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Results

This section of the paper is structured as follows: the implications of decoupling from Russian gas on
European energy security are outlined in 81.1, followed by an assessment of the impact distribution among
Member States (MS) in 81.2. The last subsection (1.3) discusses implications for climate change and
investments in renewables in Europe.

1.1 Implications of decoupling from Russian gas on European energy security

Section 1.1.1 delves into three primary sources of gas flexibility for Europe to replace Russian gas during
a normal winter year, followed by an analysis in Section 1.1.2 of how Europe addresses extreme weather
events.

1.1.1 Sources of flexibility to replace Russian gas

The section briefly describes the gas market’'s evolution through 2031 based on model results under
different scenarios. More specifically, it describes gas markets in Europe in the context of decarbonising its
power system as planned by NECPs and the evolution of the global LNG market. It also briefly illustrates
the impact of a complete phase-out of Russian gas supplies on market equilibriums.

First, European gas markets are expected to be tight in the short term (before 2026) and loosen as more
LNG and renewable electricity supplies are commissioned (see Figure 1 for price and demand evolution).

Figure 1: European gas consumption and wholesale prices in the baseline
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Note: Bars show the total gas demand in Europe (EU27, Norway, Switzerland, the United Kingdom and Ukraine). Full
font (resp. full lines) shows the demand (resp. average gas price) with Russian gas flows, while dotted font (resp. dotted
lines) shows scenarios without supplies of Russian gas to Europe.
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Gas demand is projected to increase by 3.9% from 2024 to 2026 as Europe phases out coal plants, and
deployment of renewables is just emerging. Europe will reach an annual demand of 463 bcm in 2026, and
gas prices will remain high (around 17$/MMBtu). After 2026, gas prices steeply decrease to an average of
8.7$/MMBtu (from 2026 to 2031) due to a significant increase in global LNG (Figure 2) and domestic
renewable supplies, reducing gas demand in power generation.

Without gas supplies from Russia, delivering alternative gas to Europe is more expensive. Northwest-
European (NWE) prices increase by 1-4$/MMBtu (+16% on average) between 2024 and 2031 compared to
the baseline Russian gas flow scenario, and the structural price decrease is not fully realised, especially
between 2026 and 2028, with gas prices reaching an average of $11.8/MMbtu (see Figure 1). Despite
Europe’s ability to absorb this shock, phasing out Russian gas results in a cumulative (2023-2031) +$139bn
increase in wholesale gas costs and a +$308bn increase in electricity costs compared to a scenario with
access to Russian imports.

The rest of this section outlines three levers activated by the phase-out of Russian gas: (i) redirection of
global gas supplies, (ii) flexibility in the power sector, and (iii) demand side response (DSR) in the industrial
and residential sectors. The examination will focus on how each mechanism substitutes import flows from
Russia. There is a maximum of 31 bcm/y of Russian pipeline gas and ca. 19 bcm/y of Russian LNG supply
to Europe (see Table 1 for more details).

Figure 2: Global LNG export capacity
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Source: based on the Refinitiv LNG infrastructure database (accessed July 2023)

Table 1: Baseline Russian gas flows to Europe
2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031

Pipeline | 25.7 | 276 | 289 |289 |298 |295 |29.3 |293 | 307
LNG 170 | 172 |16.1 |193 |176 |175 |175 |175 |17.4
Total 427 | 448 | 450 | 482 (474 |470 |46.8 |468 |481

Notes: Pipeline flows account for pipeline transit through Ukraine (Sudzha) and Bulgaria from Turkey (Turkstream).
LNG flows count all LNG ships from the Yamal peninsula to Europe.
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Redirection of global gas supplies

An important effect of phasing out Russian gas supplies is redirecting global gas flows. These flows come
to replace Russian gas supplies in sectors with limited alternatives to natural gas due to (i) economic causes
(gas boilers have high upfront costs, or because gas is an essential feedstock in industrial processes) or (ii)
security and reliability objectives (winter gas consumption secured with mandatory storage filling targets).

As a result, Europe sources this hard-to-replace demand from global markets, redirecting flows initially
destined for other regions. A flow redirection from an origin is made possible by a fuel switching in the power
sector, replacing gas with another fuel (mostly coal and oil).

Figure 3 shows the magnitude and location of gas demand changes due to Europe replacing Russian
imports, causing higher global gas prices. Where gas demand decreases, there is a fuel switch in the power
sector: before 2026, 9-21 bcm of gas is redirected from India, South East Asia, and Africa. After 2026, the
gas flows will mainly be redirected from Northeast Asia and the Americas.

