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An energy pathway towards 2030
coal phase-out
Summary for policymakers

In 2019 the Czech government convened
a coal commission to recommend an
end date for coal, with a decision due
by the end of 2020. In this context we
have modelled a pathway to a coal-free
Czechia by 2030. We use hourly power
system modelling to show how coal can
be replaced in power and large-scale
heat generation. Our objective was to
investigate the scale and feasibility of
changes necessary to achieve a 2030
coal phase-out. We believe the evidence
presented should bring 2030 into
serious contention for the Czech coal
commission.
Modelling was performed using the
Artelys Crystal Supergrid platform. This
is an established energy modelling tool,
frequently used to plan and evaluate
European infrastructure development.
The Czech power system was modelled
as part of an integrated european
electricity network. In the model, all
Czech coal capacity was required to
close by 2030. The generation of power
and heat is replaced by an optimised
combination of alternatives, at least cost.

Main Conclusions

#1
There is a feasible route to phaseout coal from electricity and
heating in Czechia by 2030. With
ambitious but credible action, a
substantial coal to clean transition
can be achieved in a decade. The
lowest cost route is achieved by a
strong focus on wind and solar.

#3
There is a small need for new
dispatchable capacity. This
pathway adds between 2.5-3.4GW
new gas generation while closing
9.7GW coal by 2030. The lower end
of the range is reached by utilising
grid-scale battery storage. Fast
renewables growth is key to limiting
the need for new gas assets - which
risk becoming stranded as Europe
moves to net zero.

#5
A 2030 coal phase-out would allow
Czechia to achieve new EU climate
targets. Modelled emissions from
power generation decrease by 85%
between 2020 and 2030. We find a
2030 coal phase-out can save an
additional 32MtCO2 on top of plans
outlined in the NECP, all else being
equal. These additional savings would
allow Czechia to reduce total GHG
emissions by more than 60% from
1990 levels, meeting 2030 targets
proposed by the EU Green Deal.

#2
A sizable but realistic expansion
of renewable electricity capacity is
required. Czechia’s power system can
incorporate much higher renewable
capacity than current ambitions. This
pathway adds 3.7GW onshore wind
and 7.9GW solar, reaching 4GW and
10GW respectively by 2030, without
curtailment of generation. To reach
these levels, Czechia must build
quickly, but other EU countries with
similar potential (or less) are already
deploying wind and solar at the rates
required.

#4
At least two thirds of heat from
coal CHP plants could be replaced
by large heat pumps and waste
heat recovery. These are the most
economic replacements for coal
heat, and sufficient potential exists in
Czechia. Immediate action is needed
to diversify and decarbonise heat
sources in district heating, as well as
reducing demand through efficiency
measures.

Key Results
Wind and solar are deployed as the cheapest
option, limited only by constraints imposed on
potential. We limit deployment to 10GW solar
and 4GW onshore wind (see methodology).
The model optimisation deploys all of this
available capacity, which contributes to
production without significant curtailment. The
resulting share of renewables in gross final
consumption of electricity in 2030 is 38%,
compared to 17% forecast in the NECP. The
fossil-free share is 79%.
Grid-scale battery storage reduces the need
for new dispatchable thermal capacity. We
assess the impact of adding 2GW battery
storage (equivalent to 20% of installed solar
capacity) to the system in 2030, finding
it reduces the deployment of flexible gas
capacity by 1GW. Without battery storage,
3.4GW flexible gas is deployed. With battery
storage, 2.5GW is deployed. Both scenarios
include 760MWe of new gas CHP to partially
replace coal CHP heat.
Czechia becomes a small net importer of
electricity in 2030. Net imports total 550TWh,
or less than 1% of consumption. New solar
and wind capacities are crucial to maintain the
balance between imports and exports.
There is sufficient dispatchable capacity in
2030 to meet peak demand. Even in the
absence of any solar or wind generation,
Czechia could still generate enough power to
cover demand in any hour across all modelled
years and weather conditions. After phasing
out coal and adding flexible gas (or gas and
batteries), the system has at least 13.3GW
dispatchable capacity, whereas modelled peak
demand reaches 12.6GW.

Electricity
A 2030 coal phase-out would allow Czechia
to reduce GHG emissions more than 60%
compared to 1990. Modelled CO emissions
2
from power generation decrease by 85%
between 2020 and 2030. Taking into account
electricity and heat production, we estimate a
2030 coal phase-out can deliver approximately
32MtCO additional savings compared to
2
estimates based on the NECP. This would
reduce overall GHG emissions by more
than 60% compared to 1990, exceeding the
proposed 2030 EU climate target of ‘at least
55%’.
An estimated €11bn of capital investment
in the power sector is required to achieve
this pathway.i This amounts to just 0.45% of
Czech GDP per year for the next ten years.
These costs should be considered against
the avoided carbon and health costs of coal.
These investments would deliver an estimated
45,000 direct FTE (Full Time Employment), of
which 95% are generated by wind and solarii.
Evidence that a coal phase-out focussed on
renewables will deliver most for the wider
economy.

i

This estimate excludes investments in the electricity
network, which is out of scope. Previous research
has suggested that, with existing development
plans, the Czech network could handle far higher
renewables penetration than current levels
(Energynautics, 2018).

ii

Using estimates of the employment intensity of
energy investments by Vivid Economics based on
Garrett-Peltier (2017). Capital investments in the
power system in this pathway create an estimated
45,000 direct FTE and 39,000 indirect FTE.

Figure 1: Annual power generation in the modelled
pathway to a 2030 coal phase-out (scenario without
battery storage). Electricity demand follows NECP
estimates, increasing gradually from 2020 to 2030.
Additional demand is added in 2030 due to the modelled
impact of large heat pumps replacing coal CHP heat.

Figure 2: Installed capacity in the modelled 2030 coal
phase-out pathway (scenario without battery storage).

2020

2025

2030

Fuel

MW

GWh

MW

GWh

MW

GWh

Coal

9,690

30,758

5,820

20,975

0

0

Nuclear

4,290

28,581

4,290

28,582

4,290

28,552

Gas CCGT & new CHP

1,364

1,554

1,508

2,490

4,786

11,331

Solar

2,061

2,172

4,811

5,070

10,000

10,538

Wind

339

828

1,039

2,539

4,000

9,776

Hydro & pumped storage

2,266

2,028

2,274

2,031

2,282

2,052

Other*

1,895

7,701

1,976

8,028

1,966

7,441

Net imports

- 6,531

- 1,746

547

Net production

73,623

69,714

70,175

Demand

67,059

67,930

70,175

Table 1: Electricity generation and installed capacity in the modelled 2030 coal phase-out pathway. Numbers here
correspond to the pathway without grid-scale battery storage. In an equivalent scenario with 2GW (2-hour) batteries added in
2030, gas capacity and generation reduces to 3838MW and 9931GWh respectively, and net imports increase to 1982GWh.
*category includes other renewables (biogas, biomass, geothermal) and other thermal (mostly gas fired power stations
burning industrial gasses and fossil gas). Historical capacity factors are assumed to persist for these technologies.

Key Results
Coal CHP heat production can be replaced
by a combination of options by 2030. Our
modelling approach replaces coal CHP heat
with: further efficiency gains in buildings (11%),
waste heat recovery (24%), industrial heat
pumps (33%), and gas CHP + boilers (32%).
Significant potential for waste heat recovery
exists in Czechia. This proven, low-cost option
requires urgent consideration and a route to
market. Previous estimates of available excess
high-temperature heat (>100C) range from
22PJ (today) to 35PJ (2050).i We model a
11PJ contribution in 2030.

i

Based on data from the Hotmaps EU and Heat
Roadmap Europe projects.

Figure 3: Projected coal CHP heat in 2030 is replaced by
a combination of technologies. Large heat pumps are the
optimal replacement where possible, due to their high
efficiencies.

Heat
Large heat pumps are a highly efficient
replacement for coal CHP heat production.
This technology is deployed by the model
in favour of gas or biomass CHP units on
a cost basis. The model deploys 500MWth
large heat pumps by 2030, and would expand
further were it not for constraints imposed
(see methodology). Despite replacing a third
of coal CHP heat, they add only 1.2TWh
(1.7%) to annual electricity consumption, and
a maximum of 0.15GW to electricity demand.
Furthermore, our modelling does not account
for the important role heat pumps can play as
a source of demand-side flexibility. While this
model shows they are feasible on an energy
and cost basis, we do not consider local
factors such as grid constraints and availability
of appropriate ambient heat sources. These
should be investigated urgently.

