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ENERGY STORAGE

In previous bulletins in this series we have
touched upon how demand for electricity
over the course of the day, together with
the variability in energy production from
renewable sources (such as wind and
solar installations), can be managed with
“smarter grids” so as to balance the
national electricity grid and avoid over or
under supply of electricity.
In this edition of our bulletin we examine energy storage:
what it comprises; how it interacts with smarter grids;
and its central importance in supporting the uptake of
investment in renewable energy generation.
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WHAT IS ENERGY STORAGE?

A number of different technologies exist,
each with their own advantages and
disadvantages. These technologies include:
1. Hydroelectricity storage
In Norway, mountain reservoirs have been used to store
surplus power. Electricity is used to pump water uphill to
a reservoir, which is then released downhill to power a
generator once power is required.
One key advantage of hydroelectricity storage is its high
storage efficiency (70-85% efficiency). The technology
is also arguably the most mature and widespread of
the energy storage technology currently available, with
installations currently operating in China, Japan and
the United States. Hydroelectricity storage also enables
power to be stored for long periods, an advantage in
regions where high volumes of energy are produced
through wind generation, which may suffer from long
gaps in supply.
Hydroelectricity storage is limited to mountainous
areas. The technology required is also expensive and
environmentally destructive, potentially making it an
unpopular choice with environmental groups. However,
efforts are being made to reduce the environmentally
destructive nature of this technology, with one project
currently investigating the possibility of installing wind
turbines and pumped hydro technology in an “energy
island” in a shallow area of the North Sea, to avoid major
changes being made to the natural environment.
2. Compressed air
This technology uses excess power to compress air
and pump it into a holding space, such as underground
caverns as used in Huntorf, Germany. At times of
high demand, the compressed air is then allowed to
expand and pass through turbines, generating power.
Compressed air technology has the disadvantages of
being complex and potentially dangerous, as gas heats
up when compressed. This method of storage is also less
efficient than others, as part of its energy is lost once the
compressed air cools when stored over long periods of
time. It is also difficult to store large quantities of air due to
safety concerns.

3. Batteries
While lead acid batteries have a low energy density (as
they are bulky in comparison to the amount of energy
they are capable of storing) and do not recharge well
when used repeatedly, lithium-ion technology provides
a higher energy density and energy efficiency levels of
over 90%.
In the United States, Petra Systems Inc already have
proposals for a company that would deliver grid scale
lithium-ion battery systems to users via truck, rail or
barge in order to match demand.
Although this technology remains costly and has its own
danger issues due to flammability risks, it is noted that it
will reduce in price with the increase in the production of
electric cars, which rely on the same lithium-ion battery
technology.
4. Flywheel
This technology involves coupling a flywheel to a
generator, which slows the wheel down enough so as
to produce energy. The benefits of such a technology,
which is expected to launch commercially in Rhode,
County Offaly in Ireland in 2017, is that it is capable of
absorbing energy quickly, and producing energy equally
fast. The technology also appears capable of running
for long periods with little to no maintenance, such as the
flywheel technology developed by Beacon Power, which
is intended to run for over 20 years with an efficiency of
85%+. The main disadvantage of this technology is that
the costs incurred are largely front loaded, and the
technology is therefore very expensive to establish.
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THE INTERACTION OF ENERGY
STORAGE AND SMARTER GRIDS

Historically, supply and demand on the national
electricity grid largely balanced itself because power
plants would not generate if there were no buyers for
their electricity. Market forces helped balance
supply and demand.
However, the government incentive-led boom in
renewable energy generation (both in the form of direct
generation subsidy and various tax-based incentives)
has upset this market-driven balancing model. The
generative ability of two key (and widely implemented)
renewable energy technologies - solar and wind - is a
hostage to the weather and (in the case of solar) the
day-night cycle: neither the weather nor daily rotation of
the earth care for the economics of supply or demand,
and the inevitable consequence is that there are
occasions when supply outstrips demand, or demand is
high when there is reduced generative ability.
The National Grid system needs to remain balanced and
cannot itself store or generate energy. Therefore in
recent times, during periods of:
• over supply, the National Grid’s main method of
balancing has relied upon paying renewable energy
generators to cease generation; and
• under supply, the National Grid method of balancing
has been to call on other generators of energy to
increase generation - these generators will often be
non-renewable.

MARKET IMPACT OF RENEWABLE
ENERGY - THE GERMAN EXPERIENCE
In Germany, sources of renewable energy have been
meeting an increasingly large portion of the nation’s
energy needs. On occasion, solar and wind energy
has produced up to 60% of Germany’s power needs;
a percentage so high that it has resulted in wholesale
prices for solar energy to drop into the negative.

