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Introduction  
Electricity storage is often cited as a valuable complement to wind or other renewable generation on 

the assumption that: 

 Surplus electricity generated from renewables could be stored until times of higher 

electricity demand and/or higher wholesale electricity prices, 

 Electricity storage plant is flexible and controllable and could complement the variations in 

output of renewable generators, 

 Electricity storage installations could deliver a wide variety of other power system services 

such as reactive power, operating reserves and black start. 

However, electricity storage technologies available to date involve high capital cost and significant 

storage cycle losses.  Furthermore, an electricity storage plant that is an electricity market 

participant will interact with the entire electricity system and market, not just the renewable 

generation.  In evaluating any proposal for electricity storage all aspects of its interaction with the 

system must be taken into account.  With the advent of the so-ŎŀƭƭŜŘ ά{ƳŀǊǘ DǊƛŘέ ǘƘŜǊŜ ƛǎ ǘƘŜ 

potential to exploit demand side energy storage and to obtain form the demand side many of the 

services that are often envisaged for electricity storage. 

Accordingly, SEI in conjunction with the Electricity Research Centre, UCD, organised a symposium to 

review the state of the art in electricity storage technologies, to present the results of detailed 

analysis of electricity storage in Ireland and elsewhere and encourage informed discussion of a wide 

range of issues relating to the integration of electricity storage installations. 

Key Messages 
 Storage technologies are available with a wide range of power and energy ratings. 

 Storage can complement variable and unpredictable renewable generation; it can contribute 

to system flexibility and provide a range of ancillary services. 

 There are other options in addition to large-scale storage that can deliver some or all of 

these services including: flexible generation, demand side participation, increased 

interconnection, and curtailment of variable renewable generation 

 Demand participation including demand side storage can be leveraged through smart 

meters. 

 All storage options have significant capital cost and losses. The viability of any storage 

project is critically dependent on these capital costs and cycle losses. 

 Of the available large-scale storage options, Compressed Air Energy Storage (CAES) appears 

to be favoured economically, assuming that suitable sites are available. 

 Studies reported indicate that it is unlikely that investment in storage would only be 

worthwhile at renewable penetrations in excess of 50%. 

 Arbitrage opportunities in energy prices will decrease as more storage and demand 

participation come on to the system and reduce price volatility. 
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Keynotes 
Following an opening address from the Minister for Communications, Energy and Natural Resources, 

Mr. Eamonn Ryan TD, the first session set the context for considering electricity storage by 

reviewing the challenge posed by the need to de-carbonise electricity generation, and by reviewing 

the range of storage technologies available.   

Jim Skea, Research Director of the UK Energy Research Centre spoke on the evolving electricity 

systems in the UK and Ireland, and the possible roles for storage.  Variable renewable generation 

capacity in both the UK and Ireland is set to increase, even if government targets for renewable 

electricity generation are not met.  The large scale-up of variable renewables will lead to greater 

price volatility in electricity markets, which will in turn increase the incentives for storage.  However, 

storage has to compete with other methods of handling intermittency such as fossil-fuel back-up 

plant and demand-side participation.  There is a policy question to be addressed: how should 

storage be paid for? If storage is left to the market it will be in competition with demand-side 

measures and back-up plant such as OCGTs.  Storage will require high rates of return if privately 

funded and could achieve these in the arbitrage opportunity provided by volatile electricity prices; 

however as more storage comes on to the system, volatility will be smoothed and arbitrage returns 

will decrease.  If, on the other hand, storage is treated as an infrastructure investment earning a 

regulated rate of return the cost of storage will be reduced, but the market will not discover the true 

least cost option to complement intermittent renewable generation.  Some commercial players in 

both the UK and Ireland have recognised the market opportunities for storage and are working up 

specific projects. 

Anthony Price, speaking on behalf of the Electricity Storage Association set out the case for 

electricity storage: 

ω There is very little storage in the supply chain 

ω Storage can balance fluctuations in supply and demand of electricity: 

ς short duration storage can contribute to frequency control, stability, power quality and 

reliability 

ς longer duration storage can contribute to energy management or reserves 

ς very long durations storage contributes to fuel diversity and energy security 

ω Storage provides system capacity to meet peak demand 

ω Increases utilisation of power system assets 

ω Enables the integration of renewable production 

ω Enhances supply quality and reliability 

Electricity storage technologies are available, and are capable of being applied in small, medium and 

large scale applications.  Different technologies are appropriate for different applications. 