Methodology overview
This analysis uses an hourly power
system model with least-cost
optimisation to simulate electricity and
coal CHP heat production in the years
2020, 2025, and 2030. Hourly electricity
demand was estimated using real
climatic data from three representative
years.
In the model, Czecha is integrated into
the wider European power network, the
evolution is which follows ENTSO-E’s
Ten Year Network Development Plan
(TYNDP).i

Key assumptions: in our modelled
pathway, the NECP is taken as a
baseline for electricity and heat
demand, as well as some non-coal
production capacity. The following
modifications are made:
Power capacity: Czech coal capacity (both
electricity-only and CHP) was required to fall by
40% by 2025 and 100% by 2030. Technologies with
limited scope for development before 2030 were
set according to the NECP, i.e., no new nuclear,
and only small changes in hydropower (and
pumped storage), bioenergy, waste incineration,
and interconnection. This meant coal was largely
replaced by an optimised combination of solar,
wind, and flexible gas generation. We produced
an additional scenario to explore the impacts of
adding battery storage (equivalent to 20% of solar
capacity).ii
RES limits: we impose upper limits on wind and
solar deployment, in an attempt to remain within
economic and territorial constraints. Broadly, we
i

ii

The rest of Europe was based on an existing model
- produced by Artelys - of the “Sustainable Transition”
scenario from TYNDP 2018 (based on open ENTSO-E
data).
This matches assumptions in scenarios produced by the
Czech system operator (CEPS).

assume maximum deployment rates in agreement
with expert estimates over the 2020-25 period, but
allow acceleration in the second half of the decade.
Onshore wind capacity was limited to 1GW by
2025 and 4GW by 2030. The necessary additions
over the next 5 years (760MW) are a significant
scale-up for Czechia, but other EU countries with
similar resource potential are achieving more.
According to Eurostat, between 2013-2018 Austria
added 1458MW, Belgium 1003MW, and Denmark
872MW. Solar capacity was limited to 4.8GW by
2025 and 10GW by 2030. Between 2009-2011
Czechia added 1.5GW, exceeding the rate required
between 2020-2030 to reach the upper limits set.
Heat demand: we use national statistics and
projections in the Czech NECP to estimate the
shortfall in heat supply as a consequence of
phasing-out coal CHP plants, in both the district
heating system and dedicated units for ownconsumption. In addition to this, we incorporated
estimates of additional savings that could be
achieved by more ambitious building renovation.iii
These estimates combine to reduce the heat
demand in scope for the model by approximately
one third, from 60PJ to 40PJ between 2020 and
2030. Current non-coal heat production was
assumed to evolve according to the NECP, and was
not modelled.
Heat production: before optimising the
replacement of coal CHP heat, we gathered
estimates for the potential of waste heat recovery.
Subsequently we subtracted 11PJ of heat demand,
assuming a baseload production profile. The
remaining supply is optimised by the model, which
selects between large heat pumps, gas/biomass
CHP, and gas/biomass heat-only boilers. Due to
uncertainties about the end-user requirements of
own-consumers, we required the model to source
at least 15PJ from thermal combustion.
More results from this study, along with further analysis
and a complete list of references will be published at
www.ember-climate.org/research/coal-free-cz-2030

iii

Following the ‘progressive’ scenario presented by CTUUCEEB / Chances for Buildings, (Lupíšek, Trubačík &
Holub, 2020)
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Introduction
Coal power is in terminal decline across Europe. The share of coal power in EU-28 electricity
production fell from 29% in 2005 to 14% in 2019. This trend has been driven by three main
factors: a steadily rising ETS carbon price, stronger regulation on pollutants from large
combustion plants, and the increasing competitiveness of clean generation. None of these
factors are likely to reverse. Foreseeing the decline of coal, 20 EU member states are either
already coal-free, or plan to be before 2030.
It is becoming increasingly clear that the use of coal for electricity and heat must be radically
reduced by 2030 for industrialised nations to reach carbon neutrality by 2050, and meet the
goals of the Paris agreement. Meta-analysis of pathways to net zero in Europe by 2050
shows that coal in electricity generation is almost eradicated by 2030 [1]. This is supported
by analysis of models presented in the IPCC Special Report on 1.5C, which reveal an optimal
course of action that ends coal power in the OECD and Eastern Europe by 2031, with an
86% reduction by 2030 [2]. The speed of change required in European coal power is
unsurprising given the fleet is among the oldest in the world. Recent modelling of the global
coal fleet by the IEA for their net-zero scenario (NZE2050) shows that all inefficient
(subcritical) coal units should close before 2030 [3]. Such coal units make up 93% of Czech
coal capacity [4].
In addition to achieving climate targets, phasing-out coal power can deliver several
economic and social co-benefits. It’s estimated that coal generation in Europe caused
12,200 premature deaths in 2016, and incurred €19bn health costs [5]. Of these, 1200
premature deaths and €1.9bn health costs were attributed to coal plants in Czechia. The
mining of lignite also has a considerable impact on the local environment, causing air
pollution and adding pressure to water supplies, as highlighted in the case of the Turów mine
at the border of Czechia and Poland [6].
In this context, the Czech government convened a coal commission in 2019, to decide the
future phase-out date for coal power in Czechia. However, indications are that the phase-out
years being considered are not sufficiently ambitious. The earliest scenario being modelled by
the Czech system operator ČEPS is 2033, while 2038 has received the most public support
from politicians.
This study presents a modelling exercise that shows how Czechia can end the use of coal in
electricity and large-scale heat production by 2030. The modelling was carried out using the
Crystal Super Grid software, created by Artelys. This is an established tool, frequently used to
plan and evaluate European infrastructure development. The software simulates the
generation of electricity and heat on an hourly basis over the course of a year. Between
years, the generation assets available are optimised on a least-cost basis, within realistic
constraints. We applied the model to Czechia for the years 2020, 2025, and 2030, with all
coal capacity closed in 2030. The resulting pathway represents the least-cost route to
phasing-out coal by 2030 within the constraints we impose on the modelling. We estimate
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some of the impacts on the wider economy of this pathway, however a full economic impact
assessment is beyond the scope of this study.
The remainder of this section summarises the current role of coal in the Czech energy
system, and assesses the future prospects for the fuel in the Czech context.

The current role of coal in Czechia
Coal and lignite provided 43% of gross electricity production in Czechia in 2019 [7]. This has
gradually declined from 50% in 2016, mainly due to a reduction in hard coal generation. In
2020, the COVID-19 pandemic has accelerated the demise. Figure 4 shows that coal has
made a consistently lower contribution to production in every month of 2020 compared to
2019, whereas wind and solar largely maintained their contribution. Coal generation has been
disproportionately affected by demand reductions in 2020. In the year to the end of October,
Czech monthly demand was on average 4% lower year-on-year, while lignite generation was
20% lower and hard coal 14% lower 1.

Figure 4: after years of gradual decline, coal has made a consistently lower contribution to
Czech national production in 2020 than it did in 2019. Wind and solar have maintained their
share in 2020, exceeding it in spring 2020 due to favourable weather conditions. Source:
Ember monthly extraction of ENTSO-E data.
1

Based on Ember extraction of ENTSO-E generation data. Available at https://emberclimate.org/data/european-electricity/
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As well as power generation, the coal mining industry is also under increasing pressure.
Historically, abundant domestic reserves of lignite and hard coal have provided a cheap
source of energy and high employment in mining sectors. However, employment in coal
mining has plummeted over recent decades as more mines have become unprofitable. Lignite
mining employed 15,000 people in 2000, falling to 6380 in 2018. Similarly, employment in
hard coal mining fell from 25,000 to 7330. This trend is expected to continue, as imports of
hard coal are increasing, and Czechia’s last hard coal mine is scheduled to close in 2022.
Several lignite mines are close to depletion, but unlike other lignite dependent regions in
Europe, this is unlikely to be a limiting factor for the Czech fleet. The average age of
operating coal units in Czechia is 46 years 2, meaning the majority are nearing the end of their
technical lifespan, without upgrades. This is reflected by the technology in use; 93% of
capacity is of the inefficient subcritical type 3.
As well as electricity, coal is an important provider of heat in Czechia. Coal heat is gradually
declining, but still accounted for 51% of heat production for heat networks in 2019 [8]. This
coal-fired heat is produced by a variety of plants, from small local heat-only units to CHP
units upwards of 20MWe. These CHP units dominate the production of coal heat in Czechia,
producing 83% of net heat from coal in 2019. The heat demand met by coal CHP was
approximately 60PJ in 2019. This demand is roughly composed of two types. Firstly there are
district heating networks, which supply an estimated 40% of Czech households and receive
almost half of their heat supply from coal CHPs (41PJ). The remaining coal CHP heat is
classified for the producer’s own use (19PJ), which for the purposes of this study we interpret
as dedicated plants for specific industrial or other processes. Given the significant
contribution that large coal plants make to heat production in Czechia, the issue of heating
cannot be overlooked in the phase-out discussion.

The future role of coal
While coal retains a large market share, problems continue to intensify. Many plants face a
hefty bill for retrofits to comply with EU combustion plant directives. The cost of coal
electricity is also particularly vulnerable to the EU ETS carbon price, widely expected to
increase as the EU Green Deal is implemented. In comparison, tumbling costs of wind and
solar have seen these technologies become cheaper than new-build coal and gas (CCGT) in
most major economies, on a €-per-MWh basis. Despite these trends, the Czech NECP still
foresees coal supplying 38% of electricity production in 2030.
This optimistic outlook for coal power in Czechia is at odds with several previous modelling
studies. A model of the Czech electricity system by Bloomberg concluded that, on a leastcost basis, coal capacity would reduce to 5GW by 2030, providing 23% of electricity
generation [9]. Agora Energiewende modelled the electricity systems of Czechia, Poland, and
Germany simultaneously, creating scenarios for 2032 and 2035 coal phase-out, and a
2

Average age of all ‘open’ units above 15MW in Czechia, from the Europe Beyond Coal plant database,
accessed June 2020.

