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Several recent developments have highlighted the European Union’s (EU) vulnerability to fossil fuel supply disruptions,
reflecting its heavy reliance on imports, which account for roughly 95 percent of oil consumption and 85 percent of natural
gas consumption. The replacement of Russian pipeline gas with LNG imports after its 2022 attack on Ukraine led to
unprecedented price swings, and LNG imports themselves are inherently more exposed to global competition and price
volatility. Likewise, heightened geopolitical instability has raised risks to global oil and gas supply, as illustrated by the
recent war in the Middle East and the prolonged disruption of shipping through of the Strait of Hormuz. Beyond these
specific events, Pataracchia et al. (2026) report that from a long-term perspective, energy price shocks have repeatedly
played a significant role in macroeconomic fluctuations. At the same time, Europe’s climate mitigation agenda has faced
political headwinds that have contributed to the postponement of ETS2, the new emissions trading system covering,
among others, the transportation and building sectors. For the EU the two issues are interconnected, as advancing
decarbonization—especially in transportation and buildings, which remain heavily reliant on imported gasoline and
heating gas—would reduce the economy’s exposure to foreign supply disruptions. This paper employs a suitable
macroeconomic model to formally analyze this argument. Specifically, it studies how advancing mitigation policy alters the
transmission of oil and gas price shocks and quantifies the associated energy security co-benefits, defined as the extent
to which mitigation cushions the adverse effects of such shocks on key macroeconomic aggregates. The paper focuses
on large and persistent price shocks—akin to those mentioned above—as smaller and shorter-lived shocks have fewer
macroeconomic implications, and central banks typically look through them.

The EU has set ambitious climate targets, aiming to reduce greenhouse gas emissions by at least 55 percent by 2030
(relative to 1990 levels) as an intermediate step toward climate neutrality by 2050 (see, for example, European
Commission, 2021a). A large body of research has examined various aspects of the associated policy agenda, including
studies on Fit for 55 produced in the context of the European Commission’s impact assessments, by international
institutions, and in the academic literature." However, research on the energy security co-benefits remains comparatively
limited, consistent with Karlsson et al. (2020), who find that the broader co-benefits literature focuses primarily on air
quality and health. An exception is Lal et al. (2026), who study in an energy systems framework how the expansion of
wind and solar power, supported by green hydrogen, can reduce inland natural gas consumption. Dolphin et al. (2024)
employ a computable general equilibrium model to assess how European mitigation policy affects standard energy
security indicators. To our knowledge, no other study assesses energy security co-benefits in a New-Keynesian
macroeconomic model, while a further key distinction lies in the metric used to quantify them.

The existing papers, and energy security indicators more generally, measure the potential for adverse impacts from
energy supply disruptions, rather than directly estimating the impact of a given disruption. Indicators draw on statistics on
import dependence, supplier concentration, fuel dependence or system resilience, among other aspects (see, for
example, Cohen et al., 2011, Le Coqg and Paltseva, 2009 or Sovacool and Mukherjee, 2011). This variety of statistics
allows them to speak to the distribution of shocks to which an economy is exposed, as well as to the economy’s
sensitivity to their realization. Our metric—the simulated degree of cushioning of adverse outcomes from a given shock—
focuses exclusively on the latter. However, it arguably measures this dimension more precisely by drawing on a broader
information set than selected indicators—our metric leverages all theoretical and empirical research embodied in the

' See for example European Commission (2021b), Chateau et al. (2023), Carton et al. (2026) or Ovaere and Proost (2022) among many others.



model’s structure and calibration. A further advantage is that our metric expresses energy security co-benefits in terms of
readily interpretable macroeconomic stabilization.

We use the IMF’s Global Macroeconomic Model of the Energy Transition (GMMET; Carton et al., 2023). It combines a
rich New-Keynesian macroeconomic core with a detailed representation of energy-producing and energy-consuming
activities, including the extraction of oil, gas and coal, electricity generation from various fuels and accounting for
renewable intermittency, road transport, energy use in heavy industries, and the heating/insulation of buildings. Together
with fuel-specific trade and the preservation of non-linearity in the solution method, these features allow for a detailed
implementation of the main pillars of Europe’s mitigation agenda and make the model well suited to analyzing their
interaction with fossil fuel price shocks. For example, the transport sector incorporates network externalities between EV
adoption and charging station deployment, enabling policies to induce EV adoption consistent with specialized literature.
The dedicated heating sector captures investment in building insulation and distinguishes between gas- and electricity-
based heating. Given the central role of both sectors in the transmission of fuel price shocks and in the mitigation agenda,
a granular modelling approach is developed and outlined in detail. More generally, the model belongs to the class of
large-scale macroeconomic general equilibrium models that have traditionally been used to analyze macroeconomic
fluctuations at business-cycle frequencies but are increasingly extended to study greenhouse gas mitigation and energy-
related issues. Other models in this class include, for example, Coenen et al. (2024), Varga et al. (2022), Hinterlang et al.
(2024) or Garcia et al. (2025).

We simulate oil and gas price shocks in 2031 and 2036 under three scenarios: (1) full implementation of the mitigation
policy agenda achieving the medium-term emission targets; (2) incomplete agenda implementation excluding ETS2; and
(3) mitigation policy remaining constant at its current level of ambition. The agenda is modelled as in Carton et al. (2026)
with a focus on two main pillars: the tightening of emission caps on the ETS1 covering power generation and industry,
and the introduction of ETS2 to cover buildings and road transport fuels. Comparing the full implementation scenario with
the hypothetical alternatives reveals substantial energy security co-benefits in the medium and long term. For example, a
50 percent oil price shock in 2036 would raise headline inflation by 0.88 percentage points and reduce output by 0.2
percent if the agenda is fully implemented. In contrast, under constant mitigation policies, the same shock would raise
headline inflation by 1.22 percentage points—a 38 percent larger increase—and cut output by 0.58 percent. The
mechanism is straightforward and reflects, to a significant extent, the incentives created by ETS2 to electrify
transportation. For gas price shocks, the agenda’s cushioning of inflationary pressures is roughly of the same
magnitude—supported by the electrification of heating—while the implications for output are negligible. However, in
additional simulations that proxy for merit-order electricity pricing (which is not featured in the model), the agenda also
stabilizes output in the face of gas price shocks, by limiting their pass-through to electricity prices. The output decline is
over a third deeper under constant policies than under full implementation. Merit-order pricing also further strengthens the
agenda’s cushioning of inflation, which is now around two-thirds larger under constant policies.

The analysis suggests that if ETS2 were excluded from the agenda, those energy security co-benefits that are unrelated
to merit-order electricity pricing almost entirely disappear, owing to its focus on sectors that play a key role in fuel shock
transition. It also shows that co-benefits materialize only gradually over time, as households and firms require time to
respond to the policy’s incentives.

Note that this paper does not constitute a welfare or cost-benefit assessment of the EU’s mitigation policies, but instead
zooms in on energy security as a co-benefit. The remainder is structured as follows. Section 2 presents an overview of
the model framework and details on selected sectors and calibration aspects. Section 3 analyzes oil and gas price shocks



as well as the mitigation agenda in isolation. Section 4 then examines the interaction between mitigation policy and fossil
fuel price shocks. Section 5 concludes.

This paper employs an extended version of GMMET, which is summarized in the following (see Carton and others, 2023,
for details on the original version). The macroeconomic core of the annual model builds upon the Global Integrated
Monetary and Fiscal Model (GIMF, see Kumhof and others, 2010), a New-Keynesian, large-scale, structural, multi-
country, multi-sector, nonlinear dynamic general-equilibrium macroeconomic model used by the IMF for dynamic policy
and scenario analysis. Overlapping generations (OLG) households and firms are forward looking and choose
consumption, labor supply, asset holdings, and investment optimally. Liquidity-constrained households consume their
disposable income in each period. The model also features a rich set of nominal and real rigidities. Fiscal policy is
represented through a broad range of fiscal instruments, while monetary policy follows a core inflation-targeting rule,
implicitly assuming that the central bank looks through the direct impact of oil and gas price shocks. The model features
five regions; the eurozone, the United States, China, as well as aggregates of oil-exporting countries and of the rest of the
world. While we report results exclusively for the eurozone, which can be understood as a proxy for the EU as a whole?,
the simulated fuel price shocks originate in the aggregates oil-exporting regions and the rest of the world.

