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Grid-scale electricity storage 
using an innovative form of 

Compressed Air Energy Storage 
 

Batteries – Expensive and Inadequate Solutions 
Enabling an Affordable, Reliable and Resilient Energy Transition 

 
Grid connected batteries are being used for many grid services that would be much better 
and more cheaply delivered by large-scale long-duration storage, for four reasons: 

1. Their intrinsic cost is higher, 
2. Their intrinsic efficiency is lower, 
3. Dedicated batteries need to be built to deliver each of many services, and 
4. The services that they can deliver are often inferior. 

 
We will consider what they are being built to deliver, service by service. 
 
Balancing Services 
Balancing services need to be delivered at capacities at least half of the capacity of a 
renewable generation farm. As many of these are large, so the storage required is large. 
As batteries scale up, they have few (if any) efficiencies of scale, and if built in a single 
building its cooling costs multiply with size; whereas the larger a CAES plant is, the less 
it costs per MW in both capital and operational costs. 
 
Balancing services also need to be delivered for the duration of expected non-generation. 
This ranges from hours (e.g. evening peak and overnight, for solar in a location with 
excellent insolation) to days or even weeks (caused by weather patterns that extend low-
generation periods, e.g. the fortnight-long kalte Dunkelflaute in most of Western Europe 
– not just Germany). Doubling a battery’s duration increases its capital cost by ~75-85%; 
doubling that of Green CAES TM increases it by ~30%; for Hydrogen CAES TM it’s ~15%. 
 
Stability Services 
Stability services are based on inertia, which provides the angular momentum required 
to ride through faults and reduce the Rate of Change of Frequency (RoCoF) which 
causes damage to equipment and which trips systems. There are a variety of such 
services such as inertia itself, phase-locked loops, voltage control and frequency control. 
However, using batteries to do so has a number of constraints because batteries are 
asynchronous, that is, they operate on direct current. This is a simple explanation of the 
difference between synchronous and asynchronous generation and its consequences. 
 
Examples of such issues include: 
♦ Each of these must be delivered by a different battery, whereas inertial plant delivers 

all of them together. 
♦ The battery to deliver each must be dedicated to the task, whereas inertial plant 

delivers it in the course of normal operations – usually as a by-product. 
◊ Although batteries can deliver 10x the digital inertia of a power station of the same 

capacity, that difference vanishes with suitably configured CAES. 
♦ Synthetic inertia needs an external trigger; real inertia is always on. 
♦ Synthetic inertia is essentially a very fast response time. Any response time 

whatsoever is a delay, which allows RoCoF events (commonly known as spikes on 
the mains) to get through. Real inertia is always-on, therefore has no delay, and so 
prevents the spike getting through. So although synthetic inertia is great for recovery 
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from failures, only real inertia can prevent the failure in the first place. This was 
discussed extensively in relation to the UK blackouts of 9th August 2019. 

 
Reactive Power and Load 
People generally refer to “active power” simply as power, because that is what provides 
the work done by the electricity. Reactive power is slightly different: it’s like the “push” 
that gets the active power round the grid. A more detailed layman’s explanation is here. 
 
Synchronous (i.e. naturally inertial, i.e. from large rotating machines) generation delivers 
both active and reactive power; asynchronous machines don’t. There are trade-offs 
between active and reactive power; at low levels (say, up to 20% reactive) synchronous 
machines do not lose a proportionate amount of active power to produce reactive; 
whereas for asynchronous machines it’s a 1:1 conversion, that is, every MW of reactive 
power (known as MVAr) costs one MW of active power output. Therefore to deliver 
reactive power requires dedicated battery capacity, whereas it’s a by-product of inertial 
storage such as CAES. And Storelectric’s CAES can be configured to deliver at least 6x 
the reactive power of an equivalent-capacity power station. 
 
Rotating machinery that consumes power is the reverse of this: it provides reactive load. 
Reactive power and load need to be balanced, leading to a requirement sometimes to 
increase the reactive load on the system. Batteries cannot consume reactive load unless 
a dedicated plant is kept un-charged for the purpose. Inertial generation can turn down 
the reactive element of their output. Synchronous condensers are rotating machines that 
can provide reactive power and load without active power and minimal active load; 
Storelectric’s CAES can all be configured to operate also as synchronous condensers, 
cheaply and without consuming other capacity. 
 
