














 

The economics: we expect steep improvements 
We analyse the economics of hydrogen production under two different processes 
(which we detail in the section �Hydrogen: a primer�):  

(i) Blue Hydrogen (natural gas + CCUS), which comes from natural gas and 
sequestrates carbon emissions; currently blue hydrogen is the cheapest �clean� 
alternative. 

(ii) Green Hydrogen, which comes from electrolysis. Interestingly, our scenario analysis 
shows that, as renewable production gets cheaper and electrolysers become more 
ef�cient, green hydrogen costs would become increasingly competitive, although only 
solar-powered electrolysers are more competitive than blue hydrogen by 2050. 

 

Exhibit 4: Decarbonising the remaining 10%-20% is relatively dif�cult; hydrogen would be crucial here 

Hard-to-decarbonise sectors (e-hydrogen) 

Power Generation (peakload)

Hydrogen for seasonal storage

Transport (heavy-duty and shipping)

Fuel cells, hydrogen-fuelled

Manufacturing (high temperatures)

Hydrogen for high temperature combustion processes

 
 

Source: Goldman Sachs Global Investment Research
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Renewables: additions pa to triple vs our 2050 Green Deal estimates 
To meet the power demand required for the EU�s 500 GW electrolyser aspirations, we 
estimate some 1,100-1,300 GW of dedicated RES capacity � equivalent to incremental 
investments in renewables of  1.4 trillion � would be needed. This implies double our 
(top-of-the-street)2 2050 estimate of  1.2 trn capital spending. It implies nearly triple our 
(top-of-the-street) addition estimates for wind and solar to c.90 GW per year, starting 
towards the end of this decade until 2050. 

 

The exhibit below shows the estimated evolution of wind (onshore and offshore) and 
solar in Europe throughout 2050. The base case estimates re�ect EU Green Deal targets 
(the EU Green Deal Bull Case), while the upper curve shows the upside from Green 
Hydrogen (our e-Hydrogen Bull case). Under this new scenario, 2050E renewable 
capacity would double; during 2030-50E (when most of these investments would have 
to be carried out), annual wind and solar additions could triple vs the Green Deal 
scenario.  

2 Our conversations with corporates and investors suggest that the �nancial community has not fully 
captured the magnitude of the Green Deal upside potential. Our top down capacity estimates for wind and 
solar therefore appear amongst the highest on the street. We are also slightly above industry bodies such as 
the International Renewable Agency and IRENA.

 

Exhibit 9: Adding in the power required for hydrogen electrolysis, European RES additions would nearly 
triple relative to our Green Deal 2050 forecasts  
Cumulative wind and solar installed base in Europe and annual additions (ex hydro) scenarios 
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Source: Goldman Sachs Global Investment Research
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What are the main bottlenecks and what could go wrong in our thesis? 
As we demonstrate throughout the report, the green hydrogen opportunity is vast and 
truly game changing for the Utilities industry. Yet we identify some bottlenecks and risks, 
which we will be monitoring, which may delay or derail our thesis. These include: 

Supply constraints in electrolysis: considering the electrolysis industry is its early �

stages, the acceleration implied in the EU Hydrogen Strategy could create cost 
in�ation or supply restraints in equipment, at least temporarily. 

Permitting delays: despite the strong policy support by the EU and the central �

governments in several major countries, local authorities may be (at least 
temporarily) overwhelmed by the strong acceleration in requests to: develop 
renewables, install new equipment (electrolysers, Hydrogen Turbine power plants) 
and upgrade gas pipelines. As seen in US Offshore or in Germany, sometimes 
environmental permits and local administration authorisations can create signi�cant 
delays. 

RES returns: as discussed in several reports (European Renewable Majors: The �

case for valuing renewables to perpetuity), returns by the European renewables 
Majors remain attractive, at 7-11% on a pre-tax basis by our estimates. Although we 
expect marginal returns are likely to settle at 6%-7%, this is mostly due to the 
reduction in the cost of capital. We believe that � in the nearer term � the offshore 
industry could face the largest threat for two main reasons: (i) the acceleration in 
auctions is not due until 2023 at best, to c.15 GW pa vs c.10 GW pa during 2020-22; 
and (ii) the rising ambitions of European Big Oils could lead these companies to take 
a c.25%-35% market share in offshore, which compares with very low single digit 
(1%-2%, on our numbers) in onshore wind and solar. 