Beyond this set of standard features required to generate meaningful short- and medium-term macroeconomic dynamics,
GMMET incorporates granular representations of sectors that play a key role in energy generation and energy use. The
model includes three fuel-specific extraction sectors for oil, gas, and coal, modelled such that supply elasticities can be
calibrated to fuel-specific empirical estimates at different time horizons. It also features international trade in fossil fuels
and five electricity generation sectors, for coal, gas, renewables, as well as nuclear and hydropower. For renewables, the
model captures intermittency by requiring utilities to pair renewable generation with a gas-based backup capacity (the
amount of backup capacity solves a cost-minimization problem that depends on variable and fixed costs of both
technologies and the degree of intermittency). One limitation of this representation of the electricity sector, shared with
related macroeconomic models, is that it does not capture merit-order electricity pricing, whereby wholesale electricity
prices are set by the highest-cost generator required to meet demand. As gas-fired power plants frequently set the
marginal price of electricity, this channel is relevant for the analysis. We therefore present an additional simulation where
it is proxied for by electricity markup shocks that mimic empirical estimates of gas price pass-through to electricity prices
in a merit-order system. GMMET also features energy bundles, consisting of fossil fuels and electricity, that are used as
intermediate consumption in the production of tradables and energy-intensive tradables. Both sectors, however, can
invest in energy-efficiency capital to substitute it for the energy input. In general, GMMET’s representation of the economy
is sufficiently disaggregated so that the model does not have to rely on broad “green” and “brown” stylized goods bundles.

The model also features sectors for transportation and the heating of buildings. Since these play a key role both in the
pass-through of fuel shocks and in the mitigation agenda, we develop granular modelling approaches that are outlined in
the following.

2 Strictly speaking, we analyze the energy security co-benefits of the EU-wide mitigation agenda for the eurozone, which accounts for about 85
percent of EU GDP.



Transportation Sector

The transportation sector focuses on passenger road transportation and abstracts from heavy-duty vehicles. It
distinguishes between internal combustion engine (ICE) and electric vehicles, indexed by i € (ICE, EV). Implementing
type-specific fleets as capital stocks allows for stock-flow accounting of newly purchased cars and the respective fleet.
When households purchase a vehicle, either to expand the fleet or to replace a scrapped vehicle, their choice between
vehicle types depends on vehicle prices P{, current and expected future recurring usage costs PU; (including fuel costs,
i.e. gasoline or electricity, and service costs such as maintenance, repair or insurance), and on the charging station
density. The role of the latter is captured by modelling network externalities between EV adoption and charging station
deployment, in the spirit of Li and others (2017). This allows for a virtuous feedback loop that can generate high EV
penetration rates without requiring extreme relative price changes.

Formally, transportation is modeled as a service consumed by households. Since all vehicles are assumed to be fully
utilized and vehicle mileage is fixed, the quantity of transportation services is proportional to the size of the vehicle fleet.
The latter is given by M, = N, + (1 — §)M,_,, where § is the scrappage rate and N, = N/ + NEV denotes total new
purchases (with N} being type-specific). Before turning to the choice between both types, we discuss TCO}, a vehicle’s
total costs of ownership (real lifetime cost over its service life) as well as a rental rate for transport services RT;. Type-i
lifetime costs are given by

TCO! = Pi+ k! ]EC{Z(l - 6)ST§+SPU§+S}

s 20

which incorporates the purchase price and the discounted stream of expected future fuel and service expenditures, with
k! denoting fuel/service intensity and F the real discount factor. To derive a rental rate, TCO, = (N/‘¢/N,)TCO!E +
(NEVJN)TCOEV is defined as the average costs across types. Pricing of the fleet capital stock implies a rental rate RT, =
TCO, — (1 - 8)E{F,TCO,,,} that covers the fleet’s usage costs (changes in the fleet's value due to depreciation and
valuation effects plus fuel costs) during the given period.

Following Li and others (2017), the ratio of newly purchased EV and ICE cars NF” /N/E adjusts to both the ratio of the
number of charging stations to petrol stations CHF" /CH{“" with an elasticity of ¢;;, and to the ratio of total costs of
ownership TCOEY /TCOIE with an elasticity of o. It is given by

NEV  (vEV\ (CHEV\' (TCOEV\™°
N[~ () <CH£CE) (Tcoz“)

where preference parameters v/‘F and vEY allow for the replication of observed EV shares in the steady state. At the

same time, type-i chargers/petrol stations react to the type-specific fleet size M} with an elasticity of €,:
CHE = (MY)*"

(the model abstracts from the costs of deploying chargers, which are typically a small share of GDP). Taken together, this
gives rise to network effects amplifying the reaction of the fleet composition to changes in relative prices of types and
fuels. This can be illustrated by the long-term ratio of the size of the type-specific fleets MEV /M!¢E =

1

(VEY JICEY =€ricen (TCOEY JTCOMCE ) <11k, The ratio of type-specific fleet sizes becomes more sensitive to relative life-cycle




costs if a) the charging network becomes more responsive to the number of compatible vehicles on the road (higher €,;,)
and if the charging network plays a larger role in households' vehicle purchase decisions (higher ¢;). In the context of the
full model, the volume of transportation services consumed by households is influenced by RT;, while the breakdown
between both types is governed by the three equations above.

Heating Sector

The heating sector is implemented as a nested CES structure, illustrated in Figure 1, with inputs depicted at the bottom
and final heating output at the top. Electric and gas heating each combine the respective fuel with a technology-specific
capital stock, interpreted as heat pumps and gas furnaces, respectively. The heat produced by the two technologies is
then combined into an aggregate heat bundle, which, in turn, is combined with an insulation capital stock to form the heat-
insulation bundle. The latter supplies the heating market where it is consumed by households and used as an
intermediate input in the production of nontradable goods. For a given level of heating output, this setup allows for two
margins of adjustment to changes in relative prices: fuel-switching between electric and gas-fueled heating as well as the
substitution of insulation capital for heat itself. In line with Eurostat (2026), spending on heating equipment and insulation
counts towards investment in the macroeconomic aggregates.

Figure 1 Structure of Heating Sector
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Selected Calibration Aspects

As a large-scale model, GMMET relies on a multitude of data sources and estimates for its calibration. The central
database is GLORIA, which is a multi-regional input-output table with a high degree of sectoral disaggregation, sectoral
greenhouse gas emissions, and a focus on resource flows (see Lenzen et al., 2017). It is supplemented by various other
sources for sectoral details, including, for example, the IMF’s World Economic Outlook database for the fiscal sector, or



the International Energy Agency’s World Energy Balances database for the electricity generation sector. Behavioral
parameters are taken from the literature and, due to sharing the macroeconomic core with the GIMF model, have been
extensively tested and scrutinized.

Table 1 presents a subset of model parameters that are key determinants for the mitigation agenda’s energy security co-
benefits and details the heating and transportation sectors. The full model calibration is found in Carton and others

(2023).

Table 1 Selected Model Parameters

Parameter Description Value Motivation
Transport sector
o Elasticity of substitution (EoS) types in newly 5.5 Holland, Mansur, and Yates
purchased cars (2021)
€ch Elasticity of charger (petrol station) adoption 1.005 Li and others (2017)
w.r.t. type-specific fleet size
€1 Elasticity of type ratios in newly purchased 0.659 Li and others (2017)
vehicles w.r.t. charger (petrol station) density
vEV fyICE Preference shifter determining initial EV share ~ Such that initial EV share is 15%
) Scrappage rate 0.09 Lifecycle 11yrs, EEA (2026)
ICE TCO Shares Spending shares vehicle/fuel/service ~30%/40%/30%  Ayvens (2024)
EV TCO Shares Spending shares vehicle/fuel/service ~60%/10%/30% Ayvens (2024)

TCO ratio EV:ICE Initial ratio of both types’ TCO ~1 Ayvens (2024), IEA (2025)
Heating sector
gHEATINS | oHEAT|INS EoS and initial share, 6, 0.75 I
heating and insulation
gHELECHGAS | qHELECHGAS — EoS and initial share, 2, 0.66
heating technologies
GELECHPUMP | (ELECCAP EoS and initial share, 02,05 [~ Seetext
electricity and heat pumps
g GASFURNACE o/ GAS,CAP EoS and initial share, 0.2,0.8
gas and furnaces

