
Green Transitions in Coal-Dependent Economies: A Hybrid Computable
General Equilibrium Analysis of the Czech National Energy and Climate

Plan
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Introduction I

Environmental policies are essential for addressing climate change
and promoting sustainable development

EU Member States must update National Energy and Climate
Plans (NECPs) to align with the Paris Agreement and Fit-for-55
targets.

Fit-for-55 aims for a 55% reduction in GHG emissions by 2030 and
climate neutrality by 2050 (relative to 1990 levels).

Central and Eastern European economies, like the Czech Republic,
face unique challenges due to high coal dependency and elevated
emission intensities.

Despite 30 years of environmental improvements, the Czech
Republic still grapples with poor air quality from its energy and
transport sectors.
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Introduction II

Most existing studies focus on short-term impacts and a few
sectors, leaving a gap in long-term, system-wide assessments.

This paper introduces the first hybrid CGE model for the Czech
NECP that integrates both detailed sectoral analysis and
macroeconomic impacts.

The model combines a technology-specific electricity module and a
discrete choice module that captures consumer vehicle preferences
in an economy-wide CGE framework

This hybrid approach limits the aggregation bias seen in standard
CGE models by incorporating finer technological details

The study evaluates the system-wide implications of the EU’s
Fit-for-55 policy package for the Czech economy.

Iñaki Veruete and Vědunka Kopečná (Charles University Environment Center) March 26, 2024 3 / 32



Context I

Over the past 30 years, the Czech Republic has reduced emissions
from large and medium combustion sources but still faces
significant air quality challenges in the energy and transport
sectors.

The economy is highly industrialized, leading to one of the highest
emission intensities per unit of GDP in the EU.

A strong reliance on coal-fired power plants and carbon-intensive
industries complicates rapid decarbonization efforts.

The Czech NECP sets clear targets: reducing fossil fuel share to
50% by 2030, phasing out coal for electricity and heat by 2033,
and achieving full decarbonization by 2050.
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Context II

In the electricity sector, coal and nuclear dominate, while
renewables like solar, wind, and hydropower are gradually
increasing their share.

Figure 1: Electricity Generation by Sources, 2023
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Context III

The transport sector remains dominated by internal combustion
engine vehicles, with electric vehicle adoption hindered by
infrastructure and cost challenges.

Broader decarbonization policies, including carbon pricing and
revenue recycling, are designed to influence production costs,
household spending, and investment decisions.

These contextual challenges underscore the need for a
comprehensive, system-wide analysis to understand the full
economic and environmental impacts of the energy transition.
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Methods I

Computable General Equilibrium models...

Simulation-based models

Combine Arrow-Debreu’s abstract GE structure with real
economic data

Solves for the levels of supply, demand, and
equilibrium-supporting prices

Commonly used in ex-ante RIA of Env. Policies

However, among other things, standard CGEs have been criticized for
lacking detailed technological information
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Methods II

energy and climate-oriented CGE have thus moved towards a
hybrid formulation [Faehn et al., 2020]

Hybrid CGE models incorporate technological detail within its
“Top-Down” structure.

Bottom-Up models (like ESOMs) provide a detailed representation
of the energy system

Given the strengths and weaknesses of TD and BU models, hybrid
modelers have developed linking techniques
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Methods III

Figure 2: Hybrid Model Classification [Helgesen et al., 2018]
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A hybrid CGE of the Czech economy

We employ a recursive-dynamic hybrid CGE based on
[Miess et al., 2022] written in GAMS as an MCP

Models starts with 24 cost-competitive sectors

Labor is assumed constant over time

Small open economy with fixed imports/domestic shares

zero deficit closure rule

Endogenous demand for tech-specific IT according to DC model
Button

Emission coefficients come from the EMEP/EEA air pollutant
emission inventory guidebook

ExternE Impact Pathway Analysis damage factors
[Ščasnỳ et al., 2015] are used to calculate externalities
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Electricity Sector Modeling

The BU module of the electricity sector is represented by

1 Tech-specific zero-profit conditions

Pele(tec)

Variable Costs(tec)

PY(e)PY(b)PLRK

Fixed Costs(tec)

Pfix

Figure 3: Cost Structure of an electricity-generating technology

2 Tech-specific capacity constraints

3 Overall Electricity Market Clearing
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Disaggregating the Electricity Sector

The disaggregation of the electricity sector in the model’s Social
Accounting Matrix

Following [Sue Wing, 2008], I construct a PMP [Howitt’s, 1995]
that allocates productive inputs among

2 activities
8 generation technologies

in a way that is consistent with engineering cost data, and zero profit
and market clearing conditions required by SAMs

The Program minimizes the fractional deviations from engineering
input share data and generation shares statistics

* Similar strategy being developed for Freight Transport
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Non-private transport modeling I

We disaggregate public transport, other passenger transport, and
freight transport into the following new sectors:

