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Methodology 
 
A Rapid Evidence Assessment (REA) has been undertaken in order to identify existing 
studies on heating with hydrogen. REA is an established method to systematically identify 
and assess existing research in a particular area, establish what is already known about a 
topic, and support policy decision-making.1 REA has been used repeatedly in energy research 
and this paper follows the guidelines for REA developed by the UK Energy Research Centre 
(UKERC).2 
 
The online databases Web of Science and Academic Search Complete have been used to 
screen the academic literature for relevant papers. In order to also identify grey literature 
Google Scholar was used but only the first 200 results were analysed for each combination of 
search terms. The search was conducted by using Boolean combinations of relevant terms 
(Table 1). 
 
Table 1: Boolean operators used in REA 
 

hydrogen AND 

“space heating” 
“home heating” 
heating AND buildings 
heating AND homes 
“heat pumps” 
electrification AND heating 

 
The following constraints have been applied: 

- only evidence published since 01 January 2019 was considered; 
- only English and German language publications were reviewed due to language skill 

limitations; and 
- publications carried out by or on behalf of a specific industry have been excluded. 

 
It is evident from the identified studies that national-level analysis is highly concentrated in a 
few countries such as Germany and the UK. This is likely at least partly a result of the REA 
not considering languages other than English and German, but also partly because a lot of 
research on heating with hydrogen was produced in those countries. 
 
In order to determine relevance returned results were filtered based on the title and abstract 
initially. Where this was insufficient the main text was interrogated. The criteria for 
establishing relevance included: 
 

- research on using hydrogen to provide space and/or hot water heating in buildings; 
- modelling of system and/or consumer costs of using hydrogen to provide space and/or 

hot water heating in buildings versus alternative technologies; and 
- evidence reviews on using hydrogen to provide space and/or hot water heating in 

buildings. 
 
Following the filtering of retained search results, key descriptive information of each of the 
results was captured: 
 



- geography; 
- type of analysis (energy systems modelling, consumer cost modelling, and evidence 

reviews); 
- year to which findings apply (if applicable); 
- findings on relative costs of heating with hydrogen versus alternative technologies; 
- findings on efficiency of heating with hydrogen versus alternative technologies; and 
- findings on environmental impacts of heating with hydrogen versus alternative 

technologies. 
 
All studies identified are listed in Table 2-5 below. 
 
Table 2: Energy systems modelling studies on heating with hydrogen identified  

Type of 
study 

References Geographical 
focus 

Year to 
which 
findings 
apply 

Findings 

Energy 
systems 
modelling 

3 UK 2050 Modelling least-cost pathway to achieve 100% decarbonisation does 
not include hydrogen for heating. 

4 UK 2050 Hydrogen-dominated heating would cost consumers 73% more 
compared to pathways relying on district heating and heat pumps. 

5 Global 2050 Least-cost pathway includes <2% hydrogen for decarbonising 
buildings. 

6 Germany 2050 Energy efficiency and electrification associated with significantly 
lower costs than hydrogen pathways. 

7 EU 2030, 
2040, 
2050 

Best-case scenario (lowest system cost) contains no hydrogen used 
for heating. 

8 Global 2050 In least-cost pathway majority of heating systems in 2050 are 
assumed to be heat pumps. 

9 Germany 2050 Modelling a 95% carbon emission reduction pathway results in 5% 
hydrogen share of final energy demand for space and hot water 
heating in residential buildings. 

10 California 2019 In California hydrogen would cost 3-10 times more than 
electrification of heating mainly through heat pumps. 

11 Sao Paulo, 
Brazil 

2050 In 2050 modelled cost-optimal heat decarbonisation pathways most 
heating is supplied via electrification. 

12 UK 2050 CO2-neutral production of hydrogen via renewable electricity and 
electrolysis is not cost-competitive to the direct use of electricity in 
ASHP. Use of hydrogen only to complement heat pumps which are 
modelled to deliver the bulk of heating. 

13 UK 2050 Under tight emission limits and cost optimisation almost all domestic 
heating is provided by electric heat pumps, except for 1% of heating 
that is provided by hydrogen by converting a portion of the natural 
gas grid. 