The range of applications and appropriate power/energy characteristics are shown in Fig. 1 and the 

applications of different storage technologies are shown in Fig. 2. 
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Fig. 1 Energy Storage Applications and MW/MWh characteristics 

 
Fig. 2 Application of Energy Storage Technologies  

Studies and Research in Ireland  
Session 2 included presentations of research work and studies related to electricity storage in 

Ireland, ranging from investigations of the impact of large scale pumped-storage to the flow battery 

installation in Dundalk IT. 

tƘƛƭƛǇ hΩ5ƻƴƴŜƭƭ presented the results of EirGrid studies examining the interaction between 

interconnection to Britain and large pumped storage with high wind penetration based on a forecast 

2025 generation portfolio and demand. Wind curtailment was found to not be significant at levels 

below 40% energy from renewables. Consequently, there was little value in adding large pumped 

storage at this penetration level. At levels above 40% when examining large pumped storage with 

minimal interconnection, storage does contribute to avoiding wind curtailment and thus reducing 

production costs. However, when examined in the presence of increased interconnection, it 

becomes more difficult to apportion the benefits between the two and at high costs for pumped 
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ǎǘƻǊŀƎŜ όϵмсллκƪ² ǇŜǊ ƳƻŘŜƭƭƛƴƎύΣ ǘƻǘŀƭ ŀƴƴǳŀƭ ǎȅǎǘŜƳ Ŏƻǎǘǎ ŀǊŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƘƛƎƘŜǊ ǿƛǘƘ ǇǳƳǇŜŘ 

storage.  

Paul Deane from University College, Cork reviewed current pumped-storage developments. The 

majority of new plants are proposed in Europe. While there is considerable commercial interest in 

the USA only one PHES plant has submitted a final environmental impact statement to the regulating 

authorities. Current trends for new PHES in Europe show that developers operating in liberalized 

ƳŀǊƪŜǘǎ ŀǊŜ ǘŜƴŘƛƴƎ ǘƻ ǊŜǇƻǿŜǊΣ ŜƴƘŀƴŎŜ ƭŀǊƎŜ ƘȅŘǊƻ ǇǊƻƧŜŎǘǎ ƻǊ ōǳƛƭŘ ΨǇǳƳǇ-ōŀŎƪΩ tI9{ ǊŀǘƘŜǊ 

ǘƘŀƴ ǘǊŀŘƛǘƛƻƴŀƭ ΨǇǳǊŜ ǇǳƳǇŜŘ ǎǘƻǊŀƎŜΩΦ ¢ƘŜ traditional rules of applying generic costs per MW to 

conventional power plant do not readily apply to pumped hydro storage power plant due to the 

sensitivity of the cost to project type and characteristics. Capital costs per kW for proposed PHES in 

the review region ranƎŜ ōŜǘǿŜŜƴ ϵптлκƪ² ŀƴŘ ϵнмтлκƪ²Σ ǿƛǘƘ ǊŜǇƻǿŜǊ ǇǊƻƧŜŎǘǎ ǳǘƛƭƛǎƛƴƎ ŜȄƛǎǘƛƴƎ 

reservoirs being on the low end.  

Alan Mullane of Ecar ltd presented the storage related research that Ecar have carried out in 

contribution to participation on behalf of SEI in IEA task 25 "Design and operation of Power Systems 

with Large Amounts of Wind Power". A screening study of storage technologies indicates that 

compressed air energy storage (CAES) is the most financially viable of the storage technologies 

considered. More detailed analysis concluded that a small storage facility brings some benefit to the 

power system and could be profitable if all revenue streams are realised and capital costs are 

minimised. A large storage facility brings some system benefits but the realisable revenues would 

not cover the capital costs of the facility 

Aidan Tuohy from the Electricity Research Centre, UCD, examined the impact of replacing 

conventional plant with a 500MW storage unit. It was seen that, for costs typical of current pumped 

storage, wind would need to represent 50% - 55% of energy on the system (or 10 ς 11GW installed 

based on demand projections from 2008) to justify storage.  

