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Important notice 

This document was prepared by CEPA LLP (trading as CEPA) for the exclusive use of the recipient(s) named 

herein. 

The information contained in this document has been compiled by CEPA and may include material from other 

sources, which is believed to be reliable but has not been verified or audited. Public information, industry and 

statistical data are from sources we deem to be reliable; however, no reliance may be placed for any purposes 

whatsoever on the contents of this document or on its completeness. No representation or warranty, express or 

implied, is given and no responsibility or liability is or will be accepted by or on behalf of CEPA or by any of its 

directors, members, employees, agents, or any other person as to the accuracy, completeness or correctness of 

the information contained in this document and any such liability is expressly disclaimed.  

The findings enclosed in this document may contain predictions based on current data and historical trends. Any 

such predictions are subject to inherent risks and uncertainties.  

The opinions expressed in this document are valid only for the purpose stated herein and as of the date stated. No 

obligation is assumed to revise this document to reflect changes, events, or conditions, which occur subsequent to 

the date hereof.  

CEPA does not accept or assume any responsibility in respect of the document to any readers of it (third parties), 

other than the recipient(s) named therein. To the fullest extent permitted by law, CEPA will accept no liability in 

respect of the document to any third parties. Should any third parties choose to rely on the document, then they do 

so at their own risk. 

The content contained within this document is the copyright of the recipient(s) named herein, or CEPA has licensed 

its copyright to recipient(s) named herein. The recipient(s) or any third parties may not reproduce or pass on this 

document, directly or indirectly, to any other person in whole or in part, for any other purpose than stated herein, 

without our prior approval. 
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1. INTRODUCTION 

The Department of the Environment, Climate and Communications (the Department) is carrying out a review of the 

security of energy supply of Ireland’s electricity and natural gas systems. CEPA has been commissioned by the 

Department to undertake a technical analysis of physical security of supply to inform the review.  

1.1. CONTEXT 

This analysis has been undertaken in the context of a major change in the Irish energy system, including a 

substantial increase in electricity generated from renewable sources, phase-out of coal and peat-fired generation, 

and electrification of heat and transport.  

The 2020 Programme for Government (PfG) has targeted a 51% reduction in total emissions by 2030, relative to 

2018 levels. This target has become legally binding as part of the Climate Action and Low Carbon Development 

(Amendment) Act 2021. The 2021 Climate Action Plan (CAP) has also set out the high-level ambition for delivering 

on these reduction targets, including a faster path for the complete phase-out of coal- and peat-fired electricity 

generation, new targets for electrification in the heat and transport sectors, and the delivery of up to 80% renewable 

electricity generation by 2030. 

The need for an assessment of Ireland’s energy security is also being considered in conjunction with several wider 

developments impacting on the Irish energy landscape. For example: 

• The 2020 PfG introduced a commitment to ending the issuing of new licences for exploration and 

extraction of gas, potentially leading to substantially lower future indigenous production of natural gas. It 

also set out that the Government does not support the importation of fracked gas1 from other countries as 

Ireland moves towards carbon neutrality.2 This stance has been reiterated in the Policy Statement on the 

Importation of Fracked Gas published in May 20213 where the Government has also decided that it would 

not be appropriate for the development of any LNG terminals in Ireland to be permitted or proceeded with, 

pending the outcome of the review of the security of energy supply. 

• The 2021 CAP sets out sector specific targets for emissions reduction including through faster 

electrification of heat, transport, and industrial energy demand. EirGrid has forecast a sharp increase in 

electricity demand from Large Energy Users (LEUs) such as data centres. Ireland’s reliance on electricity to 

meet its energy needs will accordingly increase in the coming decade. At the same time, Ireland’s 

electricity supply will be increasingly dependent on variable renewable generation and on imports via 

interconnectors. The Government has targeted the development of 5 GW of offshore wind by 2030, while 

additional interconnection to France and GB is expected by the mid-2020s. 

• Ireland’s indigenous natural gas production has ceased at the Kinsale field and is expected to decline at 

Corrib over the next decade. However, since gas will be needed as the principal source of non-variable 

electricity generation, and exploration of new fields will not be allowed, Ireland’s dependency on gas 

imports from GB will significantly increase. 

• Following the Russian invasion of Ukraine in February 2022, the likelihood of a full disruption to Russian 

natural gas deliveries to Europe has significantly increased. For example, at the time of writing this report 

Russia has halted exports of natural gas to Poland, Bulgaria, Finland, the Netherlands, and Denmark, and 

has suspended deliveries into Germany via Nord Stream 1. This large decrease in Russian gas supplies to 

——————————————————————————————————————————————————— 

1 Fracking is a method of oil and natural gas extraction which involves injecting fluid into subterranean rock formations at high 

pressure to produce a fracture network that allows crude oil and natural gas inside dense rocks to be extracted at the surface. 

The approach can lead to detrimental environmental impacts in terms of water consumption, water contamination, seismic 

inducement, and air pollution. 

2 Programme for Government: Our Shared Future, October 2020 

3 DECC (2021) ‘Policy Statement on the Importation of Fracked Gas’, available on gov.ie 

https://www.gov.ie/en/publication/f3774-policy-statement-on-the-importation-of-fracked-gas/
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Europe is causing major disruption to European energy markets, as there are limited options to replace 

these volumes in the short term. 

1.2. OBJECTIVE 

The scope of this technical analysis is as follows: 

• Identify and examine the key shocks to physical security of supply in Ireland’s electricity and natural gas 

systems by 20304. 

• Identify and appraise options which could mitigate the impact of these shocks. 

The primary focus of this assessment is on physical electricity and gas security of supply – e.g., on the ability of the 

Irish energy system to meet physical demand of electricity and gas consumers. While the assessment of mitigation 

options considers the potential impacts on wholesale energy prices, this assessment formed a secondary 

consideration to the core physical security of supply analysis. 

This assessment has been carried out under the assumption that the Government’s targets around the 

development of the Irish energy system are met. For example, we assume that Ireland’s targets around the 

electrification of demand and the delivery of renewable generation capacity by 2030 are broadly achieved. In 

agreement with DECC, we have also assumed a low growth in gas demand to 2030, consistent with the 

Government’s stated decarbonisation policies. 

Most of the analysis in this report was undertaken before the start of the Russian invasion of Ukraine in February 

2022. Despite the large impact that current geopolitical events have had on global energy markets, we believe the 

assessment presented in this report is still valid, as the focus of our analysis has been on the energy system in the 

medium-long term, i.e., to 2030.   

Additional work was subsequently carried out to assess the impact of a disruption of Russian gas exports to Europe 

on Irish security of supply, as explained in Box 1 below.  

Box 1: Scope Extension: Assessment of a disruption of Russian gas exports to Europe. 

Following the Russian invasion of Ukraine, CEPA’s scope of work was extended. We were asked to undertake 

further technical analysis of the impact of a full suspension of all Russian pipeline exports of natural gas to 

European markets on Irish security of supply. This extended analysis is intended to inform the Department’s 

understanding of Ireland’s exposure to Russian natural gas supplies over the medium-term horizon. The 

extension also included an appraisal of options designed to mitigate the impact of this risk. 

1.3. REPORT STRUCTURE 

The rest of this report is structured as follows: 

• Section 2 presents our methodology for carrying out the identification of energy system shocks, 

development of mitigation options and their appraisal. 

• Section 3 presents our findings on the identification of security of supply shocks.  

• Section 4 summarises our assessment of the core security of supply shocks. 

• Section 5 summarises our assessment of a disruption to all Russian pipeline natural gas deliveries to 

Europe, considered under the extension of scope. 

• Section 6 describes the options selected to tackle the energy system shocks identified in Section 4 and 

Section 5, with supporting rationale provided for our selection. 

——————————————————————————————————————————————————— 

4 While we consider the impacts of mitigation options on gas and electricity prices, the scope of analysis was focussed on 

physical security of supply risks and impacts, rather than price security of supply. 



9 

 

• Section 7 presents the results of our appraisal of the mitigation options against the core shocks outlined in 

Section 4. 

• Section 8 presents our appraisal of the mitigation options against the disruption to Russian gas supplies to 

Europe. 
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2. METHODOLOGY 

This section outlines our approach to meeting the aims and the objectives of this project. The approach is based on 

three distinct stages for the project: 

• Stage 1 – Identifying and examining key shocks 

• Stage 2 – Identifying mitigation options (long-list) 

• Stage 3 – Appraisal of the mitigation options identified (short-list) 

Figure 2.1: Project stages and tasks   

 

2.1. STAGE 1: FRAMEWORK FOR IDENTIFYING AND ASSESSING SHOCKS 

In this section, we present the framework used to identify and assess potential shocks to security of supply. 

Security of supply shocks can affect different parts of the supply chain. To create a comprehensive list of potential 

shocks, we identified: 

• Demand-side shocks – such as weather-related events (e.g., cold snaps). 

• Supply-side shocks – involving the loss of production or infrastructure facilities. These consist of the following 

sub-types of potential disruptions to physical supplies:  

• Infrastructure or technical risks (e.g., outage of network infrastructure facilities). 

• Market shocks (e.g., expected imports are diverted to other markets due to sudden events and price 

responsiveness of supply sources) – these shocks require a richer definition of security of supply which 

includes price risk rather than one focusing on the loss of physical supplies. 

