to electrification. Whether this is enough to make the policy cost-
effective and politically durable remains an open question.

So: Can the Reduktionsplikt be a tool going forward — and should it be?

That question is ultimately for policy-makers to answer. What this paper attempts to
provide is the welfare-economic evidence base on which such a decision can be more transparently
informed.

This is our contribution.

49



References

2030-miljobarometern. (2026a). Anvind mdangd alternativa drivmedel av olika typ: Fame, tabell.
Retrieved May 7, 2026, from https://2030.miljobarometern.se/nationella-indikatorer /b
ranslet /anvand-mangd-alternativa-drivmedel-av-olika-typ-b2c/fame/table

2030-miljobarometern. (2026b). Anvind mdangd alternativa drivmedel av olika typ: Hvo. Re-
trieved April 9, 2026, from https://2030.miljobarometern.se/nationella-indikatorer /bra
nslet /anvand-mangd-alternativa-drivmedel-av-olika-typ-b2c/hvo/

2030-miljobarometern. (2026¢). Ldaginblandad diesel. Retrieved May 7, 2026, from https://2030
.miljobarometern.se/nationella-indikatorer/branslet /fornybar-andel-i-drivmedel-av-oli
ka-typ-b2e/laginblandad-diesel /

Abadie, A., Diamond, A., & Hainmueller, J. (2010). Synthetic control methods for comparative
case studies: Estimating the effect of california’s tobacco control program. Journal of the
American Statistical Association, 105(490), 493-505. https://doi.org/10.1198/jasa.2009
.ap08746

Aklilu, A. Z. (2020). Gasoline and diesel demand in the eu: Implications for the 2030 emission
goal. Renewable and Sustainable Energy Reviews, 118, 109530. https://doi.org/10.1016
/j-rser.2019.109530

Andersson, C., & Thorell, H. (2024). Sankning av reduktionsplikt (tech. rep. No. 104) (Accessed:
2026-04-09). Konjunkturinstitutet. Stockholm, Sweden. https://www.konj.se/media/1d
ojjkax/specialstudie-104-sankning-av-reduktionsplikt.pdf

Andersson, J., & Tippmann, C. (2022). Who benefitted from the gasoline tax cut in sweden?
(Policy Brief) (Accessed: 2026-03-31). FREE Network. https://freepolicybriefs.org/wp-
content /uploads/2022/09/20220902-who-benefitted-from-the-gasoline-tax-policy-brief
.pdf

Arrow, K. J., & Debreu, G. (1954). Existence of an equilibrium for a competitive economy.
Econometrica, 22(3), 265-290. https://doi.org/10.2307/1907353

Brannlund, R. (2013, March). Bensin- och dieselkonsumtion i sverige — ekonometriska skat-
tningar av priselasticiteter (Promemoria No. Fi2013/1123) (Umea University, CERE).
Finansdepartementet, Regeringskansliet. https://insynsverige.se/documentHandler.ash
x?7did=1711967

Brazilian Ministry of Mines and Energy. (2024). Renovabio. Retrieved April 9, 2026, from http
s://www.gov.br/mme/pt-br/assuntos/secretarias/petroleo-gas-natural-e-biocombustiv
eis/renovabio-1/renovabio-ingles

Carlén, B., & Hill, M. (2023, June). Reduktionsplikt, pumppriser och koldiozidutslapp (KI-
kommentar No. Dnr 2023-315) (Accessed: 2026-03-31). Konjunkturinstitutet. Stockholm,
Sweden. https://www.konj.se/media/p13bz2jn/ki-kommentar-2023-06-30-reduktionspl
ikt-pumppriser-och-koldioxidutslapp.pdf

Circle K Danmark. (2026). Brendstofpriser i danmark [Daily price data]. Retrieved March 31,
2026, from https://www.circlek.dk/erhverv/braendstof /priser

Circle K Sweden. (2026). Drivmedelspriser i sverige [Daily price data]. Retrieved March 31,
2026, from https://www.circlek.se/foretag/drivmedel /priser

50


https://2030.miljobarometern.se/nationella-indikatorer/branslet/anvand-mangd-alternativa-drivmedel-av-olika-typ-b2c/fame/table
https://2030.miljobarometern.se/nationella-indikatorer/branslet/anvand-mangd-alternativa-drivmedel-av-olika-typ-b2c/fame/table
https://2030.miljobarometern.se/nationella-indikatorer/branslet/anvand-mangd-alternativa-drivmedel-av-olika-typ-b2c/hvo/
https://2030.miljobarometern.se/nationella-indikatorer/branslet/anvand-mangd-alternativa-drivmedel-av-olika-typ-b2c/hvo/
https://2030.miljobarometern.se/nationella-indikatorer/branslet/fornybar-andel-i-drivmedel-av-olika-typ-b2e/laginblandad-diesel/
https://2030.miljobarometern.se/nationella-indikatorer/branslet/fornybar-andel-i-drivmedel-av-olika-typ-b2e/laginblandad-diesel/
https://2030.miljobarometern.se/nationella-indikatorer/branslet/fornybar-andel-i-drivmedel-av-olika-typ-b2e/laginblandad-diesel/
https://doi.org/10.1198/jasa.2009.ap08746
https://doi.org/10.1198/jasa.2009.ap08746
https://doi.org/10.1016/j.rser.2019.109530
https://doi.org/10.1016/j.rser.2019.109530
https://www.konj.se/media/1dojjkax/specialstudie-104-sankning-av-reduktionsplikt.pdf
https://www.konj.se/media/1dojjkax/specialstudie-104-sankning-av-reduktionsplikt.pdf
https://freepolicybriefs.org/wp-content/uploads/2022/09/20220902-who-benefitted-from-the-gasoline-tax-policy-brief.pdf
https://freepolicybriefs.org/wp-content/uploads/2022/09/20220902-who-benefitted-from-the-gasoline-tax-policy-brief.pdf
https://freepolicybriefs.org/wp-content/uploads/2022/09/20220902-who-benefitted-from-the-gasoline-tax-policy-brief.pdf
https://doi.org/10.2307/1907353
https://insynsverige.se/documentHandler.ashx?did=1711967
https://insynsverige.se/documentHandler.ashx?did=1711967
https://www.gov.br/mme/pt-br/assuntos/secretarias/petroleo-gas-natural-e-biocombustiveis/renovabio-1/renovabio-ingles
https://www.gov.br/mme/pt-br/assuntos/secretarias/petroleo-gas-natural-e-biocombustiveis/renovabio-1/renovabio-ingles
https://www.gov.br/mme/pt-br/assuntos/secretarias/petroleo-gas-natural-e-biocombustiveis/renovabio-1/renovabio-ingles
https://www.konj.se/media/p13bz2jn/ki-kommentar-2023-06-30-reduktionsplikt-pumppriser-och-koldioxidutslapp.pdf
https://www.konj.se/media/p13bz2jn/ki-kommentar-2023-06-30-reduktionsplikt-pumppriser-och-koldioxidutslapp.pdf
https://www.circlek.dk/erhverv/braendstof/priser
https://www.circlek.se/foretag/drivmedel/priser

REFERENCES

Cuddington, J. T., & Dagher, L. (2015). Estimating short and long-run demand elasticities: A
primer with energy-sector applications. The Energy Journal, 36(1), 185-209. http://w
ww.jstor.org/stable/24695017

Dahl, C. A. (2012). Measuring global gasoline and diesel price and income elasticities [Modeling
Transport (Energy) Demand and Policies|. Energy Policy, 41, 2-13. https://doi.org/10
.1016/j.enpol.2010.11.055

de Gorter, H., & Just, D. R. (2009). The economics of a blend mandate for biofuels. American
Journal of Agricultural Economics, 91(3), 738-750. https://www.jstor.org/stable/2061
6232

Dickey, D., & Fuller, W. (1979). Distribution of the estimators for autoregressive time series
with a unit root. JASA. Journal of the American Statistical Association, 74. https://do
i.0rg/10.2307 /2286348

Drivkraft Sverige. (2023). Berdkningsexempel reduktionsplikt: Diesel [Updated 2023-01-19. Ac-
cessed: 2026-05-12]. https://drivkraftsverige.se/wp-content /uploads/2023/06/Redukti
onspliktberakning-diesel-2023-01-19.pdf

Drupp, M. A., Freeman, M. C., Groom, B., & Nesje, F. (2018). Discounting disentangled. Amer-
ican Economic Journal: Economic Policy, 10(4), 109-134. https://doi.org/10.1257 /pol
.20160240

Ekonomifakta. (2026). Reduktionsplikt. Retrieved April 9, 2026, from https://www.ekonomifak
ta.se/sakomraden/energi/styrmedel /reduktionsplikt-1211453.html

Energimyndigheten. (2018). Omvdrldsbevakning — biodrivmedelsmarknaden (Promemoria) (Ac-
cessed: 2026-04-09). Stockholm, Sweden. https://www.energimyndigheten.se/globalasse
ts/om-oss/lagesrapporter /biobransle /pm---omvarldsbevakning-biodrivmedelsmarknad
en.pdf

