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Objective of the Study 

 

Hydrogen power plants will secure the power supply in the future when renewable energies 

are not able to. However, hydrogen power plants are not yet commercially available, which 

is why so-called H2-ready power plants will need to be built first with political incentives. 

The criteria for H2-readiness are yet to be clearly defined, though. 

 

This study provides a basis of information on the topic of "H2-ready power plants". The aim 

is to show what H2-readiness means in technical and regulatory terms. This is done by an-

alysing which definitions exist in the industry and in legislation up to now. Technical require-

ments for the H2 operation of gas-fired power plants and the expected conversion costs 

are investigated as well. Further aspects such as the necessary infrastructure and climate 

protection are included and key messages are derived. These are intended to provide polit-

ical decision-makers with a basis for further developing the H2-readiness concept, and to 

help operating existing and future power plant capacities become emission-free as quickly 

as possible. 

 

1. Key Messages on H2-readiness 

 

No. 1: In order to ensure a reliable power supply, thermal power plants1will remain part 

of the energy system in the future. They will be used in particular when renewable energy 

sources are unable to generate sufficient electricity over longer periods, and the capacity of 

battery and pumped hydro storage power plants is depleted. The total capacity for H2 power 

plants should be carefully evaluated (see No. 4). Nevertheless, emission-free thermal power 

plants remain essential for longer periods of insufficient renewable energy generation. In 

the case of Germany, an additional H2-ready power plant capacity of 23-25 GW is expected 

to be required by the early 2030s  [1]–[3]. The capacity requirement for thermal power plants 

for 2045 varies in various studies from approx. 10 to 88 GW [2]–[8], see [9]. 

 

No. 2: Hydrogen should be used in power plants only when no more efficient alternatives 

exist, and countries must assess their power plant capacities accordingly. Green hydro-

gen is a scarce commodity for the near future and will have to be imported to a large extent. 

The combined efficiency of electrolysis and power plant is only 36 % if both individual tech-

nologies have an efficiency of 60 %. Given this context, H2 power generation should only be 

                                                                 
1 In contrast to renewable energies, thermal power plants are fuelled and therefore generate elec-

tricity independently of the supply of wind and solar energy. 
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used if no better alternatives are available. More efficient alternatives, such as battery stor-

age or pumped hydro storage power plants, can be employed during periods of low electric-

ity generation from renewable sources. Heat pumps can also be utilised to cover the de-

mand for district heating. In addition, measures such as the expansion of electricity grids, 

demand-side management and other flexibility options should be prioritised higher. This can 

reduce the demand for green hydrogen in the electricity sector, increase the efficiency of 

the energy system and reduce costs. Green hydrogen should also be used primarily in ap-

plications with higher GHG reduction potential and a lack of alternatives. These include ap-

plications in the chemical industry where hydrogen is needed, or in the transport sectors 

such as aviation, shipping and heavy goods transport, in some cases. 

 

No. 3: Only renewable hydrogen lowers emissions significantly. The greenhouse gas 

(GHG) emissions of blue hydrogen are comparable to those of natural gas (see section 4.5,  

Figure 7). Therefore, the use and availability of green hydrogen is essential if the scope is to 

reduce GHG emissions. Moreover, hydrogen leaks need to be prevented. They are not only 

problematic in terms of safety, but also with regard to the climate. Even if H2 itself is not a 

direct greenhouse gas, it increases the lifetime of the greenhouse gas methane in the trop-

osphere [10]. For this reason, leaks should be urgently avoided when producing, storing and 

transporting hydrogen. 

 

No. 4: H2 power plants are not yet commercially available. Thus, only H2-ready is possible 

today. Power plants with an investment decision in the near future will be operated with 

hydrogen for most of their lifetime. However, they cannot be planned or built directly as H2 

power plants because the turbines are not yet commercially available, hence they are built 

as H2-ready. Currently, the technology readiness level (TRL) for 100% hydrogen turbines for 

power plant operation is 7 out of 11, meaning in (pre-commercial) demonstration status 

[11]. It is expected that gas turbines that can run on pure hydrogen will be commercially 

available by 2030/31 [12]–[15], see section 4.2. Development could speed up in response to 

distinct market signals, but this necessitates clear political signals to prevent a "wait-and-

see" approach to development. 

 

No. 5: There are no clear definitions of the term "H2-ready" within the regulatory frame-

work. Although "H2-ready" is used as a term or concept for power plants within European 

legislation, the definition remains unclear. The EU taxonomy recognises power plants as 

green investments in [16] (p. 20) if "the facility is designed and constructed to use renewable 

and/or low-carbon gaseous fuels and the switch to full use of renewable and/or low-carbon 

gaseous fuels takes place by 31 December 2035, with a commitment and verifiable plan 

approved by the management body of the undertaking". Germany has introduced an implicit 
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definition in the Combined Heat and Power Act (KWKG), which states that the transition to 

100% hydrogen utilisation must be achievable for less than 10% of the original investment 

cost of the power plant. 

 

No. 6: A clearly defined concept of H2-readiness can provide a reliable framework for 

the implementation of zero-emission power plants. The German power plant strategy pro-

motes the use of hydrogen in electricity generation in order to reduce greenhouse gas emis-

sions. Other countries are likely to take similar measures and possibly follow the german 

power plant strategy. It is crucial for governments to understand how they can incentivise 

zero-emission power plants quickly and efficiently. At the same time, power plant operators 

and manufacturers have a common need for long-term planning reliability. In this context, 

a clearly defined concept of H2-readiness can serve as a crucial element that provides a 

reliable framework for both sides. 

 

No. 7: Effective power plant capacity expansion and transformation require strong polit-

ical incentives. In the case of Germany, during the past 10 years, the construction of new 

thermal power plants has been very restrained; only 5.7 GW of gas-fired power plants have 

been built (see Figure 8). In order to meet the from the German government expected addi-

tional demand of 23-25 GW by the beginning of the 2030s, Germany will have to install ap-

proximately four times as much power plant capacity in the next decade or enhance effi-

ciency measures as well as grid flexibility options. At the same time, the sustainability re-

quirements of the EU taxonomy require to use low-CO2 and therefore significantly more 

expensive fuels, making investment and planning security more complex for power plant 

operators. 

