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Executive Summary 

Camlough PHES is a pumped hydro energy storage project that was started about 1968. 

However, following considerable planning and civil works being carried out, the project was 

abandoned around 1972 due to the Troubles.   

The completion of this project would be seen as a dividend of the Peace Process after lying 

idle for about 50 years. As a result, it may be able to attract exceptional grants and funding to 

augment its revenue streams, estimated at €413m over 30 years, under present rules. 

The Camlough project could take advantage of NI’s unique position with access to both the 

UK and EU markets.   

In September 2021 the EU announced its E1.1 trillion euro investment program for the ‘Green 

New Deal’ aimed at making Europe the first zero-carbon continent by 2050. This PHES project 

in Camlough would be likely to qualify for funding under this ‘European Green Deal Investment 

Plan’ (also known as the Sustainable Europe Investment Plan SEIP).  

Gaining Community Support is crucial from the outset. The civil works would trigger significant 

levels of employment on a similar scale to the 1968/72 period where several hundred people 

were employed on the site. Ongoing employment in the area once the project was operational 

could be expected. Aside from the benefit of local jobs there could be a Community Fund 

established for local community projects in a similar manner to Wind Farm projects.  

Gaining political support locally and nationally would also be important and would need to be 

assessed as part of any feasibility study.  

The purpose of this pre-feasibility Report is to enable you to progress your conversation on 
the project and then have a full Feasibility Report commissioned at a later date. 
 

What is Pumped Hydro Energy Storage and Why is it important? 

Pumped hydro energy storage is a widely employed technology around the world, while close 

to home, there are plants in Wales, Scotland and Ireland (Turlough Hill in Wicklow).  

Up until the advent of widespread adoption of renewable energy, these PHES plants were 

operated in arbitrage mode – pumping from the lower lake to the upper lake when electricity 

prices were low and releasing the water to the lower lake (and generating) when electricity 

prices were high.  

Additionally, a PHES plant could be operated for peak-lopping and energy shifting as required 

by the System Operator, ‘moving’ energy from a time-period where it was plentiful to a time-

period where it was scarce. 

Since the advent of large amounts of renewable energy feeding the grid, energy storage has 

assumed a far more important role in 2 areas. Firstly in ‘smoothing out’ the supply of power 

from renewable projects when the sun is not shining, or the wind is not blowing. Secondly in 

providing grid stability or other system services to the grid as a whole.  

Extent of Pumped Storage Worldwide 

According to U.S. Department of Energy in July 2020, “Pumped storage is by far the largest-

capacity form of grid energy storage available, and, as of 2020, the United States Department 

of Energy Global Energy Storage Database reports that PSH accounts for around 95% of all 

active tracked storage installations worldwide, with a total installed throughput capacity of over 

181 GW, of which about 29 GW are in the United States, and a total installed storage capacity 

of over 1.6 TWh, of which about 250 GWh are in the United States” 

https://en.wikipedia.org/wiki/Grid_energy_storage
https://en.wikipedia.org/wiki/United_States_Department_of_Energy_Global_Energy_Storage_Database
https://en.wikipedia.org/wiki/United_States_Department_of_Energy_Global_Energy_Storage_Database
https://en.wikipedia.org/wiki/Gigawatt
https://en.wikipedia.org/wiki/Kilowatt-hour


 

 

‘1. Size of Camlough Plant 

At the time of writing there is limited information on the size and capability of the plant. 

This has to be estimated from whatever information is available and there is uncertainty 

around this information and how to interpret it. 

There is a shortage of data for the project at this stage. Only a small drawing from the 

original planning application is available. The site would need to be surveyed to see 

how much of the plant was built out in the 1968 to 1972 period. Hence all of the figures 

in this report are illustrative rather than firm and should be read in that context. 

Newspaper reports from the time specify two 115 megawatt turbines which were to be 

commissioned in 1975 and 1976 respectively.  These turbines were apparently 

purchased and later disposed of by NIE’s predecessor company. 