• Geopolitical shocks (i.e., supply from a key source becomes unavailable or is significantly reduced due 

to global geopolitical events). The increased geopolitical risk to European natural gas supplies following 

the Russian invasion of Ukraine formed the basis of our extended appraisal of the impact of a disruption 

to pipeline exports of natural gas from Russia to European markets. 

Shocks to security of energy supply are generally low-probability but high-impact events. Shocks can be 

characterised by likelihood or probability of occurrence (e.g., 1-in-20 or 1-in-50 cold weather events for demand 

side shocks); severity (e.g., the magnitude of the disruption of an infrastructure outage, for example, this could be a 

partial or a complete outage), and duration (days, weeks, months). Not all these characteristics are measurable ex 

ante. For example, weather- and demand-related shocks may be characterised using historical data, other shocks 

that are often one-time events (e.g., armed conflict or Brexit) are very difficult to measure. 

Demand-side shocks are generally better understood and easier characterised than supply-side shocks because 

the sources of those shocks are known and may be quantifiable, at least using historical data.  

Some supply-side shocks, especially those with the largest potential impacts are more difficult to quantify. For 

example, infrastructure risks that are likely to have the largest impact tend to be rare events for which sufficient 

historical information is not available. Similarly, geopolitical shocks, such as the risk of a major supply source 

becoming unavailable because of armed conflict are typically hard to predict. 
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However, the global fallout following the Russian invasion of Ukraine in February 2022 has led to an increased 

likelihood of a full disruption to Russian gas supplies to Europe. For example, at the time of writing this report Russia 

has halted exports of natural gas to Poland, Bulgaria, Finland, the Netherlands, and Denmark and has suspended 

deliveries into Germany via Nord Stream 1. Meanwhile, the European Commission has developed plans to reduce 

EU demand for Russian gas by two thirds before the end of 2022, and to eliminate all dependence on Russian 

natural gas before 2030.5  

2.1.1. Tools for assessing potential impact of energy system shocks 

Our primary approach for analysing resilience against the identified shocks was based on stress tests using a set of 

gas and electricity market models covering the Irish and European markets (including the UK). This provided a 

quantitative analysis of the shocks and informed the appraisal of the identified mitigation options, which was 

supplemented with qualitative assessment where quantification was not possible. 

We used two interacting market models to consider the range of shocks to the security of gas and electricity 

supplies: 

• Our global gas market model was used to estimate daily gas flows and prices. The model assumed 

marginal costs of gas production and derived supply and demand elasticities to simulate the gas wholesale 

market. It is calibrated to simulate global gas trade for all major importing, exporting, and producing regions 

in the world. 

• Our pan-European electricity market model was used to estimate hourly electricity supply, demand, and 

market prices. The electricity market model incorporates all existing generation assets in the North-West 

Europe region. We also used this model to capture interactions between the gas and electricity markets 

due to the important role gas-fired power generation plays in the Irish electricity supply mix.  

Further details on the structure of our models can be found in Appendix A. 

2.2. STAGE 2: IDENTIFICATION OF MITIGATION OPTIONS  

In the second stage of the project, our work focussed on:  

• Identifying a long-list of potential options to mitigate the identified security of supply shocks. The options 

were informed by the outcomes of Stage 1, i.e., designed to address the shocks identified. We developed 

multiple mitigation options targeted at the electricity market and multiple options targeted at the gas market.  

• Conducting an initial screening of the options to determine a short list for more complete modelled analysis. 

We considered options against a set of basic criteria including the potential for alleviation of identified shocks, 

feasibility and consistency with the CAP. Short-listed options were taken forward for full appraisal in Stage 3. 

2.3. STAGE 3: APPRAISAL OF MITIGATION OPTIONS    

In this stage, we performed an appraisal of the options identified based on a range of quantitative and qualitative 

measures. We did not compare options against one another. 

We assessed the following benefits quantitatively, in most cases, using our market models:  

• Level of security of supply mitigation provided to the identified shocks – We measured the reduction 

in unserved gas and electricity demand (if any) delivered by each mitigation option under each energy 

system shock scenario.  

• Impact on wholesale gas and electricity prices – we compared market prices with and without each 

mitigation option, using the following two metrics: 

——————————————————————————————————————————————————— 

5 European Commission (2022) REPowerEU - Joint European Action for more Affordable, Secure, and Sustainable Energy. 

Available on Europa.eu  

https://ec.europa.eu/commission/presscorner/detail/en/IP_22_1511
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• The change in the wholesale market price over the full spot year of assessment. Some mitigation 

options, once implemented, would have an impact on the market even during normal market 

conditions, while others would be reserved for use only in the event of a shock. For the former, we 

also consider the impact of the mitigation option on the gas and/or electricity price in a year in 

which there is no shock (i.e., a baseline scenario).  

• The change in the wholesale market price during the shock event. A market shock can lead to 

prices rising to very high levels, particularly if the risk of unmet demand is imminent. We estimated 

the impact of each mitigation option on the wholesale prices during each shock scenario. 

• Impact on CO2 emissions – we estimated the impact on CO2 emissions released within Ireland by 

comparing emission levels from consumption of gas and production of electricity in Ireland with and without 

the mitigation option. For options that are only used in a shock event, we measured the impacts on carbon 

emissions resulting from use of the mitigation option in this context. 

• Capital and operating costs of each option – we developed rough estimates of the costs of each option 

based on publicly available secondary sources for specific projects that may be similar in design, or generic 

estimates if project-specific estimates are unavailable. As each project would have specific costs based on 

its own technical and logistical parameters, we recognise that actual project costs may differ somewhat for 

any mitigation option that is taken forward. Where no reliable estimates are available, we considered 

potential costs qualitatively. 

We also assessed several benefits qualitatively. This included:  

• Implementation challenges, including maturity of technology and market response – We considered 

the extent of any challenges that may be observed regarding implementation of the mitigation option. 

Options based on relatively mature technologies may allow more confidence that they adequately address 

the identified security of supply shocks, while less mature and/or deployed technologies may be inherently 

riskier. Since some of the proposed options (e.g., demand side response and other market-based 

mechanisms) are primarily based on responses from market participants, not technology, we also 

considered the likely market response/behaviour in our assessment. These can usually be predicted with 

less precision than the response of a physical asset, at least before sufficient scale and learning is 

developed.  

• Environmental and non-modelled carbon impacts – The various mitigation options can have significantly 

different overall environmental impacts over their lifetimes. While our quantitative assessment captures the 

direct emissions in the energy sector from consumption of gas and production of electricity within Ireland, 

our gas and electricity market models do not incorporate upstream gas and electricity production and 

therefore do not capture upstream carbon impacts or wider environmental costs. We assess these impacts 

separately. 

• Risks and unintended consequences – There may be other risks and unintended consequences of each 

option not captured in the criteria set out above. We have considered the scope for such impacts as part of 

our analysis. 

DECC asked CEPA to provide an assessment of each mitigation option against a set of indicators to help inform its 

thinking. Comparison of options against one another through a full CBA was explicitly out of scope. 

Box 2: Scope extension: appraisal of mitigation options against a full disruption to Russian pipeline gas 

exports to Europe. 

Our appraisal of the mitigation options tested in the context of the full disruption to Russian pipeline gas exports 

to Europe is concentrated more closely on the security of supply mitigation provided by each option. For 

example, we have not attempted to model the impact of a mitigation option on wholesale prices in Ireland as part 

of this analysis.  
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3. IDENTIFICATION OF KEY SECURITY OF SUPPLY SHOCKS 

In this section, we discuss the key security of supply shocks likely to affect Ireland’s gas and electricity systems. 

Our assessment of risks to Ireland’s energy system has been informed by:  

• A review of the future energy market outlook in Ireland to determine key developments in the gas and 

electricity markets.    

• A literature review focused on previous security studies (both in Ireland and other countries). The purpose 

of this literature review was to review what security of supply shocks have been considered in Ireland and 

other countries in previous studies; and how these shocks were assessed. 

• Discussions with Gas Networks Ireland (GNI) and EirGrid.  

3.1. DEMAND SIDE SHOCKS  

Demand-side shocks refer to the possibility of sudden changes in energy demand over a relatively short period of 

time. If these unexpected increases in demand cannot be met by corresponding increases in supply, security of 

supply may not be preserved. 

3.1.1. Gas demand shocks 

Gas demand in the power sector is expected to remain the largest component of total gas demand in Ireland, 

followed by gas demand in the industrial and commercial (I&C) sector. Residential gas demand is the third largest 

source of gas demand and is expected to decrease, primarily due to measures announced in the CAP 2019 and 

CAP 2021. These include a ban on gas boilers in new developments by 2025. While the longer-term evolution of 

gas demand is uncertain given the decarbonisation targets, gas is expected to continue to play a major role in 

Ireland’s energy mix up to 2030 as a source of power generation, residential heating, and industrial fuel. Moreover, 

the importance of gas-fired generation to provide flexible electricity may increase in the future, following the 

phasing out of Ireland’s coal and peat power stations, alongside the increase in variable renewable generation and 

electrification of demand.        