Raymond Byrne, Centre for Renewable Energy, DkIT described the Flow Battery Storage project at 

DkIT. The zinc-bromine flow battery system is due to be installed at end of 2009 and will operate in 

conjunction with the campus Vestas V52 wind turbine that has been operating as an autoproducer 

since 2005 to optimise the use of energy from the turbine for the owner, DkIT.  

Case Studies and Demand Side Storage 
Session 3 included a case study of Compressed Air Energy Storage (CAES) in Ireland, a techno-

economic assessment of storage in Texas, and a presentation illustrating the potential for demand 

side response and exploitation of demand side energy storage in Ireland. 

Keith McGrane of Gaelectric Energy Storage explained that with the growth of renewable power 

generation and ambitious targets set by governments, CAES has a new significance in future 

power systems and markets. CAES has a number of comparative advantages over pumped 

hydro, including higher storage efficiency, lower capital cost and environmental/visual 

impact. Results from analysis, using models developed for the All Island Grid Study ,of a 

proposed 150 MW high storage efficiency CAES plant in the Larne salt deposits identified a 
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plant could be supported given geological constraints and technologies available in the 

market for compressor and generation trains.  

Dr. Paul Denholm from the National Renewable Energy Laboratory in the USA discussed the value of 

energy storage in U.S. markets, the challenge of wind integration in the Texas (ERCOT) grid and 

storage as an option to increase utilization of wind and solar electricity in ERCOT. 

Historically, interest in energy storage was based on high cost of peaking fuel and low cost baseload 

generation (coal + nuclear). More recently, energy and ancillary service markets have increased 

opportunities for energy storage.  However, energy storage is still a tough sell: pure arbitrage is easy 

to analyze but has low value, reserve markets are relatively small and may be shallow, and 

technology costs remain high.  Dr. Denholm concluded that a substantial increase in system 

flexibility and a decrease in annual minimum load is required to accommodate variable renewable 

generation. Beyond 20-30% RE penetration is not well understood in the U.S. but larger balancing 

areas will be important and a variety of flexibility options will be needed. No hard limits have been 

ŦƻǳƴŘΣ ōǳǘ ǘƘŜǊŜ ŘƻŜǎ ŀǇǇŜŀǊ ǘƻ ōŜ ŀ άƪƴŜŜέ ƛƴ ǘƘŜ ŎǳǊǘŀƛƭƳŜƴǘ ŎǳǊǾŜΦ ¢ǊŀŘŜƻŦŦǎ ōŜǘǿŜŜƴ 

curtailment and costs of enabling technologies will need to be considered. 

WŜǊǊȅ hΩ{ǳƭƭƛǾŀƴΣ 9{. bŜǘǿƻǊƪǎΣ ǇǊŜǎŜƴǘŜŘ 9{.Ωǎ {ƳŀǊǘ bŜǘǿƻǊƪǎ {ǘǊŀǘegy which will facilitate the 

ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ŘƛǎǘǊƛōǳǘŜŘ ŀƴŘ ŘŜƳŀƴŘ ǎƛŘŜ ǎǘƻǊŀƎŜΦ  9{.Ωǎ ǎƳŀǊǘ ƴŜǘǿƻǊƪǎ ƳƻŘŜƭ ǎƘƻǿƛƴƎ ŜƴŜǊƎȅ 

and information flowing bidirectionally through an IT telecoms enables system from clean 

generation through the electric vehicles and distributed generation via the smart network with 

smart metering and the connected home. 

Peter Murphy of Glen Dimplex proposed smart storage heating as an example of distributed 

storage. Space and water heating accounts for approximately 80% of domestic energy consumption 

in Ireland. Smart heating would have the benefits of conventional storage heating, it would 

dynamically match stored heat to heating demand during the day and would interface intelligently 

with smart meters.  The concept is shown in Fig. 3. 

 
Fig.  3 Smart storage heating concept 
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Seminar Close 
The seminar concluded with a wide-ranging moderated panel discussion and a closing address by the 

Fine Gael energy spokesman, Mr. Simon Coveney TD. 

