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Challenges of the Electricity Transition

Most people discuss electricity storage as though the challenge were just energy:
balancing renewables, providing enough energy when they’re not generating as much
as is needed at any given time. In terms of operational cost, that’s just a significant
minority part of the challenge. In fact, the overall challenge has many elements,
including:
1. Energy balancing: matching intermittent generation with variable and
baseload demand;
2. Grid stability: the non-energy day-to-day and hour-to-hour costs of operating
the grid;
3. Grid reinforcement, congestion alleviation and related matters;
4. Black start.

This looks at the overall non-energy costs of running the system; the contributing
factors will be the subjects of other analyses. And while it focuses on the British grid,
the lessons are valid for most grids world-wide: those that are less decarbonised have
the opportunity to prevent these issues with the right kind of electricity storage.

Changing Sources of Supply
The electricity transition is, at its heart, very simple. The sources of the UK’s electricity
have been changing over the last century from power stations to renewables. Power
stations provide baseload and dispatchable (variable on demand) output; most
renewables are intermittent. Power stations provide naturally inertial (synchronous)
output; most renewables don't.

100% Britain’'s electricity generation mix: www.electricinsights.co.uk
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Source: https.://britishbusinessenergy.co.uk/blog/electricity-100-years/  Chart created by reddit user lain Staffell
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A Simple Challenge

Therefore the challenges are about transforming:
1. Intermittent into baseload and dispatchable; and
2. Asynchronous into synchronous.

All other ways of looking at the issues merely complicate matters and make the
transition harder and costlier to manage, while reducing both reliability and resilience.
The lesson is simple: unless the simple challenge is dealt with simply, by strategic
actions (as opposed to short- and medium- term fixes') and by treating the system as
a whole (rather than as a myriad of discrete salami-sliced sub-problems?), it will be
unaffordable, unreliable and fragile; this will lose both public and political support for
the energy transition. But if it's dealt with simply, strategically and with a whole-system
approach, then it will be affordable, reliable and resilient.

Grids Without Sufficient Suitable Storage

Without sufficient suitable storage, the British experience (see graph) is that the non-
energy costs of operating the grid (to which BSUoS [Balancing Services Use of
System] charges approximate) start to rocket, and thereafter rise exponentially:
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Sources: National Grid UK, DUKES 2021 (Digest of UK Energy Statistics)
The 2021-22 forecast costs are expected to be exceeded substantially, as have all

National Grid’s previous estimates such as inertia costs and minimum grid currents —
see below for further information.

" Just considering contract durations: https://www.storelectric.com/issues-with-ever-shortening-
contract-durations/

2 Again, just considering contracts: https://www.storelectric.com/wp-
content/uploads/2021/08/Revenue-Stacking-and-Salami-Slicing.pdf
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But even if we accept National Grid’s forecast, this graph shows a 14x increase in
2021-22 than just three years before. We expect most grids to suffer such cost
increases when their renewables penetration exceeds about 16%. Until that point,
there is sufficient generation in power stations to accommodate the “disturbances”
from renewables of intermittency and asynchronicity without great effort; above that
point, the scale of the disturbances is growing while the power stations available to
deal with it are reducing in number.

Control Room Actions
Typical actions (albeit in a heavy-intervention week) by the National Grid’s Control
Room are shown by their own data3:
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On this day (Sunday 24" May 2020), nuclear (which should never be turned down if
at all avoidable) was turned down by a few hundred megawatts (MW). Gas-fired power
stations were turned up by almost 2GW, interconnectors down by almost 1GW and
wind down by over 1.7GW. This was because of a number of reasons, including:
¢ Insufficient inertia-related stability (power stations have it; interconnectors and
wind don’t) in the system as a whole;
¢+ Generation (i.e. energy and/or stability) at the wrong sides of grid constraints
(nuclear and wind are on the country’s periphery, usually far from demand);
¢ Requirement to have enough plants synchronised to provide emergency
support if and when needed.

3 https://data.nationalgrideso.com/plans-reports-analysis/covid-19-preparedness-materials
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A constraint is a bottleneck in the system. Imagine a town with employment at one
side of a roundabout, and a residential area the other: the roundabout is a constraint.
Other constraints may be formed by traffic lights, roads converging at both sides of a
constriction (such as a bridge) or just a narrowing of the roadway; roadworks also
usually create constraints. Similarly, on the grid, substations, stretches of cabling, and
other equipment may form constraints, as does work on the network.

National Grid’s own breakdown of the costs of such actions, for the week of 10-16 July
2022, was*:
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The two biggest elements are constraints (which may be caused by either energy or
stability services in the wrong places) and the need to maintain reserve availability.