To understand the extent of demand risk in the gas sector, we have analysed historical gas demand profiles by 

segment to identify the sources of demand that are more prone to sudden changes. As shown in Figure 3.1, annual 

gas demand can be highly seasonal depending on the source of demand. In this figure, each data point reflects the 

five-yearly average of daily demand divided by annual demand. Industrial demand and power sector demand 

profiles are relatively stable compared to the residential sector, which shows high seasonality. Total gas demand 

exhibits much less seasonality. This is because the gas demand segment that displays the most seasonality, i.e., 

residential gas demand, accounts for a relatively small proportion of overall gas demand in Ireland.   
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Figure 3.1: Gas demand profile in different sectors (% of annual demand, 5-year average) 

 

Residential gas demand 

Residential gas demand increases substantially over winter and drops during the summer, reflecting the heating 

needs of households and other consumers. Temperature is therefore the key driver of residential gas demand. We 

have investigated the relationship between these two variables by means of correlation analysis. As shown in Figure 

3.2, there is a strong correlation between residential gas demand and temperature in Ireland.   

Figure 3.2: Correlation between residential gas demand and temperature in Ireland 

 

Given the high correlation between residential gas demand and temperature, one of the key demand side shocks 

for the gas sector is that residential gas demand could increase during extreme weather conditions if temperatures 

unexpectedly drop to very low levels, especially over a prolonged period. 

The capability of the gas system to accommodate residential gas demand shocks related to low temperature 

conditions is typically analysed in relation to an extreme weather event that reflects 1-in-20 or 1-in-50 years cold 

weather conditions. These correspond to a severe daily peak demand level that is likely to be exceeded once every 

20 years (1-in-20) or once every 50 years (1-in-50).  
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Power sector gas demand 

As shown in Figure 3.1, gas demand from the power sector is less seasonal than residential demand and shows 

relatively stable behaviour within a year. However, this does not mean that gas demand is unaffected by shocks to 

demand from the power sector. Moreover, the importance of gas-fired generation to provide flexible electricity may 

increase in the future following the phasing out of Ireland’s coal and peat power stations and the increase in 

variable renewable generation. Therefore, shocks in the power sector can have a sizable impact on gas demand.  

More importantly, power sector gas demand will be the key link that increases interdependency between shocks in 

the electricity and gas sectors. Electricity generation from variable resources will increase, while coal and peat 

plants will phase out to achieve Ireland’s renewable targets, driving the need to rely more on natural gas to 

generate electricity in periods when wind and solar are not able to generate.  

Higher reliance on wind generation may reduce annual power sector gas demand in the future. However, power 

sector gas demand may also display higher volatility with very high gas demand in periods of low-wind generation. 

When wind is not available, demand for gas in the power sector will increase to meet electricity demand.  

In Figure 3.3, we illustrate this point, showing a negative correlation between wind speed and gas demand for the 

power sector. As coal and peat are phased out, this correlation over the next ten years can be expected to 

strengthen.  

Figure 3.3: Historical correlation (2016-2021) between gas demand for the power sector and wind speed 

 
Source: GNI data and CEPA analysis 

Given that gas-fired power stations are and will continue to be the main source of electricity generation during 

periods of low wind, power sector gas demand can increase suddenly and substantially during periods of low wind 

generation. This represents a key demand side shock for the gas sector.  

At the same time, high reliance on gas in the power sector can result in electricity security of supply risks in case of 

gas supply shocks, particularly during periods of low wind generation. We reflect this later in this section, in our 

assessment of supply-side shocks which affect the electricity sector. 

3.1.2. Electricity demand shocks 

Electricity demand in Ireland is expected to increase substantially over the next decade. The primary driver of this 

increase in demand is the expected expansion of Large Energy Users (LEUs), particularly data centres. Another 

driver of increased demand is electrification of heat and transport.  

Figure 3.4 below shows a 28% increase in electricity demand between 2021 and 2030 in EirGrid’s Median Demand 

scenario, a 43% increase in the High Demand scenario and a 20% increase in the Low Demand scenario.  
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Figure 3.4: Outlook for electricity demand in Ireland  

 

Source: EirGrid, All-Island Generation Capacity Statement 2021-2030 

Data centres are expected to account for 27% of Ireland’s electricity demand by 2029. As shown in Figure 

3.5,Figure 3.5:  demand from data centres and other LEUs account for most of the expected increase in Irish 

electricity demand between 2020 and 2030.  

Figure 3.5: Electricity demand composition in EirGrid’s Median Demand scenario (TWh, 2019-2030)  

 

Source: EirGrid, All-Island Generation Capacity Statement 2021-2030 

Whilst data centres are the main driver of the expected rise in overall electricity demand, electrification of heat and 

transport will also increase over the period. Notably, the CAP 2019 foresees 936,000 electric vehicles on the road, 

which is just under half of the current passenger vehicle stock. It also expects 600,000 heat pumps installed in 

residential 

 buildings by 2030, which would be enough for 30 percent of the current building stock, as well as 25,000 

commercial heat pumps. To meet the more ambitious decarbonisation targets set out in the PfG, new measures 

may be necessary which drive electrification of heat and transport even further.    

To understand the extent of demand risk in the electricity sector, we have analysed the historical electricity demand 

profile in Ireland. As the profile of electricity demand by sector is not available, we have assessed demand on an 

aggregate basis. As shown in Figure 3.6, while there are notable weekly fluctuations in electricity demand, the 

overall seasonal profile of demand is less volatile than gas demand. There is an overall decrease in demand in the 
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summer relative to the winter. Electricity demand is also lower in the festive period immediately before the start of 

the new year.  

Figure 3.6: Electricity demand profile (% of annual demand, 2019)  

 

Source: ENTSO-E Transparency platform, CEPA analysis 

While a granular historic profile of electricity demand for different types of energy users is not publicly available for 

Ireland, we would expect that sectoral electricity demand is less seasonal than the corresponding gas demand. For 

example, we would expect that demand from data centres and other LEUs, which is expected to make up 27% of all 

demand in 2030, will not vary considerably over the year.  

We expect that the main electricity demand-side shock will therefore be related to heat demand. Figure 3.7 below 

illustrates the average daily temperature in Ireland in 2019 as well as the correlation between temperature and total 

electricity demand which shows that as temperature increases, there is a tendency for total demand for electricity 

to fall. The historic correlation between electricity demand and temperature is, however, much less significant than 

the relationship between heat and gas demand.  

Figure 3.7: Temperature and electricity demand in Ireland (2019) 

 

Source: ENTSO-E Transparency Platform, Renewables.ninja temperature data & CEPA analysis 

While the historic data shows a weak negative correlation between temperature and electricity demand, we would 

expect that the electrification of heat will mean that residential electricity demand will become more seasonal. The 

demand profile may increase in the winter and decrease in the summer, exposing electricity demand to similar 

temperature shocks, as currently happens in the residential gas sector. At times of extraordinary cold weather, 

electricity demand may increase and, if these times are also a period of low wind, risks to electricity security of 

supply will increase, too. 

An additional temperature-related factor affecting electricity demand is linked to heat pump efficiency, or the 

Coefficient of Performance (COP). The COP reduces as ambient temperature falls below zero, requiring even more 

electricity to produce the same amount of heat. 
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Figure 3.8 below illustrates changes in the efficiency of air source heat pumps versus conventional gas boilers. It 

shows that efficiency of heat pumps is higher during the summer when temperatures are higher. Applying this logic 

to temperature variations during winter months, we can infer that heat pump efficiency will be lower in the event of 

extremely low temperatures, and therefore the amount of electricity employed to heat a space to the desired level 

will be higher.   

Figure 3.8: Coefficient of performance (COP) for air sourced heat pump and conventional gas boiler 

 

Source: Record high/low temperature from Met Éireann; Heat pump COP = 0.07 x Temperature+2.07 taken from (Chyong et al., 

20216); gas boiler COP taken from De Vita et al. (2018) 7 

Another source of increased electricity demand will be demand from electric vehicle (EV) charging. EV charging is 

less likely to cause large, unexpected changes in overall electricity demand – and thus a security of supply risk – as 

there are means of shifting such demand to off-peak periods (e.g., through time-of-use tariffs or smart charging), 

and we would expect those to be deployed at a sufficient scale in the future. This is consistent with EirGrid’s 

assumptions in the 2019 Tomorrow’s Energy Scenarios about EV charging in scenarios with high EV uptake.8 In 

particular, EirGrid expects that algorithmic charging technologies will be used to effectively shift EV load using data 

on usage patterns and dynamic price signals. 

3.1.3. Combined demand side shock events 

In the sections above, we have identified that the key individual demand-side shocks are likely to be weather-

related events, such as: 

• low temperature conditions which can have a big impact on demand for heating in the gas sector and 

increasingly in the electricity sector; and 

• low wind which has a significant impact on gas demand in the power sector, while also representing a 

supply-side shock for the electricity sector. 

A more significant demand side shock would, however, be a period of combined low temperature and low wind. To 

understand the likelihood of a combined low temperature and low wind shock event occurring, we have analysed 

historical data on temperature and wind capacity factors.   