 

No. 8: A cost-related definition of H2-readiness should be technology-specific in order 

to incentivise not only closed-cycle power plants, but also gas turbines as typical peak-

load power plants. One cost-based definition of H2-readiness for all types of power plants 

types favours investments in capital-intensive, efficient CC power plants and makes invest-

ments in gas turbine power plants and gas engine power plants more difficult. This is be-

cause the conversion to 100% H2 utilisation has to be carried out almost exclusively on the 

gas turbine system (burner and combustion chamber) and the gas supply system. These 

two systems affect both, CC and gas turbine power plants. As the investment costs for CC 

power plants are around twice as high as for gas turbine power plants, CC power plants 

achieve percentage target values for conversion costs much more easily, see section 4.3. 

The percentage conversion costs for gas engines are high as well. Incentivising efficient CC 

power plants, rather than less efficient gas turbine power plants, seems plausible in order 

to convert hydrogen into electricity with as high an efficiency as possible. However, gas 
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turbine power plants are typically peak load power plants with few operating hours that con-

tribute to security of supply (as backup power plants), whereas CC plants are usually built 

to run for significantly more operating hours (see section 4.1). A cost-related definition 

should therefore be technology-specific. 

 

No. 9: Combined heat and power plants that can deliver their full electrical capacity at 

any time, regardless of the heat demand, should be favored. CHP plants are more efficient 

compared to the separate electricity and heat generation and therefore require less fuel. 

Hydrogen in CHP plants therefore initially appears to be used efficiently, but in a decarbon-

ised energy system, alternatives for heat supply should be urgently examined. This is be-

cause green hydrogen will be a scarce commodity for the near future due to limited produc-

tion capacities and a high demand. With regard to installed capacity that can be operated 

when needed, it is likely that CHP plants will be producing electricity anyway if there is in-

sufficient generation from renewable energies and thus contribute to meeting the electricity 

demand. However, there are CHP plant types where the electricity generation is severely 

restricted by a low heat demand. A condition should therefore be considered to ensure that 

CHP plants are able to deliver their nominal electrical capacity to the electricity grid at all 

times when required. 

 

No. 10: The conversion of power plants to hydrogen must be scheduled with binding 

commitments to prevent further emissions. The conversion of H2-ready power plants to 

hydrogen operation by 2035 harbours challenges: the need for conversion will be compara-

tively high within a short timeframe and manufacturers' capacities are limited. In addition, 

the hydrogen supply must be guaranteed by the time the conversion takes place. In order 

to prevent delays, contractual stipulations and penalties for delays can be introduced in ad-

dition to appropriate planning. 

 

No. 11: When planning H2-ready power plants, factors such as the space required for 

conversion and H2 operation should be taken into account. The space required for new 

components and the conversion measures must be taken into account from the outset 

when planning. This primarily concerns the fuel gas system and a denitrification system 

(DENOx) in the waste heat boiler (including peripherals) or space for an extension of this. In 

the process engineering design, H2 operation has to be taken into account for the waste 

heat boiler (dew point reduction and thus condensation as well as dimensioning of the heat 

exchanger surfaces). For the fuel gas system, there should at least be a plan for the fuel 

changeover and conversion, on the basis of which it can be decided which components are 

designed to be H2-compatible and which conversion measures result from this for H2 op-

eration, see section 4.2. 
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No. 12: In certain cases, the use of H2 derivatives can be justified, as long as there is no 

need to establish additional infrastructure and greenhouse gas emissions are minimized. 

While H2 derivatives like ammonia and methanol offer advantages, they also come with 

drawbacks. For instance, ammonia can be transported more affordably by ship. If it could 

be used directly as a fuel in power plants without the need for prior conversion into hydrogen 

through cracking, it would result in cost savings and reduced conversion losses. Neverthe-

less, establishing transport infrastructure for distributing ammonia or methanol from ships 

to power plant sites would necessitate parallel construction with the hydrogen infrastruc-

ture. Simultaneously, power plant technology would need to be developed to accommodate 

multiple fuels, consuming additional resources and capital. Given the comprehensive plan-

ning of an H2 infrastructure that is happening at both European and German levels, the em-

phasis should be put on hydrogen for power plants. 

 

No. 13: The European Hydrogen Backbone would allow for the future utilization of 100 

percent hydrogen at the majority of current power plant locations. In the case of Germany, 

this is demonstrated by the fact that by 2030, half of the existing capacity of gas-fired power 

plants will be located within a linear distance of up to 5 km from the European Hydrogen 

Backbone (EHB). Even considering coal-fired power plants, only a small amount of power 

plant capacity is further away than 20 km (see Figure 5 and Figure 6). A distance of 5 km 

means that the connection for a 400 MW combined cycle power plant amounts to approx. 

1% of the capital expenditure of the power plant. 

 

No. 14: Legislation and technical standards for H2 power plants must be adapted or cre-

ated. With regard to the NOx limit values, it must be taken into account that the formation 

of NOx is higher when burning H2 compared to natural gas. In CC plants, a denitrification 

unit with self-catalytic reaction (SCR) can be installed in the waste heat boiler after the flue 

gases have cooled down in order to reduce NOx emissions to the usual limit values. For gas 

turbines without heat recovery boilers, this is not possible as of now, as the flue gas tem-

peratures are too high for the catalytic converters [17]. In the case of Germany, limit values 

for NOx emissions for combustion plants greater than 50 MW need to be specified in new 

regulations. A Europe-wide, technical set of regulations for H2 power plants does not yet 

exist [18], [19]. 
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2. Introduction 

 

Thermal power plants will be part of any future energy system to ensure a reliable supply of 

energy. They will be used in particular when renewable energy sources are unable to gener-

ate sufficient electricity over longer periods of time. Measures such as the reinforcement of 

electricity grids, energy storage, demand-side management, optimised sector coupling and 

other flexibility options should be considered in order to increase the resilience of the energy 

system. Nevertheless, emission-free thermal power plants will remain essential for longer 

periods of insufficient renewable energy generation. 

 

At European level, the EU taxonomy defines sustainability for power plants as, among other 

things, their complete conversion to the use of renewable and/or low-CO2 gaseous fuels by 

31 December 2035 [16]. In Germany, the power plant strategy of the Federal Ministry of 

Economics and Climate Protection (BMWK) aims to promote hydrogen power plants 

through corresponding tenders in three categories [20]: 

 
Figure 1: Categories of power plant types in the power plant strategy 

The third category concerns new or existing gas-fired power plants, i.e. gas turbine2 (GT) 

and combined cycle (CC) power plants, as well as gas engine power plants. They will be 

built as H2-ready plants, operated with natural gas until 2035 and require conversion for 

subsequent operation with hydrogen. 