Blue hydrogen economics: currently the cost of blue hydrogen (natural gas + �

CCUS) is more competitive than green hydrogen owing to low gas prices, no carbon 
taxes and the relatively high cost of electrolysers. Although gas prices are likely to 
normalise to their LT average, carbon taxes on imported fuels may be introduced (as 
discussed already in EU papers) and the cost of renewables/electrolysers look set to 
fall (more details throughout the report), the (currently) better economics in blue 
hydrogen could ultimately lead the EU to revise ambitions in green hydrogen.
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to decarbonise existing hydrogen production through installation of at least 6 GW 
electrolysers. Hydrogen would continue to be used in the re�ning oil industry and in the 
fertilizing industry. 

 

Phase 2: using hydrogen in industrial processes and for transport 
In the second phase, covering 2025 and 2030, EU targets the installation of least 40 GW 
of renewable hydrogen electrolysers by 2030 (plus 40 GW in neighbouring countries) to 
be able to utilise up to 10 mn tonnes of renewable hydrogen. 

In this phase, hydrogen is expected to be increasingly used in industrial processes (e.g. 
steel) and in transport (e.g. trucks, rail, maritime). Hydrogen would also start playing a 
role balancing a RES-based electricity system by providing �exibility (transforming 
electricity into hydrogen where renewables are abundant and cheap) and by being used 
for daily/seasonal storage. 

 

 

Exhibit 18: In phase 1, EU plans to install at least 6 GW of electrolysers to produce up to 1 mn tonnes of 
renewable hydrogen 
EU Hydrogen Strategy electrolyser targets 

Phase 1 2020-2024

6 GW
of electrolysers in 

EU

1 mt
of RES hydrogenH2

 
 

Source: European Commission, Goldman Sachs Global Investment Research

 

Exhibit 19: In phase 2, EU plans to install at least 40 GW of electrolysers to produce up to 10 mn tonnes of 
renewables hydrogen 
EU Hydrogen Strategy electrolyser targets 

Phase 2 2025-2030

40 GW
of electrolysers 

in EU

+
40 GW 

in neighbouring 
countries

up to 

10 mt
of RES hydrogen

H2

 
 

Source: European Commission, Goldman Sachs Global Investment Research
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Phase 3: a more comprehensive use of hydrogen in the economy 
The third part of EU Hydrogen Strategy covers 2030 and 2050, when renewable 
hydrogen technologies are expected to reach maturity and be deployed at a large scale 
to reach a wider range of sectors in the economy (aviation, shipping, commercial 
buildings and hard-to-decarbonise industrials). 

This phase would require a massive increase of RES production, as the EC anticipates 
c.25% of renewable electricity might be used for renewable hydrogen production by 
2050. The EC�s working assumption is 500 GW electrolysers by then. 

 

Hydrogen bottom up demand 
We estimate that in a scenario where hydrogen adoption becomes highly widespread in 
Europe to meet the EU�s 2050 ambitions, incremental demand from Europe alone 
would roughly be c.15% more than present global demand. Our Bottom Up hydrogen 
demand analysis outlines how hydrogen demand in Europe could grow to a multiple of 
what it is today, driven by: (i) widespread adoption of fuel cells to decarbonise the 
transport sector, with uptake for buses/trucks, ships and planes looking particularly 
promising; (ii) the decarbonisation of industrial processes through the adoption of zero 
emission hydrogen as both a substitute to grey hydrogen currently being used and as an 
alternative to coal, gas and oil as a fuel for high grade heat processes; and (iii) the 
adoption of hydrogen as the source of energy, which we estimate could supply up to 
5%-10% of European power demand.  

 

Exhibit 20: In phase 3, c. 25% of renewable electricity would be used to produce green hydrogen which 
will be deployed at a large scale 
EU Hydrogen Strategy electrolyser targets 

Phase 3 2031-2050

500 GW
of electrolysers 

in EU

Green hydrogen 
to be 

deployed
at a 

large scale
H2

 
 

Source: European Commission, Goldman Sachs Global Investment Research
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Exhibit 21: Hydrogen demand growth drivers 
Bottoms Up hydrogen demand model 

Growth drivers 

Industry
Substitution 

for high grade heat 
processes using fuels (coal, 
gas and oil) with 0% 
underlying growth in energy 
use 