The winters of 2009/10 and 2010/11 were particularly cold and had some of the most extreme low temperature 

conditions in Ireland over the last 50 years. Previous studies have found that both 2009/10 and 2010/11 winters had 

a much higher percentage of days with extremely high, weather-related electricity demand compared to the 

——————————————————————————————————————————————————— 

6 https://cerre.eu/publications/electricity-gas-sector-coupling-decarbonised-economy 

7 De Vita, A., Kielichowska, I., Mandatowa, P., Capros, P., Dimopoulou, E., Evangelopoulou, S., Fotiou, T., Kannavou, M., Siskos, P. 

and Zazias, G., 2018. Technology pathways in decarbonisation scenarios. Tractebel, Ecofys, E3-Modelling: Brussels, Belgium 

8 2019 TES, Section 6.5.1 
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average. The average wind capacity factor, particularly during the extremely cold days of 2010/11, were found to 

be significantly lower than the long-term average.9   

Figure 3.9 shows daily average temperature and daily average wind capacity factors in Ireland during December 

2010. During this month, there was an extreme cold spell starting around 18th December lasting until 25th 

December. The low temperatures recorded during this period coincided with a period of low wind. The combined 

effect of low wind and low temperatures was felt most strongly during a five-day period between 20th December and 

24th December when daily average wind capacity factors were consistently below 10%. In fact, the lowest daily 

average wind capacity factor, only 2%, was recorded on 21st December which also saw the lowest daily 

temperature during this extreme cold spell. This clearly illustrates that the combination of extremely low 

temperatures and extremely low wind is a possible occurrence.  

Figure 3.9: Daily average temperature and daily average wind capacity factors in Ireland in December 2010 

 
Source: Renewables.ninja temperature and wind data & CEPA analysis 

To better understand the relationship between low temperatures and low wind, we have also compared 40-year 

average (1980 to 2019) wind capacity factors for each day during the winter months (December to February) with 

average capacity factors for the same calendar days but during years with low temperatures only – defined as 

temperatures equal to or below the 10th percentile for that day of the year (i.e., the coldest four years in our dataset 

for that day). The results are presented in Figure 3.10 below.  

——————————————————————————————————————————————————— 

9 Lucy C Cradden and Frank McDermott (2018), A weather regime characterisation of Irish wind generation and electricity 

demand in winters 2009–11, Environmental Research Letters 
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Figure 3.10: Daily average wind capacity factors December to February (40-year average and average of coldest 

four years for each day) 

 

Source: Renewables.ninja temperature and wind data & CEPA analysis 

This shows that wind capacity factors were generally lower than the long-term average on days when temperatures 

were significantly below what was expected for that day of the year. However, it is worth noting that low 

temperature days are not necessarily low-wind days. In fact, the analysis above shows that wind capacity factors 

were high on some of the days with very low temperatures. However, what is most interesting from the perspective 

of understanding risks to the energy system, is the fact that on average wind capacity factors tend to be lower on 

the colder days and that there is the distinct possibility of the coincidence of very low temperatures and very low 

wind.     

Regional correlation of weather-related events 

The risk related to low-temperature and low-wind events is further amplified by the fact that these events are likely 

to affect a wider geographical region and thus neighbouring markets as well as Ireland. Figure 3.11 shows there is a 

relatively high correlation between temperature in Ireland and selected countries/areas in the North-Western 

European region.  
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Figure 3.11: Instantaneous correlation between ambient temperature in Ireland and selected NWE countries/regions 

  

  

Source: Chyong et al., 202110; original temperature data is 2018 and taken from https://www.renewables.ninja/   

Similar correlations are likely to exist between wind conditions in Ireland and the neighbouring region. Figure 3.12 

below illustrates a high correlation between Irish and UK offshore wind output, albeit with a time lag. The dotted line 

shows the changing correlation by shifting Ireland’s offshore wind time series backwards and forwards by up to 48 

hours. The highest correlation is observed when a five-hour lag is assumed between the Irish and GB offshore wind 

series. 

Figure 3.12: Correlation between UK offshore wind and Ireland offshore wind with time lag (in hours) 

 

Source: Chyong et al., 2021 

3.1.4. Summary of key demand side shocks  

Table 3.1 summarises key demand shocks and their potential effects on the Irish energy system (based on a 

qualitative assessment). 

——————————————————————————————————————————————————— 

10 Chyong et al. (2021), Electricity and gas coupling in a decarbonised economy, CERRE Publications. Link 
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Table 3.1: Summary of demand-side shocks and their effects 

Shock factors 1st order effect 2nd order effect 3rd order effect 

Unexpected low 

ambient temperature 

High gas 

demand in the 

residential 

sector for space 

heating (via use 

of gas boilers) 

High electricity 

demand in the 

residential sector 

for space heating 

(via use of heat 

pumps) 

Heat pump efficiency will reduce as ambient 

temperature falls below zero, requiring even more 

electricity to produce the same amount of heat. 

Unexpected low temperature may also mean 

higher gas demand in the UK and most of NWE 

because temperature is highly correlated within 

NWE, UK, and Ireland. A prolonged cold snap will 

likely affect most of NWE and Ireland. This means 

higher energy demand (either gas and/or 

electricity) for space heating across NWE and 

hence risk of lower gas and electricity import 

availability for Ireland. 

Unexpected low wind 

speed 

High demand for 

non-wind 

generation 

sources of 

electricity as 

back-up (e.g., 

CCGTs; 

electricity 

imports via 

interconnectors) 

Higher gas 

demand for 

CCGTs as back- 

up generation 

 

Reduced electricity imports because if there are 

low wind speeds wind in Ireland, there will likely be 

low wind in the UK with a lag of 4-5 hours.   

Note that connection to Continental Europe may 

not help much either because low-wind periods in 

the UK also translate into low-wind periods in most 

of NWE with various time lags (see Figure 3.12 

Chyong et al., 202111). Thus, there will be a stress 

event if Ireland faces a sudden drop (for at least a 

day) in wind speed, as this also means low-wind 

generation across much of NWE. 

Combined low wind 

and low temperature 

for a prolonged 

period (e.g., days) 

Combination of the above – low wind and low temperature will drive higher gas demand 

in both the residential and power sector and, as electrification of heat progresses, it will 

also drive higher demand for electricity. These impacts on Ireland are amplified by the 

regional correlation of weather events which could result in higher energy demand in 

neighbouring countries.  

To summarise, the main demand side shocks are likely to occur due to weather conditions affecting demand for 

energy and demand for gas in the power sector. Gas and electricity demand-side shocks will become more 

complex and “coupled” due to a combination of factors: 

• Decarbonisation of Ireland’s economy, shifting away from fossil fuels in key economic sectors: (i) from gas 

boilers to heat pumps for space heating in buildings; (ii) from internal combustion engine vehicles to EVs in 

road transport; (iii) closure of coal- and peat-fired electricity generation while ramping up variable 

generation sources like wind and solar in the power sector. 

• This shift means that demand-side shocks will become much more unpredictable because of the 

increasingly complex interrelationship between key weather parameters – e.g., temperature and wind 

speed.  

• Spatially correlated weather-driven demand shocks may become more important in the future given higher 

interconnection in electricity and higher reliance on imported gas.  

The extent to which a combination of these shocks will have an impact on the Irish energy system going forward (by 

2030) depends inter alia on: 

• the role of wind generation in the electricity mix; 

• availability of alternative electricity generation and storage technologies, such as for example, bioenergy, 

geothermal and long-duration energy storage;  

• switching from gas boilers to heat pumps; 

——————————————————————————————————————————————————— 

11 Chyong et al. (2021), Electricity and gas coupling in a decarbonised economy, CERRE Publications. Link 

https://cerre.eu/publications/electricity-gas-sector-coupling-decarbonised-economy
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• switching from internal combustion engines to EVs in road transport; and 

• gas and electricity interconnections between Ireland and the rest of Europe, including the UK. 

3.2. SUPPLY SIDE SHOCKS  

In this section, we discuss shocks that may affect the production or import of electricity and gas. These supply-side 

shocks, especially those with the largest potential impacts, are generally more difficult to quantify because these 

are typically very rare events that have either not occurred or only occurred a limited number of times in the past.   

We consider different types of shocks including infrastructure-related (technical), geopolitical and market risks. We 

only consider shocks that have a systemwide impact, and therefore we do not include shocks related to failure of 

the internal transmission and distribution networks that would result in local security of supply issues with limited 

impacts on the overall system. Shocks related to cyber security are also out of scope.12   

3.2.1. Gas supply shocks 

We separately discuss the supply shocks associated with gas infrastructure failure (technical) and geopolitical 

shocks in the sub-sections below.  

Supply risk due to technical failure 

Gas imports from GB currently represent the biggest source of gas supplies in Ireland. The Moffat interconnector 

system connects the Irish natural gas system to the GB gas system and is, currently, the only route for gas imports 

into Ireland. 

Indigenous gas production at the Corrib field has also played an important role in the gas supply mix in recent 

years. Over the next decade, however, indigenous production of gas in Ireland will substantially decline. There is 

only a small chance of natural gas extraction at sites that do not already have licences, given that no new 

exploration licences are expected to be issued.13 

The decrease in indigenous gas supply will lead to a substantial increase in gas imports. Ireland is, and has 

generally been, heavily import dependent (e.g., 89% average gas import dependency between 2001 and 2015). 

While increased production from Corrib has reduced the volume of imported gas in the last few years, this 

production has now peaked so the quantities of imported gas are expected to increase significantly in the coming 

years.  