Energy use statistics

CPI weight of fuel for ICEs 4.1% HICP item weights
CPI weight of gas for heating 1.2% HICP item weights
Share of natural gas imports in GDP 0.6% Input-output table
Share of oil imports in GDP 1.5% Input-output table

The calibration of transportation combines various elasticity estimates with sectoral data. The elasticity of substitution
(EoS) of 5.5 between the two vehicle types is the third largest out of the four values considered in Holland, Mansur, and
Yates (2021). This choice reflects that technological improvements are likely to make EVs and ICEs closer substitutes in
the future. Both elasticities for network effects between EV adoption and charger deployment come from Li and others
(2017), while the preference shifters are calibrated such that the initial EV share is 15 percent. Calibrating the initial EV
share is complicated by ongoing electrification: the observed share of EVs in new car sales exceeds their share in the
vehicle fleet, whereas the model’s steady state requires both shares to coincide. The calibrated 15 percent can therefore
be viewed as a neutral midpoint between the sales and fleet shares—close to 30 percent and about 5 percent,
respectively (IEA, 2026)—while also proxying for the ongoing dynamic in which expanding charging infrastructure



supports EV sales, an effect that would be absent under a steady-state share of 5 percent.® An annual scrappage rate of
0.09 implies an average lifetime of a car of around 11 years, in line with EEA (2026). The breakdowns of the type-specific
TCOs imply that the fuel costs portion is substantially higher for ICEs, while the vehicle itself plays a larger role for EVs,
roughly in line with Ayvens Group (2024). The fuel/service intensities k£ and k! are compatible with these breakdowns.
The ratio of the two types’ TCOs is effectively one, again broadly in line with IEA (2025) or Ayvens Group (2024). Overall,
the transport sector modelling and its calibration imply that the sector plays a key role in the transmission of oil shocks,
which, as discussed below, is in line with recent empirical evidence.

Households and the nontradables sector are assumed to consume gas exclusively for heating purposes. Total spending
amounts to about 1 percent of GDP, of which households’ share is 0.66 percent, implying the HICP spending share
discussed below. Beyond gas consumption, most aspects of the heating sector lack direct empirical counterparts to serve
as calibration targets, or the model structure requires simplifications that forbid the replication of observed spending
shares.* While gas consumption is a key determinant for the transmission of shocks, other aspects of the sector’s steady
state calibration only matter for this exercise to the extent that they affect the sector’'s dynamic adjustment. That is, to
study the mitigation agenda’s energy security co-benefits, the relevant aspect of the heating sector is the extent to which
additional spending—incentivized by mitigation policy, or, to a lesser extent, by energy price shocks—translates into
insulation investment and fuel switching. The calibration of these dynamics, jointly shaped by spending shares and
substitution elasticities, is guided by two empirical studies. First, I14CE (2025) focuses on Europe and finds that additional
spending on the buildings sector of roughly 0.7 percent of GDP over 7 years would cut energy consumption by about 12
percent. Second, IEA (2022) examines the role of heat pump deployment in an “Announced Pledges” scenario, which
assumes mitigation-target-consistent, highly ambitious policies that conceptually fit our mitigation agenda scenario. For
Europe, the report finds that roughly three quarters of emission reductions come from heat pump deployment in the
medium term. The chosen heating sector calibration is in line with both studies: Additional cumulative investment of 0.7
percent of GDP lowers energy use by about 10 percent, which is predominantly driven by heat pump deployment.

Regarding energy-use statistics, transport fuels account for 4.1 percent of the consumption basket, broadly consistent
with HICP weights and mainly reflecting diesel and petrol spending. In line with recent data, excise duties account for
about 40 percent of this amount.® Another 6.5 percent of the basket (not shown in the table) consists of car purchases
and, to a lesser extent, other transport-related services. Regarding gas consumption for heating, the calibration value is
broadly in line with the 1.6 percent for item CP0452 in the 2025 HICP weights. The import shares of gas and oil in GDP
are informed by the central input-output table from GLORIA. The values at hand correspond to prices that are typical
during non-crises years.

3 The moderately higher calibrated EV fleet share is not material for the analysis, since the focus is on policy-induced changes in EV shares
rather than on forecasting their absolute level.

4 For example, household spending on electricity for heating is slightly higher than spending on gas, which is required to replicate observed
consumption in our model that abstracts from electricity use for other purposes than heating and EV charging. However, this simplification is
not of first-order relevance for the pass-through of electricity prices to inflation in the sense that the specific use of electricity is irrelevant for
household'’s electricity bill.

5 Applying country GDP weights, average excise duties on petrol amount to €0.63/L (Tax Foundation, 2026). The tax-inclusive consumer price
varies considerably over time but was about €1.4/L on average over 2005-22 (European Commission, 2026). Excise duties then make up
slightly less than half of the consumer price, broadly in line with the calibration.



To build intuition, we first examine oil and gas price shocks under constant mitigation policies and the mitigation agenda
in isolation. As we are interested in large price disruptions, the illustrative shocks move the respective prices by 50
percent. Note that the focus is not on the magnitude of the pass-through of fuel price shocks per se, but on how their
transmission is altered by mitigation policy. However, as argued below, the model response to fuel shocks is generally in
line with other studies, and the approximate symmetry between oil and gas shocks is broadly in line with Corsello and
Foschi (2026) for a low- or normal-inflation regime.

Oil Price Shock

The oil price shock is implemented as a reduction in the productivity of the oil sector in the country block of fuel-exporting
regions (not depicted). It increases the global oil prices by 50 percent on impact as shown in Panel A of Figure 2.
Thereafter, half of the shock dissipates each year, causing a gradual reversion of the price. Panel F shows the impact on
different components of the consumer price index, highlighting that the main pass-through occurs via gasoline for cars,
where the presence of excise duties mechanically cushions the proportional adjustment of consumer prices. Headline
inflation (Panel C) surges on impact and then turns negative in the next period when half of the shock dissipates as the oll
price gradually reverts to its original value. Core inflation ticks up moderately, reflecting a balance of the pass-through of
oil prices, a decline in output (Panel B), and the fact that price setting frictions dampen the adjustment to a short-lived
disturbance. As a result, the response of monetary policy, which by assumption targets core inflation, is tempered (Panel
C). Real GDP declines meaningfully on impact, but then recovers substantially after one year, before gradually reverting
to its initial value in the long term. GDP components are shown in Panel E. One reason for the decline of consumption is
the rise in the long-term real interest rate in the Euler equation (as the shock dissipates while the nominal interest rate
only adjusts mildly), and a negative wealth effect from the deterioration of the terms of trade. However, a further key
driver is developments in the transportation sector, which are reflected in Panel G showing spending on car purchases of
both ICEs and EVs.

Because car purchases account for a sizable share of consumer spending (about 4 percent), and because ICEs remain
dominant under constant policies, the decline in ICE purchases amounts to roughly one-third of a percent of GDP. EV
purchases also fall as overall consumption weakens and overall transport prices rise, but by less than ICE purchases
because higher oil prices shift relative fuel costs in favor of EVs. The sharp drop in ICE purchases accounts for close to
40 percent of the total decline in consumption, making the transport sector a key channel through which oil price shocks
affect domestic demand. This prominent role is consistent with Ramey and Vine (2011), who revisit the literature on the
response of motor vehicle consumption to oil shocks. Although earlier studies found that this response had weakened
since the 1970s, the authors show that using more comprehensive measures of oil shocks (that include the effects of both
price and nonprice rationing) yields an estimated response that has not weakened. Specifically, they find that about one-
third of the consumption decline following an oil shock comes from lower motor vehicle consumption, broadly in line with
the drop in ICE purchases contributing close to 40 percent in the model.

Investment (Panel E) declines comparably mildly in the context of higher real rates, but also because oil, as part of a
broader energy bundle, is a complement to capital and labor in the tradable goods and energy-intensive tradable goods
sectors. The short-lived nature of the shock limits investment in energy-efficiency capital, so that the latter does not



dominate the adjustment of total investment. Economy-wide expenditure switching away from oil, as well as the decline in
consumption and investment, explain the reduction in imports. Because the model does not distinguish crude oil from
refined petroleum products, exports rise slightly: the adverse oil supply shock in the oil-exporting region also reduces their
supply of refined products, increasing demand for European exports given the region’s substantial refining capacity. The
exchange rate shown in Panel D remains stable since the interest rate does not adjust dramatically and the shock is
short-lived.