Black Start 
Delivering Black Start with batteries requires dedicated batteries that must be kept fully 
charged and so has no other revenue streams to offset its cost. Hydrogen CAES TM 
needs no capacity reservation. A hybrid version of Green CAES TM also has a spare 
capability to double its duration in time of extreme need (albeit at reduced efficiency), 
and therefore does not need to reserve its normal operating capacity. This makes battery 
powered Black Start a very expensive option. 
 
Batteries also struggle to start up other equipment and neighbouring parts of the grid 
owing to their lack of natural inertia; and they are intrinsically unable to start up higher-
voltage parts of the grid. This is discussed more extensively here. 
 
Efficiency and Life 
Battery life is 8-10 years depending on the load case = duty cycles: heavier use 
consumes battery life fast. CAES plant life is 40-60 years with mid-life overhaul: the mid-
life overhaul for Huntorf was at 27 years, and that for McIntosh at 29 years. 
 
The efficiency of batteries is nearly always quoted gross, i.e. an internal efficiency only. 
Storelectric always quotes net efficiency, i.e. grid-to-grid. The main differences are power 
conversion (AC-DC and back again, which impose losses of 6-12% on day 1) and 
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ancillary loads such as cooling (on day 1, ranging from 5-10% in cooler temperate 
climates, to 30% or more in hot desert conditions which are the best locations for storage 
combined with solar). 
 
Then there is aging. By the end of life, the inefficiencies are triple those on day 1. So is 
the heat emission and therefore cooling requirement. In contrast, CAES barely 
deteriorates (1-2%) if well maintained. 
 
Therefore the lifetime average whole-cycle efficiency of batteries, claimed to be 85-92%, 
is actually 45-65%. The whole-cycle efficiency of Green CAES TM is 68-70% at scale 
(dropping to 63.5% at 40MW); for Hydrogen CAES TM it is 55-62% depending on size 
 
Summary of Services 

Services Batteries CAES 
Balancing – Scale Doubling size increases price 

by ~85%, often more 
Doubling size increases 
price by ~50-70% 

Balancing – Duration Doubling duration increases 
price by ~75-85% 

Doubling increases by: 
♦ Green CAES TM: ~30% 
♦ H2 CAES TM: ~15% 

Stability – Inertia Needs a dedicated plant 
Needs external trigger 
Synthetic inertia (fault 
recovery, not prevention) 

By-product of other output; 
24/7 in synchronous 
condenser mode; 

Real inertia (always-on, fault 
prevention) 

Stability – Voltage and 
Frequency Regulation 

Needs a dedicated plant 
 
 
Needs external trigger 
Fault recovery, not prevention 

By-product of other output; 
24/7 in synchronous 
condenser mode; 

Always-on 
Fault prevention 

Reactive Power Needs a dedicated plant Minor load on a plant used 
for other purposes 

Reactive Load Needs a dedicated plant Minor load on a plant used 
for other purposes 

Black Start Needs a dedicated plant 
 
Short duration 
Little capability to start other 
plant or neighbouring grid 

Deliver with plants used for 
other purposes 

Longer-duration 
Inertia enables starting of 
other plant & grid sections 

Plant Life 8-10 years 40-60 years 
Efficiency (whole cycle, 
whole life average) 

45-65% Green CAES TM: 63.5-70% 
H2 CAES TM: ~ 55-62% 

 
Salami Slicing; Levelised Cost of Storage 
The grossly inefficient, costly and inadequate purchasing of such services from batteries 
is a well-predicted direct consequence of salami-slicing services. Yet even with all these 
advantages, the Levelised Cost of Storage of Storelectric’s CAES is lower than that of 
any other electricity storage technology of similar scale and duration: 
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Shortage of Lithium 
There are indeed other battery chemistries than lithium-based ones, but they are a small 
minority, have little traction and receive a tiny fraction of the investment as lithium. So 
the availability of lithium is critical to strategies based around batteries enabling the 
energy transition of transportation (EVs = Electric Vehicles), electricity systems (grid-
connected batteries and V2G = Vehicle-to-Grid storage) and portable devices, the three 
principal applications for batteries. 
 
There is sufficient recoverable lithium in the world to power only 77% of vehicles by 2080, 
ignoring any use of lithium for the electricity sector (which uses three time as much 
energy as transportation, including gas as it will be replaced by both P2G [Power to Gas, 
including electrolysis of water to produce hydrogen] and electrification), portable devices 
and other uses. This ignores electricity systems and portable devices. 
 