As shown in Figure 3.13, Kinsale Head gas field finished production in July 2020 and will be fully decommissioned 

by 2023, whilst Gas Networks Ireland (GNI) forecasts that by 2028/29 Corrib gas supplies will have declined to less 

than 25% of initial peak production levels (around 3.15 bcm14 (35 TWh)/year in 2016/17). While an increase in 

biomethane production is expected, this will not be sufficient to compensate for the reduction in indigenous 

conventional gas supply production. As a result, GNI forecasts that at the end of the 2028/2029 gas year, pipeline 

imports from GB will account for approximately 87% of Ireland gas demand. The technical capacity at the Moffat 

Entry Point is 35 mcm/d (386.9 GWh/d).15  

——————————————————————————————————————————————————— 

12 Cyber risks are considered out of scope in the sense that we have not assessed the energy system’s cyber vulnerabilities or 

the impact that these might have. We are aware however that cyber security is likely to represent a source of risk going forward 

as indicated by the incident affecting the Colonial pipeline in the US in 2021 and other major cyber attacks affecting sectors 

other than energy. We have therefore included cyber risk as a potential source of disruption for some of the key risks we have 

analysed.   

13 There are currently several existing offshore exploration licences, but exploration activity has generally been low. While 

delivery of gas from existing exploration licenses is possible, this has not been included in our modelling as it remains uncertain 

and is unlikely to be of a significant magnitude relative to Irish gas demand requirements. 

14 Billion cubic metres. We present global supplies, imports, and exports of gas in both bcm and TWh. We have assumed a 

conversion of 1bcm of natural gas equals 11.11 TWh of energy throughout this report. 

15 GNI, Network Development Plan 2020  



24 

 

Figure 3.13: Outlook of Gas Supply in Ireland 

 

Source: GNI, 2020 Network Development Plan  

The largest supply side risk to Ireland’s gas sector comes from the overwhelming reliance on imported gas from a 

single supply source through a limited amount of infrastructure. This reliance exposes Ireland to potential security 

of supply shocks in several ways:     

• A disruption of the physical infrastructure that brings gas from GB could undermine Ireland’s ability to meet 

its gas demand. 

• The UK is already a heavily import-dependent country. Shocks in more distant countries in Europe, and 

further afield via the UK’s LNG imports, may impact gas supply availability in Ireland. 

The UK’s exit from the EU may also result in an increased supply risk: Ireland is no longer physically connected to 

the EU internal gas market, and GB is no longer subject to EU internal market rules. This includes the 'solidarity 

principle', under which EU Member States are required to share gas supplies with interconnected Member States in 

emergency situations to ensure that gas supplies to protected consumers are not disrupted.16 However, we note 

that Northern Ireland and the Isle of Man are also supplied by the UK via the interconnectors and there are 

protocols in place to manage disruptions. 

Brexit (and in particular the UK’s departure from the EU internal energy market) has introduced more friction into 

cross-border energy trades, under normal conditions.17 How the new trading arrangements would affect economic 

and political decisions regarding cross-border energy trades in a security of supply event are uncertain and 

untested. For Ireland, the largest potential shock arising from Brexit is a reduction in gas imports from GB; for 

example, due to reduced cooperation during a gas shortage event affecting GB.  

EU Regulation 2017/1938 defines two security of supply standards that are used to assess how Ireland’s network 

would be impacted by the loss of its largest piece of gas infrastructure:  

——————————————————————————————————————————————————— 

16 While the UK is no longer bound by these rules regarding the sharing of gas, we note that the likelihood of gas shortages due 

to the UK exit from the single market framework are mitigated by the protocols in place between the UK and Irish gas system 

operators. We also note the UK Government’s stated commitment to relying on market-based solutions in security of supply 

situations. 

17 This is especially the case in electricity markets where the end of day-ahead market coupling arrangements results in a less 

efficient allocation of interconnector capacity between SEM and GB.  
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• an infrastructure standard, incorporating the so-called N-1 criteria which determines the percentage of 

gas demand that could be met on a day of exceptionally high gas demand in the event of the loss of 

Ireland’s largest single piece of gas infrastructure, and  

• a supply standard which stipulates that member states must be capable of supplying gas to meet the 

needs of protected customers for 30 days, in the event of a disruption to the single largest piece of gas 

infrastructure under average winter conditions. In Ireland, protected customers are defined as ‘all 

residential gas customers, SMEs, hospitals, nursing homes, high-security prisons, district heating schemes 

and other essential social services.  

The 2018 N-1 assessment found that Ireland only passes the N-1 calculation if assessed on a regional basis along 

with the UK. While it found that Ireland would fail the N-1 calculation if not assessed on a regional basis, all 

requirements for gas supply to protected customers are met under such a scenario.  

In accordance with the approach set out in EU Regulation 2017/193818, the N-1 assessment does not consider the 

potential for drawing on linepack19 stored in the gas transmission network to supply additional gas when there is a 

supply shortfall.  

Based on information provided to us by GNI as part of our discussions, there is a total volume of gas of up to 20.6 

mcm20  (229 GWh) available in the linepack. Under normal conditions, that can be drawn before the network 

reaches minimum operating levels. In our assessment, we take account of the potential to draw on available 

linepack to help avoid unserved customer demand in case of severe gas disruptions21. The results of this study 

should not be interpreted as an assessment of compliance with the N-1 infrastructure standard.  

Another potential shock may involve the disruption of gas flows from the Corrib gas fields. An output disruption 

involving gas flows from Corrib occurred in 2017 when unodourised gas entered the network leading to gas being 

flowed back to Corrib where it was disposed of through flaring. This reduced gas flows from Corrib by 9.9 mcm/day 

(110 GWh/day).22 This illustrates that disruption to gas flows can occur for a variety of reasons.  

The recent energy crisis in the ERCOT wholesale market in Texas has revealed that if gas production fields are not 

prepared for a sudden drop in temperature their production capacity may be reduced substantially, or entire fields 

need to be shut down. This is now a known risk for an energy system designed for a warmer climate but as climate 

change progresses making extreme swings in temperature this risk might materialise more often even for colder 

climates. Failure of a large gas transmission pipeline due to extreme weather condition might also cause part of the 

gas system to become unavailable.  

While a disruption involving gas flows from Corrib could currently have a significant impact, this will diminish in the 

future given the decline in Corrib production. According to GNI projections, by 2029 Corrib will supply less than 5% 

of gas on a 1-in-50 peak demand day. Table 3.2 summarises the key technical supply-side shocks identified for the 

gas sector. 

——————————————————————————————————————————————————— 

18 Regulation (EU) 2017/1938 of the European Parliament and the Council. Available on europa.eu.  

19 Linepack refers to the physical volume of gas that is contained within the gas pipeline network.  

20 Million standard cubic metres. This is the total level of available linepack in the onshore network in Ireland plus the offshore 

interconnector systems under normal conditions. In case of disruption to network infrastructure, the level of available linepack 

may be reduced which is reflected in our analysis of Shock Scenarios. We assume a conversion of 1 mcm of natural gas is equal 

to 11.11 GWh of energy throughout the report. 

21 GNI’s Natural Gas Emergency Plan includes use of linepack as a Stage 1 and Stage 2 measure, meaning that linepack would 

be used before, and in parallel with load shedding. Nevertheless, we note that drawing on linepack should not be considered as 

a standard measure of gas system operation. We would expect drawing on linepack to be used as a last resort. GNI has also 

emphasised that it should be used as a temporary measure while other solutions can be identified. They noted that depletion of 

linepack towards minimum operating conditions would reduce network pressure and leave less time to manage the network 

through load shedding. The Natural Gas Emergency Plan can be found here: 

https://www.gasnetworks.ie/docs/corporate/company/natural-gas-emergency-plan.pdf 

22 https://www.reuters.com/article/uk-ireland-gas-shell/shell-working-to-fix-gas-disruption-at-irelands-corrib-field-

idUKKCN1C32FS 

https://cepalondon.sharepoint.com/projectslive/4052_DECC_EnergySecurityOfSupplyIreland/Shared%20Documents/Deliverables/CEPA_SecurityofSupplyStudy_WorkingDraft_LH.docx?web=1
https://www.gasnetworks.ie/docs/corporate/company/natural-gas-emergency-plan.pdf
https://www.reuters.com/article/uk-ireland-gas-shell/shell-working-to-fix-gas-disruption-at-irelands-corrib-field-idUKKCN1C32FS
https://www.reuters.com/article/uk-ireland-gas-shell/shell-working-to-fix-gas-disruption-at-irelands-corrib-field-idUKKCN1C32FS
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Table 3.2 Summary of technical shock factors affecting gas supplies 

Shock factor Type of 

shock 

Potential impact23 

Outage of Moffat IC2  Technical  This would result in a loss of 9.9 mcm/day (110 GWh/day) of 

gas import capability. 

 

In this event, the IC1 interconnector would continue to 

provide 17.0 mcm/day (189 GWh/day) of gas import 

capability. 

Outage of Moffat IC1 Technical  Gas supplies to Ireland would be unaffected as the entire 

allocation of gas flows from GB to Ireland can be met by IC2. 

 

The IC2 interconnector would continue to provide GNI’s 

entire Moffat allocation of 26.92 mcm/day (299 GWh/day) 

Disruption to the above ground 

installations (AGI) on the Moffat 

interconnector system  

Technical  A disruption to any of the above ground installations 

(including the compressor stations) could cause a severe 

disruption to gas flows coming from GB. 