 

 

 

                                                                 
2 Gas Turbine (GT) power plants and Open Cycle power plants are used as synonyms in this study.  
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The exact definition of an H2-ready power plant influences the eligibility for subsidies of 

future power plants and therefore also the energy system of the future. Currently, there are 

no established definitions for the requirements that H2-ready power plants must meet. 

 

The objectives of this study are thus: 

 to describe and compare existing definitions of H2-ready power plants, 

 to describe the technical requirements for H2 operation and the potential conversion 

costs, 

 to analyse how H2-ready should be defined in the tender to ensure that the subse-

quent conversion for hydrogen operation can be carried out as quickly and cost-

effectively as possible, 

 to derive key messages regarding the future construction and use of H2-ready 

power plants from the analyses 

 

Firstly, the existing definitions of "H2-ready" are described in section 3. Section 4 then dis-

cusses the technical requirements of power plant operation with 100 % H2, such as the 

estimated conversion costs, infrastructure aspects and the GHG emissions of H2 for im-

portant production processes.  
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3. Existing definitions of „H2-Ready“ 

 

In this section, we provide an introduction to the definitions of 'H2-Ready' as described and 

summarized in Table 1 from the following publications: 

 

 European power plant manufacturers and operators, represented by the relevant as-

sociations  

 Technical inspection organisation TÜV SÜD  

 European regulators  

 German regulators 

 

The association VGBE Energy e.V. represents "operators of plants for the energetic utili-

sation of hydrogen", [12]  p. 2 or those with an interest in becoming one, as the energetic 

utilisation of hydrogen is not yet established. Members are operators and manufacturers 

and other institutions associated with electricity and heat generation: 411 companies from 

29 countries with an installed power plant capacity of 292,000 MW [21]. The VGBE has pub-

lished the following definition for H2-Ready: 

 

"A system is considered H2-ready if it can be operated 100% with hydrogen during its service 

life - possibly in various retrofit steps." [12] p. 6 and [13] p. 3, see also [18] p. 8. 
 

This definition is not suitable for differentiating H2-ready power plants from others, as 

any gas-fired power plant can be converted to operate with 100 % H2, if no restrictions 

are defined. The VGBE is in favour of a gradual changeover which, for example, initially al-

lows 9 vol-% H2, then 17 vol-% and then switches to 100% H2 operation [12] p. 12. At this 

point, it should be noted that TÜV SÜD (see below) only awards H2-readiness certificates 

with H2 admixture quantities of over 20 vol-% [22]. The background to this is that CO2 sav-

ings of only around 7% can be achieved with a blend of 20% hydrogen by volume in the fuel, 

which is due to the different physical properties (density and calorific value) of hydrogen 

and methane or natural gas [12], [13], [23]. 

 

The EU Turbines and EUGENE associations represent the manufacturers of power plants 

based on gas turbines, steam turbines and gas engines and have published a joint defini-

tion of H2-readiness. This distinguishes between the (volume-related) proportion of hydro-

gen in the fuel and an estimation of the costs of converting to operation with the corre-

sponding proportion of hydrogen, as shown in Figure 2. 
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The estimated overall construction costs for the conversion are categorised into three 

groups: up to 5 %, up to 10 % and up to 20 % or 30 % of the costs associated with building 

power plants with turbines or gas engines, respectively [24], [25]. 

 

 
Figure 2: Definition of "H2-Ready" by EU Turbines and EUGENE, own illustration based on [24]. 

TÜV SÜD has published a guideline for the certification of H2-ready combined cycle 

power plants. A public version is available online [26] and a non-public version can be re-

quested. TÜV SÜD distinguishes between three project life cycles, each of which is certified 

separately: tendering with a concept design, planning and construction with a detailed im-

plementation, and retrofitting with the corresponding measures.  

 

The power plant is divided into twelve main components, subsystems and overarching top-

ics. Boundary conditions are defined between the contractual partners (manufacturer and 

operator) as to when the conversion should take place, what the fuel supply will be like after 

the conversion and what effects the conversion is expected to have on electrical efficiency, 

availability, (NOx) emissions, the lifetime of the components and maintenance. 

 

For the tendering phase, the preparation of the concept design is certified for the manufac-

turer. The manufacturer must demonstrate that it has developed a technically coherent and 

comprehensive concept for the given boundary conditions that covers all relevant areas. 

For main components that are still under development, an assessment of the TRL is carried 

out. The assessment can be carried out for different hydrogen proportions in the fuel, 

whereby at least a rating of five must be achieved [19] p.64. 
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The components and subsystems are also divided into four categories: H2-capable, retrofit 

required, replacement required and obsolete. The non-public version of the certification 

guide [19] contains checklists for individual components for each subsystem, which should 

be taken into account when categorising them into the above-mentioned categories and 

TRLs. 

 

H2-readiness for power plants is not defined in EU legislation. However, the EU taxonomy 

provides the framework for green investments and therefore for H2 power plants from 

2035.  

 

The EU Taxonomy supports the achievement of the European Green Deal objectives and 

the 2050 climate neutrality target. A classification system establishes a list of environmen-

tally sound economic activities to facilitate sustainable investment and support the trans-

formation of the EU economy. The "Commission Delegated Regulation (EU) 2022/1214 of 

9 March 2022" [16] stipulates the following for "electricity generation from fossil gaseous 

fuels" (p. 20), among other things: 

 

“Facilities for which the construction permit is granted by 31 December 2030 comply with all 

of the following: 

i) direct GHG emissions of the activity are lower than 270 g CO2-eq. per kWh of the 

output energy, or annual direct GHG emissions of the activity do not exceed an 

average of 550 kg CO2-eq. per kW of the facility’s capacity over 20 years; 

 [...] 

v) the facility is designed and constructed to use renewable and/or low-carbon 

gaseous fuels and the switch to full use of renewable and/or low-carbon gase-

ous fuels takes place by 31 December 2035, with a commitment and verifiable 

plan approved by the management body of the undertaking; 

 [...] 

 

The requirements of the EU taxonomy are taken up in the guidelines of the European Invest-

ment Bank (EIB) for lending [27], which represent an important instrument for financing.  