Energimyndigheten. (2019). Kontrollstation 2019 for reduktionsplikten: Reduktionspliktens utveck-
ling 2021-2030 (tech. rep.) (Accessed: 2026-04-09). Energimyndigheten. Eskilstuna, Swe-
den. https://www.energimyndigheten.se/globalassets/fornybart /hallbara-branslen /red
uktionsplikt /kontrollstation-2019.pdf

Energimyndigheten. (2025a). Lar dig om hur elkrediter kan anvindas for att uppfylla reduktion-
splikten. Retrieved April 9, 2026, from https://www.energimyndigheten.se/nyhetsarkiv
/2025 /lar-dig-om-hur-elkrediter-kan-anvandas-for-att-uppfylla-reduktionsplikten/

Energimyndigheten. (2025b). Reduktionsplikt. Retrieved April 9, 2026, from https://www.ener
gimyndigheten.se /klimat/transporter /reduktionsplikt/

Engle, R. F., & Granger, C. W. J. (1987). Co-integration and error correction: Representation,
estimation, and testing. Econometrica, 55(2), 251-276. https://doi.org/10.2307/1913236

European Commission. (2024). Weekly Oil Bulletin — Historical Data from 2005 onwards [Ac-
cessed: 2026-03-31]. https://energy.ec.europa.eu/data-and-analysis/weekly-oil-bulletin
_en

European Commission. (2026). Fuel quality [Accessed: 2026-05-12]. https://climate.ec.europa.e
u/eu-action /transport-decarbonisation /fuel-quality en

European Environment Agency. (2025). Use of renewable energy for transport in europe. Re-
trieved April 9, 2026, from https://www.eea.europa.eu/en/analysis/indicators/use-of-r
enewable-energy-for

European Parliament and Council of the European Union. (2018). Directive (eu) 2018/2001
of the european parliament and of the council of 11 december 2018 on the promotion

51


http://www.jstor.org/stable/24695017
http://www.jstor.org/stable/24695017
https://doi.org/10.1016/j.enpol.2010.11.055
https://doi.org/10.1016/j.enpol.2010.11.055
https://www.jstor.org/stable/20616232
https://www.jstor.org/stable/20616232
https://doi.org/10.2307/2286348
https://doi.org/10.2307/2286348
https://drivkraftsverige.se/wp-content/uploads/2023/06/Reduktionspliktberakning-diesel-2023-01-19.pdf
https://drivkraftsverige.se/wp-content/uploads/2023/06/Reduktionspliktberakning-diesel-2023-01-19.pdf
https://doi.org/10.1257/pol.20160240
https://doi.org/10.1257/pol.20160240
https://www.ekonomifakta.se/sakomraden/energi/styrmedel/reduktionsplikt_1211453.html
https://www.ekonomifakta.se/sakomraden/energi/styrmedel/reduktionsplikt_1211453.html
https://www.energimyndigheten.se/globalassets/om-oss/lagesrapporter/biobransle/pm---omvarldsbevakning-biodrivmedelsmarknaden.pdf
https://www.energimyndigheten.se/globalassets/om-oss/lagesrapporter/biobransle/pm---omvarldsbevakning-biodrivmedelsmarknaden.pdf
https://www.energimyndigheten.se/globalassets/om-oss/lagesrapporter/biobransle/pm---omvarldsbevakning-biodrivmedelsmarknaden.pdf
https://www.energimyndigheten.se/globalassets/fornybart/hallbara-branslen/reduktionsplikt/kontrollstation-2019.pdf
https://www.energimyndigheten.se/globalassets/fornybart/hallbara-branslen/reduktionsplikt/kontrollstation-2019.pdf
https://www.energimyndigheten.se/nyhetsarkiv/2025/lar-dig-om-hur-elkrediter-kan-anvandas-for-att-uppfylla-reduktionsplikten/
https://www.energimyndigheten.se/nyhetsarkiv/2025/lar-dig-om-hur-elkrediter-kan-anvandas-for-att-uppfylla-reduktionsplikten/
https://www.energimyndigheten.se/klimat/transporter/reduktionsplikt/
https://www.energimyndigheten.se/klimat/transporter/reduktionsplikt/
https://doi.org/10.2307/1913236
https://energy.ec.europa.eu/data-and-analysis/weekly-oil-bulletin_en
https://energy.ec.europa.eu/data-and-analysis/weekly-oil-bulletin_en
https://climate.ec.europa.eu/eu-action/transport-decarbonisation/fuel-quality_en
https://climate.ec.europa.eu/eu-action/transport-decarbonisation/fuel-quality_en
https://www.eea.europa.eu/en/analysis/indicators/use-of-renewable-energy-for
https://www.eea.europa.eu/en/analysis/indicators/use-of-renewable-energy-for

REFERENCES

of the use of energy from renewable sources [Annex V, Part C. Accessed 2026-05-11].
https://eur-lex.europa.eu/legal-content/EN /TXT /?uri=CELEX:32018L2001

Eurostat. (2026a). Final energy consumption in road transport by type of fuel [Accessed: 2026-
05-10]. https://doi.org/10.2908/ TEN00127

Eurostat. (2026b). Gross domestic product (gdp) and main components per capita [Accessed:
2026-05-10]. https://doi.org/10.2908/NAMQ_10_PC

Eurostat. (2026¢). Share of energy from renewable sources [Accessed: 2026-05-10]. https://ec.e
uropa.eu/eurostat/databrowser/view/nrg_ind_ren__custom_21033153/default /table

Gillingham, K., & Stock, J. H. (2018). The cost of reducing greenhouse gas emissions. Journal
of Economic Perspectives, 32(4), 53-72. https://doi.org/10.1257/jep.32.4.53

Government Offices of Sweden. (n.d.). Sweden’s carbon taz (tech. rep.) (Accessed: 2026-04-09).
Government Offices of Sweden. https://www.government.se/government-policy /taxes-
and-tariffs/swedens-carbon-tax/

Hansson, J., Nojpanya, P., Ahlstrom, J., Furusjo, E., Lundgren, J., & Gustavsson Binder, T.
(2023). Costs for reducing GHG emissions from road and air transport with biofuels
and electrofuels (Report No. C770) (Accessed: 2026-04-09). IVL Swedish Environmental
Research Institute. https://research.chalmers.se/publication/538107

Harju, J., Kosonen, T., Laukkanen, M., & Palanne, K. (2022). The heterogeneous incidence of
fuel carbon taxes: Evidence from station-level data. Journal of Environmental Economics
and Management, 112, 102607. https://doi.org/10.1016/j.jeem.2021.102607

Holland, S. P., Hughes, J. E., & Knittel, C. R. (2009). Greenhouse gas reductions under low
carbon fuel standards? American Economic Journal: Economic Policy, 1(1), 106-146.
https://doi.org/10.1257 /pol.1.1.106

IEA Bioenergy. (2018). Implementation of bioenergy in denmark: 2018 update (tech. rep.). IEA
Bioenergy. Retrieved May 9, 2026, from https: //www.ieabioenergy.com /wp-content /u
ploads/2018/10/CountryReport2018_Denmark final.pdf

IEA Bioenergy. (2021). Implementation of bioenergy in denmark: 2021 update (tech. rep.). IEA
Bioenergy. Retrieved May 9, 2026, from https://www.ieabioenergy.com/wp-content /u
ploads/2021/11/CountryReport2021_Denmark final.pdf

IEA Bioenergy. (2024). Implementation of bioenergy in denmark: 2024 update (tech. rep.). IEA
Bioenergy. Retrieved May 9, 2026, from https://www.ieabioenergy.com/wp-content/u
ploads/2024/12/CountryReport2024_Denmark_final.pdf

International Energy Agency. (n.d.). Biofuels. Retrieved April 9, 2026, from https://www.iea.o
rg/energy-system /low-emission-fuels/biofuels

International Energy Agency. (2012). Energy policies of iea countries: Denmark 2011 review
(tech. rep.). OECD/IEA. Paris. Retrieved May 9, 2026, from https://www.oecd.org/co
ntent/dam/oecd/en/publications/reports/2012/02/energy-policies-of-iea-countries-den
mark-2011_glgl2a3e/9789264098213-en.pdf

International Energy Agency. (2024). Act on sustainable biofuels and on the reduction of green-
house gases from transport. Retrieved May 9, 2026, from https://www.iea.org/policies
/20498-act-on-sustainable-biofuels-and-on-the-reduction-of-greenhouse-gases-from-tra
nsport

International Energy Agency. (2025). Global ev outlook 2025 (tech. rep.) (Accessed: 2026-04-09).
International Energy Agency. https://www.iea.org/reports/global-ev-outlook-2025