Due to the modelled embargo of Russian LNG in Europe, the flow from Russia is redirected to Asia while
alternative LNG supplies are rerouted to Europe. This reshuffling of global flows has important implications
for the EU’s energy security. LNG is becoming an essential source of gas flexibility for Europe and stresses
the importance of a strategy to reduce dependence on natural gas imports, not only Russian gas. Section
1.1.2 analyses how this affects flexibility during extreme weather conditions.

Figure 3: Change in gas consumption outside Europe
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Power sector flexibility

In the short to medium term, dispatchable generation (fossil- and hydro-based) will play an increasing role
as mid-to-peak load suppliers as the European power system decarbonises with the increased penetration
of VRE supply. NECP19 aims to reduce the share of coal in the generation mix, phasing out 25% of Europe’s
2023 coal capacity by 2025 and reaching a 44% reduction (88 GW) in 2030. Given this anticipated evolution
of the power system and the decreased availability of Russian gas, the flexibility provided by dispatchable
generation will likely be under stress throughout 2023-2031.

The removal of Russian gas from the power sector triggers flexibility from two sources: (i) a gas-to-coal
switch between 2023 and 2026, with a cumulative 157 TWh of gas generation replaced by coal generation,
and (ii) a change in the operation of hydropower generation?, to arbitrage between scarce and abundant
supply periods. Hydropower shifts 33 TWh (21% of gas replaced by coal) of electricity from gas (see Figure
4). Indeed, hydropower substitutes gas in some years (e.g., 2027), while gas replaces hydropower in other
years (e.g., 2029), resulting in net zero generation changes?.

Figure 4: Change in power generation in Europe
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The power sector mainly absorbs gas shocks via the gas-to-coal switch. However, this does not provide a
definite solution, as coal plants will be decommissioned. Most of the coal capacity (~40 GW) will be located
in Ukraine and Poland in 2030, accounting for 60% of the coal capacity in Europe. Meanwhile, a significant
portion of weather-driven (mainly hydropower and onshore wind) and outage-prone generation (nuclear?)
fluctuations will be in Western Europe. Replacing gas with coal as a provider of power flexibility might,
therefore, require power grid developments: the mismatch between the power flexibility demand (nuclear
plant outage, hydropower reduced availability, and VRE inter-annual variability) and supply (dispatchable
power generation) will widen as the EU decommissions coal capacity.

Thus, replacing gas with coal in Europe as the power system is decarbonised is a challenging task as it
requires (i) anticipating the location of flexibility needs for tackling IAV of VRE supply, nuclear and
hydropower output, (ii) fitting the incumbent power transmission design to leverage coal capacity which is
more concentrated than gas capacity (detailed country-level analysis can be found in §1.2).

Demand side response

The gas DSR is another source of flexibility that contributed to Europe’s replacement of Russian supplies.
In the case of a complete phase-out of Russian gas, the DSR increases in both industrial and residential
sectors between 2023 and 2025, peaking at seven bcm until 2024 in the industrial sector and averaging
three bcma in the residential sector (see

Figure 5).

Even with Russian gas imports at the baseline flow level, Europe triggers DSR between 2023 and 2025, as
global gas markets are expected to be tight due to the war in Ukraine and the 2022/23 energy crisis. The
results also highlight a relative inflexibility of gas demand in the residential sector (see discussion in Sperber
etal., 2024), implying that DSR capability should be developed further in light of increasing volatility in global
energy markets due to geopolitical and weather-related shocks.

The reduced industrial output in the short term relates to the recent situation of some gas-consuming
industries (e.g., steelmaking, cement, fertilisers, petrochemicals, etc.) halting their activities and closing
plants due to increased energy prices. As the curtailments illustrated in the results, the reduced industrial
demand for gas alleviated Europe’s gas shortages. Still, it might lead to prolonged deindustrialisation, as
energy-intensive manufacturing would likely not resume before prices fall and stabilise. The 2021-2023
period showed evidence that energy-intensive industries tend to substitute domestic production with imports
when energy prices are high (Ruhnau et al., 2023; Moll et al., 2023; Chiacchio et al., 2023), hitting the most
energy-intensive industries in Europe.