 

 

Summary Seminar Papers Attached  
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Session 2.1 Storage in the All Island Electricity System : The 

implications of storage for system operation  

Philip O'Donnell (EirGrid) 

With wind capacity set to increase to high levels in the coming years, there will be a need to manage 

the variability and uncertainty of wind energy production. Further interconnection and storage have 

been mentioned as ways to achieve this. This study examines the interaction between 

interconnection to Britain and large pumped storage with high wind level based on a forecast 2025 

generation portfolio and demand. A broad range of scenarios were studied by varying installed wind 

capacity, various levels of interconnection to Britain and different amounts of pumped storage 

capacity. The production costs, CO2 emissions and amount of wind curtailment were determined for 

each scenario. These were combined with capital cost estimates to provide an overall comparison of 

the scenarios. 

The key findings of the study can be summarised as follows. Wind curtailment was found to not be 

significant at levels below 40% energy from renewables. Consequently, there was little value in 

adding large pumped storage at this penetration level. At levels above 40% when examining large 

pumped storage with minimal interconnection, storage does contribute to avoiding wind 

curtailment and thus reducing production costs. However, when examined in the presence of 

increased interconnection, the benefits become more difficult to apportion between the two. The 

economic dispatch will often find it more efficient to export the excess wind generation than storing 

it and incurring the efficiency loss of the pumping cycle. When production costs were combined with 

annualised capital costs to give total costs, many of the scenarios, for a given level of wind, came out 

aǎ ōŜƛƴƎ ǊƻǳƎƘƭȅ ŜǉǳŀƭΦ ¢Ƙƛǎ ŀǎǎǳƳŜǎ ǘƘŀǘ  ƭŀǊƎŜ ǇǳƳǇŜŘ ǎǘƻǊŀƎŜ Ƙŀǎ ƭƻǿ όϵлΦуƳκa²ύ ŎŀǇƛǘŀƭ Ŏƻǎǘǎ 

and that interconnection and pumped storage have capacity credit that displaces the need for 

conventional plant and the associated capital cost. It is notable that the capital costs tend to 

dominate the total costs as the amount of wind increase. It is shown that when using higher capital 

Ŏƻǎǘǎ ŦƻǊ ǇǳƳǇŜŘ ǎǘƻǊŀƎŜ όϵмΦсƳκa²ύ ǘƘŀǘ ŀŘŘƛƴƎ ƭŀǊƎŜ ǇǳƳǇŜŘ ǎǘƻǊŀƎŜ Ƴŀȅ ōŜ ǳƴŜŎƻƴƻƳƛŎŀƭΦ 
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Session 2.2 Techno-Economic Review of Existing and New Pumped 

Hydro Energy Storage Plant  
Paul Deane (Sustainable Energy Research Group , University College Cork) 

This presentation was based on a review paper that detailed over 7,000 MW of planned PHES in 

9ǳǊƻǇŜ ŀƴŘ ǘƘŜ ¦{! ǿƛǘƘ ŀ ǘƻǘŀƭ ǇǊƻǇƻǎŜŘ ƛƴǾŜǎǘƳŜƴǘ Ŏƻǎǘ ƻŦ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ϵсΦт ōƛƭƭƛƻƴ ǳǇ ǘƻ ǘƘŜ 

year 2018. The majority of new plants are proposed in Europe. While there is considerable 

commercial interest in the USA, only one PHES plant has submitted a final environmental impact 

statement to the regulating authorities. 

PHES facilities are characterised by long asset life, high capital cost, low operation and maintenance 

cost and round-trip efficiencies of 70-75%. Project costs for PHES are very site and project specific 

ǿƛǘƘ ǉǳƻǘŜŘ Ŏƻǎǘǎ ǾŀǊȅƛƴƎ ŦǊƻƳ ϵслл-ϵолллκƪ²Φ CǳǊǘƘŜǊƳƻǊŜ ŎŀǇƛǘŀƭ Ŏƻǎǘǎ ŘŜǇŜƴŘ ƴƻǘ ƻƴƭȅ ƻƴ ǘƘŜ 

installed power but also on the energy storage and MW capacity at any given site. A study 

undertaken by EPRI of 14 PHES plant build in the USA from the years 1963 to 1985 found that build 

costs varied from under $525/kW to $1166/kW. The study also noted that there was an observed 

inŎǊŜŀǎŜ ƛƴ ŎŀǇƛǘŀƭ Ŏƻǎǘǎ ƛƴ άǊŜŎŜƴǘέ ōǳƛƭŘǎ ƛƴ ǘƘŜ ¦{! όǊŜŎŜƴǘ ŀǎǎǳƳŜŘ ǘƻ ōŜ мфул ҌύΦ ¢Ƙƛǎ ƛƴŎǊŜŀǎŜ ƛƴ 

costs was attributed to higher licensing costs, higher cost in providing more efficient and reliable 

plant and construction delays due to technical and financial problems.   

