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Overview

As Germany transitions towards a decarbonized energy system, the integration of hydrogen technologies has
been hailed as a garchanger. Most recently, the federal government in Germany published a power plants strategy
aiming to support H:Ready gadired power plants, that will initially run with natural gas, and latest by 2040 shift
to run on green hydrogen. This study explores the role cRe&dy power plants in transitioning toward a
decarbonized energy system and plausible pathways using a capacity expansion model. The preliminary results
show that HZReady power plants drastically reduce ewefestments in renewables and flexibility measures,
improve renewables utilization, and offer unmatched flexibility for the system.

Methods

Using an opersource capacity expansion model, MyPyPG#r, this study develops pathways for hydrogen
integration within Ger many ébasedamalysig, thesstudytaesesses fheh ecanongch
feasibility and flexibility implications of H2Zeady gadired power plants, exploring how these plants could support
a renewableslominated power system. This approach allows for a rigorous comparison of support mechanisms,
such as CAPEX and OPEX subsidies, local versus imported hydrogen production, and carbon pricing, to evaluate
which policy interventions most effectively balance environmental and economic sustain@biliisovide policy
relevant results, we develop and compare eight diffeseenario variantas shown ifmmablel.

Tablel: Summary of scenarios settings

Scenario H2-Imports H2-Ready H2-Ready H2-Subsidy | EU ETS Price
Capability Shift
BAU X X X X 75 t0dD4
Imports n X X X 75 tA@04
H2-Ready n n From 2040 X 75 tdo
H2-Ready n n From 2040 | 30 GW 75 tdO4
Plus
H2-Ready n n From2040 |1 U /ksed| 7 5 tQ0D4
OPEX in CCGT
H2-Local1.0 | n n From 2040 |1 G/|75 tdO4
domestically
prooduced
H2-Ready n n From 2040 | x Annual linear
CO2 development:
113 a4/t CO]
179 a4/t CO]
218 0/t cCOj
H2-Ready n n From 2035 X 7 5 tQ0O4
2035 . i
Results

Our analysis reveals a clear dominance of solar and onshore wind within the future German power system, eve
in scenarios that incorporate hydrogeady gadired power plants. Notably, the absence of flexibility provided
from thermal power plants specifically H2Ready capabilitie$ in the BAU and Imports scenarios results in a
significant increase in installation rat&he introduction of hydrogeready capabilities in gaffred power plants
substantially alters the energy landscafiee inclusion of HZReady capabilities alleviates the investment pressures
associated with other flexibility solutions, such as battery storage or hydrogen fuel cells, while simultaneously
reducing investments in solar and wind technologies.

Overall, the different pathways developed in this study present various results in terms of flexibility portfolios,
with different impacts on transformation costs and cumulative system emissions. Additionally, the inclusion of
various flexibility measures results in a considerable increase in peak demand, which is necessary to meet the
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systembs growing r equi r-Readyrcapabilitied, peakdoadenraaly tiplesby 2080cvihilen g H 2
scenarios featuring HReady capabilities see peak loads more than double by 2050, increasing further with
hydrogen subsidieVithout H2-Ready CCGT or hydrogen imports, the system achieves flexibility largely through
substantial amounts of battery storage, fuel cells, and imbalances from expensiweprgemeratorsEnabling

hydrogen imports into the system reshapes the flexibility portfolio by reducing fuel cell requirements by around 7

GW and cutting imbalances by more than half, while slightly rising battery flexibility n&mgsmarios with H2

Ready capability hugely alter the flexibility portfolio, reducing battery requirements by at least 65%, completely
eliminating imbalances, and cutting fuel cell needs by at least 10 GWbd3ad flexibility also decreases in

scenarios with HxReady capabilities.

Figure 1: Flexibility portfoliosfor all scenarios

CAPEX subsidiesor H2-Ready power plantesult in the lowest fidbility requirements compared to other H2
Ready scenari os. However, this scen arsubstandallydnacontrasti ses CO
all other scenarios with HReady capability cut cumulative CO2 emissions by at least 17 miitiones and
generally reduce transformation costs. Subsidies on hydrogen usage and production achieve emission, reductions
while raising thesystem costsPolicy interventions without support schemes emerge as the most effective strategies
for reducing both costs and emissions. For instance, an earlier mandatory shift to hydrbi@eReiady power
plantsreduces emissions, while having the cheapest system transformation costs. Likewise, higher CO2 prices
decrease costs and achieves a substantial CO2 emissions reduction.

Conclusions

The preceding analysis evaluates the integration of thRétly CCGT power plants in Germany to assess their
role in advancing the energy transitiddue to their enhanced ability in providing flexibility, HReady CCGT
power plants play a significant role in reducing the eémgestments in renewable technologies and additional
flexibility measuresln conclusion, while all scenarios lead to a carbon neutral power system by 2045, the role of
H2-ready technologiegnsuring system flexibility and reducing emissions is clear. The strategic deployment of
hydrogen in conjunction with renewables, along with targeted policy measures, significantly influences the
transition pathways and ensures the system can manage periods of low renewable output without excessive cost or
resource overbuild. This study shows that balancing approaches to policy design will be key to achieving a cost
efficient decarbonized power system in Germany.