Decoupling from Russian gas only slightly affects the previous conclusions: (i) before 2026, DSR replaces
3-5.6 bcm/y of Russian gas, while (ii) after 2026, the increase in global LNG supply makes DSR unnecessary

(

Figure 5) despite the phase-out of Russian gas. Nonetheless, gas prices remain relatively high, and the
subsequent sections will explore how this influences the usage of Demand Side Response (DSR) in extreme
weather conditions, specifically in §1.1.2.

Figure 6 summarises Europe’s response to a phase-out of Russian gas. While fuel switching in the power
sector and gas DSR are significant sources of flexibility, their importance erodes after 2026 because of:

1) the increase in global LNG supply,
2) higher renewable electricity supply in Europe, and

3) higher cost of burning coal in the power generation sector due to higher carbon prices.

3 see https://www.catf.us/2023/07/2022-french-nuclear-outages-lessons-nuclear-energy-europe/ for more information on the cause of
reduced nuclear output in France.
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Nonetheless, the reshuffling of global gas flows, especially the rise of LNG supply, will be an essential
source of flexibility throughout the decade. In the following subsection, the analysis focuses on how utilising
flexibility to replace Russian gas flows affects Europe’s ability to cope with extreme weather events.

Figure 5: Gas demand-side response by source in the baseline (with and without Russian gas)
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in a scenario without Russian gas imports to Europe.

Figure 6: The impact of the Russian gas phase-out on gas demand-supply balance under the

baseline weather scenario (bcm)
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1.1.2 Addressing extreme-weather events without Russian gas

This subsection briefly describes the flexibility requirements in the European energy system under various
weather scenarios. Then, the analysis explores each described flexibility source’s response in different
weather scenarios and quantifies the impact of phasing out Russian gas during extreme HILP events.

Impact of weather on European gas and electricity sectors

Extreme weather scenarios show changes in both electricity demand and generation output. The weather-
driven variations on the electricity demand side are explained by changes in electric heating and cooling
demand due to temperature variations and changes in the cooling and heating system’s efficiency, which is
affected by temperature and humidity conditions®. On the supply side, hydroelectricity is the largest single
source of energy supply variation across weather scenarios, followed closely by onshore wind and offshore
wind (Ah-Voun et al., 2024).

The potential generation from these sources is a product of different technological, environmental and
climate factors impacting their combined energy output (see Figure 7). Europe’s wind, solar and hydro
generation decreases by four bcm-eq/y in the cold scenario and by 14 bcm-eqgly in the coldest scenario;
meanwhile, the coldest+ scenario reflects a further decrease in hydro availability® by 18.1 TWh-e and 80.0
TWh-e of nuclear generation, totalling an overall supply deficit of 31.3 bcm-eq/y compared to the normal
scenario. On the electricity demand side, the demand for space and water heating, lighting, and other
electric appliances increases by 14 bcm-eq/y in the cold scenario and 21.5 bem-eq/y in the coldest scenario.
It reaches a 23.8 bcm-eq increase from the normal to the coldest+ scenario. Thus, the power sector
variability in electricity supply and demand is equivalent to ca. 55 bcm-eqg/y of additional gas demand from
the normal to the coldest+ scenario, of which the supply side (changes in wind, solar, hydro and nuclear
generation) contributes around two-thirds of this potential need.

Second, colder temperature scenarios impact the gas demand for space and water heating. The results
reflect this in the increased demand for gas in the commercial and residential sectors. Gas demand
increases by 16.7 bcm/y in the cold scenario and up to 26.8 bem/y in the coldest and coldest+ scenarios.

Finally, it is interesting that the mild scenario reflects a total 16.4 bcm-eq/y decrease in total gas demand
compared to the normal scenario, primarily due to a reduced need for residential heating (-9.2 bcml/y). The
range of variability of gas demand equals 98.4 bcm-eq/y (changes from the mild to the coldest+ scenarios),
a fifth of Europe’s total gas demand in 2023 (and a fourth of 2031 demand) and ca. 90% of the entire loss
of Russian pipeline gas in 2021-20238. Much of this gap comes from the power sector, which requires higher
scrutiny of the interaction between electricity and gas demand and supply sources, especially the
performance of those highly dependent on technological and climate factors.