If the 40-60 gigafactories currently planned world-wide are built, they would exhaust the 
lithium deposits in all current and under-development fields in 2-10 years according to 
figures from The Economist: 
Vehicles, 2016 25 GWh 750,000 vehicles 
Mid-range projections: 
♦ 2040 Bloomberg 
♦ 2040 OPEC 
♦ 2040 ExxonMobil 

 
15,500 GWh 
5,000 GWh 
3,000 GWh 

 
150,000,000 vehicles 
465,000,000 vehicles 
  90,000,000 vehicles 

Total lithium, 2016 
♦ 2040 Bloomberg 
♦ 2040 OPEC 
♦ 2040 ExxonMobil 

180,000 
111,600,000 
36,000,000 
21,600,000 

tonnes in one year, all uses 
tonnes in one year, just for vehicles 
tonnes in one year, just for vehicles 
tonnes in one year, just for vehicles 

Total available lithium in planet 210,000,000 tonnes 
Years' output: 2040 Bloomberg 1.9 years just for vehicles 

 
Plans for the electricity sector require similar amounts for grid-connected batteries, which 
domestic batteries may double. And then the global growth of portable devices and fixed 
installations of battery devices (e.g. wall-mounted controllers and sensors) need adding. 
There is further discussion on pages 22-24 of this analysis. 

Capex
nth /MW

LCOS
£/MWh Emissions Plant Life

Lifetime 
deterioration

Synergies with 
renewables Locations Inertia

Storelectric
Hydrogen CAES - CH4 42.58

Hydrogen CAES - H2

Green CAES 60.80
Traditional CAES 89-107
Pumped Hydro-electric 117-152
LAES 294
Batteries (Lithium) 157-229

Capex nth /MW: capital cost for the 5th plant onwards, per megawatt, >100MW, duration 4 hours
LCOS: Levelised Cost of Storage - 1st large stand-alone plant, (better with renewables), 1 x 5-hr cycle/day, 350 d/yr for Storelectric
 - For the 5th plant, expected: CCGT CAES 10% cheaper capex, £39.03/MWh LCOS; TES CAES 30% cheaper capex, £45.06/MWh LCOS
 - LCOS = sum of non-energy fixed and variable O&M costs + finance cost of plant, 25-year life; no consideration of efficiency
 - Sources: Batteries, Lazard 5.0 (2018); LAES, University of Birmingham 2018; traditional CAES and pumped hydro, Lazard 2.0 (2016)
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Many object that lithium prices have 
decreased in recent years, indicating a 
surplus of lithium. It doesn’t: it 
indicates that supply has grown faster 
than demand. This will be rectified if 
the energy transition proceeds as 
planned. Recent analysis by 
Benchmark Mineral Intelligence 
shows, even with rapid growth of 
recycling (using methods as yet 
undeveloped) and a large projection of 
new projects, supply fails to keep pace 
with ever-increasing demand. And the 
levelling-out of new projects shows 
how new supply will hit the ceiling of 
recoverable resources in the earth’s 
crust. 
 
 
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. 
♦ Innovative adiabatic Compressed Air Energy Storage (Green CAES TM) will have zero 

/ low emissions, operate at 68-70% round trip efficiency, levelised cost significantly 
below that of gas-fired peaking plants, and use existing, off-the-shelf equipment. 

♦ Hydrogen CAES TM technology converts & gives new economic life to gas-fired power 
stations, reducing emissions and adding storage revenues; hydrogen compatible.  

 
Both technologies will operate at scales of 20MW to multi-GW and durations from 4 hours 
to multi-day. 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. 
 
About the Author 
Mark Howitt is Chief Technical Officer, a founding director of Storelectric. He is also a 
United Nations expert advisor in energy transition technologies, economics, regulation 
and politics – invitation here – and advisor to other bodies too. 
 
A graduate in Physics with Electronics, he has 12 years’ world-wide management and 
innovation consultancy experience. In a rail multinational, Mark transformed processes 
and developed 3 profitable and successful businesses: in commercialising a non-
destructive technology he had innovated, in logistics (innovating services) and in 
equipment overhaul. In electronics manufacturing, he developed and introduced to the 
markets 5 product ranges and helped 2 businesses expand into new markets. 
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Disclaimer. This document represents the 
intentions of Storelectric Ltd at the time of writing, 
which may change for various reasons including (but 
not limited to) technical, strategic, political, financial 
and the wishes of partners or investors. Any person 
or organisation considering investing in Storelectric 
does so at their own risk and is responsible for 
undertaking their own due diligence. 