Current trends for new PHES in Europe show that developers operating in liberalized markets are 
ǘŜƴŘƛƴƎ ǘƻ ǊŜǇƻǿŜǊΣ ŜƴƘŀƴŎŜ ƭŀǊƎŜ ƘȅŘǊƻ ǇǊƻƧŜŎǘǎ ƻǊ ōǳƛƭŘƛƴƎ ΨǇǳƳǇ-ōŀŎƪΩ tI9{ ǊŀǘƘŜǊ ǘƘŀƴ 
ǘǊŀŘƛǘƛƻƴŀƭ ΨǇǳǊŜ ǇǳƳǇŜŘ ǎǘƻǊŀƎŜΩΦ /ŀǇƛǘŀƭ Ŏƻǎǘǎ per kW for proposed PHES in the review region 
ǊŀƴƎŜ ōŜǘǿŜŜƴ ϵптлκƪ² ŀƴŘ ϵнмтлκƪ²Σ ƘƻǿŜǾŜǊ ǘƘŜǎŜ Ŏƻǎǘǎ ŀǊŜ ƘƛƎƘƭȅ ǎƛǘŜ ŀƴŘ ǇǊƻƧŜŎǘ ǎǇŜŎƛŦƛŎΦ 
The presentation concluded that traditional rules of applying generic costs per MW to conventional 
power plant do not readily apply to pumped hydro storage power plant due to the sensitivity of the 
cost to project type and characteristics  

.  

Fig. 51: MW capacity and capital cost (excl. transmission) for proposed Pumped Hydro Energy Storage  

Y-axis is full CAPEX cost. Size of bubble is indicative of relative cost per MW.  

tƭŀƴǘǎ ƛƴ {ǿƛǘȊŜǊƭŀƴŘ ŀƴŘ ¦{! ǿŜǊŜ ŎƻƴǾŜǊǘŜŘ ǘƻ ϵ ǳǎƛƴƎ м /IC Ґ ϵлΦсрмрΣ м ¦{5 ҐϵлΦтлтмр 
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Session 2.3 IEA Wind Task 25 Storage Research 
Alan Mullane (ECAR Ltd.) 

Dr. Mullane presented the storage related activities that Ecar have carried out during their 
participation in the IEA task 25 "Design and operation of Power Systems with Large Amounts of 
Wind Power". A screening study was first presented where a number of storage technologies were 
assessed based on their viability as merchant plant gaining revenues through arbitrage of a 
wholesale energy prices for a 2020 all-Island power system. The screening study focussed on capital 
costs and the viability of different plant assessed using a simple capital financing model.  
Compressed air energy storage emerged as the most financially viable from an investigation of large 
scale storage using Vanadium Redox Battery, Lead Acid Battery, Pumped Hydro Storage, Fly Wheel 
Compressed Air Energy Storage and Hydrogen Fuel Cells.  

Following the screening study, the compressed air energy storage (CAES) facility was further 
examined within a unit commitment and dispatch modelling framework for the 2020 all-island 
power system. The focus of this analysis was to assess the system cost benefit brought about by 
storage, the likely market based dispatch of storage within the all-island power system and the 
revenues gained from the market for the storage facility. Two CAES facilities were examined 
comprising ST1 a 1200 MW and ST2 a 300 MW unit with both units having 3000 MWh of storage. 
Both storage facilities were found to reduce system costs in Ireland while the smaller facility caused 
an increase in emission in Ireland due to the increased utilisation of coal units in off-peak hours. The 
impact of the storage facility on the wholesale prices was also investigated where it was found that 
the large storage facility caused a significant flattening of price profile and an associated reduction in 
revenues for the storage facility. 