4 for more details, see ENTSO-e, 2021, https://eepublicdownloads.azureedge.net/clean-documents/sdc-
documents/ERAA/Demand%20Forecasting%20Methodology%20and%20Insights%20(ERAA%202021).pdf)

5 historical minimum

51n 2021, Russia supplied ca. 132 bcm to the EU by pipelines, in 2022 the supply was reduced to 61.5 bcm, and in 2023 it is
estimated at 22 becm (Chyong and Henderson, 2024)

The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
of the Oxford Institute for Energy Studies or any of its Members.



:':ii'\\\\\
Figure 7: Average demand and supply flexibility requirements in various weather scenarios
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See Section 0 for a more granular analysis. The tick bar shows the varying range of the supply side needs from the
median to the maximum value, which increases with the penetration of renewables in the power sector over 2023-31.

Impact of Russian gas phase-out on flexibility in Europe

The following section describes sources of flexibility available for phasing out the Russian gas supply under
HILP shock scenarios. As described above, these weather scenarios result in higher energy demand: higher
gas demand from the commercial and residential sectors, lower VRE and nuclear generation, and higher
demand in the power sector.

The response to these shock scenarios is a mix of (i) additional gas imports to Europe, (ii) additional power
generation using fossil-powered plants, and (iii) demand-side response (DSR) in the industrial and
residential sectors. Similar to 81.1.1, the examination focuses on the capacity of three primary sources of
flexibility to meet demand during extreme weather conditions, namely: (i) global gas flow redirection, (ii)
power sector fuel switching, and (iii) DSR. In addition, the analysis examines the role of large-scale energy
(gas and hydro) storage in shifting gas supply and consumption intra and inter-annually. Each section
concludes with an analysis of each source’s role before and after halting Russian gas flows to Europe.

Redirection of global gas flows

The model captures the flexibility provided by the power sector in non-European regions. Thus, LNG supply
flexibility mainly comes from flow redirection, a product of fuel switching in non-European regions’ power
sector. In colder scenarios (cold, coldest, coldest+), Europe’s demand for natural gas increases in the
heating and power sectors, shifting the global market’'s equilibrium to higher prices (see Figure 8, Ihs).
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Europe heavily relies on LNG in the cold scenario before 2028, with ~24.17 bcm-eq/y demand reduction
outside of Europe, equivalent to 65% of the flexibility requirement (35 bcm-eq/y®). In 2029 and 2031, pipeline
gas supplies will be sufficient to cover the shock of the cold scenario, limiting the redirection of LNG to
Europe. This is because gas demand decreases as Europe decarbonises its power sector, leaving pipeline
supplies available for tackling cold weather events.

The coldest scenario only slightly increases Europe’s dependence on LNG from 2023 to 2026. However, as
the share of wind and solar capacity increases, Europe requires significant volumes of LNG in the coldest
(resp. coldest+) scenario, covering 48% (resp. 43%) of total requirements 62 bcm-eqly in the coldest
scenario (resp. 81.9 bcm-eqly in the coldest+ scenario), which indicates a more significant dependence on
LNG markets later in this decade (2029-2031).

In the mild (warm) scenario, heating demand, hence gas demand, drops in Europe, reducing global gas
prices and increasing gas demand outside Europe. This indicates that marginal gas volumes to Europe are
LNG flows throughout the entire modelling period and that these are diverted to global markets in warmer
European winters. In this context, climate uncertainties might challenge LNG markets, as long-term
contracts could over-hedge volume risks, and reliance on spot markets exposes them to high price volatility
(e.g., the volume needed in the normal vs cold winters).

Looking at the origin of this flexibility (see Figure 9), there is a decrease in gas consumption in other regional
gas markets: 23-35 bcmly in Asia, 2-13 becm/y in Africa, and 1-8 bem/y in the Americas. High EU ETS carbon
prices and global gas market developments favour a coal-to-gas switch in Europe after 2026 (see following
sections). Nonetheless, this is reversed in other regions, highlighting the carbon leakage issue. Thus, in the
coldest+ scenario without Russian gas, additional gas flows are redirected to Europe as gas prices increase.
Global gas markets are tighter in extreme weather scenarios when Europe cannot access Russian gas vs
with access to Russian gas. The economic impact of the phase-out under the coldest+ scenario increases
after 2026, as Europe’s dependence on LNG increases, with a $2-3.5/MMBtu difference in European gas
prices between the coldest+ and the normal scenario, reaching ~+$8/MMBtu difference in 2029-2031. As
explained in §1.1.1, the competition in global gas markets is exacerbated by the redirection of Russian LNG
to non-European regions.