52


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32018L2001
https://doi.org/10.2908/TEN00127
https://doi.org/10.2908/NAMQ_10_PC
https://ec.europa.eu/eurostat/databrowser/view/nrg_ind_ren__custom_21033153/default/table
https://ec.europa.eu/eurostat/databrowser/view/nrg_ind_ren__custom_21033153/default/table
https://doi.org/10.1257/jep.32.4.53
https://www.government.se/government-policy/taxes-and-tariffs/swedens-carbon-tax/
https://www.government.se/government-policy/taxes-and-tariffs/swedens-carbon-tax/
https://research.chalmers.se/publication/538107
https://doi.org/10.1016/j.jeem.2021.102607
https://doi.org/10.1257/pol.1.1.106
https://www.ieabioenergy.com/wp-content/uploads/2018/10/CountryReport2018_Denmark_final.pdf
https://www.ieabioenergy.com/wp-content/uploads/2018/10/CountryReport2018_Denmark_final.pdf
https://www.ieabioenergy.com/wp-content/uploads/2021/11/CountryReport2021_Denmark_final.pdf
https://www.ieabioenergy.com/wp-content/uploads/2021/11/CountryReport2021_Denmark_final.pdf
https://www.ieabioenergy.com/wp-content/uploads/2024/12/CountryReport2024_Denmark_final.pdf
https://www.ieabioenergy.com/wp-content/uploads/2024/12/CountryReport2024_Denmark_final.pdf
https://www.iea.org/energy-system/low-emission-fuels/biofuels
https://www.iea.org/energy-system/low-emission-fuels/biofuels
https://www.oecd.org/content/dam/oecd/en/publications/reports/2012/02/energy-policies-of-iea-countries-denmark-2011_g1g12a3e/9789264098213-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2012/02/energy-policies-of-iea-countries-denmark-2011_g1g12a3e/9789264098213-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2012/02/energy-policies-of-iea-countries-denmark-2011_g1g12a3e/9789264098213-en.pdf
https://www.iea.org/policies/20498-act-on-sustainable-biofuels-and-on-the-reduction-of-greenhouse-gases-from-transport
https://www.iea.org/policies/20498-act-on-sustainable-biofuels-and-on-the-reduction-of-greenhouse-gases-from-transport
https://www.iea.org/policies/20498-act-on-sustainable-biofuels-and-on-the-reduction-of-greenhouse-gases-from-transport
https://www.iea.org/reports/global-ev-outlook-2025

REFERENCES

Joint Research Centre. (2023). Renewable energy recast to 2030: Red ii. Retrieved April 9, 2026,
from https://joint-research-centre.ec.europa.eu/welcome-jec-website/reference-regulat
ory-framework /renewable-energy-recast-2030-red-ii_en

Karlsson, H., Poulikidou, S., Henryson, K., Hammar, T., & Hansson, J. (2020). HVO Pro-
duced from Swedish Raw Materials: Current and Future Potentials (tech. rep. No. FDOS
07:2020). 3 The Swedish Knowledge Centre for Renewable Transportation Fuels. https:
//f3centre.se/app/uploads/P46980-1_FDOS-07-2020_Report-201211_FINAL.pdf

Karpaty, P., Mandell, S., & Sajtos, L. (2024, February). FElasticiteter inom miljo-, klimat- och
energiomradet (Specialstudie No. Dnr 2024-111). Konjunkturinstitutet. Stockholm. htt
ps://www.konj.se/media/fsedffrl/specialstudie- 102-elasticiteter-inom-miljo-klimat-oc
h-energiomradet.pdf

Klimatpolitiska radet. (2024). Klimatpolitiska radets rapport 2024 (tech. rep.) (Accessed: 2026-
04-09). Klimatpolitiska radet. Stockholm, Sweden. https: //www.klimatpolitiskaradet.s
e/wp-content /uploads/2024/05 /klimatpolitiskaradetsrapport2024.pdf

Klimatpolitiska radet. (2025). Klimatpolitiska rdadets rapport 2025 (tech. rep.) (Accessed: 2026-
04-09). Klimatpolitiska radet. Stockholm, Sweden. https://www.klimatpolitiskaradet.s
e/wp-content /uploads/2025/03 /klimatpolitiskaradetsrapport2025.pdf

Konjunkturinstitutet. (2023a). Miljoekonomisk rapport 2023: Fordelningseffekter av miljé- och
klimatpolitik (tech. rep.) (Accessed: 2026-04-09). Konjunkturinstitutet. Stockholm, Swe-
den. https://www.konj.se/media/3gwfqms3/miljoekonomisk-rapport-2023.pdf

Konjunkturinstitutet. (2023b, November). Reduktionsplikten och dieselpriset (tech. rep.) (Ac-
cessed: 2026-03-31). Konjunkturinstitutet. Stockholm, Sweden. https://www.konj.se/m
edia/ptqdwq4k /specialstudie-092-reduktionsplikten-och-dieselpriset.pdf

Konjunkturinstitutet. (2023c, November). Skattefordndringar och bensinpriset (tech. rep. No. 93)
(Accessed: 2026-05-07). Konjunkturinstitutet. Stockholm, Sweden. https://www.konj.s
e/media/ldwfzz4d /specialstudie-093-skatteforandringar-och-bensinpriset.pdf

Konkurrensverket. (2024, December). Slutrapporteringen av regeringsuppdrag om konkurrensen
i drivmedelssektorn (Rapport No. 2024:7). Konkurrensverket. Stockholm.

Korting, C., de Gorter, H., & Just, D. R. (2019). Who will pay for increasing biofuel mandates?
incidence of the renewable fuel standard given a binding blend wall. American Journal
of Agricultural Economics, 101(2), 492-506. https://doi.org/10.1093/ajae/aay047

Labandeira, X., Labeaga, J. M., & Lépez-Otero, X. (2017). A meta-analysis on the price elasticity
of energy demand. Energy Policy, 102, 549-568. https://doi.org/10.1016/j.enpol.2017.0
1.002

Lapan, H. E., & Moschini, G. (2012). Second-best biofuel policies and the welfare effects of
quantity mandates and subsidies. Journal of Environmental Economics and Manage-
ment, 63(2), 224-241. https://doi.org/10.1016/j.jeem.2011.10.001

Larsson, Y., Hedberg, P., & Holmberg, S. (2020). Okad polarisering mellan landsbygd och
storstad? (Valforskningsprogrammets rapportserie No. 2020:5) (Accessed 2026-05-11).
University of Gothenburg, Department of Political Science. https://www.gu.se/sites/de
fault/files/2020-06,/2020%205%20Larsson%2C%20Hedberg%20%26%20Holmberg%20-
%200 %CC%88kad %20polarisering %20mellan %20landsbygd % 200ch % 20storstad % 3F .p
df

53


https://joint-research-centre.ec.europa.eu/welcome-jec-website/reference-regulatory-framework/renewable-energy-recast-2030-red-ii_en
https://joint-research-centre.ec.europa.eu/welcome-jec-website/reference-regulatory-framework/renewable-energy-recast-2030-red-ii_en
https://f3centre.se/app/uploads/P46980-1_FDOS-07-2020_Report-201211_FINAL.pdf
https://f3centre.se/app/uploads/P46980-1_FDOS-07-2020_Report-201211_FINAL.pdf
https://www.konj.se/media/fsedffr1/specialstudie-102-elasticiteter-inom-miljo-klimat-och-energiomradet.pdf
https://www.konj.se/media/fsedffr1/specialstudie-102-elasticiteter-inom-miljo-klimat-och-energiomradet.pdf
https://www.konj.se/media/fsedffr1/specialstudie-102-elasticiteter-inom-miljo-klimat-och-energiomradet.pdf
https://www.klimatpolitiskaradet.se/wp-content/uploads/2024/05/klimatpolitiskaradetsrapport2024.pdf
https://www.klimatpolitiskaradet.se/wp-content/uploads/2024/05/klimatpolitiskaradetsrapport2024.pdf
https://www.klimatpolitiskaradet.se/wp-content/uploads/2025/03/klimatpolitiskaradetsrapport2025.pdf
https://www.klimatpolitiskaradet.se/wp-content/uploads/2025/03/klimatpolitiskaradetsrapport2025.pdf
https://www.konj.se/media/3gwfqms3/miljoekonomisk-rapport-2023.pdf
https://www.konj.se/media/ptqdwq4k/specialstudie-092-reduktionsplikten-och-dieselpriset.pdf
https://www.konj.se/media/ptqdwq4k/specialstudie-092-reduktionsplikten-och-dieselpriset.pdf
https://www.konj.se/media/ldwfzz4d/specialstudie-093-skatteforandringar-och-bensinpriset.pdf
https://www.konj.se/media/ldwfzz4d/specialstudie-093-skatteforandringar-och-bensinpriset.pdf
https://doi.org/10.1093/ajae/aay047
https://doi.org/10.1016/j.enpol.2017.01.002
https://doi.org/10.1016/j.enpol.2017.01.002
https://doi.org/10.1016/j.jeem.2011.10.001
https://www.gu.se/sites/default/files/2020-06/2020%205%20Larsson%2C%20Hedberg%20%26%20Holmberg%20-%20O%CC%88kad%20polarisering%20mellan%20landsbygd%20och%20storstad%3F.pdf
https://www.gu.se/sites/default/files/2020-06/2020%205%20Larsson%2C%20Hedberg%20%26%20Holmberg%20-%20O%CC%88kad%20polarisering%20mellan%20landsbygd%20och%20storstad%3F.pdf
https://www.gu.se/sites/default/files/2020-06/2020%205%20Larsson%2C%20Hedberg%20%26%20Holmberg%20-%20O%CC%88kad%20polarisering%20mellan%20landsbygd%20och%20storstad%3F.pdf
https://www.gu.se/sites/default/files/2020-06/2020%205%20Larsson%2C%20Hedberg%20%26%20Holmberg%20-%20O%CC%88kad%20polarisering%20mellan%20landsbygd%20och%20storstad%3F.pdf