100%
for LCVs

Transport
Adoption 

25%

75%

100%

50%

100%

for current hydrogen 
demand with zero emission 
hydrogen with 2% 
underlying growth in energy 
use

for medium/heavy 
commercial vehicles

for buses

for aviation and maritime 
transport

Power 
Generation

5%-10% power generated from 
hydrogen power plants

 
 

Source: Goldman Sachs Global Investment Research
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this is H2 created via electrolysis, a process that utilises electricity to break up water 
(H2O) into hydrogen (H2) and oxygen. Electrolysis is very electricity intensive and more 
expensive than the equivalent blue hydrogen (which is produced via natural gas). 
Electrolysis generates no emissions and releases oxygen as byproduct. 

Easy parts of the economy to decarbonise 
As described in our previous research, decarbonising c.80% of the economy can be 
seen as a relatively straightforward exercise as technologies are widely available, at 
reasonable (or attractive) costs. For instance: 

Power generation can be mostly decarbonised thanks to the transition to �

renewables (wind/solar) in lieu of fossil fuel power plants. 

Transport can partly be addressed (passenger cars) thanks to the rising offering of �

battery powered, electric vehicles. 

Heating could gradually become electric thanks to heat pumps and overall �

consumption could be greatly reduced via energy ef�ciency measures. 

Manufacturing processes (where high temperatures are not needed) can also be �

largely electri�ed. 

 

What is harder to decarbonise: the �last mile� 
What is much trickier to decarbonise is the last 10%-20% of the economy (�the last 
mile�, as we de�ne it). We highlight three areas that may heavily rely on hydrogen, to 

 

Exhibit 23: Decarbonising c.80% of the economy can be seen as a relatively straightforward exercise as 
technologies are widely available, at reasonable (or attractive) costs 
Easy-to-decarbonise sectors 

Easy-to-decarbonise sectors (electrification) 

Power Generation (baseload)

Fossil Fuel to Renewables

Transport (passenger cars)

Battery-powered electric vehicles

Manufacturing (most industrial processes)

Electrification of processes

Buildings (heating)

Electric heat pumps

 
 

Source: Goldman Sachs Global Investment Research
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reach net zero: 

Power generation. We can�t envisage a power system 100% powered by RES as �

this would: (i) increase the risks of blackouts during moments of low wind/solar 
production; and (ii) lead to major output curtailments, during periods of low demand 
and excess production. Hydrogen-fuelled power stations could allow for seasonal 
storage and act as backup to the power system. 

Heavy duty transport. It may also be hard to fully electrify heavy-duty vehicles and �

ships owing to the theoretical weight of batteries needed for it. Hydrogen (thanks to 
fuel cells) appears a much more suited technology for this purpose, as we detail 
later. Hydrogen/fuel cell buses, trucks and ships could largely help achieve the full 
decarbonisation of transport. 

High temperature combustion processes. We also believe that some industrial �

processes requiring high temperatures (e.g. steel, ceramic) may still require a fuel to 
burn: clean hydrogen could be burnt in industrial processes creating no emissions. 

 

Blue hydrogen also likely to play a large role... 
As described in our Carbonomics report, blue hydrogen (derived from natural gas, 
featuring carbon capture, CCUS, as we detail in our Technical Appendix) could also play 
an important role globally. Currently, blue hydrogen is on average cheaper than the green 
alternative. The advantages we see in favour of green hydrogen � especially in Europe � 
include the lack of reliance on imported fuel (natural gas) and the support to the 
domestic �green industry�. Also, as gas prices in Europe potentially normalise, and 
economies of scale could potentially reduce the costs of electrolysis (as already seen in 
the past ten years: costs have fell by c.60%), the economics of e-hydrogen could 
continuously improve vs blue.

 

Exhibit 24: Decarbonising the remaining 10%-20% is relatively dif�cult: hydrogen would be crucial here 
Hard-to-decarbonise sectors 

Hard-to-decarbonise sectors (e-hydrogen) 

Power Generation (peakload)

Hydrogen for seasonal storage

Transport (heavy-duty and shipping)

Fuel cells, hydrogen-fuelled

Manufacturing (high temperatures)

Hydrogen for high temperature combustion processes

 
 

Source: Goldman Sachs Global Investment Research
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The e-Hydrogen economics: expect steep improvements 
 
 

We analyse the economics of hydrogen production under two different processes 
(which we detail in the section �Hydrogen: a primer�): (i) Blue Hydrogen (natural gas + 
CCUS), which comes from natural gas and sequestrates carbon emissions � currently 
blue hydrogen is the cheapest �clean� alternative; and (ii) Green Hydrogen, which 
comes from electrolysis. Interestingly, our scenarios show that, as renewable 
production gets cheaper and electrolysers become more ef�cient, green hydrogen costs 
would become increasingly competitive, although only solar-powered electrolysers are 
more competitive than blue hydrogen by 2050. 