Newspaper reports also suggest that the lough was to be increased in height and area 

as part of the project and that the height of the lough would vary by up to a meter a day 

with the operation of the project. 

The small diagram currently available suggests that the operational Head of the plant 

(namely the difference between the levels of the upper and lower lakes) is 229 metres.  

This seems much lower than expected as Google indicates the height of Slieve Gullion 

as 573m.  It is possible that the information on which the above calculations are based 

is incorrect or is being misinterpreted. 

Typically, pumped storage plants would have a duration of 3-4 hours at full output. The 

financial discussion below assumes 230MW (based on 2*115MW turbines) for 3 hours. 

This would need to be revised if the feasibility project discovers that this MW rating 

and/or duration is either much higher or lower. 

Assuming the lower lake, as it currently exists, could accommodate a reduction in level 

of 1 metre during pumping then the calculated stored energy in the upper lake could 

operate a 230 MW plant for a duration of only 0.75 hours at full output. Typically pumped 

storage plants would have a capability to operate at full output for 3-4 hours which 

backs up the newspaper reports which suggest that the lough was to be increased in 

height and area as part of the project. It is also possible that the head is greater than is 

being estimated from the drawing. See the discussion below on estimating the head 

and the amount of energy which can be stored. 

It is unclear what is the length of the entrance tunnel from the drawing provided; 

assuming the same scale applies on both the vertical and horizontal axis then the 

entrance tunnel length is approx 820 metres.  

To date no records have been located to indicate how much of the civil engineering 

works have been completed in the entrance tunnel, the cavern, the penstock from the 

upper lake to the cavern or the tailrace from the cavern to the lower lake.   

The extent of this work will have a huge impact on the financials of this project. The 

typical cost for a 360 MW plant with approx 4 hours duration at full output would be 

€650M. This figure could be substantially reduced were it found that the civil works 

conducted between 1968 and ’72 resulted in significant parts of the project works and 

tunnelling having already been completed. 

All these uncertainties would need to be ironed out as part of a full feasibility study. 

  



 

 

Estimating the Head (difference in lake levels) 

The small planning document from the project in our possession shows a cross-section 

drawing of the access tunnel which includes the cavern. From this we estimate that the upper 

reservoir could be about 800ft above the datum on the drawing and the lower lake could be 

about 50ft above this datum. This would indicate a head of 750ft or 229m. This compares to 

a 283m head in Turlough Hill. This would need to be validated given that Slieve Gullion is 

573m. 

 

Estimating the amount of energy which can be stored 

The area of the lake is 90 acres (364,200 sq. m). If it is assumed that the lake area can vary 

by 1m, this amounts to 364,200 cu.m of water which can be pumped to a height of 229m. This 

determines the amount of energy which can be stored. Assuming a round-trip efficiency of 

75%, this amounts to 174MWh which can be exported onto the system. If the plant were 

230MW this means the plant could provide full output for 0.75 hours. 

 

Full feasibility study required 

A full feasibility study is needed to verify the size of the plant. This will include an optimisation 

of the MW output and the duration to maximise the revenue. For example, higher MW would 

increase the revenue from system services. It would also increase the revenue from capacity 

payments even though the derating factor would be worse because the duration would be less 

(more MW but for less hours). However higher MW would also increase the capital cost so 

there is a balance to be achieved. 

 

Length of the Entrance Tunnel 

It is not clear from the Longitudinal Drawing provided if the vertical and horizontal axes are to 

the same scale. If we assume they are then the length of the tunnel is approx 820m long. 

 

Civil Engineering works 

The civil engineering works for the entrance tunnel, cavern, and penstock from the upper 

lake to the cavern and the tailrace (from the cavern to the lower lake) would be substantial.  

 

Connection to the Grid 

A local retired NIE engineer has confirmed that the connection bay built at the Tandragee sub-

station for the Camlough project is still in place and still unused. Thus, it seems likely that the 

plant would be connected into the grid at Tandragee, a distance of approx 16 ml depending 

on the route selected. 