 

Fig. 6 Wholesale price impact of storage options ST1 1200MW and ST2 300MW 
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Following on from this analysis the profitability of the facility was examined using capital cost 
assumptions sourced from the literature and actual market revenues predicted by the model. The 
conclusion from this analysis was that a small storage facility brings some benefit to the power 
system and could be profitable if all revenue streams are realised and capital costs are minimised. A 
large storage facility brings some system benefits but the realisable revenues would not cover the 
capital costs of the facility. 
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Session 2.4 Pumped Storage in Systems with Very High Wind 

Penetration  
Aidan Tuohy (Electricity Research Centre, University College Dublin) 

This work examined the impact of replacing conventional plant with a 500MW storage unit, using 
portfolio 5 from the All Island Grid Study as a base system. Examining installed wind varying from 
6GW to 12GW on the island of Ireland, the hourly operation of the system over a full year was 
simulated. As the capital costs of pumped storage are generally considered to be higher per MW 
than conventional plant, this additional cost would need to be justified by a saving in fuel and carbon 
costs. It was seen that, for costs typical of current pumped storage, approximately 10-11GW (50% - 
55% of energy from wind) would need to be installed to justify storage. Even if storage costs the 
same as a Combined Cycle Gas Turbine (CCGT), there would need to be 7GW of wind installed to 
justify it being built. The figure below shows the justified additional costs per MW when storage 
replaces conventional plant ς it should be noted that, while replacing Open Cycel Gas Turbines 
(OCGT) makes storage look more beneficial, these plant are cheaper than CCGTs. 

 

Fig. 7: Additional capital costs justified per MW based on Net Present Value of fuel and carbon cost savings, 
for different discount rates and different plant replacement 

By examining the system operation, it was seen that there were two advantages storage gives to the 
system ς reduced curtailment of wind at times of high wind and low load, and flexibility to deal with 
the uncertainty inherent in wind forecasts. However, storage has an inefficiency which means some 
of the energy put in is lost (especially significant when conventional units are used to fill the store) 
and it has high capital costs. Curtailment was seen to be significantly reduced above 50% of energy 
from wind with the addition of storage; however, the minimum load curtailment below this was not 
significant. It was also seen that, at lower levels of wind (below approximately 55% of energy) 
storage actually caused an increase in emissions, due to the increased utilisation of coal plants in 
Ireland and UK.  
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Session 3.1 The Flow Battery Storage Facility at DkIT  
Raymond Byrne (Centre for Renewable Energy, Dundalk Institute of Technology) 

 

In 2008 DkIT was successful in its application to Enterprise Ireland for a grant, under the Capital 

Equipment funding scheme, to purchase a battery that can supply 125kW of power for 4 hours. The 

battery is a zinc-bromine flow battery system supplied by the ZBB Energy Corporation in the USA. 

The system was manufactured and factory tested during 2009.The battery has a capacity of 500kWh 

and consists of ten 50kWh modules that make up two parallel strings each containing five 50kWh 

modules. The ten modules are housed in a marine grade sea box container which allows the system 

to be installed outdoors. A power conversion system (PCS) converts DC power to grid quality AC 

power to enable the battery to be connected to the gird at DkIT on the consumer side of the meter. 

The PCS carries out numerous other functions such as monitoring the operational state of the 

internal parts of the system. The battery is due to be installed at end of 2009 and will operate in 

conjunction with the campus Vestas V52 wind turbine that has been operating as an autoproducer 

since 2005. The system will allow research to be carried out on the development of control 

algorithms to optimise the economic performance of this form of storage with a large scale wind 

autoproducer for a variety of scenarios. Wind and load forecasting will be included in the research. 

The system will allow other studies to be carried out such as the evaluation of the system as a means 

of grid support and also the operational experience of this technology in a real world industrial 

application. 

                        

Fig. 8: ZBB 125kW, 500kWh flow battery during factory testing 
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Session 3.2 CAES Storage in Ireland : Commercialising Storage, 

Facilitating Regulatory and Market Measures 

Keith McGraine (Gaelectric Energy Storage) 

Gaelectric Energy Storage Ltd (GES), a wholly owned subsidiary of Gaelectric Holdings plc, is 

developing Compressed Air Energy Storage (CAES) plants in Ireland and the United States. The CAES 

technology is proven and two plants built to date using storage caverns solution mined from salt 

deposits remain in operation today. With the growth of renewable power generation and ambitious 

targets set by governments, CAES has a new significance in future power systems and markets. CAES 

has a number of comparative advantages over pumped hydro, including higher storage efficiency, 

lower capital cost and environmental/visual impact. 