REFERENCES

Lundberg, L., Cintas Sanchez, O., & Zetterholm, J. (2023). The impact of blending mandates
on biofuel consumption, production, emission reductions and fuel prices. Energy Policy,
183, 113835. https://doi.org/10.1016 /j.enpol.2023.113835

Marion, J., & Muehlegger, E. (2011). Fuel tax incidence and supply conditions [Special Issue:
The Role of Firms in Tax Systems]. Journal of Public Economics, 95(9), 1202-1212.
https://doi.org/10.1016/j.jpubeco.2011.04.003

Moschini, G., Lapan, H. E., & Kim, H. (2012). The renewable fuel standard in competitive
equilibrium: Market and welfare effects. American Journal of Agricultural Economics,
94(5), 1156-1166. https://doi.org/10.1093/ajae/aax041

Naturvardsverket. (2019). Sweden’s fourth biennial report under the unfccc (tech. rep. No. ISBN
978-91-620-6905-6) (Accessed: 2026-04-09). Swedish Environmental Protection Agency.
Stockholm, Sweden. https://www.naturvardsverket.se/globalassets/media /publikation
er-pdf/6900/978-91-620-6905-6.pdf

Newey, W. K., & West, K. D. (1987). A simple, positive semi-definite, heteroskedasticity and
autocorrelation consistent covariance matrix. Econometrica, 55(3), 703-708.

Newey, W. K., & West, K. D. (1994). Automatic lag selection in covariance matrix estimation.
The Review of Economic Studies, 61(4), 631-653. http://www.jstor.org/stable/2297912

Nordhaus, W. D. (2017). Revisiting the social cost of carbon. Proceedings of the National
Academy of Sciences, 114(7), 1518-1523.

Omni. (2026, March 13). Utredare: Reduktionsplikten kan behova hdjas [Written by Adam Wahlfeldt].
Retrieved May 6, 2026, from https://omni.se/utredare-reduktionsplikten-kan-behova-
hojas/a/L4AMW2J

Parry, I. W. H., Williams, R. C., & Goulder, L. H. (1999). When can carbon abatement policies
increase welfare? the fundamental role of distorted factor markets. Journal of Environ-
mental Economics and Management, 37(1), 52-84. https://doi.org/10.1006/jeem.1998
.1058

Phaneuf, D. J., & Requate, T. (2016). A course in environmental economics: Theory, policy,
and practice. Cambridge University Press.

Pigou, A. C. (1920). The economics of welfare. Macmillan. https://doi.org/10.2307/2222816

Regeringen. (2014). Andrad beskattning av vissa biodrivmedel. Retrieved April 9, 2026, from
https://www.regeringen.se/rattsliga-dokument /lagradsremiss/2014 /08 /andrad-beskatt
ning-av-vissa-biodrivmedel /

Regeringen. (2017). Ett klimatpolitiskt ramverk for sverige (tech. rep. No. Prop. 2016/17:146)
(Accessed: 2026-04-09). Regeringskansliet. Stockholm, Sweden. https://www.regeringen
.se/contentassets/480ed767687b4b7ba6c960f9c1d4857f /ett-klimatpolitiskt-ramverk-for
-sverige-prop.-201617146

Regeringen. (2021). Reduktionsplikt for bensin och diesel — kontrollstation 2019 [Accessed: 2026-
04-09]. https://www.regeringen.se/contentassets/9f3163327e80462786efcd873945¢c1c8/r
eduktionsplikt-for-bensin-och-diesel--kontrollstation-2019-prop-202021180/

Regeringen. (2023a). Riksrevisionens rapport om reduktionsplikten for bensin och diesel (tech.
rep. No. Skr. 2023/24:44) (Accessed: 2026-04-09). Regeringskansliet. Stockholm, Sweden.
https://www.regeringen.se/contentassets/227afeald2a24478b15c¢5323784e3eba /riksrevi
sionens-rapport-om-reduktionsplikten-for-bensin-och-diesel-skr.-20232444.pdf

Regeringen. (2023b). Sdinkning av reduktionsplikten for bensin och diesel (tech. rep. No. Prop.
2023/24:28) (Accessed: 2026-04-09). Regeringskansliet. Stockholm, Sweden. https://ww

54


https://doi.org/10.1016/j.enpol.2023.113835
https://doi.org/10.1016/j.jpubeco.2011.04.003
https://doi.org/10.1093/ajae/aax041
https://www.naturvardsverket.se/globalassets/media/publikationer-pdf/6900/978-91-620-6905-6.pdf
https://www.naturvardsverket.se/globalassets/media/publikationer-pdf/6900/978-91-620-6905-6.pdf
http://www.jstor.org/stable/2297912
https://omni.se/utredare-reduktionsplikten-kan-behova-hojas/a/L4MW2J
https://omni.se/utredare-reduktionsplikten-kan-behova-hojas/a/L4MW2J
https://doi.org/10.1006/jeem.1998.1058
https://doi.org/10.1006/jeem.1998.1058
https://doi.org/10.2307/2222816
https://www.regeringen.se/rattsliga-dokument/lagradsremiss/2014/08/andrad-beskattning-av-vissa-biodrivmedel/
https://www.regeringen.se/rattsliga-dokument/lagradsremiss/2014/08/andrad-beskattning-av-vissa-biodrivmedel/
https://www.regeringen.se/contentassets/480ed767687b4b7ba6c960f9c1d4857f/ett-klimatpolitiskt-ramverk-for-sverige-prop.-201617146
https://www.regeringen.se/contentassets/480ed767687b4b7ba6c960f9c1d4857f/ett-klimatpolitiskt-ramverk-for-sverige-prop.-201617146
https://www.regeringen.se/contentassets/480ed767687b4b7ba6c960f9c1d4857f/ett-klimatpolitiskt-ramverk-for-sverige-prop.-201617146
https://www.regeringen.se/contentassets/9f3163327e80462786efcd873945c1c8/reduktionsplikt-for-bensin-och-diesel--kontrollstation-2019-prop-202021180/
https://www.regeringen.se/contentassets/9f3163327e80462786efcd873945c1c8/reduktionsplikt-for-bensin-och-diesel--kontrollstation-2019-prop-202021180/
https://www.regeringen.se/contentassets/227afea1d2a24478b15c5323784e3eba/riksrevisionens-rapport-om-reduktionsplikten-for-bensin-och-diesel-skr.-20232444.pdf
https://www.regeringen.se/contentassets/227afea1d2a24478b15c5323784e3eba/riksrevisionens-rapport-om-reduktionsplikten-for-bensin-och-diesel-skr.-20232444.pdf
https://www.regeringen.se/contentassets/023abb42ea9d447a9a0b4264e79cfac2/sankning-av-reduktionsplikten-for-bensin-och-diesel-prop.-20232428
https://www.regeringen.se/contentassets/023abb42ea9d447a9a0b4264e79cfac2/sankning-av-reduktionsplikten-for-bensin-och-diesel-prop.-20232428

REFERENCES

w.regeringen.se/contentassets/023abb42ea9d447a9a0b4264e79cfac2 /sankning-av-reduk
tionsplikten-for-bensin-och-diesel-prop.-20232428

Regeringen. (2023c). Sankning av reduktionsplikten for bensin och diesel. Retrieved April 9, 2026,
from https://www.regeringen.se/rattsliga-dokument /proposition/2023/10/prop.-20232
428/

Regeringen. (2025). Genomférande av dndringar i fornybartdirektivet — reduktionsplikten och
vissa kontrollfragor (tech. rep. No. Prop. 2024/25:131) (Accessed: 2026-04-09). Regeringskansliet.
Stockholm, Sweden.

Rennert, K., Errickson, F., Prest, B. C., Rennels, L., Newell, R. G., Pizer, W., Kingdon, C.,
Wingenroth, J., Cooke, R., Parthum, B., Smith, D., Cromar, K., Diaz, D., Moore, F. C.,
Miiller, U. K., Plevin, R. J., Raftery, A. E., éevéikové, H., Sheets, H., ... Anthoff, D.
(2022). Comprehensive evidence implies a higher social cost of CO2. Nature, 610(7933),
687-692. https://doi.org/10.1038/s41586-022-05224-9

Riksrevisionen. (2023). Reduktionsplikten — risker for genomférande och effektivitet (tech. rep.
No. RiR 2023:13) (Accessed: 2026-04-09). Riksrevisionen. Stockholm, Sweden. https://w
ww.riksrevisionen.se/granskningar /granskningsrapporter /2023 /reduktionsplikten---ris
ker-for-genomforande-och-effektivitet.html

Sajtos, L. (2025, December). Priseffekten av den forandrade reduktionsplikten 2025 (tech. rep.
No. 121) (Accessed: 2026-03-31). Konjunkturinstitutet. Stockholm, Sweden. https://ww
w.konj.se/media/habnbpds/specialstudie-121- priseffekten-av-den-forandrade-reduktio
nsplikten-2025.pdf

Searchinger, T., Heimlich, R., Houghton, R. A., Dong, F., Elobeid, A., Fabiosa, J., Tokgoz, S.,
Hayes, D., & Yu, T.-H. (2008). Use of u.s. croplands for biofuels increases greenhouse
gases through emissions from land-use change. Science, 319(5867), 1238-1240. https://d
oi.org/10.1126/science.1151861