The delegated act of the Renewable Energy Directive (RED) on renewable fuels of non-bio-

logical origin (RFNBOs) legally defines the criteria for the purchase of electricity for the pro-

duction of renewable hydrogen by electrolysis. These serve, among other things, as speci-

fications in the guidelines for state aid for climate and environmental protection and energy 

(see Table 1). 
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The only national legal regulation, in which the H2-readiness of power plants is implicitly 

defined, is the latest version of the German Combined Heat and Power Act (KWKG). Ac-

cording to Section 6 (1) sentence 6, one condition for granting the CHP subsidy is that plants 

with an electrical output greater than 10 MW can be converted to 100% H2 operation from 

2028 with up to 10% of the new construction costs. According to the definition of the VGBE 

and BDEW, this corresponds to an H2-ready power plant of type A2. 

 

Table 1: Definition of "H2-readiness" for power plants 

Organisation / legal regulation Definition of "H2-readiness" for power plants 

Manufacturers and operators of power plants and technical inspection companies 

- VGBE Energy e.V. and BDEW Definition: "A system is considered H2-ready if it can be 
operated 100 % with hydrogen during its service life - 
possibly in various retrofitting steps." [12], [13], [18] 

- European Association of Gas and Steam 
Turbine Manufacturers (EUTurbines) and 
European Engine Power Plants Associa-
tion (EUGENE) 

Definition: based on 10%, 25% and 100% H2 content in 
the fuel and estimated costs of conversion to H2 opera-
tion of up to 5%, 10% and 20% or 30% in relation to the 
costs for the construction of the power plant. [24], [25] 

TÜV SÜD in co-operation with Siemens 
Energy 

Definition: Certification of H2-readiness taking into ac-
count extensive criteria, such as life cycle phases of the 
power plant, components, subsystems and superordinate 
aspects, a scale for quantifying the suitability of the com-
ponents and subsystems for H2 operation and the TRL of 
the components. [26] 

European legal regulations 

Taxonomy for sustainable financing and 
further regulations (Implementation of the 
Green Deal) 

No definition. However, definition of sustainability crite-
rion that plants for electricity generation from fossil gase-
ous fuels for which planning permission is granted by 31 
December 2030 must be designed and built to use re-
newable and/or low-CO2 gaseous fuels and the conver-
sion to the full use of renewable and/or low-CO2 gase-
ous fuels must take place by 31 December 2035. [16] p. 
20 

Delegated act of the RED on RFNBOs No definition. The delegated act legally defines renewa-
ble (green) hydrogen (for the transport sector) by estab-
lishing and implementing criteria for the purchase of elec-
tricity for the production of hydrogen from electrolysis. 
The criteria are grouped into two categories: those re-
lated to renewable energy production, and those related 
to the temporal and spatial correlation between renewa-
ble energy production and electrolysers. The criteria in-
tend to ensure that the production of renewable H2 does 
not result in any CO2 emissions in the energy system. 
[28] 
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 European Investment Bank (EIB) lending 
guidelines 

No definition. The EIB finances projects for the produc-
tion of renewable and low-carbon H2, if it fulfils the rele-
vant criteria of the EU taxonomy for the prevention of sig-
nificant damage with regard to climate change [27] p. 38. 
The EIB signed an advisory services agreement with Hy-
drogen Europe in July 2021 to identify projects eligible for 
EIB financing. [29] 

Guidelines on State aid for climate, envi-
ronmental protection and energy 

No definition. Definition of renewable hydrogen: "Hydro-
gen produced from renewable energy sources in accord-
ance with the methods set out in Directive (EU) 2018/2001 
for liquid or gaseous renewable fuels (for transport) of 
non-biogenic origin." [30] p. 19 No. 70 

EU Gas Package (internal markets for re-
newable gases and natural gas as well 
as for hydrogen) 

No definition. The EU Strategy for the Integration of the 
Energy System [31] p. 19 argues in favour of using the ex-
isting gas network for hydrogen applications as a cost-ef-
fective means of promoting the integration of renewable 
and low-carbon gases, at least during a transitional period 
until pure H2 networks are expanded. 

The hydrogen strategy for a climate-neutral Europe [32] p. 
17 calls for a harmonisation of the H2 shares in the natural 
gas pipelines to ensure cross-border operation. 

German legal regulations 

Update of the National Hydrogen Strategy 
(2023) 

No definition. Note that "new gas-fired power plants to 
be built should also be designed as "convertible to hydro-
gen or its derivatives" (H2-ready)." [33] p. 19 

Combined Heat and Power Act3 (KWKG-
2023) 

Definition, implicit: The CHP subsidy is only granted ac-
cording to §6 para. 1 sentence 6. if plants > 10 MWel can 
be converted to 100% H2 operation from 2028 with up to 
10% of the new construction costs. 

 

                                                                 
3 Combined Heat and Power Act of 21 December 2015 (Federal Law Gazette I p. 2498), last 

amended by Article 9 of the Act of 20 December 2022 (Federal Law Gazette I p. 2512). Link 

https://www.gesetze-im-internet.de/kwkg_2016/
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4. Power plant operation with 100 % H2 

 

In general, combined cycle power plants, gas turbine power plants or power plants with gas 

engines can be considered for the operation with H24. In the following, the focus is on the 

first two turbine-based power plant types mentioned, as these have accounted for the larg-

est share of newly installed capacity in Germany in the last 20 years (see Figure 8 in the 

appendix on p. 37). Figure 3 shows the most important component groups of a GT power 

plant and a CC power plant in a simplified manner. Large gas turbines have electrical effi-

ciencies of around 40 %. The addition of the steam cycle supplies a further 50 % of the gas 

turbine output from the exhaust gas energy of the gas turbine, so that CC plants achieve 

efficiencies of around 60 %. 
 

 
Figure 3: Main component groups of gas-fired power plants 

  

                                                                 
4 It would also be technically possible to operate a steam power plant with H2. So far, steam power 

processes have mainly been used as base load power plants for coal-fired power generation, where 

low fuel costs justify high investment costs with comparatively low efficiencies of between 38 % 

and 46 %. Operation with H2 would result in high fuel costs and significantly lower operating hours, 

making steam cycles unattractive for operation with H2. 
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4.1 Types of power plant and their use 

It is important to consider the different purposes of the power plant types in order to be able 

to align political incentives for H2-ready power plants accordingly. In the following, a distinc-

tion is made between GT power plants, gas engine power plants and CC plants, as well as 

between power plants (only electricity generation) and combined heat and power (CHP 

plants). 

 

CC power plants have a higher efficiency than GT power plants, which means that the con-

version of hydrogen into electricity in a highly efficient CC power plant appears to make 

more sense. On the other hand, CC plants are typically operated as medium-load power 

plants due to higher investment costs, while GT power plants with lower investment costs 

are usually used as peak-load power plants with few operating hours. Accordingly, GT power 

plants would be more suitable as backup capacity for dark doldrums for economic reasons.  