While the impact of oil price shocks varies substantially across theoretical models, these results, scaled down
appropriately, are roughly in line with the cross-model averages reported in the model comparison exercise of Burgert et
al. (2025). Empirical estimates of oil price shocks only serve as an imperfect comparator for model results because their
shock persistence does not fit the model. However, the model’s pass-through to headline inflation is roughly in line with
Pataracchia et al. (2026) and Forni et al. (2015).5

6 In Pataracchia et al. (2026), a relatively persistent oil price shock of about 30% raises short-run headline inflation by about 0.75ppt, which
roughly corresponds to somewhat over 1 ppt of additional inflation from a 50% price shock in the simulation. Forni et al. (2015) report a
rounded inflation response of 0.1ppt for a 10% shock in the main text, but charts suggest that the impact on headline inflation is somewhat
higher, in which case their estimates are roughly in line with the simulation.



Figure 2 Impact of Oil Price Shock
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Gas Price Shock

The gas price shock depicted in Figure 3 raises the global price by 50 percent on impact (Panel A) and dissipates by half
of its size each period thereafter, in line with the previously analyzed oil shock. It is caused by an appropriate decline in
gas-extraction productivities both in the fuel-exporting regions and in the aggregate of remaining countries. Panel F
shows that the price for heating gas increases in lockstep, while the price of electricity rises to a lesser extent (pass-
through via marginal-cost pricing is considered in a separate exercise). Since gas for home heating makes up about 1.2
percent of household spending in the steady state, this price increase is the prominent driver of the rise in headline
inflation shown in Panel C. Headline inflation mechanically declines as the shock reverts, while core inflation is
considerably more stable. The latter is consistent with reduced output (Panel B) and the limitation of pass-through due to
the short-lived nature of the price rise. The adjustment of GDP components is shown in Panel E. Consumption declines
due to higher long-term real rates and a negative wealth effect, while, in contrast to the oil shock, the transport sector
plays no significant role in the adjustment. Exports remain essentially unchanged, as Europe does not extract meaningful
amounts of gas and therefore does not benefit from a surge in export demand following the shock. Imports drop due to
general expenditure switching away from gas and because of the fall in consumption and investment. The decline in
investment is in line with the increased long-term real interest rate and higher energy prices reducing the marginal
productivity of capital via the complementarity of input factors—which also applies in the nontradables sector for higher
heating prices. The heating sector, whose adjustment is detailed in Panels G and F, only plays a minor role in overall
adjustment of investment. The decline in heat generation by roughly 5 percent is entirely driven by gas-fueled heating,
which is mirrored in reduced investment in the respective heating equipment. At the same time, the shift in relative fuel
prices causes a minor increase in spending on electricity-based heating equipment, while building insulation investment
rises mildly as well.

Overall, the output decline is considerably milder than for the oil shock, largely because only oil shocks trigger a strong
reduction in ICE purchases. Heating equipment plays no similar role for gas shocks, owing to the longer lifetime (and
therefore lower replacement rate and less price-sensitive demand), and to its smaller share of output in the steady state
(around 0.1 percent).

As mentioned above, empirical estimates provide only a rough cross-check for the model results as the persistence of
shocks identified in monthly data does not match the simulations. Nevertheless, Adolfsen et al. (2024), who estimate the
impact of gas price changes on inflation in Europe, offer a useful benchmark. They find that a supply shock raising gas
prices by 8 percent increases HICP inflation by about 0.2 percentage points during the first year (with larger effects over
longer horizons reflecting the high persistence of the identified shock). Scaling this estimate linearly to the roughly six-
times-larger shock considered here implies an increase in headline inflation of about 1.2 percentage points in the first
year, in line with the simulation. A similar comparison can be made with Boeck and Zérner (2025), who find that a 10
percent rise in the natural gas price increases inflation by around 0.15 ppt on average over the first year. Rescaling to our
shock size would imply an inflationary impact of about 0.75 ppt, roughly in line with the simulation results.



Figure 3 Impact of Gas Price Shock
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Europe’s Mitigation Policy Agenda

The GMMET implementation of Europe’s mitigation policy agenda follows Carton et al. (2026), which focusses on the
agenda’s two main pillars, i.e. on the tightening of caps on the current emission trading system (ETS1, covering mostly
electricity generation and heavy industry), and the introduction in 2028 of ETS2 (covering transport and the heating of
buildings). The simulation assumes that carbon prices on both trading schemes are ramped up gradually until 2035 (and
stay constant thereafter), such that a set of sectoral targets are achieved in 2030 and 2035. The associated fiscal
revenues are assumed to be recycled in a combination of labor tax reductions and subsidies for various low-carbon
technologies. The analysis abstracts from emission reductions in the remaining sectors, which lack a direct representation
in the model and make up a modest share of emissions. The remainder of this section presents a summary of the impact
of the policy implementation, while the reader is referred to Carton et al. (2026) for details.

The actual mitigation effort underlying the simulation is determined by both mitigation targets and the constant-policy
emissions baseline. Regarding targets, there are official 2030 objectives for emission reductions of 62 percent in ETS1
sectors and 42 percent in ETS2 sectors, relative to 2005 levels. Since there are no official targets for 2035 (the end of the
simulation horizon), sectoral emission reductions are assumed based on the updated NDCs. For 2035, there is an
indicative target of reducing aggregate emissions between 66.25 percent and 72.5 percent (compared to 1990 levels),
motivating the use of a midpoint of about 69 percent. To distribute this effort over ETS1 and ETS2 sectors, it is assumed
that 1/3 of emission cuts come from ETS1 sectors (respectively 2/3 from ETS2 sectors), since ETS2 sectors offer more
scope for additional decarbonization compared to ETS1 sectors. Regarding the constant-policy emissions baseline, the
paper develops two separate forecasts for ETS1 and ETS2 sectors. For ETS1, it assumes that constant policy translates
into constant emissions, reflecting an unchanged number of emissions allowances. For ETS2, in contrast, past emission
declines are extrapolated forward to capture technology or price-driven mitigation. Overall, the ETS2 baseline implies only
a modest emission reduction, implying that reaching the targets requires a very strong mitigation effort: In 2030 and 2035
respectively, ETS1 emissions must be roughly 35% and 45% below baseline, while ETS2 emissions must decline by
about 20 percent and 40 percent relative to baseline. This corresponds to an approximately 700 MMT reduction in
emissions in 2030.

Figure 4 summarizes the macroeconomic impact of the policy agenda. Real GDP (Panel A) declines on impact due to a
drop in aggregate demand that is caused by an appreciation of the real exchange rate, shown in Panel D.” The latter
follows from the decline in import demand for fossil fuels when decarbonization advances. Output swiftly recovers as the
surge in investment demand—predominantly driven by a surge in renewables investment, home insulation, and energy-
efficiency capital—gathers pace (Panel C). The policy package is expansionary in the long term, mainly because the
boost to potential from subsidized renewable generation dominates additional distortions from higher carbon prices. The
adjustment of inflation and the monetary policy rate are modest (Panels E and F), owing to the gradual phase-in of higher
carbon prices (Panel B). Consumption adjusts only mildly as the wealth effect and swings in the real rate are minor.

" The minor differences in the model adjustment relative to Carton et al. (2026) are explained by calibration updates.