Model Code Description NACE codes
PT Public Transport 491, 493

RailFT Rail Freight Transport 492
RoadFT Road Freight Transport 494

NonLANDT Other forms of passenger transport 495, 50, 51
Tserv Support services for transportation 52

Table 1: New Transport Sectors.
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Non-private transport modeling II

The general KLEEM production structure used in the model is
replaced for the road freight transport sector(s) by:

RoadFT

KLEMRoadFTMix

NonDiesel

GasolineElectricityNatural Gas

Diesel

Figure 4: Nesting Structure of RoadFT sector

*Currently, RoadFT being further disaggregated into Freight services by size

(EU classification) by adapting [Sue Wing, 2008]’s method to transport sector
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Non-private transport modeling III

The new nesting structure of productive sectors is

Output = Y

KLEEMFT

MFT

FT

TservFTR

otherFTLFT

RoadFTRailFT

M’s

KLEE

EE

FuelsElectricity

KL

LCapital

IMP

Figure 5: Nesting Structure of Producing Sectors
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Private transport I

The CGE model integrates endogenous demand for low-emission,
energy-efficient technologies using a discrete choice model based on
consumer preferences

The discrete choice model determines the market share of different
vehicle technologies:

Conventional vehicles (CV): petrol and diesel cars.
Plug-in hybrid electric vehicles (PHEV).
Battery electric vehicles (BEV).

Household utility parameters are estimated using a mixed logit
model, considering:

Purchase price.
Fuel costs.
Driving range (for BEVs).

The mixed logit model provides utility parameters that, when
multiplied by initial variable levels, yield the indirect benefit of
acquiring a vehicle type.
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Private transport II

Based on indirect benefits, the probability of choosing each vehicle
type is derived, determining market shares in car purchases.

Market shares, when multiplied by aggregate household demand
for transport, determine demand for petrol, diesel, PHEVs, and
BEVs.

In addition to consumer preferences, vehicle market shares depend
on:

Purchase price developments.

Changes in taxation.

Fuel and electricity price variations.

The discrete choice model is fully integrated into the CGE model
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Nested structure of household consumption I

Consumption

Non-Mobility Goods Composite

N...Sec 1

Mobility Goods Composite

Non-car SubstitutableCar-Substitutable

PUBTRANSIT

PHEV Use

SERVOIL, ELEPHEV

EV Use

SERVELEEV

CV, HEV Use

SERVOILCV, HEV

Figure 6: Nested structure of household consumption
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Consumption structure

Vehicle stock and flow dynamics:

Demand for different vehicle types influences the number of new car
registrations.
Demand for fuel, maintenance, and repair evolves with the vehicle
fleet.

Individual transportation P IT
h

Use (P use
i )

ServicesFuel

Purchases P̄h

DC alternatives: BEV,PHEV,...

Cost(P pur
i , P use

i )Attributes

Figure 7: Consumption Structure of Individual Transport
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ETS module

CO2 emissions are determined by fixed emissions coefficients to
fossil fuel consumption both by intermediate and final
consumption

Carbon pricing is applied only to emissions from fossil energy use
by economic sectors

We allow for recycling mechanisms in the form of lump-sum
transfer to households, government, and subsidies for electricity
generation technologies, transport technologies, and EV charging
infrastructure
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Figure 8: Emission Allowance Prices— HCT WEM and WAM
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Scenarios

WEM (BAU) scenario:

World without Fit-for-55
ETS1 system is present
Emission allowance prices correspond to the DG climate Action’s
recommended harmonized trajectories for WEM
No reduction emissions target for GHGs is enforced
Only modernization Fund is implemented.

WAM scenario:

Emission prices are taken from the DG RHTs for WAM
ETS2 becomes operational in 2027
Assume full use of revenues from the EU ETS including dedicated
funds for decarbonization and mitigation of social impacts in
accordance with the approved legislation from FF55
Coal is phased out from electricity generation by 2033
New registrations of conventional vehicles not allowed after 2035

Iñaki Veruete and Vědunka Kopečná (Charles University Environment Center) March 26, 2024 22 / 32



Results

Figure 9: GDP
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Results - Output
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Electricity Generation (Blln. EUR)

Figure 10: Electricity generation by technology in WEM and WAM
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New registration of private vehicles (thousands)

Figure 11: New registration of private vehicles by technology
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Stock of private vehicles (thousands)

Figure 12: Stock of private vehicles by technology
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Results

Figure 13: Relative change of CO2 emissions
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Results

Figure 14: Relative change of CO2 emissions - ETS sectors
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Conlusion

We evaluate the potential economic and environmental impacts of
transitioning to low-carbon technologies.

Significant changes are made to the electricity and freight
transport sectors

The inclusion of BU data from ESOM TIMES-CZ into the CGE
marks the beginning of the hard-linking process development of
both models

Closer collaboration is needed between the two modeling teams

Enriching the model with bottom-up detail is key for improving
the model’s flexibility for decarbonization
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