Skatteutskottet. (2017). Punktskatter. Retrieved April 9, 2026, from https://www.riksdagen.se
/sv/dokument-och-lagar/dokument/betankande/punktskatter_h401sku24/html/

Skatteverket. (2024). Historik skattesatser: Skattesatser t.o.m. 2024-12-31. Retrieved May 7,
2026, from https://skatteverket.se/download/18.386bd4b919276cc86c42ae8 /173288493
3875 /Skattesatser%20t.0.m.%202024-12-31.pdf

Statens energimyndighet. (2026a). Drivmedelspriser (energiindikatorer), en_ind15a. Retrieved
March 31, 2026, from https://pxexternal.energimyndigheten.se / pxweb /sv / Energi
myndighetens_statistikdatabas/Energimyndighetens_statistikdatabas__Energiindikatore
r__15._Drivmedelspriser/EN_IND15A.px/

Statens energimyndighet. (2026b). Transportsektorns energianvindning, en0118-2. Retrieved
March 31, 2026, from https://pxexternal.energimyndigheten.se / pxweb /en / Energ
imyndighetens_statistikdatabas /Energimyndighetens_statistikdatabas__Officiell energis
tatistik__Transportsektorns_energianvandning/EN0118_2.px/

Statens offentliga utredningar. (2016). Ett bonus—malus-system for nya lditta fordon (tech. rep.
No. SOU 2016:33) (Accessed: 2026-04-09). Regeringskansliet. https://www.regeringen.s
e/contentassets/e38bb79787714469bc0ala519669cf 7a/sou-2016_33-webb.pdf

Statistiska centralbyran. (2024). Folkmdngden efter dalder och kon. dr 1860-2024. Retrieved
March 31, 2026, from https://www.statistikdatabasen.scb.se/

Statistiska centralbyran. (2025). Harmoniserat konsumentprisindex (hikp), 2015=100. dr 1996
2025. Retrieved March 31, 2026, from https://www.statistikdatabasen.scb.se/

55


https://www.regeringen.se/contentassets/023abb42ea9d447a9a0b4264e79cfac2/sankning-av-reduktionsplikten-for-bensin-och-diesel-prop.-20232428
https://www.regeringen.se/contentassets/023abb42ea9d447a9a0b4264e79cfac2/sankning-av-reduktionsplikten-for-bensin-och-diesel-prop.-20232428
https://www.regeringen.se/contentassets/023abb42ea9d447a9a0b4264e79cfac2/sankning-av-reduktionsplikten-for-bensin-och-diesel-prop.-20232428
https://www.regeringen.se/contentassets/023abb42ea9d447a9a0b4264e79cfac2/sankning-av-reduktionsplikten-for-bensin-och-diesel-prop.-20232428
https://www.regeringen.se/rattsliga-dokument/proposition/2023/10/prop.-20232428/
https://www.regeringen.se/rattsliga-dokument/proposition/2023/10/prop.-20232428/
https://doi.org/10.1038/s41586-022-05224-9
https://www.riksrevisionen.se/granskningar/granskningsrapporter/2023/reduktionsplikten---risker-for-genomforande-och-effektivitet.html
https://www.riksrevisionen.se/granskningar/granskningsrapporter/2023/reduktionsplikten---risker-for-genomforande-och-effektivitet.html
https://www.riksrevisionen.se/granskningar/granskningsrapporter/2023/reduktionsplikten---risker-for-genomforande-och-effektivitet.html
https://www.konj.se/media/ha5n5p4s/specialstudie-121-priseffekten-av-den-forandrade-reduktionsplikten-2025.pdf
https://www.konj.se/media/ha5n5p4s/specialstudie-121-priseffekten-av-den-forandrade-reduktionsplikten-2025.pdf
https://www.konj.se/media/ha5n5p4s/specialstudie-121-priseffekten-av-den-forandrade-reduktionsplikten-2025.pdf
https://doi.org/10.1126/science.1151861
https://doi.org/10.1126/science.1151861
https://www.riksdagen.se/sv/dokument-och-lagar/dokument/betankande/punktskatter_h401sku24/html/
https://www.riksdagen.se/sv/dokument-och-lagar/dokument/betankande/punktskatter_h401sku24/html/
https://skatteverket.se/download/18.386bd4b919276cc86c42ae8/1732884933875/Skattesatser%20t.o.m.%202024-12-31.pdf
https://skatteverket.se/download/18.386bd4b919276cc86c42ae8/1732884933875/Skattesatser%20t.o.m.%202024-12-31.pdf
https://pxexternal.energimyndigheten.se/pxweb/sv/Energimyndighetens_statistikdatabas/Energimyndighetens_statistikdatabas__Energiindikatorer__15._Drivmedelspriser/EN_IND15A.px/
https://pxexternal.energimyndigheten.se/pxweb/sv/Energimyndighetens_statistikdatabas/Energimyndighetens_statistikdatabas__Energiindikatorer__15._Drivmedelspriser/EN_IND15A.px/
https://pxexternal.energimyndigheten.se/pxweb/sv/Energimyndighetens_statistikdatabas/Energimyndighetens_statistikdatabas__Energiindikatorer__15._Drivmedelspriser/EN_IND15A.px/
https://pxexternal.energimyndigheten.se/pxweb/en/Energimyndighetens_statistikdatabas/Energimyndighetens_statistikdatabas__Officiell_energistatistik__Transportsektorns_energianvandning/EN0118_2.px/
https://pxexternal.energimyndigheten.se/pxweb/en/Energimyndighetens_statistikdatabas/Energimyndighetens_statistikdatabas__Officiell_energistatistik__Transportsektorns_energianvandning/EN0118_2.px/
https://pxexternal.energimyndigheten.se/pxweb/en/Energimyndighetens_statistikdatabas/Energimyndighetens_statistikdatabas__Officiell_energistatistik__Transportsektorns_energianvandning/EN0118_2.px/
https://www.regeringen.se/contentassets/e38bb79787714469bc0a1a519669cf7a/sou-2016_33-webb.pdf
https://www.regeringen.se/contentassets/e38bb79787714469bc0a1a519669cf7a/sou-2016_33-webb.pdf
https://www.statistikdatabasen.scb.se/
https://www.statistikdatabasen.scb.se/

REFERENCES

Stern, N. (2007). The economics of climate change. Cambridge University Press.

Sveriges riksbank. (2026). Valutakurser: Sek/dkk, dagliga noteringar. Retrieved April 16, 2026,
from https://www.riksbank.se/sv/statistik /rantor-och-valutakurser/sok-rantor-och-va
lutakurser/

Sveriges riksdag. (2017). Lag (2017:1201) om reduktion av vdzthusgasutslapp fran vissa fossila
drivmedel. Retrieved April 9, 2026, from https://www.riksdagen.se/sv/dokument-och-1
agar/dokument /svensk-forfattningssamling /lag-20171201-om-reduktion-av-vaxthusga
sutslapp_sfs-2017-1201/

Sveriges riksdag. (2025). Forordning (2025:589) om reduktion av vixthusgasutslipp fran bensin
och diesel. Retrieved April 9, 2026, from https://www.riksdagen.se/sv/dokument-och-1
agar/dokument /svensk-forfattningssamling /forordning-2025589-om-reduktion-av_sfs-
2025-589/

SVT. (2026, February 24). Pourmokhtari vill skrota omdebatterade klimatmalet. Retrieved May
6, 2026, from https://omni.se/pourmokhtari-vill-overge-omstridda-klimatmalet /a /1]
Wda

UNFCCC. (2015). Paris agreement. Retrieved April 9, 2026, from https://unfccc.int /sites/def
ault /files/english_paris_agreement.pdf

U.S. Department of Agriculture Foreign Agricultural Service. (2021). Biofuel mandates in the
eu by member state and united kingdom — 2021 (tech. rep.). USDA Foreign Agricultural
Service. Berlin. Retrieved May 9, 2026, from https://apps.fas.usda.gov/newgainapi/api
/Report /DownloadReportByFileName?fileName=Biofuel+Mandates+in+the+EU+by
+Member+State4+and+ United+Kingdom+-+-2021_Berlin_European+ Union_06-06-202
1.pdf

U.S. Environmental Protection Agency. (2024). Overview of the renewable fuel standard program.
Retrieved April 9, 2026, from https://www.epa.gov/renewable-fuel-standard /overview
-renewable-fuel-standard-program

Weyl, E. G., & Fabinger, M. (2013). Pass-through as an economic tool: Principles of incidence
under imperfect competition. Journal of Political Economy, 121(3), 528-583. Retrieved
May 9, 2026, from http://www.jstor.org/stable/10.1086,/670401

Widengard, M. (2025). “good riddance”: Sorting out “bad” residues from the swedish biofuel
economy. Valuation Studies. https://valuationstudies.liu.se/article/download /4808 /52
63/28054

World Bank. (2026a). Population, total [Accessed: 2026-05-10]. https://data.worldbank.org/in
dicator/SP.POP.TOTL

World Bank. (2026b). Urban population [Accessed: 2026-05-10]. https://data.worldbank.org/i
ndicator/SP.URB.TOTL?end=2018&start=2015