Our methodology: two processes, seven scenarios  
In our analysis of the production of blue hydrogen, we explore production prices with 
carbon capture, utilisation and storage technologies (CCUS) and without CCUS. We 
model two scenarios for natural gas prices: (i) Our �low gas price scenario� assumes 
prices of  12/MWhg for TTF; this is consistent with the recent trough price (for the 
one-year forward curve) during 2020. (ii) Our �normalised gas price scenario� re�ects a 
price for TTF of price of c. 20/MWhg, in line with the 10-year average before the covid 
outbreak. Since Steam Methane Reformation, the process for generating blue hydrogen, 
has been around for a while and achieved scale, we do not model variation in its capital 
expenditure and ef�ciency over our time horizon (to 2050). 

The green hydrogen modeling is under three scenarios: (i) electrolysis from 100% 
Southern European solar, which is currently the cheapest form of renewable energy; (ii) 
electrolysis from 100% offshore wind, which is at the moment the most expensive form 
of renewable energy; and (iii) electrolysis from a blend of RES sources: offshore wind 
40%, solar 40% and onshore wind 20%.  

Blue hydrogen still way cheaper than green hydrogen, for now 
Currently, the average levelised cost of green hydrogen (LCOH) of c. 2.5-4/kg is 
signi�cantly more expensive than any blue hydrogen alternative. Indeed, even assuming 
a return of gas prices in line with long-term historical levels and including CCUS, blue 
hydrogen would still cost about  1-1.5/kg.  

3 November 2020   23

Goldman Sachs Green Hydrogen



 

By 2030, solar-powered electrolysis would almost be competitive 
By 2030, we estimate the LCOH of green hydrogen produced from solar in the South 
(the cheapest RES source) would become more competitive, at less than  2/kg. This is 
still higher than our blue hydrogen estimate, assuming a normalisation in gas prices by 
then. Over time, the LCOH of green hydrogen is primarily affected by two factors: (i) the 
cost of electricity, as this accounts for about 80% of the LCOH, and (ii) the cost of 
electrolysers seeing sizeable cost reductions, thanks to improving scale (during the past 
ten years, the cost of electrolysers has declined by 60%, according to the IEA).  

Our analysis could actually prove conservative as we don�t assume any carbon costs for 
natural gas; in a decarbonising (net zero) world, imports of natural gas could face carbon 
costs, which would worsen the economics.   

 

 

Exhibit 25: At present, producing green hydrogen is more expensive than blue hydrogen 
LCOH under different scenarios in 2020E ( /kg H2) 
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Source: IEA, ScienceDirect, U.S. Department of Energy, Company data, Goldman Sachs Global Investment Research

 

Exhibit 26: Technological advancement and scale to bring down green hydrogen�s LCOH 
LCOH under different scenarios in 2030E ( /kg H2) 
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Green bars = green hydrogen scenarios; blue & grey = blue hydrogen scenarios 
 

Source: IEA, ScienceDirect, U.S. Department of Energy, Company data, Goldman Sachs Global Investment Research
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The end game: green hydrogen competitiveness to improve greatly 
By 2050, we expect the LCOH of green hydrogen produced 100% from solar to be 
competitive vs blue hydrogen. Blended costs would still be more expensive than 
normalised gas prices + CCUS. Once again, we think our analysis could actually prove 
conservative as we don�t assume any carbon costs for imported natural gas and assume 
c.5% annual decline in electrolyser capex (consistent with the drop seen in the past ten 
years, but this could be underestimating the price drop as the scale of these machines 
is set to increase at a greater rate than in the past decade). 
 