14 EU+UK 2050 The main strategies are for decarbonisation of heating are 
electrification. District heating uses waste heat from hydrogen 
production. 

15 Netherlands 2050 Between 1% and 9% of heating provided by hydrogen. Data 
underlying analysis obtained from 16. 

17 Global 2050 Electrification accelerates to an 88% share in the 1.5C-Elec scenario 
with almost no hydrogen used for heating. 

18 Global 2050 Hydrogen for heating is negligible (close to zero) across all scenarios 
modelled for cost optimisation. 

19 EU 2050 EU electrification of buildings energy demand increases above 65% 
in 2050 in all scenarios with a limited role for hydrogen supply up to 
about 10% of final energy demand in 2050 in the hydrogen scenarios. 

20 Hamburg, 
Germany 

2050 Analysis finds that even under very optimistic price reduction 
pathways for green hydrogen heating with hydrogen is more 
expensive for final customers than heat pumps. 

21 UK 2035 Total system cost per household associated with hydrogen boilers 
equate to £1,600/year compared to £860/year for heat pumps. 

 



Table 3: Consumer cost modelling studies on heating with hydrogen identified  
Type of 
study 

References Geographical 
focus 

Year to 
which 
findings 
apply 

Findings 

Consumer 
cost 
modelling 

22 EU 2050 Hydrogen for heating at least twice as expensive as heat pumps. 
23 Spain, Italy, 

Czechia, and 
Poland 

2040 Across the four countries investigated, using hydrogen boilers for 
heating in single-family homes is estimated to be 60-120% more 
costly than using heat pumps and 
50-80% more costly in multi-family homes. 

24 Germany 2025, 
2035 

Hydrogen heating significantly more expensive than electrification 
even before reform of electricity levies. Very few use-cases where 
hydrogen makes economic sense in buildings. 

25 Germany n/a Hydrogen heating 5 times less efficient than heat pumps regarding 
the required amount of electricity. 

26 Netherlands 2050 All hydrogen scenarios are at least twice higher in cost than heat 
pumps. 

27 UK 2050 Heating with hydrogen from steam methane reforming with carbon 
capture and storage is twice and heating with hydrogen from 
electrolysis three times more expensive compared to an air source 
heat pump. 

28 Germany 2050 Air-source heat pumps are the most cost-effective residential heating 
technology in 2050 and are at least 40% lower cost than the 
hydrogen-only technologies. 

29 Germany 2030 Hydrogen heating technologies 1.4-2.1 times more expensive than 
heat pumps. 

 
Table 4: Environmental impact assessments on heating with hydrogen identified  

Type of 
study 

References Geographical 
focus 

Year to 
which 
findings 
apply 

Findings 

Environ-
mental 
impact 
assess-
ments 

30 UK 2035, 
2050 

Boilers using hydrogen (from electrolysis and steam methane 
reforming) have the highest impacts in all of the 19 impact categories 
(due to high electricity and resource use) including primary energy 
demand, metal depletion, freshwater consumption, fine particulate 
matter, photochemical ozone formation ecosystems/human health, 
ozone depletion, freshwater ecotoxicity, marine eutrophication, 
terrestrial acidification, human toxicity cancer and non-cancer, 
ionising radiation, and fossil depletion. Heat pumps are the lowest 
environmental impact option to decarbonise heating. 

 
Table 5: Evidence reviews on heating with hydrogen identified  

Type of 
study 

References Geographical 
focus 

Year to 
which 
findings 
apply 

Findings 

Evidence 
reviews 

31 EU n/a Heating with hydrogen is identified as a niche solution and analysis 
suggests there is no credible route where hydrogen enters the 
residential heating sector. 

32 Global n/a Low confidence and lowest readiness level of hydrogen for heating. 
33 Global 2050 Concludes that cost of heat from hydrogen would be much higher 

than from heat pumps and assumes close to 0% of heating buildings 
provided by hydrogen. 

34 Global n/a Residential heating assigned the lowest priority of hydrogen 
applications. 

35 Global 2020-
2050 

Hydrogen not recommended for heating due to inefficiencies and 
higher costs. 
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