CC power plants as well as gas turbine and gas engine power plants can ensure climate-

neutral security of supply and should therefore be provided with appropriate investment 

incentives. In terms of efficiency and investment costs, gas engine power plants lie be-

tween CC and GT power plants, but are mostly used as CHP plants. 

 

Combined heat and power plants are thermodynamically more efficient compared to the 

separate production of electricity and heat, resulting in primary energy savings. In an energy 

system with fossil fuels, they are therefore climate and environmentally friendly. In a decar-

bonised energy system, in which CHP plants are operated with hydrogen, it is essential 

to consider alternatives. These can be heat pumps, electric boilers, waste heat potentials, 

solar and geothermal energy or an optimal combination of these technologies including 

heat storages. The review is not only highly recommended in terms of climate policy, but 

also from an economic point of view, as the market conditions will change significantly with 

the steady expansion of renewable energies in the system and the phase out of natural gas 

utilisation.  

As CHP plants provide heat for district heating networks or industry, they are mainly oper-

ated to cover the heat demand, which means that electricity production does not follow the 

electricity demand as much compared to non-CHP power plants. In addition, meeting the 

heat demand leads to significantly longer operating times (full load hours). Operating CHP 

plants with hydrogen would therefore result in comparatively inflexible power generation 

on the one hand and require large quantities of green hydrogen on the other, which will 

be a scarce and thus expensive commodity in the near future. 
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With regard to installed capacity that can be operated when needed, it should be noted that 

CHP plants are very likely to be in operation during dark doldrums or other times when ther-

mal power plants are needed, thus supporting security of supply. For some CHP plants, a 

low demand for heat significantly restricts the electricity generation so that they cannot be 

operated in summer, for example, or cannot be operated at nominal capacity; these are CC 

plants with backpressure steam turbines and gas turbines with heat recovery boiler, pro-

vided they do not have a bypass for the heat recovery boiler. For political incentives for H2-

ready power plants, this means that CHP plants can be treated similarly to power plants 

without heat extraction. However, consideration should be given to a condition that CHP 

plants must be able to generate their nominal electrical output regardless of the heat 

load. In addition, the scarcity and thus high cost of hydrogen has to be taken into account 

in the planning process. 

 

4.2 Technical requirements for the power plants 

 

The operation of GT or CC power plants with hydrogen introduces new requirements on 

many technical components and subsystems, as well as on higher-level aspects such as 

authorisations, fire and explosion protection. These can be found in detail in Table 2. The 

main points are discussed below. 

 

 

Power plant gas turbines are not yet commercially available for 100 % H2 operation, but 

are expected to be available by 2030/2031. 

The operation of gas turbines with pure hydrogen is currently entering the pilot phase, as is 

clear from announcements by some manufacturers and operators, see e.g. [23] p. 11. How-

ever, it will still be a few years before the technology is established. The TRL (see appendix 

p. 31) is rated by the International Energy Agency (IEA) as 7 (pre-commercial demonstra-

tion) out of 11[11]. Commercial gas turbines for power plants5 are currently tested with a 

H2 volume fraction of less than 40 % in fuel6. From an H2 content of approx. 50 % by volume 

                                                                 
5 Heavy-duty gas turbines, which are usually used to generate electricity in power plants, are consid-

ered here. According to [34], "aero-derivatives" (modified aircraft engines) or industrial gas turbines 

can probably be operated earlier with 100 % H2 or are already being operated with high H2 propor-

tions [35] p. 58 sqq. 
6 In May 2023, the SGT6-6000G gas turbine from Siemens Energy with an H2 content of 38 vol% 

was successfully tested in a gas and steam power plant with an output of 753 MWel [36]. In sum-

mer 2023, a 4000F gas turbine from Siemens Energy will be tested with an H2 content of 5, then 15 

and later 30 vol% [37]. For further projects, please refer to [23]. 



Policy Brief: H2-Ready Gas-fired Power Plants 

Reiner Lemoine Institut November  2023 Seite 20/39 

(= 25 % energy), conversion may only be possible at great expense, as a new burner tech-

nology must be used, which is still under development [12], [13]. Significant retrofitting costs 

for 100 % H2 operation are also currently to be expected for new systems [12], [13]. The 

expected market availability of 100% H2 gas turbines is forecast by the manufacturers of 

gas turbines (Siemens and GE) and by the VGBE for 2030 / 2031[12]–[15], [34]. 

 

 

Technical challenges of H2 combustion 

Compared to methane or natural gas, hydrogen has a lower volumetric calorific value, which 

means that 3.3 times the volume flow (at the same pressure) is required for the same com-

bustion heat output. The higher required fuel volume flow and the embrittlement of steels 

by hydrogen must be taken into account when designing and retrofitting the fuel gas system 

(between the gas transfer point and the gas turbine inlet). The flame speed of hydrogen is 

many times higher than that of natural gas and the combustion temperature is around 

200 °C higher: two properties that favour more uneven combustion with hotspots and pul-

sations and which lead to higher NOx production during H2 combustion. There is also a risk 

of flashback, which must be avoided. The burner and combustion chamber of the gas tur-

bine must be designed accordingly for H2 combustion. [13], [18], [38] 

 

Gas turbines for 100 % H2 operation are still under development. One challenge here is to 

solve the above-mentioned problems without lowering the turbine inlet temperature and 

thus having to accept lower efficiency of the gas turbine system and lower output power. 

[22] 

 

 

What can already be taken into account in the planning and construction of an H2-ready 

power plant? 

 

In the tendering process and afterwards. 

 Transparancy between manufacturers (including suppliers and original equipment 

manufacturers, OEMs) and customers regarding 

o The boundary conditions for the fuel switch (schedule and H2 share). 

o The TRL of the most important affected components.  

o The necessary conversion measures. 

 Securing the connection to the hydrogen grid at an early stage. 

 Instrument to ensure timely retrofitting: e.g. contractual stipulations and penalties. 

 Securing a fincancial reserve required for the conversion. 
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During the planning: 

 Consider space requirements, process engineering design and, if necessary, equip-

ment for the fuel gas system. In the case of a planned mixed operation of natural 

gas and H2, consider the (space) requirements of a mixing station if necessary. 

 Provide space requirements for sufficiently dimensioned denitrification (SCR) in the 

heat recovery steam generator of CC plants or CHP plants with dry low NOx (DLN) 

burners and for ammonia or urea tanks as well as solution pumps and instrumenta-

tion and control. 