Exhibit 27: In 2050, our scenarios imply that LCOH of hydrogen produced via electrolysis using 100% solar 
energy would be very competitive 
LCOH under different scenarios in 2050 ( /kg H2) 
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Green bars = green hydrogen scenarios; blue & grey = blue hydrogen scenarios 
 

Source: IEA, ScienceDirect, U.S. Department of Energy, Company data, Goldman Sachs Global Investment Research
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Electricity input costs are c.65% of the total cost of producing green hydrogen 
Our electrolysis cost estimate shows that, on average during 2020 and 2050, electricity 
inputs costs would account for about 65% of the cost of producing green hydrogen via 
electrolysis. 
 

Exhibit 28: Electricity accounts for c.65% of the cost of producing green hydrogen via electrolysis (GSe) 
Estimated electrolysis cost (2020-50E average) 

Capex
18%

O&M
12%

Electricity
63%
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Electrolysis costs
2020E-2050E

 
 

Source: ScienceDirect, Company data, IEA, U.S. Department of Energy, Goldman Sachs Global Investment Research
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Addressable market for Utilities of c. 10 trillion globally by 2050E 
 
 

We estimate the green hydrogen industry in Europe could attract > 2 trillion of 
investments by 2050 (supported by the EU Hydrogen Strategy) for Utilities. This 
includes: (i) 1,100-1,300 GW of dedicated renewable facilities (implying a near doubling 
of our bullish Green Deal estimates for 2050); (ii) up to 500 GW electrolysers (vs 0.1 GW 
currently); (iii) the recon�guration of the gas infrastructure grid and the build-up of 
hydrogen-fuelled power plants to deal with backup needs and solve the problem of 
seasonal storage; and (iv) the development of Hydrogen Turbines to replace up to 500 
GW of CCGTs and provide clean, reliable, backup power. Globally, the e-hydrogen 
addressable market could potentially reach roughly  10 trillion, on our estimates, or 
c.13% of global GDP (2018).  

e-Hydrogen: more than  2 trn addressable market (2050E), just in Europe 
Setting up 500 GW of electrolysers by 2050 (consistent with the assumptions made by 
the EU in the Hydrogen Strategy paper, which compares with a total European market 
of just 0.1 GW today, nearly non-existent) could create an addressable market to the 
magnitude of  2.2 trillion, we estimate. This is based on the following breakdown: 

Dedicated renewable assets (c.65% of the addressable market). As electrolysis �

is a very electricity intensive process (power prices account for c.80% of the total 
electrolysis costs), we estimate that each 1 GW of electrolysers would require about 
2 GW of RES dedicated capacity. This 2-to-1 ratio implies c. 1.4 trillion incremental 
RES investments by 2050, we estimate, double our Green Deal RES capex 2050 
forecast. Incremental renewables would account for about 65% of the addressable 
e-Hydrogen market (40% offshore, 40% solar, 20% onshore, as we detail later). 

Electrolysers (c.15%). The build up of electrolysers at about 15% of the total �

addressable market. 

Gas infrastructure (c.5%). The remaining 5% would be needed to repurpose the �

gas transport/storage infrastructure and allow for upgrades to better seal gas pipes 
to prevent any leaks (hydrogen molecules are thinner than natural gas, and so far a 
blend of 7-8% has been attempted, though there are tests which suggest there 
could be a blend of up to 15% with minimal investment). 

Hydrogen Turbine Power Plants (H2T, c.15%). The construction of hydrogen-fuelled �

power plants and the conversion of existing gas plants accounting for nearly 15% of 
this addressable market. 
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Electrolysis set to double power demand in Europe 
 
 

The production of green hydrogen is highly electricity intensive. Electricity, we estimate, 
accounts for about 65% of the total electrolysis costs (2020-2050E average). We 
estimate that to achieve the 500 GW electrolysers assumption in the EU�s 2050 energy 
strategy, power demand would double vs current levels, all else being equal.  

Electrolysis is a very electricity intensive process 
Data by Hydrogenics and the IEA show that to generate 1 tonne of hydrogen, some 52 
MWh of electricity (plus 10 litres of water) are needed. 

 

To put this into perspective, if we were to replace all the hydrogen currently produced 
worldwide (c.70-75 mt) with green hydrogen, the new supplies of electricity would 
exceed the current power consumption in Europe (c.3,500 TWh). 

Hydrogen could become the largest electricity client: power demand to double by 2050E 
As discussed earlier, the EC target for the European electrolysis market is to reach 40 
GW by 2030 vs 0.1 GW currently. By 2050, the working assumption is 500 GW. On our 
estimates, this would imply c.5 mt of hydrogen production by 2030 and c.65 mt by 
2050. 