3

Only the modern 660MW unit at the Ledvice plant, opened in 2020, uses the more efficient supercritical
technology. Global Energy Monitor - Coal Plant Tracker, accessed January 2020.
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business-as-usual reference scenario [10]. Even in their estimated business-as-usual case,
coal capacity halves and generation decreases 40% by 2030. Interestingly, the study also
concluded that Czechia’s status as a major power exporter will not persist in any scenario,
and that an earlier phase-out date could reduce Czechia’s dependence on imported
electricity. This pattern can be explained by faster deployment of zero-marginal cost
renewables lowering the price of electricity, and tipping the exchange balance in Czechia’s
favour. Given the poor economic outlook for coal in electricity production, it is crucial that
just transition initiatives in Czechia, such as the RE:START project 4, begin to align with a more
realistic phase-out date for coal.
Regarding coal-fired heating, an estimated 21bn CZK (€800m) has been invested in
retrofitting coal heating plants (in the period 2013-2018, [11]), with more required by 2025
for compliance with EU combustion plant directives. The majority of this has been focused on
large plants (>200MWth). This has left small to medium plants (50-200MWth) with an
uncertain future, faced with declining free allocation of ETS allowances and mounting costs.
Such plants provide approximately one fifth of coal heat to distribution networks. Increasing
carbon costs are pushing up the price of coal heat, with knock-on effects for the
competitiveness of district heating in comparison to alternative off-network heat solutions,
i.e., gas boilers or heat pumps. This threat to district heating has caused the Czech heat
association to raise concerns that more heat production will move off-network, closer to
population centres, worsening air pollution. These issues have led to calls for coal heating to
be phased-out and replaced even more urgently than coal power, particularly that from
smaller heating plants.
There is evidence that district heating will play a critical role in decarbonising heat in Europe,
and particularly Czechia. The Heat Roadmap Europe study conducted detailed geospatial
analysis of heat supply and demand in Czechia, to produce a pathway to a decarbonised heat
system by 2050 using existing technology [12]. They concluded that the optimum (least-cost)
pathway expands district heating to cover 30-60% of non-industrial heat demand (from 23%
currently), and that it will be crucial to achieve further energy savings to those outlined in the
Czech NECP. Modelling of this expanded district heating network found an optimal fuel mix
comprising 5-10% direct renewable 5, 30% cogeneration (CHP), 30% large electric heat
pumps, and 25% waste heat recovery. However, currently proposed plans for district heating
envisage continued domination by CHP plants. The State Energy Policy (2015) targets 60% of
district heating from CHP units in 2040, and only 20% of the district heating supply from
renewable sources. Plans detailed in the NECP indicate this will largely be achieved by fuel
switching from coal to gas, biomass, or waste incineration. This lack of ambition is
acknowledged in the European Commission’s assessment of the Czech NECP 6, which notes
“district heating is widespread in Czechia, but no comprehensive plan to decarbonise it has been
developed”.

4

https://restartregionu.cz/

5

Solar thermal and geothermal

6

NECP Individual Assessments and Summaries: https://ec.europa.eu/energy/topics/energy-strategy/nationalenergy-climate-plans/individual-assessments-and-summaries
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Modelling
We modelled the Czech power system in the years 2020, 2025 and 2030. The model
includes all electricity production, and heat production from coal CHP plants. The approach
taken matches hourly electricity supply and demand for an entire year by dispatching
generation capacity on an economic basis. Hourly electricity demand time series are based on
historic profiles, taking into account real climatic conditions. Each modelled year is simulated
three times using historic climate data from three different years 7. All presented results are
an average over these climate years, unless otherwise stated.

Box 1: Modelling software - Artelys Crystal Super Grid
This modelling exercise was
carried out using the multienergy systems modelling
platform Artelys Crystal Super
Grid. In this analysis, a model
of the European electricity
system was used, based on the
Sustainable Transition
scenario from the 2018
edition of the TYNDP. The
model allows for a joint
optimisation of investments and operations (cost-minimising criterion) on the 20202030 trajectory using an hourly time resolution and a country-level spatial
granularity. The costs that are considered include operational costs, i.e. fuel and
CO2 costs, variable O&M costs and loss of load penalties (if any), and investment
costs in order to ensure the electricity and heat demand can be met at all times in
the considered areas (EU27 + Norway, Switzerland, the UK, Macedonia,
Montenegro, Serbia and Bosnia-Herzegovina). The model is able to simultaneously
optimise the operations and investment in all categories of assets, including
different generation technologies and storage assets between areas.

Between modelled years, generation capacity is optimised - within predefined constraints - to
find the lowest-cost generation mix. New generation technology is therefore deployed based
on the wholesale market alone, with no subsidies assumed. To account for electricity
interconnection, electricity production was modelled for all European countries
simultaneously, in an interconnected grid, with each country represented by one node. For
more information on the software used, see Box 1.
7

Climate years: 2002, 2006, and 2010
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Heat production was only modelled in Czechia, and was treated with a lower time resolution
due to a lack of detailed time-series data on CHP heat production. The model matched
monthly heat production, following the profile reported in official statistics for coal CHP
units.
Within this modelling framework, we produced three scenarios to inform the analysis of a
coal phase-out by 2030.
1) Phase-out scenario: coal capacity is forced to drop by at least 40% by 2025, and
100% by 2030. Gas and renewables are optimised on a least-cost basis, within
predefined constraints. All other technologies develop according to NECP
projections (see Electricity supply section)
2) Battery scenario: identical to the phase-out scenario, but with the mandatory
deployment battery storage equivalent to 20% of solar capacity 8 in years 2025
and 2030
3) Reference scenario: designed to mimic the trajectory outlined by the Czech
NECP. Non-coal capacities follow NECP projections, and coal retirement is market
driven. This means no new large gas plants and only 970MW wind and 3975MW
solar in total in 2030. Coal heat production and demand also follow NECP
projections. Electricity demand assumptions are identical to the phase-out
scenario. In many ways this represents the best case scenario for coal. Levels of
RES deployment are exceptionally low given cost advantages, and the model does
not account for plants reaching retirement age, or the additional costs of retrofits
required to keep operating.
The key assumptions underpinning the phase-out (and battery) scenario are summarised in
Table 2, and explained further below. The reference scenario is detailed in the Annex 1.

8

Solar capacity reaches 10GW in the phase-out scenario in 2030, resulting in 2GW (2-hour) batteries in the
battery scenario.
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Table 2: Summary of phase-out scenario assumptions.

Parameter

2020

2025

2030

Electricity demand*
(TWh)

67.1

67.8

69.0

Renewable capacity
(MW)

Solar: 2,061
Wind: 339
Hydro: 1,094
Other: 834

Solar: <4,811
Wind: <1,039
Hydro: 1,102
Other: 915

Solar: <10,000
Wind: <4,000
Hydro: 1,110
Other: 905

Fossil capacity (MW)

Coal: 9,690
Gas CCGT: 1,364
Other: 1,061

Coal: < 5,820
Gas CCGT: free
Other: 1,061

Coal: 0
Gas CCGT: free
Other: 1,061

Other capacity (MW)

Nuclear: 4,290
Pumped storage:
1,172

Nuclear: 4,290
Pumped storage:
1,172

Nuclear: 4,290
Pumped storage:
1,172

Heat demand
(PJ, coal CHP)

60

50

40

EU ETS Carbon price

€24.20

€28.10

€32.00

*This represents national net consumption and losses. Excludes excess demand added by industrial heat pumps part of the solution to replace coal heat - in 2025 and 2030. This excess demand is optimised by the model
internally.

Key assumptions
Electricity demand
Projections for electricity consumption (national net consumption + grid losses) were derived
from the Czech NECP. No additional assumptions were made, with the exception of industrial
heat pumps - which the model develops in 2025 and 2030 to replace coal CHP heat in the
phase-out scenario. The additional consumption from these units is included in the demand
seen by the model software. Without the additional heat pumps, the demand we derive from
NECP data increases gradually from 67.1 to 69.0TWh between 2020 and 2030. We do not
adjust anticipated demand for the effects of the coronavirus pandemic. In using NECP
projections, we implicitly assume consumption trends anticipated therein. The most
noteworthy of these include approximately 450GWh demand increase from electric vehicles
(based on a 3% share of vehicles in 2030). However there is no evidence for significant
electrification of heating before 2030.