Figure 8: Changes in non-European gas consumption (lhs) and European LNG imports (rhs)
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Power sector flexibility

As discussed above?, the power sector can experience significant supply and demand variability in different
shock scenarios. The following sections first describe generation and price changes in these scenarios,
then analyse the stress-test scenarios of the power system under the most extreme conditions (coldest+)
with and without access to Russian gas supplies.

In colder scenarios, Europe’s variable electricity supply decreases significantly compared to the normal
scenario, leading to exceptional calls on peak generation and heightening European power prices (Figure
10). While volume shock for each scenario remains more or less constant throughout the modelling horizon,
its impact on price stability varies greatly. Indeed, power prices are moderately robust to these shocks before
2026: even the most extreme (coldest+) scenario only entails a 9% increase in power prices. Conversely, a
much more significant price spike occurs during colder years after 2026, showing +12% in the cold scenario,
+25% in the coldest scenario, and +40% in the coldest+ scenario. This is because, in most cases, the
marginal source of electricity generation—natural gas—sets the power prices. The emerging challenge is
for market design to effectively send price signals to power suppliers to lower the costs of extreme-events
mitigation, given the uncertainty spread across long periods while developing a power system compatible

° See Section “Impact of weather on European gas and electricity sectors”
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with climate goals. Another interesting finding is the asymmetrical impact of temperature changes on power
prices and generation. In Figure 10, price and volume in milder climate years only marginally differ from the
normal scenario.

The power sector has to deal with a significantly larger residual load in case of extreme weather events (see
§1.2.1). Figure 11 shows how the model arbitrages using different energy sources in different years. Europe
(under the NECP19 pathway) mainly relies on coal before 2026, then transitions to using gas to generate
electricity in years with lower VRE, nuclear and hydro output after 2027. Hydropower also provides flexibility
to the power system, moving energy from years with more significant coal availability to later years, filling
gaps left by coal phase-out (2025-2028). The extended extreme weather conditions modelled are HILP
scenarios. However, these scenarios describe the power system’s directional behaviour due to a supply
and demand shock, and hydropower systems’ arbitrage pinpoints years with the lowest flexibility availability
(2026, 2027, 2030).

It is essential to highlight that the impact of weather on the power sector is relatively constant throughout
the modelled years. In 2031, the only significant difference from 2023 is the reduced variable electricity
supply of ca. 20 TWh due to increased wind and solar capacity. However, weather changes are not the
primary driver of variations observed in the composition and magnitude of flexibility requirements, such as
coal-gas switching and hydropower storage, across different years. Instead, there is a combination of the
following effects: (i) decreased availability of coal generation as a result of the decommissioning of coal
plants (see 81.1.1); (ii) increasing EU ETS carbon prices, from $119/tCOze in 2023 to $146/tCO2e in 2031,
and (iii) structural decrease in gas prices after 2026 with the commissioning of additional LNG supply.

Figure 10: European power prices and generation change from the baseline in different weather
scenarios
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Another finding is coal and gas power generation costs (and therefore power prices) peak in 2026-2027,
incentivising hydro systems to hold energy in earlier years, when the average generation cost set by coal is
162.5%/MWh, and release it in 2026-2027 when the generation cost reach 170$/MWh. Another small change
is the release of energy by hydropower systems in 2030 instead of 2031. This is explained by the more
significant gas availability to Europe in the latter, as its gas consumption decreases from 2030.

Figure 11: Power sector flexibility in extreme weather conditions
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Note: Values represent the change in electricity generation from a normal weather year to the most extreme weather
year (coldest+) scenario. Lines compare the average cost of generating electricity using coal or gas. Generation costs
account for the carbon intensity of power plants (0.971 tCO2/MWh for coal generation and 0.411 tCO2/MWh for gas
generation), their conversion efficiency (0.5 for gas turbines and 0.35 for coal turbines), and assume a 3.41
MMBtu/MWh-g conversion factor.

The analysis now turns to the power sector’s response to the coldest+ scenario without access to Russian
gas (see Figure 12). First, gas generation decreases by 77 TWh/year on average (compared to the coldest+
scenario with access to Russian gas). This decrease is evenly spread across all years (61-90 TWh) except
for a more significant decrease in 2026. Gas flexibility is less preferred than other options across the timeline
and has been replaced with available options such as coal or hydropower generation. The share of gas
generation in response to coldest+ events changes from 32%-95% in 2027-2031 to 28%-76% if