56


https://www.riksbank.se/sv/statistik/rantor-och-valutakurser/sok-rantor-och-valutakurser/
https://www.riksbank.se/sv/statistik/rantor-och-valutakurser/sok-rantor-och-valutakurser/
https://www.riksdagen.se/sv/dokument-och-lagar/dokument/svensk-forfattningssamling/lag-20171201-om-reduktion-av-vaxthusgasutslapp_sfs-2017-1201/
https://www.riksdagen.se/sv/dokument-och-lagar/dokument/svensk-forfattningssamling/lag-20171201-om-reduktion-av-vaxthusgasutslapp_sfs-2017-1201/
https://www.riksdagen.se/sv/dokument-och-lagar/dokument/svensk-forfattningssamling/lag-20171201-om-reduktion-av-vaxthusgasutslapp_sfs-2017-1201/
https://www.riksdagen.se/sv/dokument-och-lagar/dokument/svensk-forfattningssamling/forordning-2025589-om-reduktion-av_sfs-2025-589/
https://www.riksdagen.se/sv/dokument-och-lagar/dokument/svensk-forfattningssamling/forordning-2025589-om-reduktion-av_sfs-2025-589/
https://www.riksdagen.se/sv/dokument-och-lagar/dokument/svensk-forfattningssamling/forordning-2025589-om-reduktion-av_sfs-2025-589/
https://omni.se/pourmokhtari-vill-overge-omstridda-klimatmalet/a/rrlWda
https://omni.se/pourmokhtari-vill-overge-omstridda-klimatmalet/a/rrlWda
https://unfccc.int/sites/default/files/english_paris_agreement.pdf
https://unfccc.int/sites/default/files/english_paris_agreement.pdf
https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=Biofuel+Mandates+in+the+EU+by+Member+State+and+United+Kingdom+-+2021_Berlin_European+Union_06-06-2021.pdf
https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=Biofuel+Mandates+in+the+EU+by+Member+State+and+United+Kingdom+-+2021_Berlin_European+Union_06-06-2021.pdf
https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=Biofuel+Mandates+in+the+EU+by+Member+State+and+United+Kingdom+-+2021_Berlin_European+Union_06-06-2021.pdf
https://apps.fas.usda.gov/newgainapi/api/Report/DownloadReportByFileName?fileName=Biofuel+Mandates+in+the+EU+by+Member+State+and+United+Kingdom+-+2021_Berlin_European+Union_06-06-2021.pdf
https://www.epa.gov/renewable-fuel-standard/overview-renewable-fuel-standard-program
https://www.epa.gov/renewable-fuel-standard/overview-renewable-fuel-standard-program
http://www.jstor.org/stable/10.1086/670401
https://valuationstudies.liu.se/article/download/4808/5263/28054
https://valuationstudies.liu.se/article/download/4808/5263/28054
https://data.worldbank.org/indicator/SP.POP.TOTL
https://data.worldbank.org/indicator/SP.POP.TOTL
https://data.worldbank.org/indicator/SP.URB.TOTL?end=2018&start=2015
https://data.worldbank.org/indicator/SP.URB.TOTL?end=2018&start=2015

A. Calculating Prices without Taxes

We calculate the daily Swedish diesel price wot from Circle K’s pump price by removing VAT and
the effective energy and carbon tax in the blended fuel (Circle K Sweden, 2026; Skatteverket,
2024). This follows the product-price logic used in KI's fuel-price studies, where produktpris
is defined as the pump price net of VAT and excise taxes (C. Andersson & Thorell, 2024;
Konjunkturinstitutet, 2023b, 2023c; Sajtos, 2025). We use the actual blending shares and
the historical tax treatment of fossil diesel, FAME, and HVO (2030-miljébarometern, 2026a,
2026¢; Skatteutskottet, 2017). Before the Reduktionsplikt, biogenic components were not always
taxed in the same way as fossil diesel. After its introduction, low-blended fossil and biogenic
components were taxed uniformly, implying full energy and carbon taxation of the blended fuel
(Carlén & Hill, 2023; Sveriges riksdag, 2017).

ClircleK
wot __ Pt

O 14VATL 2 sie (B +af7C) (A1)

1€{diesel, FAME,HVO}

where PCeleK s the daily pump price, V AT} is the VAT rate, si¢ is the volume share of
component ¢, F; and C; are the statutory energy and carbon tax rates, and aft and agtOQ are
the applicable tax shares. For example, if the blend is 92 percent fossil diesel and 8 percent
FAME, and FAME is taxed at 16 percent of the relevant rate, we deduct the full tax on the
fossil share and 16 percent of the tax on the FAME share.

For Denmark, Circle K Denmark reports daily prices excluding VAT and provides separate
information on fuel excise duties, so we use the reported Danish product-price series directly
(Circle K Danmark, 2026). We convert it into SEK using the daily exchange rate from Sveriges

Riksbank (Sveriges riksbank, 2026).
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B. Counterfactual Validation with Synthetic Control

To assess whether the Denmark-based comparison overlooks another plausible control country,
we conduct a synthetic-control exercise. Synthetic control constructs a counterfactual for Sweden
as a weighted average of donor countries, with weights chosen to match Sweden as closely as
possible before treatment. The donor pool consists of Denmark, Austria, Spain, Latvia, France,
Germany, Belgium, Poland, and Slovakia. For a technical discussion of the method, see Abadie
et al. (2010).

The donor pool is restricted to European countries that are plausible comparators for Sweden
in diesel-price formation. We include countries that are part of the broader European fuel mar-
ket, have available weekly diesel prices wot in the European Commission’s Oil Bulletin, and can
be matched on structural predictors related to fuel demand and macroeconomic conditions. We
also exclude countries whose fuel-market or biofuel-policy environments make them unsuitable
as untreated or low-treatment comparators. This screening is informed by the cross-country
overview of European biofuel policies in Lundberg et al. (2023). The donor pool is therefore not
intended to represent all of Europe, but a set of countries that could plausibly have followed a
similar pre-treatment diesel-price path to Sweden absent the Reduktionsplikt.

We use the method diagnostically rather than as a separate identification strategy. Since
the Swedish Reduktionsplikt changed several times, and other European countries also expe-
rienced fuel-tax, blending-rule, or climate-policy changes, a full synthetic-control design would
be difficult to interpret as a clean causal design. The narrower purpose is to examine whether
a data-driven donor pool identifies a more convincing control country than Denmark in the
pre-treatment period.

The outcome variable is the weekly diesel price excluding taxes from January 2015 to July
2018. The matching variables include lagged pre-treatment diesel prices and structural pre-
dictors: GDP per capita, passenger cars per 1,000 inhabitants, diesel consumption per capita,
urbanisation, and renewable energy in transport. Diesel prices wot are taken from the Euro-
pean Commission’s Oil Bulletin (European Commission, 2024).! Urbanisation and population
data are taken from the World Bank (World Bank, 2026a, 2026b), and the remaining struc-
tural predictors from Eurostat (Eurostat, 2026a, 2026b, 2026¢). We estimate three versions: a
main specification with structural predictors and lagged prices, a price-only specification, and a
specification excluding Denmark from the donor pool.

Figure B.1 plots the pre-treatment diesel price series for Sweden and the donor countries.
Visually, Sweden and Denmark follow each other more closely than other countries in the donor
pool, both in levels and in short-run movements. This is important because the synthetic-
control exercise is not only about matching average prices, but about matching the pre-treatment
price path. The synthetic-control weights in Table B.1 are consistent with this visual pattern:
Denmark receives a weight of 0.884, Austria receives almost all remaining weight, and all other
countries receive zero. The main and price-only specifications give almost identical weights,
suggesting that the match is mainly driven by the close pre-treatment price relationship between

Sweden and Denmark.

!For Sweden, we use the same price series as in the main specification, converted to euros. This is because we
identified a small inconsistency in the Weekly Oil Bulletin data related to the tax treatment of biofuel components.
There is no indication that similar issues affect the other countries’ price series during this period.
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APPENDIX B. COUNTERFACTUAL VALIDATION WITH SYNTHETIC CONTROL

When Denmark is excluded, Spain receives the full donor weight. However, as shown in Fig-
ure B.4, the pre-treatment fit worsens. This suggests that Spain is the best available substitute
once Denmark is removed, not an equally strong counterfactual. Overall, the exercise does not
reveal a more convincing alternative control country, supporting the use of Denmark as the main

comparison country in the DiD analysis.
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Figure B.1: Pre-treatment diesel prices excluding taxes for Sweden and the synthetic-control
donor pool

Table B.1: Synthetic Control Donor Weights Across Specifications

Full donor pool No Denmark

Country Main  Price only Main
Austria (AT) 0.116 0.115 0.000
Belgium (BE) 0.000 0.000 0.000
Germany (DE) 0.000 0.000 0.000
Denmark (DK) 0.884 0.884 —

Spain (ES) 0.000 0.000 1.000
France (FR) 0.000 0.000 0.000
Latvia (LV) 0.000 0.000 0.000
Poland (PL) 0.000 0.000 0.000
Slovakia (SK) 0.000 0.000 0.000