Electricity supply
Coal
In the coal phase out scenario: coal is forced to close. To ensure a gradual phase-out, we
force at least 40% of coal capacity to close by 2025, before 100% in 2030. If plants are
Coal-Free Czechia 2030
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closed in order from most to least carbon intensive (as initially proposed by the commission),
a 40% reduction in capacity would only require closing the 6 most carbon-intensive plants. 9

Wind and solar
We imposed upper limits on the amount of solar and wind capacity that could be added by
the model in the periods 2020-25 and 2025-30. The purpose of these limits is to ensure the
deployment does not exceed the realistic potential of these technologies in this time frame.
This measure attempts to take into account economic and territorial constraints on
deployment. It differs from the resource potential, which represents a theoretical maximum
based on the energy available. Several estimates of the realistic potential for wind and solar
exist for Czechia. The Chamber of Renewable Energy Sources recently estimated that 7GW
of solar and 2.3GW onshore wind are feasible, in total, by 2030 [14]. Furthermore, the
authors note, that these levels could be exceeded with larger than anticipated non-subsidy
development after 2025. This is not unrealistic given the continuing decline in costs of
renewable energy. A further study on onshore wind specifically, estimated that between 2.5
and 7GW onshore wind is feasible by 2040, with the level depending primarily on the extent
of social acceptance and state backing [15]. The potential for solar power is less certain given
greater opportunities for distributed generation, and the reduced influence of social factors
due to a lower impact on the landscape.
The Chamber of RES provide breakdowns of their estimates in periods 2020-25 and 202530. For wind, we impose the recommended 2020-25 limit, but allow faster expansion after
2025, resulting in a maximum installed capacity of 4GW in 2030. For solar, we assume more
flexibility, adopting maximum rates that accelerate after 2025 to deliver up to 10GW by
2030 - 3GW higher than the maximum estimate by the Chamber of RES. To provide a reality
check on our assumptions, we gathered data on the recent growth of onshore wind and solar
capacity in other EU countries. While comparisons between countries must be treated with
caution, this gives an indication of feasible build rates in countries with similar potential to
Czechia, albeit different economic conditions. Figure 5 shows that the maximum deployment
rates we impose on the Czech system have already been achieved by other member states. In
Figure 6 we show recent data for the additions of solar pv capacity in Europe. Instead of
showing total additions in the most recent 5-year period (as shown for onshore wind), we
show average and maximum annual additions. This more accurately captures developments
across Europe, which have frequently occurred in short bursts at different times. When
compared to average build rates, our proposed upper limits look challenging, with only the
Netherlands and Belgium exhibiting comparable levels. However, it is also clear that several
countries, Czechia included, have exceeded these deployment limits in previous individual
years (Czechia added 1260MW between 2009-2010).

9

The six most carbon intensive plants, according to Friends of the Earth Czechia
Pocerady, Melnik III, Detmarovice, Tisova II, Chvaletice, and Ledvice IV.
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(Hnutí DUHA) [13]:
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Gas and other
Regarding other technologies, we do not restrict the development of flexible gas capacity
(CCGT and CHP) in the model, allowing these technologies to be deployed as necessary to
secure supply. The model is required to deploy at least 250MWe gas CHP by 2030, as this is
already specified in the Czech NECP as a replacement for coal CHP. All other electricity
generation was assumed to develop at rates stated in the Czech NECP. This means no new
nuclear or pumped storage facilities before 2030, and only very small changes in hydro,
other renewables, and other thermal technologies. 10
Batteries are expected to play a role in the Czech electricity system as early as 2025
(according to the National Action Plan for Smart Grids, 2015). However, rather than providing
large-scale energy storage, they will likely provide other grid support services at first. Such
services were outside the scope of the present model - which exclusively covers the
wholesale market. Furthermore, due to Czechia’s large interconnection capacity with
neighbours, it is difficult to decipher the value added to the Czech system by batteries,
separately to that provided to neighbouring grids. This could potentially lead to overdeployment in Czechia if the technology was allowed to expand freely in the model. To
explore the potential impact of battery storage, it was therefore decided to produce an
additional pathway with battery capacity equaling 20% of solar PV capacity. These matches
assumptions made in scenarios produced by the Czech system operator.

10

The Other renewables category is a bundle of renewable thermal technologies including biogas, biomass, and
geothermal. The Other thermal category represents non-renewable thermal capacity (i.e, non-CCGT gas
generation), and is fuelled by manufactured gasses as well as fossil gas. Production by these other categories
assumes historic capacity factors - it is therefore not market driven.
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Figure 5: Recent deployment of onshore wind capacity in other EU-27 countries with similar
resource potential. (Sources: Eurostat, onshore wind capacity in EU-28. ENSPRESO database,
onshore wind resource potential, including all wind conditions and assuming medium
restrictions on land availability)

Figure 6: Recent deployment of solar PV capacity in terms of the annual average additions
(left) and the maximum additions in a single year (right), between 2009 and 2018 (Source:
Eurostat, solar photovoltaic capacity. ENSPRESO, solar resource potential, assuming
170MW/km2 and 3% of the available non-artificial areas).
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Heat demand
The heat demand in-scope for the model is that currently served by coal CHP units. For the
model year 2020, we use published 2019 national statistics 11 to deduce coal CHP served
60PJ of demand, with approximately 41PJ from district heating and 19PJ from own
consumption. The nature of the latter category is not clear from statistical reports, but
through consultation with experts we understand it consists of dedicated CHP units for
factories and industrial processes. We therefore expect these heat production units to be
heavily integrated into whatever process the heat serves (see Heat supply section for further
implications). For the years 2025 and 2030, we estimate the shortfall in heat production that
would result from closing coal CHP units across district heating and own consumption
categories. The method for deducing this followed several steps.
1) Total heat demand forecasts were taken from the Czech NECP for 2030, showing an
expected 9% reduction in final consumption of heat from 2016.
2) While the NECP estimate includes some renovation of buildings, the speed and depth
of renovation assumed is unambitious. A study by CTU-UCEEB / Chances for
Buildings estimates that accelerated renovation could reduce final energy
consumption in buildings by 17-27% from 2016 levels by 2030 (range defined by
progressive and hypothetical scenarios) [16]. The same study provides estimates for
potential savings in residential and non-residential sectors. Following this, we account
for increased renovation rates in line with the progressive scenario by applying the
estimated energy savings to households (residential) and services (non-residential)
sectors of district heating demand. Other sectors (mostly industry) remain at
predicted levels in the NECP. Making these sector-specific adjustments for additional
renovation reduces our assumed total demand for district heating by 15% between
2019/20 and 2030.
3) With this projection of total district heating demand, we deduce the coal share by
assuming that non-coal heat sources increase gradually following the patterns
outlined in the NECP 12. We further assume that coal heat-only plants (supply a small
fraction, less than one fifth) are replaced by alternative fuels. This situation is entirely
plausible given the multitude of problems facing small coal heating plants (see
Introduction). All this combined results in an estimated shortfall of 24PJ in district
heating networks in 2030 that would be supplied by coal CHPs, i.e., a 41% reduction
from 2020. It is worth noting that by following NECP forecasts we are implicitly
assuming that district heating does not expand significantly by 2030. The Heat
Roadmap Europe study [12] strongly recommends expansion of district heating in
Czechia as a key development to decarbonise heat. We are, however, also using
rather conservative estimates of additional renovation and energy efficiency. This
means the assumed demand levels could correspond to a larger number of
11

Annual report on the operation of heating systems in the Czech Republic 2019, ERU.

12

Non-coal contribution to heat production increases by 10% between 2020 and 2030. This change sees coal
heat replaced by renewables, waste incineration, and natural gas.
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households in a more efficient system.
4) Regarding the other main consumer of coal CHP heat - own consumers - we assume
no change in demand from 2019. We do however apply the same gradual increase in
non-coal heat sources as for district heating, reducing the estimated demand met by
coal CHP from 19PJ in 2019/20 to 16PJ in 2030.
All these factors combined allow us to predict that from 60PJ supplied in 2019, the demand
met by coal CHP would reduce to approximately 40PJ in 2030. For the year 2025 we apply
linear extrapolation between 2020 and 2030 estimates. In the absence of detailed hourly
historical production data for coal CHP heat, we impose that heat demand is met at a
monthly level. Monthly demand levels in each modelled year are scaled using published
monthly coal CHP heat production statistics from 2019.

Heat supply
We made several technologies available to the model as replacements for coal CHP heat.
However, before conducting the optimisation, we explored the potential for Waste Heat
Recovery (WHR). This is the direct use of excess high temperature heat (>100C), mainly from
industries such as steel making and fuel production. The high temperature typically means
this heat can be fed directly into a district heating network via a heat exchanger. This is in
contrast to large heat pumps, which increase the temperature of a low-grade heat source
(Box 2). Although WHR is not widespread today, a previous economic analysis of options to
replace coal CHPs in Poland showed that WHR is cost-competitive [17]. In Czechia, the Heat
Roadmap Europe (HRE) study conducted detailed geospatial analysis of heat-producing
activities, and concluded there is significant potential for WHR. Their scenario for a
decarbonised heat system in 2050 incorporates 35PJ of WHR annually, covering around a
quarter of district heat supply. An alternative estimate of WHR potential is provided by the
Hotmaps EU project, who map industrial sites in Czechia and estimate 22PJ per year is
available, with the vast majority in the temperature range 100-200C. For the purpose of this
study we assume 11PJ of WHR can be utilised by 2030, i.e., a linear progression towards the
HRE estimate in 2050. We assume this operates with a baseload profile, allowing us to apply
it externally to the model optimisation, i.e., as an effective demand reduction. The remaining
heat demand (29PJ), is supplied by an optimised combination of the following technologies:
large heat pumps (COP=3.5), gas & biomass CHP, and gas & biomass boilers. See box 2 for
more information on large heat pumps. We stipulate that at least 15PJ must be provided by
CHP units or boilers, providing ‘own consumers’ with a like-for-like substitute (this may be a
conservative assumption, see Results section).
We do not include the option of other large-scale direct renewable heat sources, such as
solar thermal and geothermal, although it has been estimated there is some potential for
these in Czechia (5-10% of district heating in 2050, HRE).
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Box 2: Large heat pumps
This established technology uses a cycle of evaporation and condensation to
extract energy from a low temperature heat source, and provide higher
temperature output, with the help of an electrically-driven compressor. Large
units with typical thermal output 5-20MWth can achieve output temperatures up
to 100C. The coefficient of performance (COP) is defined as the ratio of thermal
output to electrical input. This COP value - effectively the efficiency - can vary
between 2 and 6, and is largely determined by the temperature of the source
(higher the better) and the temperature lift delivered (smaller the better). A survey
of units installed in Europe found an average COP of 3.7 for units delivering
temperatures >80C [18]. For this study, we assume COP = 3.5. This is partly in
acknowledgment that district heating systems in Czechia are old and relatively
inefficient, i.e., high temperature. The most common heat sources for large heat
pumps in Europe are sewage water, ambient water, low-temperature industrial
waste heat (<50C), and geothermally heated water. Stability of supply is an
important characteristic in a heat source, explaining why sewage water - and
increasingly data centres - are a popular option.