 

 

  



 

 

‘2. Financials 

Costs 

The cost of completing the pumped storage plant will depend, among other considerations, 

on  

• how much of the civil works has already been done 

 

• how much of the detailed mapping, surveys, ground investigations and design work can 

be found 

 

• how much of the detailed design has to be done, because the original design is not 

available and/or technological developments and standards have changed since the 

1960s 

Pumped storage was really the only energy storage technology available in the 1960s, aside 

from hydro dams. However, battery technologies have now become feasible from both 

technical and economic perspectives. Compressed air and liquid air are also in this energy 

storage market and green hydrogen is also being developed. This means that pumped storage 

now has to compete with other technologies. 

The capital cost of pumped storage is high but the life of the plant is much longer than other 

technologies, particularly batteries. Turlough Hill was commissioned in 1974 and operated for 

nearly 40 years before a major refurbishment program was required. It still has a long life 

ahead! 

Some consulting companies with experience in pumped storage should be able to provide 

indicative costs for Camlough once the extent of the completion works is established. 

 

Revenue 

There are 3 revenue streams available for a PHES plant, under the present market rules. 

These are: 

• System Services which stabilise the grid. Traditionally these have been provided by 

conventional plant with heavy generators and steam/gas turbines which are tied 

(synchronised) to the grid. These are rotating at 3,000 rpm and have a large momentum 

which ensures that the grid can ride through the bumps. As these heavy generators are 

replaced by wind generators and solar panels, there is an increasing need for other plant 

which can provide system services 

 

• Capacity which is required, particularly when the wind/solar generation output is low and 

insufficient to meet customer demand 

 

•  Energy to the extent that prices are high when the plant is exporting energy and low when 

it is importing energy to pump the water to the upper reservoir. 

 

 

 

  



 

 

Simple spreadsheet model  

A simple spreadsheet model has been built to illustrate the drivers of these revenue streams. 

It should be noted that the figures in the spreadsheet, shown in Appendices 1 and 2, are 

illustrative rather than indicative. They are intuitively plausible but the purpose of the model is 

more to show the parameters and develop an understanding of what drives the revenues. 

At this stage there are also many uncertainties such as the: 

• Size of the plant both in terms of the MW and also how much energy it can store in MWh. 

(For example, if the plant can sustain an output of 230MW for 3 hrs, it can store 690MWh.) 

 

• Design of the plant which will determine what system services it can provide 

 

• Future system services market, for which the high level design is currently under 

consideration. The model is based on the current market with the capability to estimate by 

how much the revenue from the services will be reduced in the future compared to the 

current market rates 

 

• Volatility of energy prices which will drive the arbitrage opportunities between the high 

prices while exporting compared to the low prices while importing to pump the water to the 

upper reservoir. Traditionally that variation in prices would have been driven by the 

differences in demand between day and night. In the future it will be driven by the amount 

of wind/solar generation relative to the demand. Sophisticated modelling will be required 

to estimate the arbitrage opportunity. 

Modelling as an important part of a full feasibility study  

An important part of a full feasibility study will be to model the revenues using sophisticated 

dispatch modelling. Large consultancy companies have this capability. 

An explanation of the high level revenue model spreadsheet is given in Appendix 2. This also 

includes an estimate, based on various assumptions, of the NPV over, say, 30 years at a low 

discount rate. 

It should be noted that the Irish Energy Storage Association and others in the industry have 

argued (to the regulators and the relevant government department) that a fundamental review 

of the electricity market in Ireland is required. Longer duration energy storage is not financially 

viable under the current arrangements even though they are an essential part of decarbonising 

electricity. A number of suggestions have been made, including having a higher capacity 

payment for low carbon plant and having a support mechanism for energy storage similar to 

that for wind and solar under RESS (Renewable Energy Support Scheme). The point is that, 

even if modelling indicates that the Camlough Pumped Storage project is not quite financially 

viable, future changes to the market may bring it across the line. Furthermore, there may be 

strategic reasons for having this plant in this location which would override normal commercial 

considerations. Grant aid may also be available. 