 Consideration of the condensation point in 100 % H2 operation with a higher water 

content in the flue gas and consideration in the design of the heat recovery steam 

generator or boiler (for CC plants and CHP plants) and the stack in order to avoid 

corrosion. 

 Consider fire and explosion protection requirements as well as hazard and risk anal-

yses for the operation with 100 % H2 from the beginning.  

A downtime of a few weeks to 3-4 months is expected for the conversion [18] p. 56. 

 

 

Authorisation challenges 

As hydrogen power plants are not yet established, they have not yet been taken into account 

in laws, and technical regulations. Important points are listed below; for a more detailed 

description, please refer to [18] p. 27 - 35. 

 

Emission limits for NOx emissions should be specified for thermal input greater than 50 

MW and for gaseous fuels with an H2 content of 10 to 100 %, which means that these 

must be specified by the respective authority in individual cases [18] p. 30. When changing 

the fuel, it must be checked whether this is a significant change to the system and whether 

this requires authorisation. 

 

Technical regulations for the design, choice of materials, etc. for turbomachinery7 are not 

yet available in Europe and must be formulated promptly. Until then, the regulations of the 

American Petroleum Institute can serve as alternatives. [18] p. 19.  

 

 

                                                                 
7 Gas turbines and compressors, which, in addition to the combustion chamber, are essential com-

ponents of a gas turbine system. 
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In addition, aspects of authorisation law do change (in Germany) when operating with hy-

drogen or other aspects take effect: 

 Hazardous incident installations according to German 12th BImSchV: from 5 

tonnes (sole presence), basic obligations according to §§ 3-8a must be complied 

with, from 50 tonnes extended obligations according to §§ 9 - 12 [18] p. 30. 

 Storage of hydrogen: from 3 tonnes, a simplified approval procedure in accordance 

with § 19 BImSchG must be completed without public participation, from 30 tonnes 

a more complex approval procedure in accordance with § 10 BIm-SchG with public 

participation [18] p. 29. 

 

Table 2: Requirements for power plants for 100 % H2 operation 

Subsystem  

Fuel gas supply sys-

tem 

 

- Fuel gas volume flow is 3.3 times higher for H2 at the same pres-

sure compared to natural gas, ( higher pressure losses or larger 

nominal diameter of the pipework required) [12], [13], [38] 

- Upgrading due to changed material stress [12], [38]. For systems 

with higher pressure (> 10 barg), the need to replace pipework and 

fuel compressors is considered more likely than for those with 

lower pressure [38] 

- Space required for parallel construction of the H2 transfer station: 

20-50 m² for low-pressure systems (< 10 barg) and up to 900 m² 

for high-pressure systems [38] p. 32. 

- Space requirement for H2 ansd natural gas blending: 7 - 30 m² [38] 

p. 32. 

Combustion system 

and gas turbine (GT) 

- H2 combustion in GT is still under development, TRL should be 

considered [38]. 

- From > 50 vol% H2, replace burners with new combustion technol-

ogy, if necessary replace combustion chamber with adapted cool-

ing concept [13], [38]. 

- Check protection against flashback, flame stability and function of 

the flame monitor [19]. 

- Avoidance or reduction of combustion chamber pulsation [19]. 

- A higher combustion temperature results in a higher NOx in the 

flue gas. In combined cycle plants or for gas turbines with heat re-

covery boilers as CHP plants, NOx can be neutralised in a denitrifi-

cation unit (DENOx / SCR). For gas turbines without heat recovery 

boilers, water injection in the combustion chamber is an option 

(disadvantage: high water consumption, reduced efficiency) [12], 

[17], [38]. 
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- With water injection, a space requirement of < 4 m² is to be ex-

pected [38] p. 32. 

instrumentation and 

control 

- Not directly affected [19]. 

Heating, cooling and 

ventilation 

- Not directly affected [19]. 

Building - Not directly affected [19]. 

Fire and explosion 

protection 

- Adaptation of the entire explosion protection concept necessary 

[12]. 

Permits - Emission limits for NOx must be specified in the German 13th BIm-

SchV for fuels with > 10 % H2 content [18]. 

- The fuel conversion could constitute a "substantial modification of 

the plant" requiring authorisation (in Germany) [12]. 

- Regulations for the design of H2 turbomachinery are not yet avail-

able in Europe [18]. 

Heat recovery steam 

generator (HRSG) 

- Check whether and where condensate occurs in the HRSG due to 

higher water content in the exhaust gas [12]. 

- For denitrification, the space requirement for the SCR in the HRSG 

must be taken into account [26], [38]. and space outside the HRSG 

for ammonia or urea tanks, solution pumps and I&C of the DENOx 

[38]. 

- If necessary, the HRSG can be slightly oversized to ensure con-

sistent performance in 100% H2 operation [22]. 

Steam turbine - No significant impact to be expected if the gas turbine can be op-

erated in a similar way to natural gas operation. 

Cooling system - No influence to be expected. 
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4.3 Costs of retrofitting 

 

According to [38] p. 49, the view of power plant manufacturers seems to be that the costs 

of a new power plant designed for 100 % H2 operation should be comparable to those of 

a current power plant operated with natural gas, or that the investment costs should be a 

maximum of 10 % higher. In the joint discussion paper "H2 process guidelines" by BDEW 

and VGBE [18] p. 40, "the maximum additional costs of no more than 10 percent of the 

costs of a new plant are described as too low and also too rigid in relation to technical 

development". The different assessment regarding the 10 % is due to 

1. the difference between building a new 100 % H2 power plant vs. converting an ex-

isting power plant, 

2. the reference to gas turbines in [18] and the lack of clarity as to whether [38] refers 

to gas turbines or CC plants. 

However, this may also reflect the different interests of manufacturers and operators. In 

[38] p. 53 sqq., the costs of converting to 100 % H2 operation are given for various sizes 

and types of power plant based on individual items. Table 3 shows the total costs for rele-

vant sizes and gas turbine-based power plants. 