Figure 4 Impact of Mitigation Policy Agenda (Macro Summary)
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To provide context for the emergence of energy security co-benefits, Figure 5 shows the adjustment of variables related
to energy use. The introduction of ETS2, as well as endogenous deployment of more charging stations, causes the EV
share in car sales to rise by close to 60 percentage points over 10 years (Panel A). The strength of this response is
explained by the high level of ambition of the updated emissions reductions targets and the assumption that the
continued mitigation after 2030 is predominantly driven by ETS 2 sectors. While there is substantial variation between EV
sales forecasts, our results are mildly below the IEA (2026) regional forecast in a current policy scenario.® The gas
intensity of the heating sector, defined as gas consumption per unit of output, is shown in Panel B. Its decline by about 50

8 The IEA (2026) forecast underlying the 2026 Global EV Outlook also includes EV uptake from a general decline in prices, which cannot be
attributed to policy. On the other hand, the IEA current policy scenario does not include the dramatic strengthening of mitigation policy from
ETS2, which can explain greater EV uptake.



percent is both due to fuel switching and to improvements in building insulation, again reflecting sectoral mitigation
ambition. The share of renewables in electricity generation in Panel C rises by about 10 percentage points, which
compares to an additional 6 ppt in the European Commission (2021b) impact assessment—partially explained by their
use of a reference baseline which already includes a strengthening of mitigation policy. Responding to higher fuel prices,
firms in the energy-intensive tradables sectors and (to a lesser extent) in the tradables sector invest in energy efficiency,
leading to an increase in the total energy efficiency capital stock of around 15 percent (Panel D). However, Panel E
shows that the total gas intensity of both sectors only declines mildly, giving gas the interpretation as an industrial
transition fuel. This is partly due to carbon pricing’s stronger effect on coal prices, given that coal’s emissions intensity per
unit of energy is almost twice that of natural gas, and the concentration of most energy-efficiency investment in the
considerably smaller energy-intensive sector. Reflecting various margins of adjustment, Panels F and G show that oil and
gas imports drop substantially, by about 15 percent and 30 percent respectively.®

® The drop in oil imports is consistent with an increase in the EV fleet share of about 50% because oil consumption by passenger cars is about a
third of total oil consumption.



Figure 5 Impact of Mitigation Policy Agenda (Energy Use Indicators)
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We now turn to the implications of the mitigation agenda for the transmission of fuel price shocks. To build intuition, we
first detail shocks of the same strength and persistence as studied above. We then provide a comprehensive overview of
results for various shock magnitudes and degrees of persistence, for the exclusion of ETS2 from the policy package, and
for shocks occurring at different points in time, i.e. 10 and 5 years after policy implementation. The section also reports
results from an additional simulation that proxies for the pass-through of gas to electricity prices under merit-order
electricity pricing.

Oil Price Shock 10 Years After Policy Implementation

Figure 6 contrasts two scenarios for a 50 percent oil price shock in 2036 which again has a decay rate of one half (Panel
A). Blue lines show its impact when the mitigation agenda was implemented in 2026 (10 years prior), and red lines show
the impact when mitigation policies have remained unchanged between 2026 and 2036 (the same adjustment as Figure 2
above). Since the last section provided intuition for the shock, we focus on the difference in the shock adjustment
introduced by the policy agenda.

Headline inflation increases by 1.22 ppt in the hypothetical scenario of constant mitigation policy and by about 0.88 ppt if
the mitigation agenda is fully adopted (Panel C). That is, keeping mitigation ambition constant would make the shock’s
inflationary pressures 38 percent stronger than under full implementation, implying highly significant energy security co-
benefits. This also holds for output, whose decline is substantially mitigated (Panel B), largely reflecting the considerably
smaller drop in consumption (Panel F). Consumption declines less because the more muted inflation response limits the
rise in the long-term real rate, but crucially also because ETS2 induces extensive electrification of transportation.

As discussed above, the adjustment of the ICE-dominated transport sector comes close to explaining 40 percent of the
decline in consumption, in line with recent evidence. Under the full mitigation agenda this adjustment is largely absent,
since the transport sector has been comprehensively electrified and is now dominated by EVs, whose fuel costs are not
directly impacted by the shock. For the remaining ICEs, the high ETS2 carbon price on gasoline required in the policy
scenario to achieve the mitigation targets also implies that a given change in the oil price translates into a smaller
proportional change of tax-inclusive consumer prices (Panel J). This cushions the shock-induced drop in purchases. '’
Core inflation (Panel D) and with it the monetary policy rate (Panel E) are slightly higher under the policy agenda, in line
with the significantly mitigated output decline. The drop in imports (Panel 1) is smaller under the mitigation agenda
because the dependency on oil imports (especially in transportation) has been reduced before the shock materializes,
which leaves less scope for further substitution in response to the shock.

' This does not meaningfully impact the pass-through to overall inflation, since higher (ad-valorem) carbon prices increase the inflation weight of
gasoline.



Figure 6 Implications of Mitigation Policy Agenda for Oil Price Shock 10 Years after Implementation
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Gas Price Shock 10 Years after Mitigation Policy Implementation

Figure 7 depicts an illustrative 50 percent gas price shock occurring 10 years after implementation of the mitigation
agenda and decaying with a factor of one half (Panel A). Blue lines again depict the mitigation scenario and red lines
constant policies (the same scenario as in Figure 3). As with the oil price shock, the mitigation agenda substantially
cushions the rise in headline inflation, limiting it to 0.83 ppts, compared to 1.13 ppts under constant mitigation policy
ambition. In other words, constant policy ambition would lead to 36 percent larger inflationary pressures, again indicating
significant energy security co-benefits. A key reason is that the introduction of ETS2 incentivizes a substitution of heat
pumps for gas furnaces as well as investment in building insulation. As detailed above, this halves the gas intensity of
heating after 10 years, reducing households’ exposure to the shock.

In contrast to the oil price shock, the policy agenda does not substantially alter the size of the output decline (Panel B), as
its implications for the adjustment of the different GDP components roughly offset one another. This differs from the oil
shock, where the agenda-induced electrification of transportation shields the economy from a decline in ICE purchases,
which stabilizes consumption to an extent that it plays a crucial role in the overall output response. For the gas shock,
there is no such potent transmission channel that is muted by the mitigation agenda. lts cushioning of consumption is
therefore comparably modest (Panel F), mostly driven by stabilizing long-term interest rates via reducing the increase in
headline inflation. Investment (Panel G) declines less under the mitigation agenda. This is consistent with a smaller
increase in the long-term real interest rate and with the electrification of the heating sector. The latter dampens the
response of spending on gas-based heating equipment, as gas heating is already less prevalent when the shock occurs.
In addition, heating electrification reduces the pass-through of the gas price shock to the price of heat, which now
increases by about 10 percent, compared with 17 percent under constant policies (not shown). This, in turn, mitigates the
decline in nontradables investment through the complementarity between capital and heat. However, heating
electrification provides dramatically less cushioning to output than does the electrification of transportation in the case of
an oil price shock. For tradables and energy-intensive tradables, policy-induced substitution away from gas plays a minor
role, as gas largely remains an industrial transition fuel (see previous section). The agenda also cushions the drop in
imports (Panel 1), since it already reduced gas imports before the shock realizes, limiting the scope for further substitution
away from gas. Regarding the tax-inclusive gas price shown in Panel J, the high carbon price (required to achieve the
EU’s sectoral mitigation target) implies that a given rise in pre-tax prices translates into a proportionally smaller increase
in the after-tax price. However, this is irrelevant for CPI pass-through due to the compensating rise in the basket weight of
heating gas.

This exercise does not proxy for merit-order electricity pricing. Below, the latter is shown to introduce significant
cushioning of the shock-induced output decline.



Figure 7 Implications of Mitigation Policy Agenda for Gas Price Shock 10 Years after Implementation
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Co-Benefits under Various Shock Configurations and the Role of ETS2

Error! Reference source not found.Table 2 provides an overview of energy security co-benefits for various shock
configurations. It also contrasts two variations of the mitigation policy agenda; one where it is implemented in full, and one
where ETS2—whose adoption has recently been delayed by a year—is excluded. Each column shows the result for one
shock specification, varying the size (raising prices by 33 percent, 50 percent and 100 percent on impact) and the
persistence (a decay factor of 0 for a one-off shock, as well as decay factors 1/2 and 2/3 for more persistent
disturbances). The on-impact adjustment of output and headline inflation is shown in rows. “Constant Policy” refers to
scenario where mitigation is held constant, while rows “Policy 5 yrs. prior” and “Policy 10 yrs. prior” show the adjustments
to shocks that occur 5 and 10 years after the mitigation agenda was adopted in 2026. For example, in the fifth column,
rows one and four show the on-impact inflation adjustment shown for both scenarios in Figure 6. Taking the baseline of a
complete adoption, the table also reports the extent to which holding policy ambition constant would worsen inflationary
pressures. It is expressed as the proportional increase in inflation and shown in rows “% increase w/o”.

