Thermal Storage Power Plants to decarbonize the globally existing coal-fired power plants: Techno-economic analysis

Javier Inigo Labairu™!, Yoga Pranata Rahmat 2, Maria Isabel Roldan Serrano 3, Ralph-Uwe Dietrich 2, and Stefano Giuliano?

!Deutsches Zentrum fir Luft- und Raumfahrt (DLR), Institute of Solar Research, Linder Hohe, 51147 Koln, Germany

’Deutsches Zentrum fir Luft- und Raumfahrt (DLR), Institute of Engineering Thermodynamics, Pfaffenwaldring 38-40, 70569 Stuttgart, Germany
3Deutsches Zentrum fir Luft- und Raumfahrt (DLR), Institute of Low-Carbon Industrial Processes, Walther-Pauer-StraRRe 5, 03046 Cottbus, Germany
4Deutsches Zentrum fir Luft- und Raumfahrt (DLR), Institute of Solar Research, Pfaffenwaldring 38-40, 70569 Stuttgart, Germany
“javier.inigolabairu@dlr.de

Ebsilon models for
reference power plants

Greenius models for each
coal-fired power plant

Economic and
ecological analysis

Figure 1: Methodology for the Techno-Economic Analysis of Worldwide Coal Power Plants in the “Global Coal Atlas” Project
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Figure 2: Conversion of a Coal-Fired Power Plant to a Thermal Storage Power Plant with
Electric Heater
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Many coal-fired power plants around the world are still sensitive to the cost of PV electricity. For example, with a PV 800

operational, and some are relatively new, with components
and sites that could be repurposed into Thermal Storage
Power Plants (TSPP). In a TSPP, a high-temperature thermal
storage is charged using renewable energy (Power-To-Heat).
Optionally, additional firing with CO,-neutral fuels can be

LCOE of 20 €/MWh,, in Chile [GIZ Chile], the resulting TSPP
LCOE is 116 €/MWh,, [Figure 4]. In contrast, with a global
average PV LCOE of 46.5 €/MWh [2], the TSPP LCOE rises to
184 €/MWh. CO, avoidance costs, calculated under the
global PV LCOE assumption, amount to 159 €/tCO, for a
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Figure 3. Defined operation mode based on a daily profile
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Globally, around 7,000 coal power plants remain operational, ’ TSPP Angamos ’ TSPP Angamos

Methodology

Various concepts for converting coal-fired power plants to
TSPPs with high-temperature molten salt storage were
defined. This study focuses on a system using a electric

many of which are set to be decommissioned in the near
future. Some of these plants, still relatively new, can be
repurposed as thermal storage power plants.

TSPPs store renewable energy (e.g., PV, wind) in high-

Figure 4. Reference Power Plant: Investment costs and LCOE for Angamos Thermal
Storage Power Plant with electric heater and power block net capacity of 251 MWel
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Subsequently, a global analysis of coal power plants was The "Global Coal Atlas" project is set to publish its W S0k Kx T §m X1
carried out using the Global Plant Tracker database [1]. A comprehensive data collection by early 2025, including a 100 - 140
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technical model was created for each power plant using the
DLR tool greenius, and economic and ecologic results were
calculated with TEPET+. Fact sheets summarizing the most
relevant information of the conversion to a TSPP were
generated for all the power plants.

Workshop
on

Carnot Batteries
Stuttgart, Germany

detailed assessment of the LCOE, CO, avoidance potential,
and investment costs for converting coal power plants into
CO,-free TSPPs. Future work will also explore alternative
TSPP concepts, such as using heat pumps instead of electric
heaters, to further optimize the conversion process.
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Figure 5. LCOE and CO, avoidance costs for the conversion of approximately 7,000 Coal-
Fired Power Plants worldwide into Thermal Storage Power Plants based on their capacity
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