Disruption of Corrib production 

facilities  

Technical  Disruption to offshore production facilities or pipelines 

bringing in gas through the Bellanaboy Entry Point could 

result in a partial or total loss of gas supplies from Corrib.  

Given declining production, the impact of this risk will reduce 

over the period to 2030. On current projections, a loss of the 

entire Corrib production would result in a loss of a maximum 

of 2.2 mcm/day (24.4 GWh/day) by 2029.   

Source: CEPA analysis 

Supply shocks due to geopolitical disruption  

Geopolitical shocks involve the risk of a major natural gas supply source becoming unavailable, for example:  

• disruption of Russian gas supplies to Europe; 

• disruption of LNG production or shipping routes; 

• disruption of gas supplies to Europe from North Africa, the Middle East, etc.   

In the Irish gas market, geopolitical shocks to gas supply would manifest through a reduction in available gas 

imports due to potential gas shortages in the GB market. Therefore, the nature of the potential impact of 

geopolitical shocks on the Irish gas market is similar to the impact of technical shocks affecting gas imports from 

GB – i.e., in both cases there would be a reduction in the volume of gas that can be imported from GB. A key 

difference is that some gas supplies may technically be available during a geopolitical disruption but at a much 

lower volume or higher price than would be the case under baseline conditions. 

Another key difference is that a geopolitical disruption to European gas supplies may also reduce the availability of 

electricity imports to Ireland. Unlike a technical disruption, a geopolitical supply shock may result in more stressed 

electricity markets in neighbouring markets across north-west Europe. This in turn may reduce Ireland’s ability to 

access electricity imports to compensate for reduced access to European gas supplies. 

A disruption to Russian natural gas supplies to Europe is the most current geopolitical shock facing Ireland’s energy 

system. The European Union is a major importer of Russian fossil fuels – importing around 40% of its total natural 

gas supplies from Russia.24 These supplies are typically distributed to Europe via pipelines to Belarus, Germany, 

——————————————————————————————————————————————————— 

23 Based on the values used for the risk assessment in the 2018 National Preventive Action Plan Gas 2018 – 2022  

24 https://ec.europa.eu/eurostat/cache/infographs/energy/bloc-2c.html  

https://ec.europa.eu/eurostat/cache/infographs/energy/bloc-2c.html
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Finland, Turkey, the Baltic Countries, and Ukraine. The key pipeline networks linking Russian gas supplies and 

European markets are shown in Figure 3.14 below. 

Figure 3.14: Europe’s gas pipeline ties to Russia 

 

Source: S&P Global Platts 

Western nations have implemented a range of economic sanctions against Russia – for example, the United States 

has issued a full suspension of oil, LNG, and coal imports from Russia, while the EU has suspended all imports of 

coal and has banned all pipeline oil imports from Russia by the end of 2022.  The European Commission has 

meanwhile developed plans to reduce EU dependence on Russian natural gas by two-thirds before the end of 

2022, and to eliminate all dependence on Russian natural gas before 2030.25 

Aligned with the above, the war in Ukraine has also increased the risk that Russia might unilaterally suspend its 

exports of natural gas to Europe in response to Western sanctions. At the time of writing this report Russia has 

unilaterally halted exports of natural gas to Poland, Bulgaria, Finland, the Netherlands, and Denmark and has 

suspended deliveries into Germany via Nord Stream 1. The risk of a full suspension of all pipeline exports of natural 

gas from Russia to European markets remains high. 

As an extension to the original scope, CEPA was commissioned by the Department to undertake a technical 

assessment of the impact of a complete suspension of Russian pipeline exports of natural gas to European markets 

on Ireland’s electricity and natural gas systems following the Russian invasion of Ukraine.  

3.2.2. Electricity supply shocks 

Ireland’s ambitious target for increasing renewable generation by 2030 will substantially change the country’s 

generation mix, fostering the transition to a low-carbon energy mix. 

As discussed in 3.1.2, Ireland is expected to experience a substantial increase in electricity demand. At the same 

time, there will be a reduction in generation capacity from fossil fuel plants and an increase in variable renewable 

generation capacity. This means that there will be a need for additional generation capacity to meet the envisaged 

increase in demand. The power system will also need to have the flexibility to manage periods when variable 

generation is not available.  

Some of the key changes that will affect Ireland’s generation mix over the next decade are: 

• Significant increase in variable renewable generation capacity, including at least 5GW of offshore wind by 

2030.  

——————————————————————————————————————————————————— 

25 https://ec.europa.eu/commission/presscorner/detail/en/IP_22_1511  

https://ec.europa.eu/commission/presscorner/detail/en/IP_22_1511
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• Coal and peat plants as well as older plants with high emission levels that are not compliant with the 

Industrial Emissions Directive will retire by 2025. The 2021 GCS forecasts that the Moneypoint coal plant 

will cease operation in October 2024. This means that Ireland is forecast to have no coal generation units in 

operation in 2025.26 

• New electricity interconnection capacity is expected to come online over the period to 2030 in the form of 

(i) 500MW Greenlink Interconnector between Ireland and GB, (ii) 700MW Celtic Interconnector with France. 

According to the timelines envisaged by project promoters, these two interconnectors will be online by 

2024 in the case of Greenlink and by 2026/2027 in the case of Celtic. There is, however, uncertainty 

regarding the exact timing. For the purposes of our analysis, we assume that no new interconnector comes 

online by 2025, but that both the Greenlink and Celtic interconnectors will be operational by 2030.  

• To accommodate higher quantities of variable generation on the system, the System Non-Synchronous 

Penetration (SNSP) limit27 will have to increase above the current 75%. EirGrid has stated a target of at 

least 95% SNSP by 2030.28  

• To enhance generation adequacy, a new high-capacity transmission link between Ireland and Northern 

Ireland is being developed which will remove the physical transmission constraints between the two 

regions. 

Due to the expected increase in demand and decommissioning of plants, new generation capacity will be required 

to ensure system adequacy in the future. EirGrid’s Generation Capacity Statement predicts that a capacity deficit 

may occur as soon as 2024.29  

The required additional capacity could be provided by: 

• New electricity interconnectors, such as Celtic and Greenlink.  

• New gas-fired generation. Gas-fired plants can provide reliable generation that can be used to manage 

intermittency of renewable generation. Higher levels of gas-fired generation particularly during peak gas 

demand days will result in greater interactions between the gas and electricity sectors with implications for 

security of supply.   

• Other non-conventional generators, such as demand side units, battery energy storage, bioenergy, 

geothermal, CHP and waste-to-energy plants. While each of these technologies is likely to play a role in the 

future energy mix, the deployment potential for some is likely to be limited up to 2030 and even beyond. 

For example, the scale of deployment of battery energy storage is likely to depend on future technological 

developments which may affect the cost and performance of batteries.  

While capacity deficits are predicted based on the expected increase in demand and the expected or known plant 

retirements and additions, Ireland already has a mechanism in place that is intended to address or prevent these 

deficits, in the form of the Capacity Remuneration Mechanism (the CRM). The CRM is intended to ensure that 

enough capacity is contracted, including from new build generators, to ensure that the required capacity target is 

met. The CRM is based on competitive auctions which should ensure that the lowest-cost capacity is delivered on 

the system.  

At the same time, there is the risk that new capacity expected to come online will not be delivered on time (or 

at all) which could give rise to a generation capacity deficit and thus reduce the longer-term adequacy of the 

system. We classify this as a market risk. An example of this is the termination of contracts awarded in the 2022/23 

——————————————————————————————————————————————————— 

26 As part of the November policy statement on security of supply, Moneypoint, an 800 MW coal plant, will remain available to 

generate electricity beyond the previous target closure date of 2025, but only until it is replaced by new generation capacity, 

which is expected to be within one or two years. 

27 The System Non-Synchronous Penetration (SNSP) is measure of the non-synchronous generation on the system at an instant 

in time i.e., the nonsynchronous generation and net interconnector imports as a percentage of the demand and net 

interconnector exports.  

28  https://www.eirgridgroup.com/site-files/library/EirGrid/Full-Technical-Report-on-Shaping-Our-ElectricityFuture.pdf 

29 EirGrid, All-Island Generation Capacity Statement 2021 -2030 

https://www.eirgridgroup.com/site-files/library/EirGrid/Full-Technical-Report-on-Shaping-Our-ElectricityFuture.pdf
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and 2023/24 T-4 capacity auctions for a number of units. While this risk can be significant, there are several 

mitigation options already available, including running T-1, T-2, or T-3 capacity auctions to procure additional 

capacity. 

More direct mitigation options are also available. For example, we note that the CRU has directed EirGrid to source 

and deliver approximately 450 MW of additional generation capacity for the winters of 2023/24 to 2025/26. This 

direct procurement of additional generation capacity formed part of a package of measures announced by the Irish 

Government in June 2022.30 

Box 3: Assumptions around new electricity generation capacity in Ireland 

Note that this assessment has been carried out under the assumption that new electricity generation capacity is 

delivered in line with the forecasts that are set out in Section 4.1.2 of this report. This implicitly assumes that the 

package of measures announced by the Government to secure security of electricity supplies into the future can 

relieve the current capacity challenges being faced in Ireland. We have not assessed the impact of a failure to 

address these challenges.  

Other type of risks that may affect the electricity system are sudden shocks that would cause short-term impacts on 

the system. We discuss these below.   

