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lithium batteries are indeed going to get 
much cheaper. This view is backed up 
by a 276% surge in the price of lithium 
between January and November 2021, 
prompted by high demand and low supply 
of lithium 2. Secondly, the geographical 
distribution of lithium-producing 
countries means the supply chain is 
vulnerable. This is a situation that can 
easily lead to an oligopoly that we can 
recognise in the OPEC countries. 

However, most decisive is the fact that 
the power (in MW) and energy (in MWh)
of lithium-ion batteries are coupled. This 
means that a lithium-ion battery with a 
double energy also comes with a double 
power. This property does not match 
what is required for near future, grid-scale 
stationary storage applications.

The growth of the intermittent sources 
wind and solar points at storage solutions 
that can ensure a reliable supply of 
electricity – at all times. For this, storage 
solutions need to be able to, and most 
economically, bridge longer periods of 
time, even up to several days. Bridging 
longer periods of time means that 
batteries offer a large energy (MWh) 
versus power (MW) ratio, even up to 
ratios of 100+. And this is where Elestor’s 
hydrogen bromine (HBr) flow battery 
comes into play.

For deploying batteries, cost is of the 
essence, because it determines the 
storage business case and thus the rate at 
which the technology will be adopted. For 
example, on a very windy day, electricity 
prices are very low, sometimes even 
negative. Then it is not interesting for the 
generator to feed the electricity into the 
grid. Better for the wind farm is to store 
the electricity in a battery and sell it when 
there is little or no wind, because then 
the price is much higher. There is only a 
profitable business case for storage if the 
cost of storage per MWh is less than the 
difference between these two price levels. 
The storage costs per MWh are referred to 
as the ‘levelised cost of storage’ or LCoS. 
For Elestor’s HBr flow battery, the LCoS is 
extremely low.

At scale, the storage costs of the HBr 
flow battery are much lower than for the 
established lithium-ion and vanadium 
flow battery. In addition, the choice for 
hydrogen means that the technology can 
plug into hydrogen infrastructures and 

ELECTRIFICATION, RENEWABLE 
energy sources and innovation 

are set to help the world on its way 
to achieving its climate and carbon 
neutrality targets by the 2050s. However, 
as yet there is no answer to this question: 
how can a stable electricity supply be 
guaranteed with no fossil-fuel baseload?

Nowadays, there are rarely times when 
too little electricity is produced, as is 
evidenced by negative electricity markets. 
When the weather conditions favour high 
renewable energy production at a time of 
low demand, power plants are switched 
off and renewable electricity generation is 
voluntarily curtailed.

However, once the world depends more on 
solar and wind, there will also be periods 
during which not enough electricity is 
generated. Consequently, without fossil-
fuelled electricity, electricity prices will 

go extreme. The urgency is not there yet 
today, but the capacity needs to be built 
now to bridge these periods of time. So far, 
electricity price volatility has increased in 
line with the share of renewable energy in 
the market. Long-term electricity storage 
compensates for this and covers the need 
for base load in the system.

A ray of hope is offered by battery energy 
storage, able to balance the grid while 
keeping emissions and costs down. Elestor 
is a Dutch company that has developed 
a hydrogen bromine (HBr) flow battery, 
which is currently rolled out commercially.

THE LIMITS TO LITHIUM-ION 
BATTERIES FOR GRID-SCALE 
STORAGE

According to IRENA, there was an 
estimated 4.67 TWh of electricity storage 
in 2017. Lithium-ion batteries represent 
the majority of electrochemical storage 
projects in the EU. Fraunhofer ISE 
estimates the global cumulative capacity of 
lithium-ion batteries in 2019 at 195 GWh, of 
which mobile applications (predominantly 
electric vehicles) account for the largest 
share followed by electronics 1.

Lithium-ion batteries are unchallenged in 
their energy density and they will play a 
key role in the energy transition. However, 
lithium batteries do not have the ideal 
properties for grid-scale storage. 

Firstly, there is a significant resource 
scarcity and so the question is whether 

FLOW BATTERIES BOOSTING 
THE ENERGY TRANSITION
Elestor’s Guido Dalessi explains the benefits of HBr flow batteries
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most suitable to bridge longer periods 
of time (currently 10-12 hours, but this is 
likely to rise to 100+ hours) without having 
excess storage power.

THE HBR FLOW BATTERY 
SUBSTITUTING GAS-FIRED  
POWER PLANTS

The role of storage in the future electricity 
system can be taken even further. The 
world thinks of solar panels and wind 
turbines as a replacement for fossil 
power plants, but this concept must 
be reimagined: solar panels and wind 
turbines replace current fossil fuels (oil 
and gas) while in essence batteries take 
the role of the actual power plant. 

