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Motivation

= EU power system is expected to transition
guickly towards renewable energy

» Motivation for decarbonisation is mainly
rooted in greenhouse gas emission reduction
to mitigate climate change

* Does the decarbonisation of the power sector
have beneficial impacts on health costs from
air pollution?

Patrick Draheim, German Aerospace Center (DLR)




State of Research

» Existing works often lack high-resolution
estimations necessary to represent dynamic power
system changes

* |In many cases, they do not consider a changing
power infrastructure over time (e.g. shutdown of
coal plants)

» Research gap regarding the local impacts of power
sector decarbonisation on emissions, mortality and
health costs

Patrick Draheim, German Aerospace Center (DLR)




Scenarios ,_#7
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Wind & Solar capacities | Power Plant dataset
2019 2019 2019

100% of 2030 targets
2030
2030 reallstlc
75% of 2030 targets
\[e coal 2030 without coal

Objective: Estimate the reduction of mortality and health
costs due to power sector decarbonisation between 2019 to
2030

Patrick Draheim, German Aerospace Center (DLR)




Methodology Overview

Energy System and

PM, ;-Exposure and
Mortality Estimate

Emissions Model

Patrick Draheim, German Aerospace Center (DLR)




Energy System Model

* Breakdown of Continental Europe
Into 70 interconnected sub-regions

= Cost-optimized modelling of power
generation in hourly resolution
with REMix
= carbon limits
* imports and exports

= changes of power plant fleet (e.g.
coal phaseout)

= Qutput: Technology-level power
generation for each sub-region

Patrick Draheim, German Aerospace Center (DLR)
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Emissions Model 4#7
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» Based on energy system model

results, we derive hourly power A

plant-specific generation time series

(EU 27 + UK) [%4 [ v -

ngn Operating state pla nt
T1h

= PM,,,PM, ¢, SO, and NO, estimation 1 /

using plant-specific emission factors

(LCP 2019) Plant-specific NO,, SO,

and PM emissionsin 4 p

= Consideration of emission factor hourly resolution .dy ’

changes due to non-optimal
operating states, e.g. startup
(Draheim et al. (in review))
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Air Quality Model

* WRF-Chem model used for air quality estimation
(Grell 2005), Boundary from MOZART (Emmons
et al. 2010)

» Background emissions: EDGAR v8.1 AP for 2019
(Crippa et al., 2026)

» Replace power sector emissions (1Ala) in
EDGAR with emisions from our work

» |dentical simulations with only power plant
emission difference for full scenario year

» Estimate the impact of changed emissions on air
guality

Patrick Draheim, German Aerospace Center (DLR)




Exposure and Mortality Estimate ‘#7
DLR

» Exposure Response Function: FUSION (Burnett et al. 2022)

» Estimates all-cause PM2.5-attributable mortality (non-communicable diseases (NCD)
and lower respiratory infections (LRI)

= Age dependence: 25 years + for NCD and LRI, also for 0-5 years for LRI

» Mortality estimate will make use of:

» Baseline mortality rate (BMR) data from the Global Burden of Disease for NCD and LRI
(Murray et al. 2020)

» Gridded population projections from NASA Socio-Economic Data and Application Center
(SEDAC)

» Mortality estimate will produce for each scenario:
» Gridded mortality
= Country-level mortality

Patrick Draheim, German Aerospace Center (DLR)




Air pollution attributable health costs ‘#7
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Total costs = Unit costs x Health impacts

2 ?ﬁ
Value of a Statistical Life A Mortality
(VSL)

= VSL estimates are used to assess the monetary value of a reduction in
mortality risk in terms of premature deaths on country level

» The mean VSL depends on various variables:
= Economic growth (GDP)
= Socio-economic (GINI)
= Demographic (population)
» Health (number of doctors)
» |nteraction term: GDP x income

Ciarlantini et al. (2025)
https://doi.org/10.1016/j.jenvman.2025.124824
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Validation of Emissions Model for the year 2019
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Validation of Emissions Model for the year 2019 ,_#7
Monthly temporal emission profiles of Poland DLR
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= Average profile of this work matches CAMS-TEMPO (Guevara et al.
2021, 2025) quite well

= Sub-country emission profiles (thin lines) partly show quite strong
deviations from the country average

Patrick Draheim, German Aerospace Center (DLR)




Emissions model ,_#7
Comparison of the 4 power sector scenarios DLR
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Emissions model — Results ,_#7
Baden-Wurttemberg, Germany DLR
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= Monthly emission profile for power sector in 2019 differs from 2030
scenarios!

Patrick Draheim, German Aerospace Center (DLR)




Conclusions

Preliminary results

* Energy System and Emissions Model compare well against statistics and other
works

» Pollutant emissions are expected to decline strongly due to power sector
decarbonisation

* Dynamics in the power system become evident in the emission results

= Sub-country level temporal emission profiles can differ strongly from country-
average

Up to come:

= Air quality modelling of scenarios

» Human mortality and health cost estimation

= Paper submission in 2026 to ,Environmental Science and Technology*

Patrick Draheim, German Aerospace Center (DLR)
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Thank you for your attention!

Patrick Draheim
German Aerospace Center (DLR)

Institute of Networked Energy
Systems

patrick.draheim@dir.de
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Spatial distribution

DLR

2019 baseline scenario - spatial distribution
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» Heavy emitters are strongly reduced, even in countries without coal phaseout

plans

-> Increasing renewable power generation replaces conventional fuels

Patrick Draheim, German Aerospace Center (DLR)




State of Research ‘#7
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= EXisting works often lack high-resolution estimations

* |n many cases, they do not consider a changing power infrastructure (e.g.
Jacobson et al. 2019, Schmidt et al. 2019, Rao et al. 2017)

* High-resolution emission data lead to more reliable air quality estimates
(Czarnowska et al. 2012)

- Research gap regarding the local impacts of power sector decarbonisation
on emissions, mortality and health costs

Patrick Draheim, German Aerospace Center (DLR)




Validation of Energy System Model

» Validation of modelled fuel generation
against eurostat statistics for 2019

o
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» Fuel generation by country largely
matches with statistics

» Small differences are normal

- ,overfitting” of the model to the year
2019 would negatively impact
scenario model runs
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