As Ireland moves to a higher renewable electricity penetration target, the system will become more reliant on wind 

generation to meet electricity demand. Wind is variable by its nature and has lower availability compared to fossil 

fuels. We consider that the main electricity supply-side shock is low availability of wind generation, coupled 

with the fact that wind generation in different parts of Ireland is highly correlated, with limited geographic diversity. 

Moreover, weather patterns generating multi-day low-wind periods (blocking anticyclones) are also a part of 

continental weather patterns, potentially affecting the wider region. This could mean that availability of electricity 

imports from neighbouring countries could also be affected. The loss of wind output during low-wind periods can 

be much larger than the loss of any single generation or infrastructure asset.   

To illustrate this point, we have estimated hourly changes in wind generation by quarter, out to 2030, based on 

standard deviations derived from historical hourly wind capacity factors, shown in Figure 3.16 and Figure 3.17.  

As shown in Figure 3.15, wind generation as a percentage of total dispatchable capacity (‘firm power’) or total gas-

fired capacity will be steadily increasing. This highlights the risk of low-wind periods when proportionally less 

dispatchable capacity will be available. The same metric against interconnector capacity will be decreasing, 

primarily because new interconnectors are being developed. However, interconnectors are the largest single 

sources of supply, and their loss would have a more significant security of supply impact. 

——————————————————————————————————————————————————— 

30 DECC (2022), available on gov.ie 

https://www.gov.ie/en/press-release/5d9bc-government-announces-package-of-measures-to-secure-electricity-supplies-into-the-future-and-to-help-mitigate-rising-household-electricity-bills/#:~:text=As%20part%20of%20this%20work,contracted%20for%20a%20limited%20period.
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Figure 3.15: VRE production change as % of total firm (dispatchable), interconnector and gas-fired capacity
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Figure 3.16: Standard deviation of hourly wind capacity factors based on 30 years of time series (1986-2015)

 
Source: EMHIRES dataset 

Figure 3.17: Standard deviation of hourly solar PV capacity factors based on 30 years of time series (1986-2015)

 
Source: EMHIRES dataset 

Increased reliance on wind will stress both the electricity and gas system and could result in security of supply 

shocks in both sectors. As discussed in the previous section, periods of low wind generation will result in increased 

demand for gas in the power sector and put stress on gas supply to serve demand. In the electricity sector, 

exposure to wind speed shocks is particularly relevant in light of the envisaged increase in electricity demand 

levels.  

Another key risk for the electricity sector is availability of gas supplies, particularly given that the reliance on gas-

fired generation to manage volatility in wind generation will increase. Availability of gas supplies for the power 

sector depends on the occurrence of shocks in the gas sector. Our assessment of potential shocks to the gas 

sector in Section 4 also captures any impacts these may cause on the electricity sector.  

We consider that the loss of other supply sources would be less significant as a security of supply risk, but could 

possibly occur in combination with other events: 

• The loss of the largest single power in-feed – this is, and will continue to be, an interconnector. Currently 

this corresponds to the EWIC interconnector (500 MW). Once the Celtic interconnector becomes 

operational, this will be the loss of 700MW of import capacity. 

• Plant outages – The loss of a single unit is likely to be manageable, but the 2018 outage of all three units at 

Moneypoint (with a loss of 915MW) demonstrated that concurrent, multiple unit outages are possible. 
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According to EirGrid, a third of existing CCGTs will reach the end of their operational life by 2030 and will 

become less reliable, unless replaced or upgraded earlier. A simultaneous forced outage of two larger, 

aging CCGTs would be of similar magnitude as the loss of Moneypoint capacity. This could constitute a 

significant security of supply risk as capacity margins tighten by the mid-2020s, especially in periods of low 

wind output. This risk is in the context of already increasing forced outage rates in Ireland. Between 2016 

and 2021, the average annual system-wide forced outage rates in Ireland increased from below 9% to over 

15%. Over the same period, system wide availability decreased from 86% to around 75%.31 These historic 

trends are particularly concerning in the context of the Covid-19 pandemic which we understand led to a 

reduction in maintenance rates during 2020.  

• CCGT plant winterisation risk – The recent energy crisis in ERCOT has also revealed that if CCGTs are 

not prepared for a sudden drop in temperature their production capacity may be derated/reduced 

substantially. This is now a known risk for an energy system designed for a warmer climate, but as climate 

change progresses, making extreme swings in temperature more likely, this risk might materialise more 

often even for colder climates.  

• Failure of transmission lines due to extreme weather condition might cause part of the electricity system 

and generation/demand connected to it to become unavailable. The most critical single element of the 

internal transmission network is the North-South Interconnector. The commissioning of the second North-

South Interconnector would not only remove the constraints on electricity flows between Ireland and 

Northern Ireland but also reduce the reliance on a single piece of infrastructure.  

Table 3.3 summarises the key supply-side shocks identified for the electricity sector. 

Table 3.3: Summary of shock factors affecting electricity generation  

Shock  Type of shock Potential impact 

Low-wind periods Weather  Low wind generation would mean that the system must rely on gas-

fired and interconnector capacity to meet demand. This risk is 

particularly significant when low-wind periods are coupled with cold 

weather which may reduce availability of gas supplies to the power 

sector and if there is limited availability of electricity imports due to 

similar weather events affecting neighbouring countries.   

Availability of gas 

supplies 

Market Disruption to gas supplies to the power sector can cause shortages in 

the power sector particularly if coupled with low wind generation. 

Gas shortages in connected markets could also result in reduced 

electricity imports from interconnection. 

Interconnector 

outage 

Technical The EWIC interconnector currently represents the largest single 

power in-feed.  

The impact depends not only on the magnitude of the capacity loss 

but also crucially on the volume of electricity that would have been 

imported through the interconnector.  

Plant outage Technical The loss of a single unit is unlikely to have security of supply impacts, 

but concurrent, multiple outages could constitute a significant 

security of supply shock as capacity margins tighten by the mid-

2020s, especially in periods of low wind output. 

Climate risks 

(extreme weather 

events) 

Weather Extreme weather conditions can cause supply-side disruptions to 

plants and transmission lines, as revealed by the recent energy crisis 

in Texas.  

This can involve disruption to gas supplies affecting the power sector 

but also potentially affect plant availability and transmission 

infrastructure at the same time. 

On historical evidence, this is likely to be a remote risk in the context 

of Ireland given the relatively mild winter weather (or absence of 

——————————————————————————————————————————————————— 

31 EirGrid (2021) All-Island Generation Capacity Statement, 2021-2030. 
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Shock  Type of shock Potential impact 

extreme freezing temperatures). Weather events may become more 

extreme in the future due to climate change however it would be 

difficult to analyse the impact, and potential mitigation options, for 

events that have not been observed in the past.      

New capacity not 

being delivered on 

time  

Market  Failure to deliver capacity on time could create a capacity deficit. As 

this risk should become apparent some time before the relevant 

capacity year, there are mitigation options available to address this 

risk. 

Source: CEPA analysis 
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4. ASSESSMENT OF CORE SECURITY OF SUPPLY SHOCKS 

In this section, we discuss our assessment of the core shocks identified in Section 3. We identify and discuss the 

impact of each shock on the security of gas and electricity supply in Ireland. We also summarise the modelling 

assumptions underpinning the chosen baseline and shock scenarios. 

We separately discuss our assessment of the disruption of Russian pipeline natural gas supplies to Europe in 

Section 5. 

4.1. BASELINE ASSUMPTIONS 

To understand the impact of shocks to the security of gas and electricity supply in Ireland, we model two future 

years: 2025 and 2030. We identify the impact of the shocks discussed in this section relative to a scenario in which 

the risks do not materialise. The use of two spot years in our assessment allows us to identify the impact of 

demand- and supply-side shocks on the security of gas and electricity supply as the energy system in Ireland 

evolves over time: for example, as RES penetration increases. 

The 2025 model year is primarily informed by data available from the 2021 All-Island Generation Capacity 

Statement (GCS)32 published by EirGrid and SONI. The GCS provides an overview of the evolution of electricity 

supply and demand in the near-term to 2030. 

Our primary consideration when developing the 2030 model year has been that our analysis remained consistent 

with government policy at the time of developing our assumptions. When developing our analysis for this report, the 

2021 CAP represented the most recently available view on the future development of the energy system in Ireland. 

33 For example, it sets out targets for the development of future renewable generation resources and energy supply. 

In agreement with DECC, the CAP (2021) has therefore been a key driver of our assumptions in the 2030 model 

year. 

However, in this report we present analysis under two separate baselines for the 2030 model year. One baseline 

(Baseline 1) is calibrated based on the 2021 CAP and the 2020 PfG while the other baseline (Baseline 2) is 

calibrated on an older set of projections published by GNI and EirGrid. Baseline 2 was first developed prior to the 

publication of the 2021 CAP. Therefore, Baseline 1 represents our core scenario. 

• Baseline 1 assumes that the CAP 2021 sector specific targets for are met.34 For example, we assume 80% 

RES penetration by 2030 and broader electrification of heat and industrial demand. We also use a 

projection of gas demand for Ireland that aligns with the 2030 decarbonisation targets. 