In particular, it is worth mentioning here that the completion of this project could be viewed as 

a key piece of energy infrastructure in helping to achieve a decarbonised economy, and a 

dividend of the Peace Process.   

The focus of the Local Community Group in examining this dormant project is most timely, as 

the world and the island of Ireland moves from a fossil fuel economy to one driven by 

renewable energy sources. Camlough PHES should be seen as very much part of that move. 

 



 

 

‘3. Other Important Considerations 

 

Aside from the technical and financial aspects of this project there are other important 
considerations to be taken into account; these include: 
 
Community support 

Community buy-in will be important from the outset. This should include consulting with both 
local and community groups, and ensuring these are represented in the planned completion 
of this project. Communities need to know that the cultural and mythological aspects of Slieve 
Gullion and its surrounding areas will be respected and protected. Regarding Slieve Gullion, 
Wikipedia states “At the summit is a small lake and two ancient burial cairns, one of which is 
the highest surviving passage grave in Ireland. Slieve Gullion appears in Irish mythology, 
where it is associated with the Cailleach and the heroes Fionn mac Cumhaill and Cú 
Chulainn”. 

From the outset it should be clear that, should the project go ahead and become operational, 
it will contribute a significant annual sum to a local Community Fund.  

 

Political support 

It is generally accepted that pumped hydro energy storage plants are difficult to justify in pure 
economic terms due to (i) the very high capital costs for construction despite there being a 
apparently substantial civil works already carried out and (ii) it being difficult to calculate the 
revenue streams over a long lifetime of 30 years or more. Because of the timeframe, there is 
a fear of building a stranded asset, in contrast to a battery storage plant. 

There are however wider aspects pertaining to the Camlough PHES project such as (i) it can 
be the centre of a much wider renewable energy centre incorporating possibly a local wind 
farm, solar farm and linking in with prosumers e.g. small businesses, farmers and domestic 
customers. Gaining the support of politicians at all levels would be crucial namely Local 
Councils, NI Assembly, UK and Irish Governments and Brussels.  

Early attention should be given to getting onto the EU list of Projects of Special Interest 
compiled by the European Commission. This gives the project a high level of visibility in 
Europe and enhances its chances for funding and other supports. 

 

Project funding 

 Depending on the extent to which works have been carried out to date, it is possible that the 
capital cost of the project would not be supported by the calculated revenue streams in 
this report.  However these are based on the current energy storage market rules and these 
are likely to undergo a major revision because of the increasing need for energy balancing 
and grid stability services with the increasing penetration of variable renewable generation. In 
addition, there is now an openness to higher capacity payments for specific technologies such 
as pumped storage which can provide specific services to the grid. Such increases in revenue 
have not been included in the calculated revenue streams. 

Investment by the EU and NI's Strategic Investment Board is critical to project success. The 
European Investment Bank has announced funding for large energy storage projects. 

SONI's latest policy document called "Shaping our Electricity Futures" examines "existing 
technologies that are capable of improving the performance of installed assets but are not 
commonly deployed on the grid in Northern Ireland e.g. expansion of onshore and offshore 
wind, solar PV, energy storage technologies, HVDC interconnection and system services.". 
However, at this time, it does not have concrete support mechanisms in place to support the 
development of pumped storage facilities in Northern Ireland and thus any such support 

https://en.wikipedia.org/wiki/Cairn
https://en.wikipedia.org/wiki/Passage_grave
https://en.wikipedia.org/wiki/Irish_mythology
https://en.wikipedia.org/wiki/Cailleach
https://en.wikipedia.org/wiki/Fionn_mac_Cumhaill
https://en.wikipedia.org/wiki/C%C3%BA_Chulainn
https://en.wikipedia.org/wiki/C%C3%BA_Chulainn


 

 

cannot be built into the revenue estimates, at this time, in this report. Thus a meeting with 
SONI would be a key part of a feasibility study. 

 

Corporate structure and ownership 

This is an area that requires considerable thought. An SPV (Special Purpose Vehicle) 
company would be established to drive the project forward. Much thought is needed on the 
shareholders and shareholding. It would be prudent that a majority stake is held by a 
Government body with a further portion held for large scale investors who may be required 
down the road. 