In general, the magnitude of energy security co-benefits is largely invariant to variations in the shock specification. For
example, from the perspective of 2036, having held mitigation policy constant worsens inflationary pressures from oil
price shocks by 37 percent to 40 percent, compared to a full implementation of the policy agenda from 2026 onwards. For
gas shocks, this proportion is similar, ranging from 36% to 38%. Co-benefits unfold in the medium term, reflecting that the
agenda induces a gradual restructuring to reduce the reliance on oil and gas. After 5 years, inflationary pressures from
both shocks are only around 11 percent to 15 percent larger under constant policy (compared to full implementation), as
co-benefits have not yet fully emerged. In the context of oil shocks, the mitigation agenda also substantially reduces
output losses, among other reasons by shielding the economy from a decline in ICE purchases. Quantitatively, the
magnitude of output losses differs by around a quarter to three-quarters of a percentage point across both scenarios. In
proportional terms, the loss can be up to four times larger under hypothetical constant policies compared to full agenda
implementation, with stronger cushioning for shorter-lived shocks. For gas price shocks, the mitigation agenda does not
meaningfully cushion output losses—this result, however, changes when we proxy for merit-order electricity pricing.

The lower block of Table 2 reports results for a variant of the agenda that excludes ETS2. This erases nearly all energy
security co-benefits, both in terms of decoupling domestic inflation and output. The intuition follows directly from the
details on the shock adjustment provided above. The key driver for the exposure to oil shocks is the transportation sector,
while the gas shocks propagate largely via the heating sector. ETS2 electrifies both sectors and also fosters energy
efficiency of buildings, both limiting the exposure to higher fuel prices.



Table 2 Energy Security Co-Benefits

Qil Price shocks Gas Price shocks
Price increase 33% 50% 100% 33% 50% 100%
Persistence 0 12 23 0 12 23 0 12 2/3 0 12 23 0 12 2/3 0 12 23

Complete Mitigation Policy Agenda
Headline inflation (in percentage points)
Constant Policy 0.81 0.78 0.75 1.25 122 119 244 242 240 0.77 075 074 115 113 111 229 227 2.25
Policy 5 yrs. prior 0.72 0.69 0.67 1.12 1.09 1.06 220 2.18 2.15 0.67 0.66 0.65 1.01 0.99 098 200 1.99 1.98
% increase w/o 12% 12% 13% 11% 12% 13% 11% 11% 12% 14% 14% 13% 14% 14% 13% 14% 14% 14%
Policy 10 yrs. prior 0.59 0.56 0.54 0.91 088 086 1.80 1.77 174 056 055 054 0.84 083 082 166 1.65 1.63
% increase wo  37% 38% 40% 37% 38% 39% 36% 36% 38% 37% 36% 36% 37% 37% 37% 38% 38% 38%

Output decline (in percent)

Constant Policy 0.31 0.36 0.39 0.50 0.58 061 1.03 1.16 122 0.19 023 025 0.30 0.36 0.39 0.67 0.78 0.84
Policy 5 yrs. prior  0.08 0.16 0.20 0.14 0.26 0.32 0.36 0.54 063 0.21 023 024 032 0.36 0.38 0.70 0.76 0.80
Policy 10 yrs. prior 0.05 0.12 0.16 0.09 0.20 025 0.26 043 052 020 023 025 0.32 0.36 0.38 0.67 0.75 0.79

Mitigation Policy Agenda excluding ETS2
Headline inflation (in percentage points)
Constant Policy 0.81 0.78 075 1.25 1.22 119 244 242 240 0.77 075 074 115 113 111 229 227 225
Policy 5 yrs. prior 0.80 0.77 0.75 125 121 119 243 241 239 076 075 0.73 1.15 112 111 227 225 223
% increase w/o 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 1% 1% 1% 1% 1% 1% 1% 1%
Policy 10 yrs. prior 0.80 0.77 0.75 125 121 119 243 241 239 0.77 075 074 115 113 111 229 227 225
% increase w/o 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Output decline (in percent)
Constant Policy 0.31 0.36 0.39 050 058 061 1.03 1.16 122 0.19 023 025 0.30 0.36 0.39 0.67 0.78 0.84

Policy 5 yrs. prior  0.31 0.36 0.38 049 056 060 1.01 1.13 120 0.18 0.22 024 0.29 035 0.38 0.64 0.75 0.81
Policy 10 yrs. prior 0.31 0.36 0.38 0.49 057 060 1.01 1.13 120 0.19 023 025 0.30 0.36 0.39 0.66 0.77 0.82

The Role of Merit-Order Electricity Pricing

The current version of GMMET does not capture that electricity generators are dispatched in merit order, with the
wholesale price set by the marginal plant needed to meet demand. As gas-fired plants are often marginal in Europe, this
mechanism can create a strong pass-through from gas prices to electricity prices. This potentially matters for the analysis,
since mitigation policy-induced renewables deployment reduces the number of hours when gas is the marginal producer
and thereby mitigates the pass-through. To account for this aspect, the simulation of gas price shocks is augmented with
electricity markup shocks that proxy for this channel of gas price pass-through. Their calibration, both under constant
policies and in the full mitigation agenda, is based on Simon and Anadon (2025). The paper estimates so-called 3-
sensitivities for European markets using GenX, an electricity resource capacity expansion model developed by the MIT
Energy Initiative and Princeton University ZERO lab.



The B-sensitivity measures the projected increase in the average annual price of electricity from a gas price increase by 1
euro. We use their estimate for today of 1.43 in our constant policy scenario, and a value of 0.37 for 2036 under the full
mitigation agenda.’" Converting these B-sensitivities into an elasticity to be used for the calibration of electricity markup
shocks requires assumptions on gas and electricity prices (absent a shock) in 2036, i.e. in the year in which we simulate
gas price shocks. For the electricity price, we use 126 euros/MWh for the constant policy scenario, corresponding to the
2024 value reported in Simon and Anadon (2025). In the full mitigation scenario, we assume a value of 132 euros/MWh,
which includes a 5 percent-increase from the model simulation of the policy agenda. This stability of the long-run
electricity price reflects a balance between more renewables deployment and higher electricity demand from
electrification and is roughly in line with European Commission (2024)."2 For the gas price we assume 30 euros/MWh in
both scenarios, which is the average TTF price in the dataset of the European Agency for the Cooperation of Energy
Regulators (starting in 2019) when 2022 is excluded. Combining the price assumptions with the estimated B-sensitivities
yields an elasticity of the electricity price with respect to the gas price of 0.34 under constant policies and 0.08 under the
full mitigation agenda.

Table 3 is organized the same way as the previous table but reports co-benefits for gas shocks when we proxy for merit-
order pricing. Under constant policies, headline inflation impacts are only slightly larger than in the baseline exercise
(when merit-order pricing is not proxied for), indicating the model-implied elasticity of headline inflation with respect to gas
prices is close to the 0.34 used in this exercise. In the full mitigation scenario, in contrast, the agenda’s cushioning of
inflationary pressures becomes moderately stronger, with inflation now being over one-third larger under constant
policies, compared to full policy implementation. This is because the baseline exercise fails to capture that, under merit-
order pricing, there is almost no pass-through to electricity prices contributing to higher inflation—once Europe’s
ambitious mitigation targets are achieved, gas-fired power plants have ceased to be significant marginal producers. This
also explains why merit-order pricing introduces a significant stabilizing effect of the mitigation agenda on output. In the
baseline exercise, the rise in electricity prices in the full mitigation scenario contributes to higher headline inflation, which
lowers consumption via an increase in the long-term real interest rate (the dissipation of the shock lowers prices, while
monetary policy does not react meaningfully to a minor adjustment of core inflation). At the same time, since electricity is
complementary to capital and labor in various sectoral production functions, higher electricity prices weigh on the
marginal product of capital and with it on investment. Accounting for merit-order pricing mutes these channels in the

" The B-sensitivity of 1.43 for 2030 is directly reported in the paper’s main results. Since the results do not cover 2036, we infer the value of 0.37
from their sensitivity analysis that considers a 50 percent higher level of wind and solar capacity for the year 2035 than the roughly 1200 GW
assumed for 2030. This 2030 forecast comes from the ENTSO-E’s 2022 European Resource Adequacy Assessment (ERAA), while the
more recent 2025 ERAA forecasts about 1800 GW of capacity for 2035 under ambitious mitigation policies that correspond to our “full
mitigation agenda” scenario. Thus, the ERAA forecasts that renewables capacity would grow by 50 percent between 2030 and 2035 under
policies we consider in the mitigation agenda, allowing us to interpret the B-sensitivity from the “50 percent more capacity” sensitivity as our
2036 value under the mitigation scenario (neglecting possible differences between 2035 and 2036). It is also model-consistent in the sense
that the ERAAs jointly forecast capacity to rise by about 170% between 2025 and 2035, while the simulation sees the respective capital
stock to increase by about 200% over 10 years under full mitigation policies.

