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Executive summary

This report is part of the ELY4OFF project (http://ely4off.eu/). The strategic goal of
ELY4OFF is the design and engineering of a robust, flexible, highly efficient and cost-
competitive PEMWE. The system will be demonstrated at the premises of the Aragon
Hydrogen Foundation, which will be modified to achieve the project outcomes of
solar powered hydrogen generation and complete isolation from the mains, so that
the results obtained are representative.

The goal of this report is to develop a cost survey of the most-promising and mature
energy storage technologies. The analysis focuses in technologies in the range up to
100 kW and capable of discharge energy during hours, which are the criteria allowing
the desired comparison with ELY4OFF system. The existing technologies fulfilling
these criteria, besides hydrogen, are basically electrochemical batteries, and those
currently commercial or that have the potential to be competitive in off-grid
installations are screened, compiled and analysed. Characteristics, operating
principle, advantages, limitations, current status and applications of each type of
electrochemical batteries are obtained from literature and bibliography.

Afterwards an assessment of these technologies was done using the simulation
software Odyssey based on scenarios defined by location and specific application.
Two locations with different solar resources were used (Huesca and Edinburgh) and
three specific applications covering a wide range of electrical consumption were
considered (household, mountain hut, and hotel).

The assessment done shows that there are three technologies within the
electrochemical batteries that appear to be the preferred alternatives in the most
part of the cases: Pb-A, Li-lon and Flow VRB. However, the basic cost data found are
much more trustworthy for the first two than the last, so currently the technologies
to consider for any application are basically Pb-A (the most used currently) and Li-lon
(their share of the market in stationary application is gradually increasing and their
cost is reducing rapidly).

Final conclusions show how hydrogen can be suitable in certain locations compared
to the rest of storage technologies. High current density, lack of self-discharge and
achievable great storage capacity are the strongest points in favour.

The results obtained are expected to be used as a decision-making input to detect
when water electrolysers can be more competitive than other technologies. The main
PtP niche markets identified are: i) off-grid areas, where hydrogen competes with
diesel generators and batteries, and ii) weak grid areas, to supply energy when the
grid crashes.
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1. OBJECTIVES

The goal of this analysis is to develop a cost survey of the most-promising and/or
mature energy storage technologies and compare them with a configuration
employing hydrogen as the energy carrier, as it is described in the proposal of the
project:

“In the EU and internationally, there is large variety of off-grid scenarios that may be
addressed. Different climate areas, energy resources, cultures, etc., are possible. This
task will give a general overview on the existing energy storage technologies that are
suitable for integration with RES. The technologies considered will be, at least:

1 Electrochemical: lead acid, NiCd, Li-ion, NaS, ZEBRA, Redox-flow, metal air
1 Electrostatic: capacitors, supercapacitors
1 Electromagnetic: Superconducting Magnetic Energy Storage (SMES)

These technologies will be benchmarked in detail in order to establish the most
adequate ones for each type of off-grid RES installation.

The final deliverable will serve as a decision-making input to detect when water
electrolysers are really more competitive than other technologies and, hence, they
must be implemented.”

Besides Ely4Off is focused on off grid hydrogen storage, it is also focused on a UPS
Power Quality Load (low scale) scenario, hence existing technologies will be
identified and benchmarked, according to their possible implementation on it.

The comparison has been limited to a few scenarios that are considered niches
where the hydrogen can be a potential success. Data used for all the technologies are
based on literature and bibliography information. This information will be the input
for simulations and studies using the microgrid software Odyssey. For each of the
scenarios and technologies established as suitable in the boundaries of Ely4Off, there
will be a series of results that include technical parameters and economical valuation.

The conclusions of the assessment will be used as input for the Deliverable 6.5
Business Cases.
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2. EUROPEAN POLICY AND CURRENT SITUATION OF ENERGY
STORAGE

2.1 Energy storage context

From their home to their office, via their hobbies and means of transports, Humans
are consuming huge amount of energy. For many years, coal and oil were used to
produce energy and so satisfy Humans needs. These fossil fuel were burnt, releasing
several types of gas in the atmosphere. Among them, some are greenhouse gases
emissions, responsible of the global warming. Since the awareness of this
phenomena, these ways of energy production are little by little replaced by energy
production using renewable energies to produce “clean” energy.

Currently, main renewable energies used are the velocity of a river and the potential
energy of high lakes thanks to dams, the velocity of wind thanks to wind turbines and
solar radiations thanks to solar photovoltaic or thermal panels.

However, these renewable energies (especially wind and solar radiation) have the
inconvenience of being unpredictable and variable. Even though weather forecasting
can inform about sunshine and wind velocity, these data are available at about 1
week and their accuracy is not 100%. Furthermore, there are days without wind and
sunshine, and solar radiation is obviously not available at night. This intermittency is a
problem as a renewable energy production installation can produce a lot of energy
while the demand is low, or not produce enough energy when there is high demand.
The problem of intermittency is illustrated in figure below:
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Figure 1. Intermittency and uncontrollable production lead to difference between
power supply and demand.

In order to optimize the use of renewable energy for energy production, storage is
needed. Indeed, storage allows the saving of energy when the supply is higher than
the demand, and to provide energy when the supply is less i than the demand. This is
illustrated on figure below:
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Figure 2. Storage benefits
The benefit of storage is then to smooth the energy production.
The importance of energy storage is highlighted below with the following reasons.

1) It helps the electrical grids to be more stable and flexible, so that any surge in
peak demand can be addressed effectively and more efficiently, thereby
allowing balance in supply and demand of energy.

2)
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