 

Exhibit 31: 52 MWh of electricity is needed to generate 1 kg of hydrogen 

52 MWh
of electricity

1 tonne
of hydrogenH2

 
 

Source: IEA, Hydrogenics
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Based on the ratio expressed above (1 tonne of H2 requires 52 MWh of electricity), this 
would imply >3,300 TWh of power demand, roughly doubling current consumption in 
Europe.  

 

Exhibit 32: By 2050, the European electrolysis market reaching 500 GW would imply c.65 mt of hydrogen 
production 
Estimated hydrogen production evolution (m tones) 

5mt

65mt

2030E 2050E

c.15x

 
 

Source: Goldman Sachs Global Investment Research

 

Exhibit 33: Hydrogen demand in 2050E could double current power demand consumption 
Estimated EU power demand, 2050E 

Hydrogen
demand
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3,300TWh
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demand
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Source: Goldman Sachs Global Investment Research
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RES additions p.a. may triple vs the Green Deal scenario 
 
 

To meet the power required for the EU�s 500 GW electrolyser aspirations, we estimate 
some 1,100-1,300 GW of dedicated RES capacity � equivalent to incremental 
investments in renewables of  1.4 trillion � would be needed. This implies double our 
(top-of-the-street) Green Deal estimate of  1.2 trn capital spending by 2050. It also 
implies nearly triple our (top-of-the-street) addition estimates for wind and solar to c.90 
GW per year starting towards the end of this decade until 2050.  

European RES: from 35% to nearly 90-95% of production 
In 2019, about 35% of the power generated in Europe came from renewables (hydro, 
offshore/onshore wind, solar). By the end of the decade, we estimate that the share of 
RES in the system could approach 65% and, by 2050, c.95%. The following exhibit 
details two RES scenarios for 2050: our Green Deal Bull case and an e-Hydrogen Bull 
case, that is adding the incremental RES required to power electrolysis.  

 

e-Hydrogen implies nearly tripling of annual RES additions in Europe by 2050E 
As explained earlier, the creation of green hydrogen via electrolysis is a very electricity 
intensive process. By 2050, we estimate that � to satisfy the 500 GW of electrolysers 
assumed by the EU in their �net zero� strategy � the amount of wind and solar in the 
system would have to double to nearly 2,600 GW vs our (already top of the market) 
2050 Green Deal estimates. This e-hydrogen �bull case� would imply, relative to Green 
Deal scenario of 35 GW annual additions of wind/solar through to 2050, an acceleration 
to c.90 GW pa.   

 

Exhibit 34: European renewables could supply c.95% of power by 2050E vs c.35% currently 
Renewable technologies breakdown in the European generation mix (percentage) 
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Source: Goldman Sachs Global Investment Research
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The exhibit below shows the evolution of wind (onshore and offshore) and solar in 
Europe throughout 2050. The base case estimates re�ect EU Green Deal targets (under 
our EU Green Deal scenario), while the upper curve shows the upside from Green 
Hydrogen. Under this new scenario, 2050E renewable capacity would double; during 
2030-50 (when most of these investments would have to be carried out), annual wind 
and solar additions could triple vs the Green Deal scenario. 

 

Exhibit 35: European wind and solar annual additions would nearly triple relative to our 2050E Green Deal 
forecasts under an e-hydrogen scenario 
Cumulative wind and solar installed base in Europe and annual additions scenarios 
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Source: Goldman Sachs Global Investment Research

 

Exhibit 36: Capacity additions for green hydrogen and electrolysis are double our 2050E Green Deal 
estimates and triple the additions during 2030-50E 
Cumulative capacity additions under Green Deal 2050E and e-Hydrogen Bull case scenarios (GW) 
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Gas grids need major recon�guration 
 
 

As hydrogen becomes increasingly decentralised (transport, factories), the demand for 
�hydrogen ready� infrastructure will intensify. A study released by ten of the largest 
European gas transport system operators along with two renewable industry 
associations estimates  27- 64 bn (midpoint  40 bn) of investment needed by 2040 to 
recon�gure gas pipelines to create dedicated hydrogen infrastructure to move hydrogen 
across Europe. The study argues that the combination of centralised hydrogen 
production coupled with the recon�guration of the existing gas transport grid (and 
storage infrastructure) would be cheaper than producing hydrogen from smaller 
electrolysers dedicated to on-site consumption. 