"2 |n contrast to our simulation, Simon and Anadon (2025) forecast declining electricity prices between 2024 and 2030. A potential explanation is
that the paper is based on policies from the National Energy and Climate Plans (NECPs) that were implemented as part of ENTSO-E’s
European Resource Adequacy Assessment in 2022. Thus, the policies do not yet include the recent increase in policy ambition, which,
especially by fostering substantial electrification e.g. in the transport sector, increase electricity demand (the NECPs were only updated in
2024 to reflect the increased EU 2030 climate and energy ambitions).



mitigation agenda scenario and thereby gives rise to the cushioning of the output decline, which is about two-thirds larger
under constant policies. '3

Table 3 Energy Security Co-Benefits under Merit-Order Electricity Pricing

Gas Price Shocks

Price increase 33% 50% 100%
Persistence 0 12 23 0 12 23 0 12 23
Headline inflation (in percentage points)

Constant Policy 0.81 0.79 0.78 123 1.20 119 240 2.38 2.36
Policy 10 yrs. prior 049 048 046 0.73 0.71 0.70 1.46 1.44 142
% increase wo 66% 67% 68% 68% 69% 71% 65% 65% 66%

Output decline (in percent)
Constant Policy 021 0.26 0.28 0.34 0.41 044 0.75 0.87 0.93
Policy 10 yrs. prior 0.13 0.17 0.18 0.21 0.25 0.28 0.47 0.56 0.60

Recent energy supply disruptions in Europe, including those following Russia’s invasion of Ukraine in 2022 and the
prolonged closure of the Strait of Hormuz in 2026, have renewed concerns about energy security. At the same time,
political momentum behind emission mitigation policy has weakened, as reflected e.g. in the postponement of ETS2. Yet,
advancing emission mitigation policies reduces dependence on imported fossil fuels and thereby helps to decouple the
economy from external energy supply shocks. This paper applies a macroeconomic model to analyze the channels
through which the policy agenda alters the transmission of energy shocks and quantifies the associated energy security
co-benefits. In contrast to existing studies, energy security is not measured based on indicators but instead defined as the
simulated mitigation of adverse macroeconomic outcomes from a given shock, such as avoided inflation or output loss.
This metric is readily interpretable and embeds all information contained in the model’s dynamic adjustment properties,
which is more comprehensive than selected statistics informing energy security indicators.

By combining a rich New-Keynesian macroeconomic core with a granular description of energy use (including in the
transportation and buildings sectors), the IMF’'s GMMET model is well-positioned to analyze the research question at
hand. It is done by comparing the impact of future oil and gas price shocks under three scenarios, a) hypothetical
constant policies with mitigation efforts remaining constant going forward, b) full implementation of the mitigation agenda
consistent with mitigation targets, and c) hypothetical partial agenda implementation with ETS2 being excluded. This
allows us to directly observe how the policy’s full or partial adoption affects shock transmission. In addition, by varying the
timing of shocks, we can study the gradual materialization of the co-benefits. Since the model does not feature merit-

'3 As a cross-check of the model’s sensitivity to electricity prices, we compare the effects of an isolated electricity markup shock with the
estimates in Bijnens et al. (2026). In a sample of European countries, the authors estimate an elasticity of manufacturing employment to
electricity prices of -0.02 to -0.05. Assuming a manufacturing employment share of 15 percent (and constant employment in other sectors)
this would scale down to an elasticity of overall employment of -0.003 to -0.0075.

In the model, the sensitivity of overall employment to the electricity prices is about -0.008.



order electricity pricing, we consider an additional exercise where it is proxied for by appropriate electricity markup
shocks, whose calibration is based on empirical estimates.

Full implementation of the policy agenda substantially dampens inflationary pressures from oil and gas shocks by
fostering electrification and energy efficiency, which curbs the dependency on fuel imports. For example, after 10 years,
both shocks cause close to 40 percent higher inflation under a hypothetical constant policy scenario than under full policy
implementation. In the context of oil price shocks, the mitigation agenda also dramatically cushions output losses, by
largely eliminating declining ICE purchases as a key transmission channel—quantitatively, output losses can be multiple
times deeper under hypothetical constant policies. Proxying for merit-order electricity pricing further strengthens the
agenda’s co-benefits in the context of gas price shocks. Output losses are dampened to a significant extent, being about
one-third larger under constant policies, while the stabilization of inflation also becomes moderately stronger, with
inflationary pressures about two-thirds higher under constant policies.

In line with a gradual restructuring of the economy, energy security co-benefits materialize gradually, and those that are
unrelated to merit-order electricity pricing depend on ETS2 as their key driver, reflecting that oil and gas price shocks
mainly propagate via the transport and buildings sectors. In general, the results suggest that mitigation policy can be
viewed not only as a tool for reducing emissions, but also as a potent insurance against future external energy
disruptions. This is in line with recent analysis suggesting that the energy transition over the past 5 years has already
generated savings by improving resilience.' While this paper focuses on the European Union, the findings in principle
also apply to related mitigation policies in other energy-importing economies.

4 See, for example, IMF (2026).



Adolfsen, Jakob Feveile, Massimo Ferrari Minesso, Jente Esther Mork, and Ine Van Robays (2024). "Gas price shocks
and euro area inflation." Journal of International Money and Finance 149.

Ayvens Group (2024). “Examining total cost of ownership: battery electric vs internal combustion engine vehicles”, white
paper, https://www.ayvens.com/en-cp/blog/total-cost-of-ownership/tco-ev-ice-comparison/

Bijnens, Gert, John Hutchinson, and Arthur Saint Guilhem (2026). "Navigating the carbon price shock: Electricity costs
and employment reallocation in Europe." Utilities Policy 99, 102144.

Boeck, M. and Zdrner, T.O. (2025). “Natural gas prices, inflation expectations, and the pass-through to euro area
inflation”. Energy Economics, 141, p.108061.

Burgert, Matthias, Matthieu Darracq Pariés, Luigi Durand, Mario Gonzalez, Romanos Priftis, Oke R6he, Matthias Rottner,
Edgar Silgado-Gémez, Nikolai Stahler, and Janos Varga (2025). “Macroeconomic effects of carbon-intensive energy
price changes: A model comparison”. NGFS Occasional Paper.

Carton, Benjamin, Geoffroy Dolphin, Romain Duval, Andrew Hodge, Ami Kara, Simon Voigts and Sebastian Wende
(2026). "The EU'’s Energy Transition: Investment Impact and Role of Carbon Pricing Revenue Recycling." IMF
Working Paper WP/26/46.

Carton, Benjamin, Christopher Evans, Dirk V. Muir, and Simon Voigts (2023). “Getting to know GMMET: The global
macroeconomic model for the energy transition”. IMF Working Paper WP/23/269.

Chateau, Jean, Antonela Miho, and Martin Borowiecki (2023). "Economic effects of the EU’s ‘Fit for 55’ climate mitigation
policies: A computable general equilibrium analysis." OECD Economics Department Working Paper No. 1775.

Cohen, Gail, Frederick Joutz, and Prakash Loungani. "Measuring energy security: Trends in the diversification of oil and
natural gas supplies." Energy policy 39, no. 9 (2011): 4860-4869.

Coenen, G., M. Lozej, and R. Priftis (2024). “Macroeconomic Effects of Carbon Transition Policies: An Assessment
Based on the ECB’s New Area-Wide Model with a Disaggregated Energy Sector.” European Economic Review 167:
104798.