Because of the very high capital cost involved in the energy storage industry, some informed 
observers believe one possible approach is that there would be an off-take contract between 
the owners and the System Operator (SO) (and under-written by Government) for a period of 
say 30 years. Under this scenario the SO would operate the plant in the optimum manner to 
the benefit of the System and all electricity customers. However, this is only one approach. 

 

 

Access to site and water 

Assuming the local Council owns the lands required for construction of a new upper lake and 
completion of all the civil works, it seems reasonable that access rights can be acquired, 
probably for a very long lease. This will provide an annual revenue stream, together with the 
annual rates, for the Local Council. This can be viewed as another key benefit of the project 
proceeding.  

 

Planning, Environmental licencing 

It would be extremely helpful if the original planning application could be located; it is 
understood that efforts to date have not been successful, but, should this be found, then it 
would likely result in a significant saving in design and planning for the project.  

 

Grid connection Tandragee Transmission Station 

Should a decision be made to proceed with this project, it would be prudent to engage in early 
discussions with SONI (the System Operator of Northern Ireland) regarding a Grid Connection. 
It is understood that a 275kV to Tandragee was planned in the early ‘70s and that the bay was 
partially constructed for Camlough’s connection at the time, and that this bay is still there.  
 
 
Full Feasibility Study 
 
We strongly urge that, should it be decided to proceed to this next stage, a major 
international consultancy group may be engaged to take account of all or most the key 
headings, but with some local involvement. 

 

  



 

 

 ‘4. High Level Project Plan (to stimulate discussion)  

The high level project plan is to raise issues and stimulate discussion. It is not meant to be a 

definitive or comprehensive plan.  

It identifies some of the immediate actions which need to be undertaken. 

 

 

#1  The full feasibility study will have to cover technical engineering aspects as well as a market and financials 
assessment to determine financial viability 

      A single consulting company may not have all the capabilities. If this is the case, it would still be better to 
have a single consulting contract with one of  

      the consultants taking the lead and the other being subcontracted to them. 

 
#2  It may be possible for this company to do the engineering aspects of the feasibility study and feed into the 

consultancy company doing the market and financials assessment 

 
#3  This will need to be completed before the feasibility study can be completed 

 

 

 

  

High Level Project Plan (for discussion)

Activity 2021

Carry out Pre Feasibility Study

Collect existing information

Gain political support

Gain local support

Arrange funding of Development costs

Seek partners, funding for project. Corporate structure

Achieve listing as Project of Public Interest

Tender for Full Feasibility Study #1

Carry out Full Feasibility Study

Tender for grid connection investigation

Investigate grid connection & cost estimates

Tender for high level design

Carry out high level design #2

Tender for environmental studes

Carry out environmental studes

Seek budget prices for equipment and EPC contract #3

Go/No Go Decision

Tender for detailed design

Carry out detailed design

Tender for equipment and EPC contract

Arrange funding of project

Order equipment and sign EPC contract

Apply for grid connection

Grid connection offer & Acceptance

Grid connection build

EPC Construction on site

Commissioning & Testing

Go Live

2028 20292022 2023 2024 2025 2026 2027



 

 

Appendix 1 

Calculating the stored energy capacity (MWh) & generating capacity (MW) 

 

 

   

Camlough Assumptions

Assume max H differntial in lake 1 m

Area of Camlough lake 90 acres

Area of Camlough lake 36.42                                hectares

Area of Camlough lake 364,225                            sq m

Vol of water pumped 364,225                            cu.m

Assume ave H of upper lake 800 ft

Assume ave H of lower lake 50 ft

Delta Height 229 m

Energy req to lift vol to upper lake 231                                    MWh

Assume round-trip effic % 0.75

Energy out (exported) 174                                    MWh

Assume Gen Capacity of PHES 230 MW

Generation duration 0.75                                   Hrs

Variation in head of Upper Reservoir (m) 10

Diameter of Upper Reservoir (m) 215                   



 

 

Appendix 2 

 

Explanation of the High-Level Revenue Model Spreadsheet 

 

To illustrate the workings of the model, a set of figures has been input so that each can be 

explained. The revenue figures in each section are per MW per year because we don’t know 

the MW capacity of the plant yet. Each revenue stream is explained separately. Please note 

that these figures are based on 3 hours of storage. We don’t know how many hours of storage  

there will be but the figures are illustrative only and we provide equivalent figures for 2 hour 

storage as a comparison. 