Gas pipeline recon�guration, c. 40bn (at midpoint) investment opportunity 
A study released by ten European gas TSOs estimates that establishing a dedicated 
pan-European hydrogen pipeline network (the �European Hydrogen Backbone�) could 
require  27- 64 bn of investments by 2040. Once completed, this envisioned network 
would stretch from the Nordics to southern Italy and Spain, with extensive coverage in 
key areas of renewable energy production (e.g. the North Sea and Spain). Crucially, 
about 75% of the networks is expected to rely on existing gas transport infrastructure. 
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The European Hydrogen Backbone analysis estimates potential costs for a nearly 23,000 
km European network at between  27 bn and  64 bn, putting the mid-point at  40 bn, 

 

Exhibit 37: About 75% of the proposed European hydrogen network would rely on existing gas transport infrastructure  
�European Hydrogen Backbone� initial proposed hydrogen pipeline 

 
 

Source: European Hydrogen Backbone study (July 2020), Goldman Sachs Global Investment Research
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A new wave of (regulated) power plants: Hydrogen Turbines 
 
 

On our estimates, once 90% of production from renewables is reached, power systems 
would face several challenges: (1) hours of excessive RES production and, therefore, 
curtailments: we estimate that at a 90% share in the power generation mix, up to 20% 
of the output would have to be curtailed; (2) hours of insuf�cient wind/solar production, 
which would require responsive backup generation; and (3) rising pressure on the 
resilience of the power grid owing to the high output volatility. 

In our view, green hydrogen would solve the �rst two problems whilst allowing for zero 
emissions. We anticipate a wave of backup power plants � Hydrogen Turbines (H2T) � 
fuelled by hydrogen, which would be a carbon free form of backup. We investigate the 
main economics. 

e-hydrogen potential to solve the issue of seasonal storage 
We estimate that, once renewables reach 90% of the power production mix, about 
15%-20% of the output from renewables would have to be curtailed as it would be 
produced during hours of insuf�cient demand.  

 

Under the assumption of a properly interconnected European network (a key condition 
to freely transfer excess wind and solar output), the excess renewables output could be 
utilised in the electrolysis process. Crucially, during hours of excess renewables 
production, hydrogen could be produced and stored for periods of poor renewable 
production. This would ultimately provide a major backup to the system. 

The rise of hydrogen-ready turbines 
Currently, standard CCGT plants can burn up to 20% hydrogen without signi�cant 
intervention. Hydrogen-ready turbines could potentially play a big role in decarbonising 
power generation systems. HRT can be thought of as �standard� gas-�red power plants 
which can burn fuel that contains a hydrogen component of up to 50% (as per data from 
General Electric and Siemens, and other pilot projects are underway). Blending green 

 

Exhibit 41: We estimate that once RES reaches 90% of the power production mix, c.15%-20% of renewable 
curtailment would have to occur 

90%
of 

production  
mix

15-20%
of curtailment

 
 

Source: Goldman Sachs Global Investment Research
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hydrogen (which has oxygen and steam/water as byproduct) with natural gas could halve 
emissions from gas plant.  

 

Full CCGT conversion into hydrogen vs Hydrogen Turbines (H2T) 
Recently, power generators such as Uniper and RWE announced the intention to 
convert standard gas plants into hydrogen power plants. We estimate that to fully 
convert an existing CCGT into burning hydrogen, capex per kW could be c. 200/kW, 
evenly split between costs to replace the fuel handling & combustion systems and to 
replace the gas turbine.   

 

Newly built hydrogen turbines (H2T) would have similar construction costs to CCGTs 
(we assume  675/kW), similar opex and similar ef�ciency (55%-60% for new ones, 
closer to 50% for converted ones). The exhibit below shows our estimates for the 
levelised cost of electricity for CCGTs vs H2T, assuming 15% load factors,  20/MWh 
gas price (10-year average before the crisis),  30/t carbon (closer to the current forward 
curve) and  1.5/kg hydrogen cost (GSe). Our analysis implies that gas-�red plants would 
still have lower break-even costs. 