Notes: Donor weights from the synthetic-control esti-
mator (Abadie et al., 2010). The treated unit is Swe-
den. The pre-treatment window is 2015W1-2018W26.
The main specification uses structural predictors and
lagged pre-treatment prices. The price-only specifica-
tion omits the structural predictors. The no-Denmark
column re-estimates the main specification with Den-
mark excluded from the donor pool.
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APPENDIX B. COUNTERFACTUAL VALIDATION WITH SYNTHETIC CONTROL

Diesel price wot (EURI/L)

Table B.2: Donor Pool Characteristics: Pre-Treatment Price and Structural Predictors

Country Mean price GDP p.c. Cars per Diesel cons. EV share

(wot) (euro) 1,000 p.c. (L) (%)
SE 0.57 47,180 479 457.7 26.84
DK 0.58 51,060 438 561.0 6.93
AT 0.51 41,760 595 855.9 9.70
BE 0.50 38,990 509 672.1 6.64
DE 0.50 40,630 561 485.3 7.03
ES 0.53 25,150 529 574.2 5.80
FR 0.47 34,290 569 623.6 8.77
LV 0.51 13,410 356 454.6 2.27
PL 0.50 12,360 507 425.4 4.23
SK 0.52 15,610 408 410.6 6.95
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Figure B.2: Sweden and synthetic Sweden using the full donor pool. MSPE = 1.2774.
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Figure B.3: Sweden and synthetic Sweden, only using price as a predictor. MSPE= 0.2501.
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Figure B.4: Sweden and synthetic Sweden when Denmark is excluded from the donor pool.
The weaker pre-treatment fit indicates that the best available substitute after removing
Denmark is not an equally strong counterfactual. MSPE = 2.7139
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Figure B.5: Sweden-Denmark Prices, Flat FX

Source: Authors’ rendering of price data from Circle K Danmark (2026) and Circle K Sweden (2026) using the
mean exchange rate over the time period from Sveriges riksbank (2026).

We do not use the flat-exchange-rate series as our baseline because it answers a different
counterfactual question: what the price gap would have looked like under a constant exchange
rate, rather than what the realised Swedish price premium was under the currency conditions

that actually prevailed.
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C. Complementary Empirical Results

Table C.1: Pre-Treatment Linear Trend Test

(1) Without FX control (2) With FX control

Estimate Std. Error Estimate Std. Error

Intercept 0.4037*** 0.01936  2.8473**  0.67653
t (days) —0.000252***  0.0000624  0.000166  0.00014
FX rate (SEK/DKK) —1.9407***  0.53705
N 546 546

Sample: Jan 2017 — Jun 2018 (pre-mandate baseline). Dependent variable: daily
SE-DK pre-tax diesel price gap (SEK/L). Ho: B = 0 (no drift). HAC standard errors
(Newey—West). Significance: *p < 0.10, **p < 0.05, ***p < 0.01.

Table C.2: Placebo Tests: False Treatment Dates within the Pre-Mandate Period

(1) Without FX control (2) With FX control

Placebo date Estimate Std. Err. p-value Estimate Std. Err. p-value
Apr 2017 —0.0833 0.0215 0.0001*** —0.0232 0.0256 0.3660
May 2017 —0.0613 0.0236 0.0096**  0.0041 0.0276 0.8806
Jun 2017 —0.0629 0.0228 0.0060** —0.0030 0.0271 0.9113
Jul 2017 —0.0226 0.0250 0.3669 0.0451 0.0281 0.1082
Aug 2017 —0.0259 0.0240 0.2813 0.0524 0.0297 0.0785
Sep 2017 —0.0434 0.0240 0.0708 0.0460 0.0346 0.1846
Oct 2017 —0.0521 0.0242 0.0317* 0.0639 0.0474 0.1777
Nov 2017 —0.0318 0.0255 0.2141 0.1844 0.0421 0.0000***
Dec 2017 —0.0713 0.0243 0.0035**  0.0682 0.0473 0.1500
Jan 2018 —0.0539 0.0263 0.0406* 0.1115 0.0386 0.0040**
Feb 2018 —0.1050 0.0226 0.0000*** —0.0060 0.0435 0.8901
Mar 2018 —0.1225 0.0231 0.0000*** —0.0394 0.0489 0.4205
Significant (p < 0.05) 7 of 12 2 of 12

Note: Each row assigns a false treatment date within the pre-mandate period (Jan 2017 — Jun
2018) and re-estimates the post-indicator coefficient from the regime-decomposition specification.
HAC standard errors (Newey—West). Significance codes: ***p < 0.001, **p < 0.01, *p < 0.05,
'p < 0.10.

Table C.3: Augmented Dickey—Fuller Test on the Pre-Treatment SE-DK Price Gap

Sample Lags ADF statistic p-value
Jan 2017 — Jun 2018 (baseline) 8 —4.184 0.010
Jan 2015 — Jun 2018 (extended) 10 —3.513 0.041

Note: Hp: the pre-treatment price gap has a unit root. Lag order selected
by the ADF procedure.
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Table C.4: Event Study: SE-DK Price Gap Around the July 2018 Implementation

(1) Without FX control

(2) With FX control

SLINSHY TVOIMIdINYH AYVINHNWHTIINOD) ) XIANIddY

Bin & Estimate  Std. Err. t-stat p-value  Estimate  Std. Err. t-stat p-value
k=-7 0.164468 0.025721 6.3944  0.0000 0.015861 0.087441 0.1814  0.8561
k=—6 0.199208 0.026 803 7.4322  0.0000 0.041709 0.092350 0.4516  0.6516
k=-5 0.087052 0.037943 2.2943 0.0219 —0.035517 0.078716 —0.4512  0.6519
k=—4 0.166540 0.028674 5.8081  0.0000 0.017380 0.088 305 0.1968  0.8440
k=-3 0.122421  0.047150 2.5964  0.0095 0.020606 0.072677 0.2835 0.7768
k=-2 0.179559  0.032250 5.5678  0.0000 0.109999 0.048078 2.2879  0.0222
k=0 0.139043 0.022222 6.2571  0.0000 0.151824 0.026 457 5.7385  0.0000
k=1 0.123353 0.026 721 4.6163  0.0000 0.117005 0.028 952 4.0414  0.0001
k=2 0.057337 0.031621 1.8133  0.0699 0.067890 0.030121 2.2539  0.0243
k=3 0.061276 0.028 837 2.1249 0.0337 0.110496 0.038965 2.8358  0.0046
k=4 0.090137 0.024184 3.7271  0.0002 0.147720 0.041578 3.5528  0.0004
k=5 0.077363 0.025827 2.9954 0.0028 0.135706 0.042764 3.1734  0.0015
k=6 —0.061575 0.044125 —1.3955 0.1630 —0.016531 0.046 608 —0.3547  0.7229
=7 0.260495 0.078'733 3.3086  0.0010 0.331605 0.070452 4.7068  0.0000
k=38 0.309690 0.032452 9.5432  0.0000 0.315379  0.035055 8.9966  0.0000
k=9 0.241736  0.022232 10.8735  0.0000 0.242664 0.023951 10.1319  0.0000
k=10 0.472807 0.048410 9.7666  0.0000 0.430680 0.054510 7.9009  0.0000
k=11 0.546021 0.023243 23.4915  0.0000 0.512784 0.031 058 16.5105  0.0000
k=12 0.838517 0.079772 10.5115  0.0000 0.814150 0.081988 9.9301  0.0000
k=13 1.139872  0.027 305 41.7456  0.0000 1.097827 0.037433 29.3281  0.0000
k=14 1.835891 0.113939 16.1130  0.0000 1.859154 0.122384 15.1911  0.0000
k=15 2.155938 0.056 099 38.4313  0.0000 2.175005 0.055792 38.9841  0.0000
k=16 1.882305 0.063 026 29.8658  0.0000 1.945458 0.069516 27.9857  0.0000
FX rate (SEK/DKK) — —1.446761 0.808096  —1.7903 0.0736
Intercept 0.208736  0.020 167 10.3506  0.0000 2.216064 1.121739 1.9756  0.0483
Joint pre-trend F-test (Ho: all k < —2 coefficients = 0)
Fg.. 9.03 (p < 0.001) 3.15 (p = 0.004)

Note: 90-day bins relative to the July 2018 treatment date. Reference bin: k£ = —1. The outcome is the daily SE-DK pre-tax
diesel price gap (SEK/L). HAC standard errors (Newey—West). Column (1) is the secondary specification; column (2) with FX
control is the primary specification (see Section 5.1).




APPENDIX C. COMPLEMENTARY EMPIRICAL RESULTS

Table C.5: ADF Unit-Root Tests on Variables Used in the Demand Elasticity Estimation

Variable Levels First differences

ADF stat ADF stat Decision
In(Qdiesel) —1.311 —3.672 I(1)
In(Piiese) —2.879 —4.524 1(1)
1n( Pyasoline) —3.484 —4.036 1(1)
In(GDP,.) —2.619 —3.080 1(1)
5% critical value (levels, with trend) —3.45
5% critical value (differences, drift) —2.93

Note: Annual Swedish data, 1980-2024. Lag order = 3 throughout. Levels regressions include a
deterministic trend; first-difference regressions include a drift term. Ho: the series has a unit root.
A series is classified I(1) if the null cannot be rejected in levels but is rejected in first differences.
In(Pgasoline) is borderline in levels (—3.484 vs. critical value —3.45); a supplementary KPSS test on
the first difference (level = 0.084, p > 0.10) corroborates the I(1) classification.