 

Revenue from the System Services market 

 

 

The different system services products relate to how quickly the plant can inject power and for how 

long it can sustain that output. There are also system services related to maintaining voltage 

stability. 

There are various modes of operation of the machines in a pumped storage station and machines 

can be in different modes (except that letting the water down to generate and pumping the water 

up cannot take place at the same time!). These modes are: 

 

 

• Generating: this can be at any output from minimum to maximum 

System Services

Rev from all SS (€/MW pa) 112,936       

Rev when in Spin Gen (€/MW pa) 43,228         

Rev when off load (€/MW pa) 18,231         

% total MW % time

% MW Avail 

for SS

% SS 

Product Rev Composite %

Gen 50% 20% 20% 100% 2%

Min Gen 50% 45% 80% 100% 18%

Spin Gen 50% 50% 100% 38% 10%

Pumping 100% 15% 100% 100% 15%

Off Load 100% 28% 100% 16% 4%

49%

Composite Rev from SS (€k/MW pa) 55

Reduction in SS Rates 40%

Reduced Composit Rev from SS (€k/MW pa) 33



 

 

• Minimum Generation: This allows “headroom” to inject further power into the grid very 

rapidly up to the maximum output 

• Spin Gen: This has the generator synchronised to the grid in the generating direction but 

with the turbine just spinning in air. There is no water in the turbine. The Main Inlet Valve 

of that machine is closed. The control system monitors the grid frequency and, if there is 

a deficit of power on the grid, it will open the Main Inlet Valve and the flow of water into the 

machine will make it start injecting power into the grid. However the response time is not 

as fast as a machine in Minimum Generation so that machine cannot provide the very fast 

response system services but can provide the remaining ones. 

• Pumping: When a machine is pumping, it is absorbing power. If there is a deficit on the 

grid, the pump can be tripped off the grid which helps to restore the power balance on the 

grid. 

It can be seen from this that the system services which can be provided, and hence the 

revenues, depend on what modes the machines are running in. The table in the middle with 

the figures highlighted in yellow (indicating that they are input figures which can be changed) 

is a crude attempt to illustrate how the machines could be run in different modes and how this 

would affect the revenues from system services. 

The 3 figures higher up (Rev from all SS, Rev when in Spin Gen, Rev when off load) are 

calculated separately based on current tariff rates for the relevant system services. The 

“Reduction in SS Rates” highlighted in yellow indicates an estimate of the % drop in revenue 

from the current tariff rates when the new competitive system services market comes into 

operation. 

The figure in bold is the resultant annual revenue per MW from system services. 

 

Revenue from the Capacity market 

 

Capacity           

  3hr 4hr  2hr   

Derating Factor 0.489 0.576  0.362   

Rate (€k/MW pa) 45      
Loss due to negative 
difference payments 20%      
Success Rate in 
Auction 80%      

        

Rev From Capacity (€k/MW pa  14    

            

 

Capacity contracts are procured through auctions. There are some auctions for up to 10 year 

contracts, starting 3-4 years after the auction to allow time to build. A pumped storage plant 

would need longer than this so would have to commence building before winning a capacity 

contract. 

There are also 1 year contracts procured a year ahead so there is an opportunity to win 

successive contracts on an ongoing basis. 



 

 

The capacity of energy storage plants is derated depending on the number of hours of storage. 

The figures above indicate that each 100MW of 3 hour storage is deemed to be worth the 

same as 49MW of conventional plant which can continue providing power indefinitely. 