 

Exhibit 42: HRTs are essentially standard gas-�red plants with some adjustments 

Standard gas-fired plant

Hydrogen Ready Turbine

50% Hydrogen & 50% Natural Gas

with

 
 

Source: Goldman Sachs Global Investment Research

 

Exhibit 43: We estimate converting an existing CCGT into burning hydrogen could cost c. 200/kW 

Converting CCGT into burning hydrogen

Capex of c. 200/kW
50% costs

to replace fuel handling & 
combustion systems

50% costs
to replace gas turbines

 
 

Source: Goldman Sachs Global Investment Research
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Electricity generation from fuel cells may be too expensive for now 
We estimate that power generation from fuel cells currently costs  250/MWh (at 15% 
load factor), still well above any other peaking technology. This would rest on fuel cells 
capex of c. 5,000/kW. Assuming economies of scale (likely to halve fuel cell capex/kW 
costs) and falling clean hydrogen costs per kg, we estimate that fuel cells could 
potentially breakeven at  175/MWh. This would still be more expensive than Hydrogen 
Turbines. 

 

Exhibit 44: Hydrogen Turbines LCOE at  160/MWh, assuming 15% load factor, and still at  100/MWh even if 
utilised as baseload 
LCOE for Conventional CCGTs vs Hydrogen Turbines 

100/MWh @65% LF

125/MWh @15% LF

160/MWh @15% LF

CCGT Hydrogen Turbine

 
 

Source: Goldman Sachs Global Investment Research

3 November 2020   40

Goldman Sachs Green Hydrogen





Recon�guring the energy map 
 
 

Considering the EU�s overarching goal to decarbonise the economy and the rise in clean 
hydrogen within primary energy consumption, we believe that the upstream energy 
map may be gradually shifting in favour of low-electricity cost producers such as Spain.  

Hydrogen could near c.15% of primary energy consumption by 2050 
Hydrogen�s current share in EU�s primary energy mix stands at a low single digit of less 
than 2%. The EU envisions a climate-neutral economy by 2050 and projects hydrogen�s 
share to approach close to c.15% by 2050.  

 

Currently, Europe�s primary energy mix is dominated by non-renewables which 
contribute c.85% of the primary energy mix as shown in Exhibit 47. Out of this, the 
share of oil and petroleum products is the highest at 34% followed by natural gas at 
22%. However, this would change substantially by 2050. The share of renewables would 
grow from the current 13% to 75% by 2050, on our estimates (Exhibit 48). Accounting 
for the EU�s targeted hydrogen share of c.15%, non-renewables would end up 
contributing only 10% of the total primary energy by 2050. 

 

Exhibit 46: EU envisions hydrogen�s share in the primary energy mix to approach close to c.15% 
Hydrogen�s share in EU�s primary energy mix 

2%

c.15%

Current Target

 
 

Source: European Commission, Goldman Sachs Global Investment Research
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Southern Europe could become a major producer/exporter of hydrogen 
In virtue of the abundance of renewable sources and the ability to produce from solar at 
very attractive costs (c. 15/MWh by 2025E, about 1/3 of the current power price), we 
think Iberia is well positioned to become a major producer and exporter of green 
hydrogen. This logic could also apply to Italy, where solar levelised costs are still below 
 20/MWh. 

Utilities could develop new business models across the H2 value chain 
As explained by Uniper during its 1H results, utilities could gain exposure to clean 
hydrogen (green/blue) across the entire value chain: as seen in the following exhibit, 
utilities might generate hydrogen, convert it (e.g. liquefy), transport it and sell it to end 
users. 

 

Exhibit 47: Currently hydrogen�s share in EU�s primary energy mix is 
less than 2% 
Share of different energy sources in EU�s primary energy mix 

 

Exhibit 48: Hydrogen�s share in EU�s primary energy mix is 
expected to approach close to c.15% by 2050 under the EU 
Hydrogen Strategy 
Share of different energy sources in EU�s primary energy mix 
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Source: EEA, Goldman Sachs Global Investment Research

 
 

Source: EEA, Goldman Sachs Global Investment Research

 

Exhibit 49: Utilities could gain exposure to clean hydrogen across the entire value chain 

Liquefaction

Synfuel synthesis

Ammonia synthesis

Hydrogenation

Trading

Handling & storage

Pipeline transport

Ship & truck transport

Electricity

Industry

Mobility
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Electrolysis

Gas splitting
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capture (CCS)
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Energy supply Hydrogen Production Conversion Mid steam End Users
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Source: Uniper, Goldman Sachs Global Investment Research
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