Commodity prices
Fossil fuel price forecasts are taken from the latest TYNDP 2020 scenarios. Fuel prices are
assumed to be the same in every country covered by the model. For the EU ETS carbon price
in 2020, we apply a 6-month average (April - September 2020) of €24.20. For 2025 and
2030, we follow the projections of the European Commission’s baseline scenario in the
recently published impact assessment for new 2030 climate targets. This rises to €32 by
2030. These carbon price assumptions do not account for new policies implemented as part
of the EU Green Deal, including enhanced GHG reduction targets, the level of which is yet to
be determined at time of publication. These input data are presented in Annex 2.

Investment costs and finance
Overnight investment costs of electricity generation assets are taken from a database of
future generation costs, gathered to inform the PRIMES model (an economic model used by
the European Commission). Assumed capital costs include generic estimates for the cost of
connecting that generation asset to the network. However, investments in the wider Czech
transmission system are out of scope. To account for the cost of financing investments, we
assume a Weighted Average Cost of Capital (WACC) of 5.25% for investments considered to
be low risk (renewables and interconnection), and 7.5% for other investments. We apply a
discount rate of 2.5% to represent the relative importance of costs in future years. We also
include coal plant decommissioning costs of €50,000/MW, based on a range of expert
estimates. These input data are presented in Annex 2.
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Interconnection and the rest of Europe
Interconnector capacities with Czechia’s four neighbours are taken as reported by the latest
TYNDP (2020) projections. The only change included between 2020 and 2030 is the
anticipated 500MW increase to the CZ-DE interconnector in both directions after 2025 13.
We assume that all interconnection capacity is available for use. For the rest of Europe, the
model uses generation capacities and interconnection in accordance with TYNDP projections,
namely detailed data taken from the TYNDP 2018 “Sustainable Transition” pathway. In the
words of ENTSO-E, this scenario “seeks a quick and economically sustainable CO2 reduction
by replacing coal and lignite by gas in the power sector”. While a coal to gas transition is not
sustainable, the resulting gas and coal capacities in countries neighbouring Czechia are similar
to those in NECP documents 14. We therefore consider this a plausible - if not sustainable context in which to model the Czech system, approximating business as usual for the rest of
Europe.

13

TYNDP 2018, project 200: https://new-design--ee-tyndpprimary.netlify.app/tyndp2018/projects/projects/200

14

In the “Sustainable Transition” scenario in 2030, Germany has 24GW coal and 32GW gas. Poland has 21GW
coal and 6GW gas.
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Results
Here we discuss the consequences of the modelled least-cost 2030 coal phase-out for
electricity, heat, and GHG emissions in turn. Our analysis focuses on the modelled phase-out
scenario, with comparisons made to supporting scenarios to explore the impacts of different
courses of action.

Electricity
Installed capacity and annual generation are shown in Figures 7 and 8 for the phase-out
scenario, with figures provided in Table 1. Similar analysis of the reference and battery
scenarios are provided in the technical annex. All analysis in the following section relates to
the phase-out scenario, unless otherwise stated.

Figure 7: Installed capacity in the modelled 2030 coal phase-out pathway (scenario without
battery storage).
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Table 1: Electricity generation and installed capacity in the modelled 2030 coal phase-out pathway. Numbers here
correspond to the pathway without grid-scale battery storage. In an equivalent scenario with 2GW (2-hour)
batteries added in 2030, gas (CCGT + CHP) capacity and generation reduces to 3838MW and 9931GWh
respectively, and net imports increase to 1982GWh.

Fuel

MW

2020

GWh

MW

2025

GWh

MW

2030

GWh

Coal

9,690

30,758

5,820

20,975

0

0

Nuclear

4,290

28,581

4,290

28,582

4,290

28,552

1,364

1,554

1,508

2,490

4,786

11,331

Solar

2,061

2,172

4,811

5,070

10,000

10,538

Wind

339

828

1,039

2,539

4,000

9,776

Hydro + pumped
storage

2,266

2,028

2,274

2,031

2,282

2,052

Other*

1,895

7,701

1,976

8,028

1,966

7,441

Gas CCGT + new CHP

Net imports

- 6,531

- 1,746

547

Net production

73,623

69,714

69,690

Demand

67,059

67,930

70,175

*category includes other renewables (biogas, biomass, geothermal) and other thermal (mostly gas fired power
stations burning industrial gasses and fossil gas). Historical capacity factors are assumed to persist for these
technologies.

Capacity
Renewables expand to the maximum possible levels, within pre-defined upper limits. By
2030, this least-cost pathway deploys a further 3.7GW onshore wind and 7.9GW solar,
bringing levels of these variable renewable sources to 4GW onshore wind and 10GW solar in
total. Given that the maximum levels are reached, this suggests the least-cost pathway to
phasing-out coal by 2030 includes at least this much renewable capacity. No generation from
these assets is curtailed in any modelled year, suggesting the Czech electricity system is
sufficiently integrated with neighbouring countries to accommodate the resulting levels of
variable generation. It should be noted, however, that possible constraints or bottlenecks
within the Czech grid are not included in the model. In addition to this RES capacity, the
least-cost pathway deploys an additional 2.7GW of gas CCGT and 760MW of gas CHP units.
Deployment of the latter is not entirely market driven, as we require the model to produce a
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minimum amount of heat from thermal sources (see Heat supply section). This brings the
total amount of non-renewable gas generation in 2030 to 5.8GW, from an estimated
2.5GW 15 today.

Figure 8: Annual power generation in the modelled pathway to a 2030 coal phase-out.
Electricity demand follows NECP estimates, increasing gradually from 2020 to 2030.
Additional demand is added in 2030 due to the modelled impact of large heat pumps
replacing coal CHP heat.

Generation
In 2030, RES sources provide 38% of gross final consumption of electricity. This hugely
exceeds the renewable share projected in the NECP (16.9%), and in our modelled reference
scenario (18.6%). Furthermore, if nuclear generation is included, fossil-free sources provide
79% in the phase-out scenario. The remaining fossil generation is supplied by fossil gas in the
model. The modelled capacity factor of gas CCGT increases between 2020 and 2030,
reaching an annual average of 25%. There are however strong seasonal variations in gas
generation in 2030, with the CCGT capacity factor averaging 33% in winter (Dec-Feb) and
22% in summer (Jun-Aug).

15 This includes the “Other thermal” category in our model, which is fuelled by natural gas and manufactured
gasses.
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Net electricity exports decrease over time, from 6531GWh in 2020, to 1746GWh in 2025 as
lignite generation is closed. In 2030, Czechia becomes a small net importer, with a balance of
550GWh, equivalent to 0.75% of gross final consumption. The impact on the exchange
balance of adding battery storage is discussed in the following section. In the modelled
reference scenario, net exports remain relatively high at 5810GWh in 2030.
Example hourly generation profiles for week-long periods in winter and summer 2030 are
shown in Figures 9 and 10. In winter 2030, flexible gas CCGT typically ramps up during the
daytime, and ramps-down at night. Gas CHP units run with a flat baseload profile due to our
assumption of flat heat demand within each month. In reality, these gas units would provide
flexibility in addition to gas CCGT. There are periods where it is more economic to meet
demand using imports. These are typically low demand periods, frequently overnight. Imports
in these periods are largest when wind generation is low in Czechia, and conversely smaller or
even tipped into export whe wind generation in Czechia is high.
In summer, flexible gas plays a less important role, with CCGT typically being used to cover
evening peaks as solar generation falls. Lower heat demand also results in less run time for
gas CHP units. Imports and exports follow a similar but exaggerated pattern to the winter
case. Exports correlate with high RES generation, with Czechia typically maintaining an
export balance during daylight hours, with imports increasingly favoured overnight, especially
when wind generation is low. The ability of neighbouring countries to absorb excess RES
generation, especially in summer months, is one of the main reasons we do not observe
curtailment of generation. There is more dispatchable capacity in connected countries that
can be turned off in favour of RES imports from Czechia. In 2030, Czechia has a relatively
high share of capacity that essentially always runs (renewables + nuclear). It is common for
these sources combined to exceed demand, particularly in summer. This causes Czechia to
maintain an export balance on average in the summer months, and an import balance in
winter. The seasonal variation is not extreme, with the net balance remaining within +/520GWh (approx. 9% of average monthly demand) in any given month.
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Figure 9: Hourly generation profile for a 7 day period in Czechia in January 2030 (test case
based on historic climate data for the year 2002). Exports occur when cumulative generation
exceeds consumption (Black line). Imports are represented by grey shaded areas.