Though less pollutive than coal-fired 
power plants, natural gas power stations 
still emit a significant proportion of global 
greenhouse gases. As such, the HBr flow 
battery can play an essential role in the 
move to a fully decarbonised power system. 

The Elestor storage technology is the 
ideal candidate to design bi-directional 
power plants, storing intermittent energy 
from solar and wind, and charge and 
discharge whenever necessary. The 
concept offers optimal environmental and 
economic properties for the substitution 
of today’s gas-fired power plants.

A MASSIVE GLOBAL  
MARKET POTENTIAL

Battery storage capacity grew by 50% in 
2020 alone and this rapid trajectory is likely 
to continue 3. However, the predictions for 
the future of storage vary dramatically: 
The IEA estimates that global installation 
of utility-scale battery storage will increase 
25 times between 2020 and 2040, 
reaching 10 TWh by 2040, which equals 
50 times the size of the current market4. 
McKinsey predicts an even steeper growth, 
reaching 85 to 140 TWh by 20405. Elestor’s 
estimate, which is based on a global 100% 
carbon-free electricity supply by 2050, is 
much higher, at 500 TWh. 

Whatever the variations in predictions, it 
is clear that the energy storage industry 
is set to thrive, with a particular focus on 
long-duration energy storage. The need 
for hundreds of TWh of electricity to 

be stored with flow batteries translates 
into massive opportunities for parties 
currently storing (fossil) fuels and gases, 
to play an important role in the transition 
to 100% renewable energy. 

Infrastructures, existing at tank storage 
companies, make a perfect fit to facilitate 
large scale, stationary and long duration 
electricity storage, without question 
required to realise the energy transition.

Parts of this article’s content have been 
published before in the EU-China Energy 
Magazine, December 2021.
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For more information:

Guido Dalessi is the CEO of Elestor. 
He gave a presentation on this topic at 
StocExpo 2022, held from 23-25 May 
2022 in Rotterdam, the Netherlands.

www.elestor.nl 

www.stocexpo.com 

03
integrate with electrolysers, creating new 
optimisation opportunities, while cutting 
costs for both.

FLOW BATTERY  
TECHNOLOGY FUNDAMENTALS

In flow batteries, the energy (MWh) 
is stored in one or more electroactive 
species, which are contained in tanks. 
Each tank forms an own closed circuit, 
through which its content is circulated 
continuously. Both circuits meet each 
other at the heart of the technology, 
called the membrane assembly. This 
membrane selectively allows ions to pass. 

• During the charging process, protons 
(H+ ions) circulating in the electrolyte 
cross the membrane, collect an 
electron and form hydrogen gas. This 
hydrogen is stored in the right tank, 
while the bromine remains in the 
electrolyte tank on the left. 

• During discharge, hydrogen and 
bromine are combined again into HBr.

The essential difference of flow batteries 
with conventional batteries (like lithium-
ion or lead acid) is that in flow batteries 
the power (MW) is determined by the 
surface area of the membrane, while 
the energy (MWh) is determined in 
both tanks. As such, power and energy 
are not coupled, and virtually any 
desired configuration can be made. A 
configuration with for instance a power of 
1 MW, which is to bridge 100 hours during 
which hardly no renewable energy is 
generated, needs an energy of 100 MWh.

DIFFERENT TYPES  
OF FLOW BATTERIES

There are many different types of 
flow batteries, all following the same 
fundamental working principle, but differing 
in what chemicals are stored in both tanks. 

Vanadium is the most commonly used 
chemical, where Elestor uses bromine. 
Bromine does not face the typical resource 
constraints of vanadium and is per MWh up 
to 20 times cheaper. This lower cost makes 
a large difference in LCoS. Furthermore, 
bromine comes from the sea, is freely 
available in virtually unlimited quantities 
and its sourcing is not limited to a limited 
number of specific geographical locations.

At the end of its lifetime, the HBr flow 
battery can be fully recycled, as the 
chemical elements, hydrogen and 
bromine, can simply be reused for many 
other applications, while recycling of  
Li-ion batteries is still a challenge.

HBr flow batteries can provide storage on 
a truly industrial scale. In fact, large-scale 
applications make more economic sense, 
since larger installations further lower the 
LCoS. Due to the uncoupled power and 
energy, the technology is economically 
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02 The working principle of the HBr flow battery

03 The HBr flow battery as a bidirectional power plant