Interconnector Sufficiency

Ignoring (for the time being) the fact that nearly all interconnectors are DC links and
therefore have no natural inertia, and considering energy flows alone: since Russia
invaded Ukraine, countries have sometimes had insufficient output to support
neighbouring countries’ shortfalls, and interconnectors failed to provide the required
energy during times of system stress (high demand and/or low output). A typical time
of system stress is a windless winter evening and overnight: such times are largely

4 https://data.nationalgrideso.com/plans-reports-analysis/covid-19-preparedness-materials
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concurrent throughout Europe. | have been proclaiming this inevitability in general
terms since 2016, and quantified by a study of European national energy transition
plans since 2018 (this is a more recently updated version®).

Curtailment
Without suitable volumes of large-scale, long-duration AND inertial electricity storage,
curtailment rates rise almost linearly with renewable penetration.
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Fig. 10. Curtailment rates against penetration levels for wind power in Britain and
Germany; data: [1,11,42,56,59]. For context, China experienced 15% curtailment for a
3.2% penetration in 2015 [67]. Figure 4.7. Average curtailment rate as a function of variable generation penetration
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Shori-term integration costs of variable renewable energy: Wind Curtailment and balancing in The Role of Energy Storage with Renewable Electricity Generation, Paul Denholm et al
Britain and Germany, Michael Joos (Element Energy) and lain Stafell (imperial College Londor)

These graphs show how curtailment costs rise with renewable penetration percentage
in Britain, Germany and (with different lines showing different flexibility factors)
ERCOT in Texas.

If sufficient such storage is not implemented, then the only way to avoid this linear rise
in curtailment costs is to have even greater increases in other costs as ever greater
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5 https://www.storelectric.com/interconnectors-and-imports/
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from 75-80% to 38% wholesale energy cost. And that wholesale energy cost is itself
made up of the true cost of energy plus the various charges that generators pay.

And these system running costs are still rising — exponentially.

Ultra-Fast Response Times are Unnecessary

Ancillary services are those based on speed of response, for recovering from faults. A
recent fallacy is that this speed needs to be as fast as possible — yet the multi-
millisecond response time of batteries is sufficient delay to allow an initial fault to
cascade into subsequent faults. The former power station supplied grid had neither
such fast response times nor such vulnerability to collapse: the natural inertia made
ultra-fast response times unnecessary by preventing the problems rather than trying
to cure them after the event.

Looking Ahead

These problems will only get worse as the energy transition progresses, unless they
are addressed by sufficient large-scale, long-duration, naturally inertial electricity
storage to power each grid.

Widespread roll-out of the right kind of electricity storage, in the right places, is by far
the cheapest and most manageable way to solve all these challenges; the wrong kind
cannot. To solve them, the storage needs to be of sufficiently large scale and long
duration, and also have natural inertia, that is, they must be synchronous — i.e.
machines that rotate with a frequency matched to (= is a multiple of) that of the grid.
Such plant provides:
¢ Scale, suitable for:
0 Replacing power stations of hundreds to thousands of Gigawatts,
¢ Balancing and adding stability etc. to renewable generation at a similar scale
to the power stations;
¢ Duration, suitable for:
0 Regular times of system stress: evening peaks and overnight, 4-12 hours,
0 Weather-induced extensions to such times, which in Europe is up to 2 weeks
(the kalte Dunkelflaute®, or cold dark doldrums);
¢ Natural inertia (synchronicity) at a scale sufficient to counteract the
asynchronicity of renewables, and provide all the consequent services such as:
¢ Reactive power and load,
0 Voltage and frequency regulation/control,
0 Power quality, and
0 Phase-locked loops and other more esoteric aspects of grid stability;
¢ Black start, which must be top-down (from the transmission grid to the
distribution grid) rather than vice-versa.

When suitably located, such storage can also vastly reduce the infrastructure costs of
the energy transition too, but that’s the subject of a future analysis.

6 https://energytransition.org/2017/07/germanys-worse-case-scenario-in-the-power-sector/
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About Storelectric

Storelectric (www.storelectric.com) is developing transmission and distribution grid-
scale energy storage to enable renewables to power grids reliably and cost-effectively:
the world’s most cost-effective and widely implementable large-scale energy storage
technology, turning locally generated renewable energy into dispatchable electricity,
enabling renewables to power grids cheaply, efficiently, reliably and resiliently.
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¢ Hydrogen CAES technology converts &
gives new economic life to gas-fired power
stations, reducing emissions and adding
storage revenues; hydrogen compatible.

¢ Storelectric has also patented the use of
the heat of compression to catalyse
electrolysis, for efficiency and scalability.
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Both CAES technologies will operate at |
scales of 20MW to multi-GW and durations
from 4 hours to multi-day, more cost-effective
and configurable than any other technology to
suit a vast range of applications / use cases, concurrently delivering grid stability based
on real inertia. With the potential to store the entire continent’s energy requirements
for over a week, global potential is greater still. In the future, Storelectric will further
develop both these and hybrid technologies, and other geologies for CAES, all of
which will greatly improve storage cost, duration, efficiency and global potential.
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