Figure 10: Hourly generation profile for a 7 day period in Czechia in July 2030 (test case
based on historic climate data for the year 2002). Exports occur when cumulative generation
exceeds consumption (Black line). Imports are represented by grey shaded areas.

The impact of battery storage
We performed a sensitivity analysis to assess the impact of battery storage on the coal
phase-out pathway. An additional scenario was modelled, identical to the phase-out scenario,
except for the addition of 2GW batteries in 2030 (and 1GW in 2025). For simplicity we
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modelled a single battery technology; Li-ion with a 2 hour cycle. The level of deployment was
chosen to approximately match 20% of the installed solar PV capacity.
The inclusion of batteries had a significant impact on installed gas capacity, with 1GW less
CCGT installed between 2025-30. This reduces the size of the gas CCGT fleet from 4GW in
the phase-out scenario to 3GW - only 1.6GW larger than the fleet in 2019.
In Figure 11 we show the impact of batteries on electricity production. In 2030 the installed
batteries consume 505GWh and produce 454GWh. Their effect on generation is however
larger than this. CCGT generation decreases by 1407GWh (16%) compared to the batteryfree phase-out scenario, which is compensated by an equivalent shift in the net import
balance through interconnectors. The reduced CCGT capacity has a capacity factor of 28%
(37% in winter and 24% in summer), which is 3% higher than the scenario without batteries.
There are two main drivers for the change in production. Firstly, with batteries on the system
excess domestic RES generation is stored rather than exported. This can be seen in the
interconnector flows, as gross exports fall by 465GWh. Secondly, batteries discharge at times
of peak demand - typically evenings when solar output falls - which displaces CCGT
generation. The presence of batteries also adds further dispatchable capacity, reducing the
need for flexible gas capacity to cover demand peaks. Overall, the impact of batteries on this
highly interconnected system is to weaken the economic case for flexible gas generation in
Czechia in favour of imports. Gross imports increase by 970GWh.

Figure 11: The difference in production between the battery scenario and phase-out scenario.
Adding 2GW batteries in 2030 reduces CCGT production, and increases net imports as less
RES is exported, and gas generation is displaced by battery discharge
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Security of supply
Net imports in the phase-out scenario account for just 0.75% of gross final consumption of
electricity, meaning that on balance, Czecha is essentially self-sufficient in terms of electricity
generation. In terms of fuels used to generate electricity, gas generation provides an
estimated 19.9% of gross final consumption in 2030. Modelled gas generation in the CCGT
and new gas CHP categories are fuelled by fossil gas, however the other thermal category
includes other gasses. These other gasses are composed largely of manufactured gas, and
provided 2515TWh gross electricity generation in 2019. Assuming this remains in 2030, then
fossil gas provides 16.5% of gross final electricity consumption in the phase-out scenario.
Czechia imports over 97% of the fossil gas it consumes, making fossil gas effectively the
largest non-domestic source of electricity 16. Fuel sources in the other renewables category biomass and biogas - are almost entirely domestically sourced. We can conclude, therefore,
that the coal phase-out scenario presented does not depend significantly on non-domestic
fuel sources, and this exposure could be reduced further by limiting fossil gas generation.
Minimising reliance on fossil gas also addresses another risk factor - that new fossil gas assets
in Europe increasingly risk becoming stranded as the continent moves to net zero.
In this study we assume new gas CCGT and CHP units run on fossil gas. Cleaner alternatives
exist such as biogas and green hydrogen 17. Biogas is already produced in Czechia, and has the
additional benefit over fossil gas of lower life-cycle emissions. Electricity generation from
biogas is modelled in this study in the category of ‘other renewable’. All scenarios include
NECP projections showing a reduction in electricity production from biogas by 2030, as it is
redirected to the transport and heating sectors. Current biogas production levels are at
approximately 50% of the estimated resource potential 18. The NECP projections have this
increasing to 62% of potential in 2030. It is therefore feasible that biogas production could
increase further, and contribute to the gas generation in the scenarios presented. If electricity
generation from biogas were simply maintained at 2016 levels until 2030, the gains would be
equivalent to 10% of gas CCGT generation in the phase-out scenario.
This study adds to the growing evidence that Czechia will not maintain large electricity
exports indefinitely. Historically, Czech power exports have been supported by low-cost
lignite generation. The Czech NECP foresees net electricity exports falling 46% between
2020 and 2030. Our modelled reference scenario shows similar behaviour with net exports
decreasing by 11% over the same time period (the first modelled year, 2020, already starts at
a lower level than the NECP forecasts). Beyond 2030, previous energy modelling has shown
that a later lignite phase-out, and hence slower development of RES capacity, leads to greater
import dependence, as cheaper renewables come online in neighbouring countries and outcompete Czech generators [10].

16

Nuclear fuel is also sourced non-domestically, but supply contracts are signed years in advance for long
periods.

17

Increasingly, new gas turbines are capable of running on a blend of gasses. By 2030 it may be possible to
operate on 100% hydrogen.

18

ENSPRESO medium scenario. [19]
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In Figure 12 we show that despite the high deployment of variable renewable capacity by
2030, there is still sufficient ‘secure’ generating capacity to meet maximum hourly demand.
Here we count secure capacity as anything that can be dispatched on demand, i.e., all
generation capacity other than wind and solar. The maximum hourly demand in 2030 (across
all three climate years modelled) is 12.6GW. Secure capacity in the phase-out and battery
scenarios totals 13.95GW and 15.0GW respectively. If we apply a de-rating factor of 65% 19
to the battery capacity in the battery scenario, secure capacity totals 14.3GW. Neither
estimate includes interconnectors, which can also make a (de-rated) contribution. In either
scenario, secure capacity exceeds peak demand by at least 1.35GW. This is enough for the
system to cope if the largest single unit - one of the 1026MW Temelin units - were
unavailable.
The loss of load expected is zero in all scenarios presented, across all three climate years
modelled.

Figure 12: The distribution of hourly demand (left) versus the amount of ‘secured’ capacity, i.e.,
non-VRES, in 2030 under the phase-out and battery scenarios. Hourly demand data is included
for all three climate years modelled. The maximum hourly demand is 12.60GW, while secured
capacity totals 13.95GW and 15.0GW in the phase-out and battery scenarios respectively.
None of the capacity shown is de-rated, which would in reality reduce the contribution of
battery storage.

19

Approximately equal to the treatment of 2-hour battery storage in the UK capacity market
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Investment costs
The phase-out scenario requires investments an order of magnitude higher than the
reference scenario, due to the ambitious build-out of RES generation capacity. Investments in
electricity-only generation assets between 2020 and 2030 total €11bn in the phase-out
scenario, compared to €1.9bn for the reference scenario. Almost half (46%) is invested in
solar, and 31% in onshore wind. The battery scenario requires €100m more than the phaseout scenario, as added battery investments (€830m) slightly exceed the avoided investment
in gas CCGTs (€730m).
These figures include generic estimates of the cost of transmission connection, but do not
account for any additional grid infrastructure needs. Previous research into a low-coal grid in
2030 found that existing infrastructure, including expected development before 2030, is
sufficient to host 5.5GW solar and 2GW onshore wind [20]. This amounts to half of the levels
proposed here. It is therefore likely that transmission and distribution systems would need to
be expanded. Maximising use of existing grid infrastructure in lignite regions would deliver
the double benefit of avoiding new infrastructure costs and creating jobs growth in areas
affected by the coal phase-out.
It is possible to derive a simple estimate of employment delivered by each modelled scenario,
using multipliers representing the jobs intensity of different energy investments. Previous
research indicates that per $1m invested, wind, solar, and energy efficiency generate
approximately 3 times as many FTE (Full Time Equivalent) jobs as fossil fuels [21]. These socalled job multipliers for energy investments account for short and medium-term
employment generated, i.e., not ongoing operations and maintenance jobs. We use these
multipliers 20 to estimate that investments in the 2030 phase-out scenario would deliver
44,500 direct FTE and 36,700 indirect FTE. Of the direct jobs, 95% would be in wind and
solar. The reference scenario would deliver 8900 direct FTE and 6900 indirect FTE, in
comparison.

Wholesale costs
We compare the marginal cost of electricity across our three scenarios in 2030. This is the
cost of bringing the last generator online, and provides a proxy for the wholesale price of
electricity. The model calculates marginal cost at the hourly level in each country. The year
2020 is identical in all scenarios, with an average marginal cost of €44/MWh. In 2030, all
scenarios show average costs around €54/MWh. This is because - across all scenarios - gas
generation sets the price for a large fraction of hours, meaning gas is either generating in
Czechia or in a neighbouring country exporting to Czechia. This uniform role of gas as the
price-setting technology can be explained by the assumed carbon price, and the assumption
of uniform gas technology in each country. Although all Czech coal is closed in 2030, there is
still capacity in Germany and Poland. However, our assumed carbon price is not sufficiently
high to move lignite up the dispatch order into a price setting role, so gas remains pricesetting for the majority of hours in these countries as well as Czechia. As the modelled gas
20

Direct (Indirect) FTE per $1m invested: Wind = 4.1 (3.5), Solar = 4.3 [3.0], Gas = 0.7 [1.5].
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technology shares the same efficiency and fuel costs across countries, we observe a large
fraction of hours (approximately 70%) where the marginal cost is that of this single gas
technology. In reality, there will be regional spreads in fuel costs and plant efficiencies that
add more complexity.
Average marginal costs in the phase-out and battery scenarios are fractionally lower in 2030
than the reference scenario, at around €53.7/MWh compared to €53.9/MWh. However this
difference is well within the expected model error.