 

Table 3: Costs of converting gas-fired power plants, data based on: [38], [39] 

Plant Combined cycle power plants Gas turbine 

power plants 

El. power in MW [38] 61 218 404 805 4 301 

El. efficiency in % [38] 53 54 56 62 29 39 

Conversion costs in €/kW 

[38]8 

121 80 49 36 1.100 68 

New construction costs in 

€/kW [39]9 
1.000 470 

Conversion costs in rela-

tion to new construction 

costs 

12 % 8 % 5 % 4 % 235 % 15 % 

 

 

                                                                 
8 Specified confidence interval: +60 % to -50 % 
9 Meta-analysis from several studies [39]: CC: 700 to 1,000 €2014 / kW  821 to 1172€2022/kW; GT: 

380 to 420 €2014 / kW  445 to 492€2022/kW 
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The individual conversion items10 relate to the fuel gas system and the gas turbine, which 

are present in both gas turbine power plants and CC power plants. With this information 

and the rule of thumb that 2/3 of the output of a CC plant comes from the gas turbine, the 

conversion costs for gas turbine power plants can be determined. These are shown to-

gether with the conversion costs for CC plants in Figure 4, in relation to the new build costs 

(see Table 3). 

 

 
Figure 4: Costs of conversion to 100 % H2 operation, data: [38], [39] 

The confidence interval of the conversion costs is given as +60 % to -50 % and the new 

construction costs used are literature values that may differ in practice. Nevertheless, a ten-

dency becomes clear. For larger CC plants, the conversion costs in relation to the new con-

struction costs are significantly lower than for gas turbine power plants, at less than 10 %. 

For gas turbines in the single-digit MW range (and for gas engines in this output class), the 

conversion costs are considerably higher in relation to the new construction costs. 

                                                                 
10 An exemplary cost breakdown for the 404 MW CC plant is shown in the appendix on p. 31 in Fig-

ure 9. 
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4.4 Infrastructure 

 

The loading of a large truck with approx. 1,000 kg of hydrogen is only enough to operate a 

400 MW CC power plant11 at full load for approx. 5 minutes. If transport by ship were possi-

ble, storing such large quantities of H2 would pose a considerable challenge. A connection 

to a hydrogen network is therefore essential for the operation of power plants of this size.  

 

The "European Hydrogen Backbone" (EHB)12 hydrogen network is currently still in the plan-

ning phase, meaning that the following results only represent a snapshot of the develop-

ment process. However, they show how well the hydrogen infrastructure integrates exist-

ing power plant sites that could be used for hydrogen operation, see Figure 5. 

 

 
Figure 5: Power plant locations and EHB, data: [42]–[44] 

                                                                 
11 Efficiency: 56 %, see Table 3 
12 The "H2-Startnetz" (H2 starter grid) and the " visionäres Wasserstoffnetz”(visionary hydrogen 

grid) are part of the European Hydrogen Backbone [40]. At 5,900 km for 2030 and 7,300 km for 

2040, the EBH is smaller than the "H2-Kernnetz” (H2 core grid) with 9,700 km [41]. 
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A GIS analysis was conducted to determine the shortest distances between German power 

plant sites and the hydrogen grid for the planning year 2030, which are shown in Figure 6. 

 

 
Figure 6: Distances from German power plant sites to the EHB, data: [42]–[44] 

The German power plant sites that are operated with natural gas and heating oil are pre-

dominantly combined cycle power plants and gas turbines (see Figure 8). Natural gas and 

heating oil-fired power plants with a total capacity of 6.1 GW are located less than 1 km 

from the current planning status of the EHB for 2030. Up to a distance of 3 km it is 10.1 

GW and up to 5 km 16.4 GW – approx. half of the existing capacity. If the current locations 

of coal-fired power plants (hard coal and lignite) are also taken into account as hydrogen 

locations, 14.6 GW of power plant capacity is less than 1 km and 28.4 GW less than 3 km 

away from the EHB. 

 

While the location of power plants for electricity generation can only be chosen more flexi-

bly, combined heat and power plants are connected to district heating networks or industry, 

which must continue to be supplied. The breakdown into CHP plants and non-CHP plants 

shows that for natural gas and heating oil, 24 % of CHP plants are less than 1 km away from 

the hydrogen network, 38 % are less than 3 km away and 54 % are less than 5 km away. For 

hard coal and lignite-fired power plants, 23% are up to 1 km away and 64% are up to 3 km 



Policy Brief: H2-Ready Gas-fired Power Plants 

Reiner Lemoine Institut November  2023 Seite 28/39 

away. “Other energy sources" includes waste, nuclear power and other fossil fuels, 42 % of 

which have a distance of more than 10 km from the hydrogen grid. 

 

Figure 5 and Figure 6 already show that the EHB considers power plant sites as relevant 

consumers of hydrogen. The significance of a connection length of, for example, 5 km from 

the hydrogen grid to the power plant site is illustrated by a cost comparison: the above-

mentioned CC power plant with an electrical output of 400 MW would require a connection 

to the H2 grid with a pipeline of 30 cm in diameter13, the costs of which for a length of 5 km 

would amount to approx. 4 million €2022
14 (approx. 0.8 million €2022 per km) [45] p. 157. The 

CC power plant, on the other hand, has investment costs of approx. 400 million €, which 

means that the connection at a distance of 5 km accounts for approx. 1 % of the invest-

ment in the power plant; at 10 km, twice as much. 

 

 

4.5 Climate protection 

 

The hydrogen economy should focus on reducing GHG emissions. Depending on the pro-

duction process, hydrogen is referred to as green, blue or grey hydrogen, for example. Green 

hydrogen is produced using electrolysis, with the electricity for this coming from additional 

renewable energy sources. The legal definition of renewable (green) hydrogen is provided 

in the Delegated Act of the Renewable Energy Directive [28] (for the transport sector). Grey 

hydrogen is produced from natural gas by steam reforming. In the process, the carbon from 

the natural gas is released as CO2. This is the cheapest and most widely used hydrogen 

process to date. For blue hydrogen, most of the CO2 is captured and stored after steam 

reforming. 

 

Figure 7 shows the GHG emissions of a combined cycle power plant with an efficiency of 

56 % when using blue and green hydrogen, as well as for natural gas operation. The emis-

sions of green hydrogen must be compared with the range resulting for blue hydrogen and 

natural gas with transport, depending on the assumptions15. This comparison shows that 

blue hydrogen has comparable GHG emissions to natural gas and that GHG emissions 

                                                                 
13 At a pressure of 70 bar and a gas velocity of 15 m/s. 
14 Conversion between €2012 and €2022 with producer price index for machinery in Germany from the 

Federal Statistical Office: cost increase of 21.4 % for the period. 
15 The values from [46] are calculated for the current energy system and for blue hydrogen the 

range is given that results from the sensitivities of the assumptions. The values are lower for a cli-

mate-neutral energy system, but higher for blue hydrogen than for green hydrogen. 
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can only be reduced by using green hydrogen. The high GHG emissions of blue hydrogen 

are mainly due to the process energy requirement, a CO2 capture rate that is not 100% and 

the transportation of natural gas or hydrogen, depending on the location of the reforming 

plant to Germany [46]. As the transportation of hydrogen is also associated with GHG emis-

sions and favours climate-damaging H2 leakages16, transport distances should be kept as 

short as possible. 