An unexpected knock-on effect of this increasing
reliance on sources of renewable energy has been the
increase in greenhouse gases. This is due to renewable
energy producers having priority access to the grid
ahead of coal-fired power stations. On days with high
levels of sunshine and/or wind, coalfired power stations
have therefore been left to stand idle.
Reportedly, in order to curb costs, these coal-fired
power stations have attempted to reduce their costs by
burning cheap sources of coal such as brown coal or
lignite, which are more carbon-intensive. This has in turn
led to Germany’s greenhouse gas emissions increasing
between 2012 and 2013, with indicative data for 2015
suggesting that levels of emissions are currently higher
than in 2009. Germany currently aims to cut greenhouse
gas emissions by 40% by 2020, and by 95% by 2050.

However, the traditional energy generators that have
historically been used to help balance the National Grid
in times of under-supply are decreasing in number more than 8.4GW of generating capacity produced from
coal fired power plants has been removed in 2016 alone,
from plant closures. This capacity cannot be replaced by
renewable energy alone, due to its intermittent nature the electricity is not always available when it is needed.
The long term solution is considered to be a combination
of the emergence of energy storage facilities
coupled with smart grids, where there is two way
communication between smart energy devices and
electricity suppliers. Other countries are arguably further
ahead in their development of renewable energy than
the UK, and can demonstrate some of the emerging
difficulties.
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CHALLENGES FOR ENERGY
STORAGE DEVELOPMENT

PREDICTIONS FOR THE FUTURE

1. Current cost of energy storage technology
The greatest obstacle to the roll out of energy storage
technology is the cost of the various technologies.
A recent study by the University of East Anglia
suggests that government subsidies should be used
to encourage further investment in this area, warning
that without such incentives renewable energy would
struggle to fully integrate into the energy sector. Senior
lecturer in business and climate change, Dr Chalvatzis
of UAE Norwich Business School noted that it was “good
to adjust subsidies for renewable energy technologies
that have reached maturity”, and that it was necessary
to “start thinking about subsidizing storage” as this could
take the UK to “100 per cent renewable energy sources”.
In the United States, researchers at Stanford University
have found that the United States wind power industry
would be able to afford investment in large-scale
technologies and still remain sustainable, whereas
solar would find it more difficult to fund the production
of such technology due to the greater levels of energy
required to produce photovoltaic panels.
2. Funding / revenue risk
In order to attract funding to support commercial
energy storage projects, funders need to become
comfortable with the revenue risk associated with
financing these assets - i.e. can they generate sufficient
income over a sufficiently long period of time to enable
the upfront debt requirement to be serviced? Everoze,
a technical and energy consultancy, has recently
recommended in a report commissioned by Scottish
Renewables (“Cracking the Code: A Guide to Energy
Storage Revenue Streams and how to De-Risk them”)
that longer contracts from National Grid should be put
in place for support services and that there should be
revenue streams “designed for stacking and unlocking
new revenue opportunities within the distribution
network” (effectively aggregating easily achievable
revenue streams in order to more effectively service
debt and render the project bankable).

Assuming the obstacles, can be overcome there are
robust predictions for the development of energy
storage:
•  The emergence of energy storage as a viable product
may lead to further skewing of the energy market.
Commentators argue that batteries and solar power
combined will cause “significant” disruption in the
market, as customers install batteries to minimise
their consumption of grid electricity. “You will see less
usage of the grid and general electricity demand go
down,” one commentator suggests, which will prompt a
fundamental shift in peak demand. Yet more reason for
the development of smart grids.
•  A Standard & Poor’s (S&P) report, released in June
2016, reports that solar and wind is unlikely to account
for more than 30% of a country’s power generation mix
without the presence of energy storage technology.
The S&P report also notes increasing commercial
interest in storage companies, e.g. Total paid 950m
euros for French battery maker Saft, and Engie
announced the purchase of an 80% stake in US firm
Green Charge.
•  According to the International Renewable Energy
Agency, 150 GW of storage capacity will be required to
meet the target of 45% renewable penetration by 2030.
•  Market expansion will be fuelled by technical advances,
allowing larger, more powerful systems to be deployed.
Currently the largest battery storage systems are
40MW, but there are larger scale projects in the works,
including a 90MW system in Germany being built
by STEAG Energy Services and a 100MW system in
California built by Edison International.
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