Heat
The optimised solution for the replacement of coal CHP heat production - within the
constraints we imposed - consists of waste heat recovery, large heat pumps, CHP units, and a
small number of heat-only boilers. The monthly breakdown of modelled heat generation is
shown in Figure 13.
As discussed in the Heat supply section, WHR is an efficient and competitive option, with
significant potential in Czechia. Our assumption that 11PJ can be used towards replacing coal
heat is supported by detailed geospatial analysis of sources and demand centres in Czechia.
Of the remaining 29PJ, we stipulated that 15PJ should be provided by thermal sources. The
model optimisation meets this demand by deploying 760MWe of gas CHP, and 860MWth
gas boilers. The latter typically run in place of the gas CHP units, at times of low electricity
demand and high RES electricity generation
. No biomass CHP or boilers are deployed, reflecting the difficulty of this technology to
compete with gas without support. The modelled expansion of gas CHP includes the already
planned 230MWe increase detailed in the NECP. It is a notable result that in this cost-optimal
pathway, gas-fired technologies do not expand further than the minimum we enforce.
After WHR and thermal sources have been added, we find large heat pumps are the leastcost option to provide the remaining heat. The model deploys 500MWth of large heat
pumps, and indications are this would be higher in the absence of our imposed minimum
thermal requirement. Despite relatively high investment costs, the high efficiency of large
heat pumps makes them competitive. The model, however, does not include the cost of
integrating each technology into district heating networks. These costs would need to be
explored further.
The modelled heat pumps produce 15PJ heat in 2030, and owing to high efficiency they have
a remarkably limited impact on electricity demand. The fleet adds 1.2TWh (1.7%) to annual
consumption, and a maximum of 0.15GW to hourly electricity demand.
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Figure 13: Heat production replacing coal CHP heat in 2030.

To explore the feasibility of the proposed heat pump deployment, it is helpful to place it in
the context of the European fleet. Installed capacity in Europe was 1500MWth in 2017 [18].
The Czech fleet deployed in this pathway would therefore increase the EU fleet by
approximately one third. This might seem implausible for one country, but existing capacity is
already concentrated in a small number of countries. Sweden added over 1GW as early as the
1980s, and Finland added over 150MW in the 2000s, showing that rapid deployment is
possible. Furthermore, the technology is expected to expand significantly in Europe as efforts
to decarbonise heat intensify. It has been estimated that 40GW will be needed in Europe by
2050 [22]. In this coming transition, Czechia has an important advantage over many other
European countries - a large share of heat (~23%) is delivered by district heating, which is
predisposed to large heat pumps. The modelled Czech fleet produces 15PJ per year, while
the economic potential in the EU-28 has been estimated at 270PJ per year. We do not make
any assumptions about the ambient heat sources used by the modelled heat pumps (see Box
2 for common sources). However, previous estimates suggest there are sufficient sources
available. The dedicated Heat Roadmap Europe Czechia study (2015) deploys 1GWth large
heat pumps in a cost-optimal pathway to decarbonise heating by 2050. This is based on
spatial analysis of heat sources in the vicinity of existing or potential district heating systems.
While it is clear that our modelling approach favours large heat pumps on a cost basis, there
are important externalities not captured that could affect the result either way. An additional
benefit to large heat pumps is the role they can play in balancing the electricity system.
Particularly when combined with heat storage, heat pumps can be used to absorb periods of
high RES generation, converting this to heat for use at other times. Such flexibility is not
captured by our model due to our assumption of a flat heat demand profile. We also overlook
the potentially significant cost of integrating large heat pumps into district heating systems,
and any necessary infrastructure changes in the distribution system.
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Overall, due to the uncertainties in how much WHR can be utilised, and the need for
replacement thermal CHP units, the solution presented here should be viewed as a
demonstration of how coal CHP heat can be replaced. Further analysis would be required to
validate the solution with a more detailed regional information. For example, large gas CHP
units would face extra costs in some coal regions, such as the Northern Moravian region,
which are not connected to gas transmission infrastructure. Likewise, large heat pumps may
require more grid development in some districts than others.

Investments
We estimate that 2.2bn investments would be required to deliver the heat sources used in
the model to replace coal CHP heat. The majority of this is for large heat pumps (€1.35bn),
followed by gas CHP (€610m) and gas boilers (€130m). WHR is comparatively inexpensive underlining previous findings about its competitiveness. According to the ENERGYplan
database 21, costs are €30m per TWh/year of capacity. This amounts to €92m in our modelled
pathway by 2030.
Our results show that large heat pumps are the least-cost option over their lifetimes,
however they require the largest upfront investment of any modelled technology. They
should therefore be a priority for investment support. These investment costs do not include
any cost of integration into district heat networks or any necessary adaptations, for example
to lower temperature and more efficient operation.

21

Source of cost data for the Heat Roadmap Europe project (www.energyplan.eu)
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Figure 14: Estimated total GHG emissions in the 2030 coal phase-out scenario compared to
projections in the NECP. A 2030 coal phase-out would deliver an additional 32MtCO2 GHG
reductions. This would reduce national GHG emissions by more than 60% since 1990.

Carbon emissions
In our modelled phase-out scenario, we estimate CO2 emissions from the power sector
decrease by 83% between 2020 and 2030. In total, modelled CO2 emissions covering power
and coal heat production fall by 36MtCO2, from 41MtCO2 in 2020 to 5MtCO2 in 2030. This
includes emissions from the stationary generation sources only. In reality, it is also essential
to consider upstream greenhouse gas emissions, particularly methane leakage from coal and
gas production and transportation. However, we restrict this analysis to the impact of coal
phase-out on CO2 emissions, as CO2 constitutes 82% of Czechia’s GHG emissions (in 2018,
measured as CO2 equiv [23]).
To quantify how much of an improvement our coal phase-out scenario is on the current
trajectory, we derived two estimates of emissions from equivalent activities in 2030 in the
absence of a phase-out. The first estimate, from our modelled reference scenario (based on
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the NECP), shows emissions in 2030 of 37.5MtCO2. We derived a second estimate using
forecast electricity and heat production numbers in the NECP, combined with emissions
factors 22. This NECP-based estimate gives 37.8MtCO2 from power and large-scale coal heat,
in good agreement with the reference scenario. We can therefore confidently estimate that a
2030 coal phase-out would save an additional 32-33MtCO2 on top of current plans, all else
being equal.
With this estimate of additional CO2 reductions in 2030, it is possible to estimate the
consequences for Czechia’s overall GHG emissions and progress towards climate targets. This
is summarised in Figure 14. The additional savings delivered by 2030 coal phase-out are
equivalent to approximately 31% of current national CO2 emissions (2018), or 19% of
recorded CO2 emissions in 1990 - the benchmark year for EU climate targets.
Emissions forecasts in the NECP (WAM scenario) predict Czechia’s total GHG emissions in
2030 at 55% of their 1990 levels (without LULUCF). The additional savings delivered by a
2030 coal phase out, as modelled here, would reduce these to approximately 39% of 1990
levels, i.e, a 61% reduction. These estimates implicitly assume all other aspects of the NECP outside power and coal CHP heat - remain as they are. The EU Green Deal proposes
emissions reductions of ‘at least 55%’ compared to 1990. The European parliament has voted
to increase ambition to a 60% reduction, while NGOs are calling for 65% for Europe to be
truly aligned with the Paris agreement. We find that phasing-out coal from power and largescale heat by 2030 could alone deliver a GHG emissions reduction of over 60% in Czechia,
largely delivering towards these goals.