 

 

 
Figure 7: GHG emissions of a power plant with green and blue H2 vs. natural gas, *pipeline transport 3,000 

km, **natural gas transport with pipeline 3,000 km, as for blue hydrogen, data: [46], [47] 

 

                                                                 
16 Even if H2 itself is not a greenhouse gas, it increases the lifetime of the greenhouse gas methane 

in the troposphere [10]. 
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5. Conclusions 

 

Hydrogen is the energy carrier that, if produced from renewable electricity, will enable the 

phase-out of natural gas in the electricity system and can provide power plant capacity for 

dark doldrums. To achieve this, power plants must be made H2-ready. The study analysed 

how the term H2-ready is defined, what technical measures are required to convert power 

plants to 100% hydrogen use, what costs are associated with the conversion and explored 

further applications of the utilisation of hydrogen in the electricity sector. 

 

We showed that although the term H2-readiness is frequently used, it is not yet clearly de-

fined in regulatory terms. Although the term implies that a conversion from gas-fired power 

plants to hydrogen is rather easily possible, the technical conversion measures are still ob-

ject of development. As of today, gas turbines for 100 % hydrogen utilisation are not yet 

commercially available. Accordingly, new power plants are being built as H2-ready gas-fired 

power plants and must be converted to 100 % H2 operation by 2035 at the latest. The most 

extensive changes are related to the fuel gas supply and gas turbine system. The conversion 

costs for CC power plants are expected to be less than 10 % of the initial investment. For 

gas turbine power plants, they are expected to be significantly higher. Technology-specific 

cost criteria should therefore be used in order to incentivise both technologies. 

The analysis of the power plant locations for Germany shows that the connection to the 

European Hydrogen Backbone pipeline system is unlikely to be an obstacle to the H2 oper-

ation of the power plants. Half of the generation capacity of today's German gas-fired power 

plant sites is up to 5 km away from the planned hydrogen grid. Although this ensures the 

basic availability of hydrogen, it is crucial for the reduction of emissions that renewable hy-

drogen (also referred to as green hydrogen) is used in the power plants. Green hydrogen is 

expected to remain a limited resource in the near future. Consequently, it is imperative to 

expand other options for enhancing grid flexibility. It's worth noting that the utilization of 

blue hydrogen can result in emissions similar to or even higher than those of natural gas. 

Therefore, ensuring a sufficient supply of green hydrogen and critically evaluating the 

necessary total capacity of H2 power plants along with their expected operating dura-

tions will be essential. 

 

In light of these findings, we have distilled 14 key messages in chapter 1, offering recom-

mendations for a sustainable and climate-friendly future utilization of hydrogen in electricity 

generation. These messages serve as a roadmap for informed decisions and actions to 

address the challenges and opportunities presented by hydrogen in our energy landscape. 
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7. Appendix 

 

1. Calculation example for the interpretation and assessment of the requirements 

of the "Commission Delegated Regulation (EU) 2022/1214 of 9 March 2022" for 

"Electricity generation from fossil gaseous fuels" (p. 20) 

 

„Installations for which planning permission is granted by 31 December 2030 meet all of the 

following requirements: 

i) the direct GHG emissions of the activity are less than 270 g CO2-eq per kWh of 

energy output, or the annual direct GHG emissions of the activity averaged over 

20 years do not exceed 550 kg CO2-eq per kW of plant capacity; 

[...] 

To illustrate the required CO2 emission limits17, a modern combined cycle power plant with 

a (record) efficiency of 62% can be considered, which has the lowest CO2 emissions of any 

natural gas-fired power plant: 

 

The direct emissions for natural gas of 55.8 t CO2 / TJ (200.9 g CO2 / kWh) [47]result in 

emissions of 324 g CO2 / kWhel. These are higher than the required value of 270 g / kWhel. 

If the CC power plant mentioned above must not exceed the 550 kg CO2 / kW installed 

capacity, it follows that it must not have more than 1,69718 full utilisation hours per year. 

 

As the first point is impossible with today's technology and natural gas as a fuel, the sec-

ond point applies and represents a restriction on operating hours. 

 

For highly efficient CHP plants19, the 270 g CO2 / kWh are related to the energy output, i.e. 

to electricity and heat extraction together. This results in a fuel utilisation rate of at least 

75 %, which is realistic and comparatively easy to achieve.  

                                                                 
17 Direct emissions do not include emissions associated with transport. 
18 550 kg/kW / 324 g CO2 / kWh = 1,697 h/a 
19 Primary energy savings compared to separate generation in accordance with Directive 

2012/27/EU greater than 10 %. 
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2. Newly installed capacity of gas turbine power plants, gas and steam turbine 

power plants, steam power plants and gas engines in the last 20 years. Divided 

into combined heat and power plants (CHP) and power plants for pure electricity 

generation (non-CHP). 

 

 

 
Figure 8: Installed capacity of natural gas power plants over the plant age, data source: [44] 
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3. TRL description according to: [11] 

 

Fully developed 11 Proof of stability achieved 

Predictable growth 

Market ac-

ceptance 

10 Large-scale integration required  

The solution is commercial and competitive, but requires further 

integration efforts 

 9 Commercial operation in a relevant environment  

Solution is commercially available, needs evolutionary improve-

ment to remain competitiv 

Demonstration 8 First commercial solution of its kind  

Commercial demonstration, full scale deployment under final 

conditions 

 7 Pre-commercial demonstration  

Prototype works under the expected conditions 

Large prototype 6 Full-scale prototype  

Prototype that proves itself under the expected conditions on a 

large scale 

 5 Large prototype  

Components tested under operating conditions 

Small prototype 4 Early prototype  

Prototype trialled under test conditions 

concept 3 Concept must be validated  

Solution must be prototyped and applied 

 2 Application formulated  

Concept and application of the solution are formulated 

 1 First idea  

Basic principles are defined 
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4. Exemplary breakdown of the conversion costs for the H2 operation of a 404 MWel 

CC power plant 

 
Figure 9: Cost breakdown of the conversion of a 404 MWel CC power plant, data basis: [38] p. 53 
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