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Technologies in use for underground storage of gases such as 
natural gas or hydrogen. 



Data for two actual installations operating in Denmark: 
 

Cavity volume 2 x 109 m3. Storage volume 8 x 108 m3. Pressure ~20 MPa, 
would be 5-10 MPa for H2. 

Salt dome stores are established at low cost by slow flushing of water through 
the salt (for a period that is typically a year). In the Danish installation, due to 
lack of experience with internal lining of cavities, the decision was made to 
store the gas in cannisters.  

The capital cost of establishing the store is US$ 3-20 per kg of H2 stored, 
depending on the geological details. This is more than an order of magni-tude 
lower than the cost of liquified or highly compressed H2 stores.  



Excess power, e.g. from wind, is used to produce and store H2. This H2 is piped to 
users, or used to regenerate power in Carnot turbines or fuel cells. 



→ Hydrogen pro-
duction from sur-
plus wind power, 
and filling of un-
derground hydro-
gen stores in Den-
mark (the scenario 
also made use of 
power transmis-sion 
to and from 
Sweden/Norway).  

← Hydrogen store 
filling in alternative 
scenario with more 
wind power installed 
but making less use of 
international electri-city 
transmission. Int. J. 
Energy Res. 32 (2008) 
471-500. 



100% renewable energy scenarios using stored hydrogen to smooth 
intermittent and variable production of solar and wind energy converters 
have been constructed since the first one in 1975: 

B. Sørensen, Energy and Resources. Science 189, 255-260. 

Refined scenarios use renewable supply and future demand data on a 
geographical basis (W/m2 rather than country averages) and a time-
simulation is performed to ensure the consistency of the system setup. 

Low-resolution global scenarios were published around 2000, high-resolution 
scenarios and simulation the following decade, for Denmark and other 
Nordic and Mediterranean countries. Scenarios for Northern America and 
for China, Japan and Korea were published in 2015. 

Here I shall present new variant 2050 scenarios for North America and 
China, being  more detailed in terms of the need for transmission and energy 
storage, e.g. by dividing China in regions characterized by different 
renewable resource access and different energy demand structure and 
density. 



Potential wind 
power production 
(below) and hydro 
potential (right) in 
North America. 



Solar radiation 
(right) and po-
tential biomass 
production 
(minimal irri-
gation, below) in 
North America. 



The dia-
grams do 
not show 
the energy 
produced in 
the same 
form as 
used within 
the region. 

Deficits may 
be covered 
by conver-
sion from 
other ener-gy 
forms, or by 
imports. 
Surplusses 
are avaiable 
for export. 



H2 stored. 
Transmis-
sion 
required. 

1 PJh/y = 0.032 GWh 

~15 m 
~2 h 

US 
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China 2050: 

regional energy demands 



South-East Asia: 

Hydro potential (left) and 
potential wind production 
(below) 

Note large 
offshore 
wind 
potential 
along SE 
China coast 





Solar radiation in 
SE Asia in July 
(right) and January 
(below), on 
horizontal plane. 

Potential PV power pro-
duction (building-inte-
grated and on marginal 
land): 



Potential biomass production in SE Asia 
(admitting artificial irrigation) 



Potential energy 
production in 
Chinese regions. 



Surplus 
renewable 
power 
production in 
Chinese 
region 1 

Timewise 
distribution of 
on- and offshore 
wind power 
production in 
Chinese region 3 



2050 Scenario 
Chinese wind 
power produc-
tion, all regions 
on- and offshore 

Filling of 
hydrogen 
stores (all 
Chinese 
regions) 



SUMMING UP: 

A sustainable 100% renewable energy is possible if variability is 
dealt with through adequate transmission and storage. 

Underground hydrogen stores are the least expensive storage 
options available at present for high-quality energy. 

Hydrogen production from surplus renewable energy would be 
by electrolysis, and electricity can be regenerated in periods of 

insufficient resource flow. 

Fuel cells are reversible and the same can perform both 
electrolysis and power production from hydrogen. With a sizeable 

hydrogen fuel cell share in transportation, the role of hydrogen 
can be further increased.  

If emerging fuel cell technologies are unsuccessful, power 
regeneration from stored hydrogen may instead be done by 

inexpensive gas turbines. 
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Thank you for your 
attention! 

 
Further information and 
downloads on 

energy.ruc.dk 
and on 

secantus.dk 
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