22

Fossil gas = 340gCO2/kWh (new gas CCGT units in the model are highly efficient). Manufactured gas =
650gCO2/kWh. Emissions from lignite electricity and heat production are estimated following the
methodology in the CHMI greenhouse gas inventory [23]. Activity data in 2030 was estimated based on the
trajectory of primary energy from coal between 2016 and 2030 outlined in the NECP.
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Conclusions
This paper presents detailed power system modelling to show how Czechia can phase-out
coal from power and cogeneration by 2030. We believe the evidence presented - showing a
feasible and efficient pathway - should bring this date into consideration for the Czech coal
commission. The least cost pathway to achieving a 2030 coal phase-out relies on a rapid and
large-scale roll out of wind and solar generation, reaching at least 4GW wind and 10GW solar
by 2030. If these levels can be reached, the need for new dispatchable capacity - modelled
here as flexible gas generation - is reduced to 2.5-3.4GW. The lower end of this range is
observed when grid-scale battery storage is deployed, to help store renewable electricity at
times of excess. It is likely that other flexibility options not explored here, such as demand
side response, could reduce this need further. The energy mix described above sees Czechia
develop a small import balance in 2030. However, in agreement with other studies, we find
that times of high wind and solar generation are correlated with exports, indicating an
important role for these technologies in maintaining the electricity balance.
The low levelised costs of wind and solar shape this pathway. However, despite these
declining costs, significant policy support will be required to achieve deployment at the
required speed and scale. This will need to address the urgent need for capital investment,
streamlining of planning processes, and building social acceptance. Lessons from other
European countries can be drawn here, where barriers to investment have been successfully
lowered. The economic stimulus being delivered by the EU in response to the coronavirus
pandemic could play a major role in leveraging the necessary investments. The Recovery and
Resilience Facility (the largest pot of recovery funding) has set out flagship areas for large
investments that member states should prioritise in their recovery and resilience plans 23. The
number one area is: Power up – The frontloading of future-proof clean technologies and
acceleration of the development and use of renewables.
The necessary rates of wind and solar deployment in Czechia are challenging but feasible.
Deployment rates have stagnated in the last decade, and the current ambition for expansion
is low. Historical build rates achieved in solar power in the early 2010s show that Czechia has
the economic capacity to reach 10GW in 2030. Wind deployment has been slower in
Czechia, but other countries of a similar size and with a similar potential for wind energy have
deployed capacity at rates that would deliver 4GW in Czechia by 2030.
Without an ambitious commitment to renewable sources, Czechia risks replacing one
generation of unsustainable assets with another. If coal generation is replaced primarily with
fossil gas, not only would this deviate from the lowest cost route, but these new assets would
be at significant risk of becoming stranded. Pathways to a net-zero Europe in 2050 show gas
generation decreasing by 2030, and contributing less than 10% in 2050 [1]. Given large gas
plants are assumed to have an economic lifespan of 40 years, and a substantial proportion of
23

European Commission Annual Sustainable Growth Strategy 2021 https://eur-lex.europa.eu/legalcontent/en/TXT/?uri=CELEX:52020DC0575
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the current European fleet is young - those built today should expect to be Europe’s last. As
well as coming with higher costs and financial risk, a coal phase-out focused on gas would
expose Czech energy security to volatile international markets, due to a lack of domestic gas
supplies. These risks surrounding new gas infrastructure can be partially offset by ensuring
their ability to switch to green gasses in the future, which as a fuel source are more
compatible with climate targets and could be supplied domestically to some extent.
The estimated investments required to deliver a 2030 coal phase-out are significant, but
amount to a relatively small fraction of GDP, approximately 0.5% per year. We estimate the
required €11bn investment in the power sector would deliver a significant jobs boost of
45,000 direct FTE. This outnumbers many times the reported 13,700 employed in coal
mining in 2018. Once more, wind and solar are the key to delivering this benefit, accounting
for 77% of new capacity between 2020 and 2030 but 95% of direct employment created.
Further analysis is required to establish the wider economic benefit of a 2030 coal phase-out
in Czechia. However, the potential employment benefits are clear, and the health cost of coal
(€1.8bn annually) is well understood. This evidence tells us that a rapid coal phase-out
focussed on renewables can be a driving force for economic recovery.
Investments required to replace coal heat generation are less certain, but the new assets
modelled would require a further €2.2bn. We have shown that on an energy basis, heat
generation from large coal plants can be replaced largely with clean alternatives by 2030.
While Czechia has the potential for highly efficient heating solutions like waste heat recovery
and large heat pumps, our model does not account for the challenges and costs of integrating
these into existing or improved heat networks. These solutions should be urgently explored.
Heat pumps in particular are highly efficient and emerged as the favoured technology in our
modelling. Existing heat infrastructure could give Czechia a valuable head start in
decarbonising heat. The evolution of existing systems into more efficient 3rd and 4th
generation district heating systems should be a priority. In addition to this, the demand for
replacement heat sources can be reduced by accelerating building renovation - a measure
that due to its high labour intensity is proven to boost economic recovery. Indeed, Renovation
is the second flagship area outlined for the Recovery and Resilience Facility.
Action over the next decade will be pivotal for putting Europe on track to achieve net-zero by
2050. This is reflected in moves to strengthen the EU’s emissions target for 2030 from 40%
to ‘at least 55%’ reductions. We have shown that a 2030 coal phase-out coal in Czechia
would deliver sufficient additional reductions for 55% or even 60% targets to be achieved.
With EU recovery funds available from 2021, including a dedicated 30% for climate
objectives, the next decade represents a unique and timely opportunity for Czechia to
accelerate its transition away from coal. There is substantial overlap in the actions needed to
deliver a 2030 coal phase-out and drive a green economic recovery. This is exemplified by
the first recommendation by the European Commission 24 regarding Czechia’s National
Recovery and Resilience plan, which recommends:
24

NECP Individual Assessments and Summaries: https://ec.europa.eu/energy/topics/energy-strategy/nationalenergy-climate-plans/individual-assessments-and-summaries
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Measures to promote renewables and energy efficiency to reduce dependency on coal
and improve the flexibility of the grid, including by reducing administrative burdens to
speed up building renovation.
A political commitment to a 2030 coal phase-out date would show strong intent to embrace
this opportunity. It would also place Czechia in a strong position to leverage EU recovery
funds to deliver a more sustainable, efficient, and affordable energy system.
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Technical Annex
A.1 Reference scenario
This section details our simulated reference scenario - designed to mimic the evolution of the
power (and coal CHP) system as outlined in the Czech NECP. The purpose of this scenario is
to facilitate comparison between the phase-out scenario and current national plans, where
direct data or predictions are not provided in the NECP, for example marginal costs and CO2
emissions.
Table A1: Electricity generation and installed capacity in the modelled reference scenario. Non-coal capacity is
forced to evolve at rates specified in the Czech NECP, and coal retirement is market-driven (ignoring restrictions
on plant lifetimes, and the additional costs of retrofits).

2020
Fuel

2025

2030

MW

GWh

MW

GWh

MW

GWh

Coal

9,690

30,758

8,420

29,850

7,694

28,824

Nuclear

4,290

28,581

4,290

28,582

4,290

28,581

1,364

1,554

1,489

1,724

1,614

1,412

Solar

2,061

2,172

2,628

2,769

3,975

4,189

Wind

339

828

625

1,527

970

2,371

Hydro + pumped
storage

2,266

2,028

2,274

2,028

2,282

2,038

Other*

1,895

7,701

1,976

8,028

1,966

7,441

Gas CCGT + new CHP

Net imports

- 6,531

- 6,645

-5,810

Net production

73,623

74,508

74,856

Demand

67,059

67,825

69,000
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Capacity
With wind and solar limited to NECP levels, and coal retirement market-driven, coal drops
from 9690MW in 2020 to 8420MW and 7694MW in 2025 and 2030 respectively. This
trajectory is strongly influenced by our carbon price assumption, which assumes no new
policy, increasing to €32 in 2030. No new gas capacity is added beyond the 250MWe gas
CHP outlined in the NECP (as coal CHP replacement).

Generation
Czechia remains an exporter, but net exports decline from 6530GWh to 5810GWh between
2020 and 2030. Coal capacity falls 21% while generation only falls 6%, indicating higher
capacity factors. This is the best case scenario for coal, which still provides 38% of electricity
production - matching predictions in the NECP.

CO2 emissions
Emissions from all production activities in scope total fall by 9% between 2020 and 2030,
from 41.1 to 37.5 MtCO2.

A.2 Supplementary data
Carbon price assumptions
€/MtCO2

2020

2025

2030

EU ETS price

24.20

28.10

32.00

Fuel price assumptions
€/MWh

2020

2025

2030

Lignite

3.91

3.91

3.91

Hard coal

10.71

13.54

15.36

Fossil gas

20.00

23.07

24.68

Oil

37.86

47.50

52.14

Biomass

32.92

32.92

32.92
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Capex cost assumptions
Electricity and cogeneration technologies. All costs include the estimated cost of connecting
to the transmission system. Unless specified, all costs are from the ASSET project [25].
€/kW

2020

2025

2030

Onshore wind

1080

1034

988

Solar pv

710

687

663

Gas CCGT

820

795

770

Gas OCGT1

400

400

400

Gas CHP

800

800

800

Biomass CHP

1900

1900

1900

Battery storage
(2-hour Li-ion)

601

452

377

1)

OCGT costs based on a study commissioned by the UK Government (2016) [24]

Heat generating technologies
€/kW

2020

2025

2030

Gas boilers

148

148

148

Biomass boilers

821

821

821

Large heat pumps

2700

2700

2700

Waste heat
recovery1
(m€/TWh/yr)

30

30

30

1)

Capital costs for waste heat recovery costs are taken from the ENERGYplan database (www.energyplan.eu),
based on project data from Denmark. This technology is not optimised by the model, but added extraneously.
We include costs here for completeness.
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A.3 Modelled interconnector flows
Imports and exports by country in 2030 in the phase-out scenario.
GWh

AT

DE

SK

PL

Total

Imports

585

599

2,925

901

5,009

Exports

1,255

1,430

715

1,063

4,462

Net imports

-670

-831

2,210

-162

547

Imports and exports by country in 2030 in the battery scenario.
GWh

AT

DE

SK

PL

Total

Imports

998

946

3,069

965

5,979

Exports

1,194

1,306

611

886

3,997

Net imports

-196

-360

2,458

79

1,982
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