Corsello, Francesco and Andrea Foschi (2026). " The different effects of oil and gas supply shocks on euro-area inflation".
Banca d’ltalia Occasional Papers No. 1024

Dolphin, Geoffroy, Romain Duval, Hugo Rojas-Romagosa, and Galen Sher (2024). "The Energy Security Gains from
Strengthening Europe’s Climate Action.", IMF European and Research Departments Departmental Paper
DP/2024/005

European Commission (2026). "Weekly Oil Bulletin", https://energy.ec.europa.eu/data-and-analysis/weekly-oil-bulletin_en

European Commission (2021a). “Fit for 55: Delivering the EU’s 2030 Climate Target on the way to climate neutrality”,
COM(2021) 550 final.

European Commission (2021b). Impact Assessment SWD 621 final.

European Commission (2024). “Impact Assessment Report accompanying “Securing our future: Europe’s 2040 climate
target and path to climate neutrality by 2050™, SWD 63 final.



European Environment Agency (2026), “Age of the EU passenger cars (interactive chart)”,
https://www.eea.europa.eu/en/analysis/publications/product-lifespans-monitoring-trends/evolution-of-the-average-
passenger-car-age-in-the-eu-between-2013-and-2022/

Eurostat (2026), “Guidelines for data collection on climate change mitigation investments”, Version for the 2026 data
collection, https://ec.europa.eu/eurostat/documents/d/environment/guidance-note-climate-change-investments-
2026_v1

Forni, Lorenzo, Andrea Gerali, Alessandro Notarpietro, and Massimiliano Pisani. "Euro area, oil and global shocks: An
empirical model-based analysis." Journal of Macroeconomics 46 (2015): 295-314.

Garcia, P., P. Jacquinot, C. Lenardi¢, K. Mavromatis, N. Papadopoulou, and E. Silgado-Gémez (2025). "Green Transition
in the Euro area: Domestic and Global Factors." European Economic Review 182: 105206.

Hinterlang, Natascha, Anika Martin, Oke Réhe, Nikolai Stahler, Johannes Strobel (2023). "The Environmental Multi-
Sector DSGE model EMuSe: A technical documentation." Bundesbank Technical Paper 03/2023

Holland, Stephen, Erin Mansur, and Andrew Yates (2021). “The Electric Vehicle Transition and the Economic of Banning
Gasoline Vehicles.” American Economic Journal: Economic Policy 13(3): 316-44.

IEA (2022), “The Future of Heat Pumps”, International Energy Agency, Paris, https://www.iea.org/reports/the-future-of-
heat-pumps, Licence: CC BY 4.0

IEA (2025), “Global EV Outlook 2025”, https://lwww.iea.org/reports/global-ev-outlook-2025
IEA (2026), “Global EV Data Explorer’, https://www.iea.org/data-and-statistics/data-tools/global-ev-data-explorer

IMF (2026), “The 2026 Energy Shock: How to Deliver Targeted and Temporary Support while Encouraging Energy
Conservation—Learning from the 2022 shock and best practice in 2026.“ Background Note accompanying remarks
Oya Celasun, Deputy Director European Department IMF, at the Eurogroup meeting in Brussels on Monday, May 4,
2026, https://www.imf.org/-/media/files/countries/europe/imf-note-on-how-to-design-support-in-the-face-of-the-2026-
energy-shock-europe.pdf

[4CE (2025), “The State of Europe’s Climate Investment, 2025 Edition”, Institute for Climate Economics, Paris,
https://www.i4ce.org/en/publication/state-europe-climate-investment-2025-edition/

Karlsson, Mikael, Eva Alfredsson, and Nils Westling. 2020. “Climate Policy Co-Benefits: A Review.” Climate Policy 20 (3):
292-316. https://doi.org/10.1080/14693062.2020.1724070.

Lal, Apoorv, Massimo Tavoni, Nathan Preuss, and Fengqi You (2026). "Aligning EU energy security and climate
mitigation through targeted transition strategies.” Nature Communications 717(1).

Le Coq, Chloé, and Elena Paltseva. "Measuring the security of external energy supply in the European Union." Energy
policy 37, no. 11 (2009): 4474-4481.

Lenzen, M., A. Geschke, M.D. Abd Rahman, Y. Xiao, J. Fry, R. Reyes, E. Dietzenbacher, S. Inomata, K. Kanemoto, B.
Los, D. Moran, H. Schulte in den Baumen, A. Tukker, T. Walmsley, T. Wiedmann, R. Wood and N. Yamano (2017)
“The Global MRIO Lab - charting the world economy”. Economic Systems Research 29, 158-186.

Li, Shanjun, Lang Tong, Jianwei Xing, and Yiyi Zhou (2017). “The Market for Electric Vehicles: Indirect Network Effects
and Policy Design.” Journal of the Association of Environmental and Resource Economists 4(1): 89-133.



Ovaere, Marten and Stef Proost (2022). "Cost-effective reduction of fossil energy use in the European transport sector:
An assessment of the Fit for 55 Package", Energy Policy.

Pataracchia, B., Pfeiffer, P., Ratto, M., & Teresinski, J. (2026). "Energy commodity price shocks in the euro area:
Evidence from a large-scale structural model”. Journal of Economic Dynamics and Control, 105350.

Ramey, V.A. and Vine, D.J. (2011). “Oil, automobiles, and the US economy: How much have things really
changed?’. NBER macroeconomics annual, 25(1), pp.333-368.

Navia Simon, Daniel, and Laura Diaz Anadon. "Power price stability and the insurance value of renewable technologies.'
Nature Energy 10, no. 3 (2025): 329-341.

Sovacool, Benjamin K., and Ishani Mukherjee. "Conceptualizing and measuring energy security: A synthesized
approach." Energy 36, no. 8 (2011): 5343-5355.

Tax Foundation (2026). "Diesel and Gas Taxes in Europe", https://taxfoundation.org/data/all/eu/diesel-gas-taxes-europe/

Vaasa EET (2022). "Analysis of the price setting of energy products (electricity and natural gas) in retail markets
(households and small enterprises) for Belgium, Netherlands, Germany, France and the United Kingdom".
https://www.creg.be/sites/default/files/assets/Publications/Studies/F220922-VaasaETT.pdf

Varga, Janos, Werner Roeger, and Jan Velt (2022). “E-QUEST: A Multisector Dynamic General Equilibrium Model with
Energy and a Model-Based Assessment to Reach the EU Climate Targets.” Economic Modelling 114: 105911.




  i   𝜖   ( I C E , E V )


    P  t  i


    P U  t  i


    M  t =   N  t +  ( 1 − 𝛿 )   M  t − 1


    N  t =   N  t  I C E +   N  t  E V


    N  t  i


    T C O  t  i


    R T  t


    T C O  t  i =     P  t  i +     𝜅  i     𝔼  t  {   ∑  s   ≥ 0     ( 1 − 𝛿 )  s  ℱ  t  t + s P   U  t + s  i }


    𝜅  i


    T C O  t   =   (   N  t  I C E /   N  t )   T C O  t  I C E   +   (   N  t  E V /   N  t )   T C O  t  E V


    R T  t =   T C O  t   −    ( 1 − 𝛿 )   𝔼  t {  ℱ  t   T C O  t + 1 }


    N  t  E V /   N  t  I C E


    C H  t  E V /   C H  t  I C E


    𝜖  f l


    T C O  t  E V /   T C O  t  I C E


  𝜎


      N  t  E V    N  t  I C E =  (     𝜈  E V    𝜈  I C E )    (     C H  t  E V    C H  t  I C E )    𝜖  f l    (     T C O  t  E V    T C O  t  I C E )  − 𝜎


    𝜈  I C E


    𝜈  E V


    M  t  i


    𝜖  c h


    C H  t  i =    (   M  t  i )    𝜖  c h


    M  E V /   M  I C E =    (   𝜈  E V /   𝜈  I C E )   1  1 −   𝜖  f l   𝜖  c h    (   T C O  E V /   T C O  I C E )    − 𝜎  1 −   𝜖  f l   𝜖  c h


    𝜖  c h


    𝜖  f l


    R T  t


  𝜎


    𝜖  c h


    𝜖  f l


    𝜈  E V /   𝜈  I C E


    𝜎  H E A T , I N S


    𝛼  H E A T , I N S


    𝜎  H E L E C , H G A S


    𝛼  H E L E C ,   H G A S


    𝜎  E L E C , H P U M P


    𝛼  E L E C , C A P


    𝜎  G A S , F U R N A C E


    𝛼  G A S , C A P


    𝜅  E V


    𝜅  I C E