Table C.6: Total Cumulative Demand Response under Alternative Pass-Through
Assumptions (%)

Period =10 6=09 0=038

H2 2018  0.000 0.000 0.000
H1 2019  0.098 0.088 0.078
H2 2019  0.140 0.126 0.112
H1 2020 -0.126 —0.113 —0.101
H2 2020 -0.229 —-0.206 —0.183
H1 2021 —-0.313 —0.281 —0.250
H2 2021 -0.380 —0.342 —0.304
H1 2022 —-2912 —-2.621 —2.330
H2 2022 -3.790 —-3.411 —3.032
H1 2023 —-4.501 —4.061 —3.601
H2 2023 —5.077 —4.569 —4.061
H1 2024 —-3.203 —2.883 —2.562
H2 2024 —2.5568 —2.303 —2.047

Note: D(T) = 3, . <1 C(Tk,)Sk evaluated at
the start of each half-year period T" under three
pass-through assumptions §. ECM parameters:
esrp = —0.195, epg = —0.321, A = —0.344,
f=0.5.
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D. Welfare Analysis Sensitivity
All period-level flows in Table 6.1 follow directly from the framework in Section 3. The inputs

A

are the FX-controlled regime coefficients §(¢) (Table 5.1), the half-year demand responses D(t)
(Table 5.3), and observed half-year consumption Q¢**. Counterfactual consumption is recovered

by inverting the demand response:

obs
¢ t
= . D.1
Q=7 + D(t)/100 (D-1)
Setting AP, = ((t) and |AQy| = 0-|D(t)/100| - Q}, equations (3.8) and (3.9) yield ACS(6) and
APS(0) directly. At 6 = 1, APS; = 0. The price- and technology-channel reductions follow
from equations (3.5) and (3.4):

ACOgc(t) = |AQt‘ . EF(Oét) = ‘AQt’ . (1 — Odt) . EFdiesel7 (DQ)
ACOgeCh(t) = (at - d) : QB : EFdiesel) (D3)

where EFyjese; = 2.68 kg CO2¢/L and under mandate accounting EF (o) = (1 — a¢) - EFjesel
from equation (3.3), and @ = 0.06 is the EU-minimum counterfactual baseline. Period-level
net welfare and aggregate abatement cost follow equations (3.11) and (3.12), summing over
t = H22018 to H22023.

Table D.1: Sensitivity of Emissions Reductions, Abatement Costs, and Net Welfare to the
Counterfactual Blending Baseline (0 = 1)

Counterfactual reduction baseline

0% 6% 17%

Emissions reductions (kt COze)

Price channel 786 786 786

Technology channel 17,540 13,230 5,327

Total 18,325 14,015 6,113
Surplus changes (MSEK)

ACS —22,063 —22,053 —22,053

APS 0 0 0
Abatement cost (SEK/tCOse)

AC, ot 1,203 1,574 3,608
Net welfare (MSEK)

Swedish carbon tax (1,510 SEK/t) 45,618 —890 —12,823

Rennert et al. (2,000 SEK/t) +14,598  +5,977 —9,827

Nordhaus (450 SEK/t) —13,807 —15,746 —19,302

Note: Full pass-through (§ = 1) throughout. The price channel, surplus changes, and
abatement cost numerator are invariant to the counterfactual baseline; only the technolog-
ical substitution channel changes.
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APPENDIX D. WELFARE ANALYSIS SENSITIVITY

Table D.2: Sensitivity to Price Elasticity, Panel A: Period Flows (§ = 1, SCC = 1,510 SEK/t)

Period Dy (%)  ACS(t)*(MSEK) ACOE™P(kt) ACOL"<(kt)
Aklilu (2020): esr=—0.158, e, r=—0.421, A=—0.374

H2 2018 0.00 0.0 0.0 864.5
H1 2019 0.08 212.4 4.3 948.9
H2 2019 0.15 212.1 8.2 948.2
H12020  —0.04 —417.1 1.9 969.4
H2 2020  —0.21 —4175 10.8 971.1
H1 2021 —0.35 —430.3 18.5 1001.7
H2 2021 —0.46 —2120.8 23.0 1281.3
HI1 2022 —2.90 —4847.5 129.6 1576.2
H2 2022 —4.35 —4884.9 197.6 1600.2
H12023  —5.50 —4705.5 242.1 1550.6
H2 2023 -6.42 -4729.1 284.9 1565.6
Labandeira et al. (2017): esr=—0.153, e r=—0.443, A=—0.344¢
H2 2018 0.00 0.0 0.0 864.5
H1 2019 0.08 212.4 4.2 948.9
H2 2019 0.15 212.1 7.9 948.2
H12020  —0.03 —417.1 1.7 969.3
H2 2020  —0.20 —417.4 10.3 971.0
H1 2021 —0.34 —430.3 17.9 1001.6
H2 2021 —0.45 —2120.7 22.5 1281.2
H1 2022 —2.82 —4845.6 126.1 1575.0
H2 2022 —4.26 —4882.5 193.2 1598.6
H12023  —5.42 —4703.5 238.4 1549.2
H2 2023 -6.37 -4727.8 282.6 1564.8
Brinnlund (2013): esr=—0.170, e r=—0.400, A=-0.610

H2 2018 0.00 0.0 0.0 864.5
H1 2019 0.09 212.3 4.6 948.8
H2 2019 0.20 212.0 11.0 947.7
H1 2020 0.02 —416.9 0.8 968.9
H2 2020  —0.30 —417.7 15.5 972.0
H1 2021 —0.50 —430.6 26.5 1003.2
H2 2021 —0.63 —2122.6 31.4 1283.5
H1 2022 —3.64 —4866.4 164.0 1588.4
H2 2022 —5.79 —4923.1 267.0 1624.6
H1 2023  —7.14 —4748.1 319.5 1577.8
H2 2023 -7.98 -4770.5 360.3 1592.2

& ACS(t) is positive in H1-H2 2019 because the biofuel price premium
is negative in those periods. Under § = 1 all mandate cost is passed
through to consumers, so APS = 0.

> ACO%°: price-induced emission reduction (kt COze), derived from |AQ)|
and the blend emissions factor (1 — a¢) - EFgicser, where EFgieser =
2.68 kg CO2¢/L.

¢ ACOY°": incremental mandate reduction above the 6% EU-minimum
baseline applied to counterfactual consumption, valued at FFyicser =
2.68 kg CO2¢/L. Bold row = H2 2023.

4 Meta-analysis; no ECM adjustment speed reported. Preferred =
—0.344 retained throughout.
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Table D.3: Half-year Elasticity Sensitivity, Panel B: Cumulative Welfare Stocks
(f =1, SCC = 1,510 SEK/t)

Period Cum. ACS(t) (MSEK) Cum. ACO.*(kt) NWP®MSEK) AC(SEK/t)
AKlilu (2020): esr=—0.158, e, g=—0.421, A=—0.374

H2 2018 0 865 1305 —
H1 2019 212 1818 2957 117
H2 2019 425 2774 4613 153
H1 2020 7 3745 5663 2
H2 2020 —410 4727 6728 87
H1 2021 —840 5747 7838 146
H2 2021 —2961 7052 7687 420
H1 2022 —7809 8758 5415 892
H2 2022 —12694 10556 3245 1203
H1 2023 —17399 12 348 1247 1409
H2 2023 -22128 14199 -688 1558
Labandeira et al. (2017): esr=—0.153, eLr=—0.443, A=-0.3444

H2 2018 0 865 1305 —
H1 2019 212 1818 2957 117
H2 2019 425 2774 4613 153
H1 2020 7 3745 5662 2
H2 2020 —410 4726 6726 87
H1 2021 —840 5746 7836 146
H2 2021 —2961 7049 7683 420
H1 2022 7807 8750 5406 892
H2 2022 —12689 10542 3230 1204
H1 2023 —17393 12330 1225 1411
H2 2023 -22120 14177 -713 1560
Bréinnlund (2013): esr=—0.170, e r=—0.400, A=—0.610

H2 2018 0 865 1305 —
H1 2019 212 1818 2957 117
H2 2019 424 2777 4617 153
H1 2020 7 3746 5664 2
H2 2020 —410 4734 6738 87
H1 2021 —841 5764 7862 146
H2 2021 —2964 7078 7725 419
H1 2022 —7830 8831 5505 887
H2 2022 —12753 10722 3438 1189
H1 2023 —17501 12620 1555 1387
H2 2023 -22272 14572 -268 1528

® Cumulative ACO%° + ACO5" (kt COse). Bold row = H2 2023.

P NW = SCCx Cum. ACO/1,000+Cum. ACS(t), evaluated at SEK 1,510/tCOze; follows
equation (3.11).

¢ Running abatement cost: |[Cum. ACS(t)|/Cum. ACO3 x 1,000. Undefined in H2 2018.

4 Meta-analysis; no ECM adjustment speed reported. Preferred A = —0.344 retained (see
Table 5.2).
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