The rate (€k/MW pa) is indicative of some recent auctions but it could be lower or higher by 

the time Camlough would be bidding. 

The Capacity Remuneration Mechanism (CRM) is structured to incentivise generators to be 

available and ready to run when generation capacity is tight. The plant is paid the auction price 

for every hour that it is available. However if the energy market price exceeds a certain value 

(called the strike price) which is currently €500/MWh, the generator has to pay back the 

difference between the actual market price and the strike price. This incentivises the generator 

to be running in the market so that it is earning this high price and hence has the money to 

make the “difference payment”. This aspect needs to be considered further at a later stage to 

see whether the plant can bid into the energy market in such a way that it would be dispatched 

to run if the energy market price exceeds €500/MWh while, at the same time, running to 

provide system services and energy arbitrage. This is in the model just as a reminder to look 

at this aspect of the CRM. 

 

Revenue from the Energy market 

 

Energy           

        

Efficiency 75%      

Hrs/day 3      
Ave High Price 
(€/MWh) 80      
Ave Low Price 
(€/MWh) 20      

% days for arbitrage 100%      

Days pa 365      
% Capacity for 
Arbitrage 75%      

        

Rev from Arbitrage (€k/MW pa)  33    

            

 

Revenue from the energy market will be based on arbitrage between high prices when the 

stored energy is being exported back onto the grid and low prices when energy is being 

imported to pump the water up to the upper reservoir. The round trip efficiency is expected to 

be around 75% so, for every 4MWh imported to pump the water, only 3MWh will be exported 

to earn revenue. 

The figures above indicate that 75% of the MW capacity will run for 3 hours per day, every 

day for energy arbitrage. This is just to illustrate the variables. For example, traditionally the 

variation in prices would have been driven by the differences in demand between day and 

night. In the future it will be driven by the amount of wind/solar generation relative to the 

demand. Historically there would have been 1 pump/generate cycle per day but, in the future, 

there may be more or less depending on the profile of wind/solar output on particular days. 



 

 

Some days may have almost no economic opportunities for arbitrage if the value of system 

services is high on those days and/or if the energy price is flat across the 24 hours. 

Sophisticated modelling will be required to estimate the arbitrage opportunity. The modelling 

will have to estimate the dispatch and hence energy prices and also the system services prices 

in each period (½ hour) to optimise the running of the plant in terms of machines in different 

modes i.e. gen, min gen, spin gen, pumping, standby. 

 

Overall Revenue 

 

Size of Plant (MW) 230         

Annual Rev (€m pa) 18 (3hr storage)    

        

Discount Rate 2%      

        

  Yr 1 2 3 4 

   18 18 18 18 

NPV (€m) over 30 yrs €413      

Grants 87      

Capital €500         

 

We understand that the plant is 2*115MW = 230MW. This would yield an annual revenue of 

€18m, based on the figures and assumptions above. However, only a few years are shown 

above.  

 

Revenue over a 30-year life 

Calculations have been done to reflect a 30-year life for the plant; the NPV @ 2% discount 

rate would be €413m. If grants of €87m were available, this would boost it to €500m. This 

excludes ongoing operations and maintenance (O&M) costs. Again, these are just illustrative 

figures rather than indicative figures. 

Equivalent Figures for 2Hr Storage 

If there were only 2 hour storage the derating factor for the Capacity market would be reduced 

from 0.489 to 0.362 so the estimated revenue would fall from €14k/MW p.a. to €10k/MW p.a. 

The scope for energy arbitrage would also be reduced so the estimated revenue would fall 

from €33k/MW p.a. to €22k/MW p.a. 

There may also be some reduction from the revenue from system services but this would 

require more sophisticated modelling to ascertain so it is ignored at this stage. 

The estimated overall revenue could fall from €80k/MW p.a. to €66k/MW p.a. For a 230MW 

plant this would equate to an annual reduction from €18m/yr to €15m/yr. The NPV over 30 yrs 

at 2% discount would fall to €338. The same grant of €87m would bring it to €425m (compared 

to €500 for 3 hrs storage)  

 