Gaelectric carried out an extensive geological appraisal of Ireland to locate a suitable site for an air 

storage plant. Salt deposits in east County Antrim, which had been encountered by drilling showed 

the only potential for CAES in Ireland. Based on the geological borehole data, the feasibility of 

developing CAES within the Larne salt deposits was assessed. Results from the analysis 

demonstrated that a 150 MW plant of high storage efficiency could be supported given geological 

constraints and technologies available in the market for compressor and generation trains.  

To establish the benefits of CAES within the Irish power system, the 150 MW plant was modelled 

within the All-Island Grid Study (AIGS) model. All underlying assumptions and methodologies of the 

AIGS were conserved for CAES modelling. The modelling demonstrated that CAES provides 

meaningful reductions in system costs, emissions and wind curtailment by 2020 with increasing 

renewables penetrationΦ Lǘ ŀŎƘƛŜǾŜǎ ǘƘŜǎŜ ōŜƴŜŦƛǘǎ ōȅ ǊŜŘǳŎƛƴƎ ǘƘŜ ǎȅǎǘŜƳΩǎ ǊŜƭƛŀƴŎŜ ƻƴ ǊŀƳǇƛƴƎ 

thermal generation to balance wind variability and thus optimizes the value of renewables on the 

system. Financial modelling of the plant using the predicted load factors from the AIGS model 

ƛƴŘƛŎŀǘŜǎ ǘƘŜ Ǿƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ Ǉƭŀƴǘ ŦƻǊ ŀ ŎŀǇƛǘŀƭ Ŏƻǎǘ ƻŦ ǳǇ ǘƻ ϵфллƪκa²Φ ¢Ƙƛǎ ƛǎ ŎƻƴǎŜǊǾŀǘƛǾŜ ŀƎŀƛƴǎǘ 

ŎǳǊǊŜƴǘ ŎŀǇƛǘŀƭ Ŏƻǎǘ ŜǎǘƛƳŀǘŜǎ ŦƻǊ /!9{ ƻŦ ϵтрл-850k/MW. A number of extrinsic value drivers will 

improve the economics of the plant with monetisation of wind management services including 

greater value in ancillary services.   
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Fig. 9: Configuration of a Compressed Air Energy Storage (CAES) plant 
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Session 3.3 Energy Storage in U.S. Markets 

Dr. Paul Denholm  (National Renewable Energy Laboratory) 

 

Dr. Paul Denholm from the National Renewable Energy Laboratory in the USA discussed the value of 

energy storage in U.S. markets, the challenge of wind integration in the Texas (ERCOT) grid and 

storage as an option to increase utilization of wind and solar electricity in ERCOT. 

Historically, interest in energy storage was based on high cost of peaking fuel and low cost baseload 

generation (coal + nuclear). More recently, energy and ancillary service markets have increased 

opportunities for energy storage.  However, energy storage is still a tough sell: pure arbitrage is easy 

to analyze but has low value, reserve markets are relatively small and may be shallow, and 

technology costs remain high. 

Pumped hydro and CAES remain the lowest cost bulk energy storage technologies. The conventional 

wisdom is that pumped hydro storage siting opportunities are limited. CAES is the technology with 

lowest cost ($700-$900/kW). There are several active CAES proposals based on aquifers in the U.S. 

Current interest in electricity storage is based on deployment of variable (intermittent) generation 

sources and the widespread belief that wind and solar energy needs storage to make significant 

contribution to U.S. grid. For wind generation at current penetration levels, the primary challenge is 

transmission development. At moderate penetration levels, the challenges are forecasting and unit 

commitment errors, and ramping requirements (regulation and load following). At high penetration 

levels the challenges are all of the above plus curtailment due to minimum load constraints on base-

load units and generators providing operating reserves. Storage can reduce the transmission 

capacity required, (See Fig. 10) and is one option for provision of increased system flexibility (See 

Fig.114). Fig. 12 shows how both storage and reduction of the minimum output of the conventional 

plant portfolio reduce the curtailment of renewable generation for a given level of penetration.  

However, the conceptual flexibility cost curve in Fig. 13 shows that storage is a high cost provider of 

flexibility and is likely to be feasible only at high levels of renewable penetration. 

 

 
Fig.  10 Effect of storage on transmission capacity required 