• Baseline 2 is based on gas and electricity projections available from GNI and EirGrid. From discussions 

with GNI and EirGrid, we understand that the projections are largely consistent with the 2019 CAP. We 

have made a small number of additional adjustments to these forecasts where sufficient detail from the PfG 

was available. For example, we adjusted the 2030 generation mix forecast by EirGrid to ensure that the PfG 

target of 5 GW of installed offshore wind capacity was met. Under Baseline 2, some of the targets set out in 

the 2020 PfG would not be met by 2030 and therefore Baseline 2 is not considered as our core scenario. A 

more detailed outline of the modelling assumptions used is presented in Appendix A. 

Box 4: Relevance of baseline assumptions 

The baseline scenarios influence the analysis of the impacts of security of supply shocks in several ways. The 

scenarios incorporate assumptions about the level of gas and electricity demand, the deployment of generation 

capacity, interconnection, etc. 

——————————————————————————————————————————————————— 

32 EirGrid and SONI (2021) All-Island Generation Capacity Statement, available on eirgridgroup.com 

33 In an announcement on the sectoral emissions ceilings, The Irish government increased its targets for delivery of several 

forms of RES generation in July 2022 (available on gov.ie). These announcements were made after modelling had been 

completed and so are not reflected in our analysis. 

34 Measures to achieve the objectives were not yet announced by the time our analysis was carried out. 

http://www.eirgridgroup.com/site-files/library/EirGrid/208281-All-Island-Generation-Capacity-Statement-LR13A.pdf
https://www.gov.ie/en/press-release/dab6d-government-announces-sectoral-emissions-ceilings-setting-ireland-on-a-pathway-to-turn-the-tide-on-climate-change/
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In agreement with DECC, the baselines were chosen to reflect a high level of governmental ambition for 

decarbonisation of the energy sector. Baseline 1 aligns with the most recent government policies available at the 

time of our model development. Baseline 2 does not fully reflect these policies but continues to represent the 

level of ambition set out in the previous CAP 2019. 

If these targets are not achieved, this would likely impact on the security of supply shock modelling set out in this 

report. For example, if targets are missed, it is likely that gas demand would be higher than is included in our 

baselines. In this case, the nature of the shocks identified are likely to be the same, or at least very similar. 

However, the extent of unserved demand resulting from such a shock would most likely be larger than that 

summarised in Sections 4.3 and 5.2. 

The choice of baseline scenario would not affect the range of mitigation options available. 

4.1.1. Gas sector assumptions 

This section outlines the data sources and modelling assumptions that underpin our assessment. For convenience, 

we have broken down the data sources and assumptions used into gas demand and supply. We highlight cases 

where our assumptions for 2030 diverge between the two baselines.  

Gas Demand 

Our gas market model solves endogenously for power sector gas demand, while the evolution of residential and 

industrial and commercial (I&C) gas demand in Ireland is assumed. 

We calibrate residential and I&C gas demand in our model based on GNI’s 2020 Network Development Plan (NDP). 

At the time of developing our analysis, and in the context of the PfG targets for electrification of heat and transport, 

we identified GNI’s 2020 NDP Best Estimate and Low demand projections as the best options to consider in terms 

of baseline projections for the gas sector.  

The main difference between the Best Estimate and Low Demand projections is the level of I&C demand; the ‘Low 

Demand’ projection assumes a lower level of I&C gas demand relative to GNI’s ‘Best Estimate’ scenario. While the 

lower level of I&C demand is assumed to result from lower assumed economic growth35, we consider that lower I&C 

demand could also reflect more stringent decarbonisation measures, such as those included in the CAP.  

Residential gas demand is predicted to decline in all GNI scenarios as a result of reduced connections and an 

increase in disconnection rates. There are relatively small differences between the GNI projections. Residential 

demand is expected to decline by 5.6% in the Best Estimate scenario and by 6.5% in the Low Demand scenario in 

the period up to 2028/29.   

We consider that the NDP 2020 Low Demand projection is the most appropriate choice for the baseline 

scenario for 2025. This choice reflects the assumption that I&C demand will grow more slowly in the context of 

measures to achieve the emissions reduction targets. To derive a demand projection for 2030, we extend the 

existing forecast by assuming the trend will remain the same as for the last years of the GNI forecast. 

For Baseline 1 in 2030, we assume that there will be further reductions in gas demand below what is forecast by 

GNI’s Low Demand projection. We consider that further reductions in residential and I&C gas demand more closely 

correspond to the PfG commitments. For example, faster electrification of heat may lead to lower gas demand as 

consumers switch from gas heating to heat pumps.  

The adjustments made to residential and I&C gas demand for Baseline 1 are presented below.  

• Residential gas demand: We adjust residential gas demand by assuming that 30% of the 400,000 heat 

pumps which are expected to be installed in existing buildings by 2030 will replace gas boilers.  

• Industrial and commercial demand: We adjust I&C gas demand by assuming that a proportion of the 

50,000 heat pumps installed on commercial premises will replace gas boilers. In addition, we also assume 

that there will be an overall reduction in gas demand from industrial processes. This reduction in demand 

may be met by a combination of energy efficiency, renewable energy, and electrification.  

——————————————————————————————————————————————————— 

35 The Low demand scenario assumes annual economic growth of 1.4% from 2023/24 onwards, while the Best Estimate scenario 

assumes annual growth of 3.2% over the same period. 



36 

 

In our modelling, we distinguish between daily-metered (DM) and non-daily metered (NDM) gas customers, where 

NDM demand includes all residential gas demand plus NDM I&C demand (e.g., small commercial premises such as 

shops, cafes, offices). This is because NDM I&C customers display a seasonal demand profile that is driven by 

space heating requirements, more similar to residential consumers than large I&C consumers. Therefore, we make 

a further adjustment to the GNI NDP forecasts where we apportion a share of I&C demand to residential demand. 

Based on information provided by GNI, we assume that NDM I&C demand represents 28% of total I&C annual 

demand.   

The overall impact of these adjustments on residential and small commercial customers (NDM demand) and DM 

I&C gas demand is shown in Figure 4.1 below. Later in Section 4.1, we also present our projections for power 

sector gas demand which is determined endogenously using our electricity market model.  

Figure 4.1: NDM and DM I&C gas demand36 projections in the baseline scenarios 

 

Source: CEPA analysis of GNI 2020 NDP 

For Baseline 2 in 2030, we continue to use the NDP 2020 Low Demand projection. 

Box 5: GNI update to gas demand forecasts 

Since carrying out our analysis, GNI has updated its gas demand forecasts as part of its 2021 NDP37. The new 

projections show expected increases in peak day gas demand in Ireland. We understand that increased power 

sector gas demand resulting from electrification is the main driver of increased peak day demand. Ireland’s 

import capacity allocation from the Moffat interconnector is currently limited to 26.92 mcm/day (299 GWh). In its 

2021 NDP, GNI has forecast 1-in-50 peak day gas demand under the Best Estimate and High demand scenarios, 

which would exceed this limit from the 2023/24 period to the end of the forecast horizon. If peak demand did 

exceed Ireland’s total import capacity, it may not be possible to meet total demand.38    

Data centre gas demand 

Since the publication of the 2020 NDP, GNI has told us that it has contracted with a significant number of I&C 

gas connections, primarily related to the development and construction of data centres. Our analysis captures 

the impact of data centres on the Irish energy system through an increase in electricity demand which, in turn, 

leads to an increase in gas demand for power generation. However, we understand that most new data centre 

gas connections contracted by GNI are related to so-called ‘islanded’ data centres that require a direct gas 

connection for on-site power generation, with limited or no connection to the electricity grid. These new 

connections may lead to an increase in I&C gas demand above the levels assumed in our analysis.  

——————————————————————————————————————————————————— 

36 NDM demand includes proportional own use and non-daily metered I&C demand. DM I&C demand includes all daily-metered 

I&C demand including demand from transport and proportional own use. 

37 GNI (2022) 2021 Network Development Plan, available on gasnetworks.ie 

38 However, we note that in the 2021 Network Development Plan GNI have identified a series of operational measures which 

could mitigate this constraint over the duration of the forecast horizon considered in the NDP. 

https://www.gasnetworks.ie/docs/corporate/gas-regulation/GNI-2021-Network-Development-Plan.pdf
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Related to this, the Government has recently announced that data centre developments that are not connected 

to the electricity grid but are instead powered mainly by on-site fossil fuel generation, would not be in line with 

national policy and the planned trajectory to net zero emissions.39 As a result, we would expect the growth of 

further gas connections beyond those already contracted to be limited in the future.  

In addition, when assessing the impacts of shocks on energy consumers, we pay special attention to impacts on 

protected consumers. Protected consumer demand includes all NDM demand plus a share of DM I&C demand 

representing priority customers such as hospitals, nursing homes, prisons, and other essential social services. 

Based on information provided by GNI, we assume protected consumer demand to be 3.7% higher than NDM 

demand alone.   

Gas Supply 

We calibrate baseline gas supply in 2025 and 2030 based on GNI’s 2020 NDP. Pipeline gas imports from GB is 

forecast to make up the majority of gas supply in Ireland. Over the next decade, indigenous production of gas in 

Ireland is expected to substantially decline. The 2020 NDP forecasts that by 2028/29 gas supplies from the Corrib 

field will have declined to less than 25% of initial peak production levels. Over the same period, a small increase in 

biomethane production is expected. 

The 2020 NDP projections for gas supply including renewable gas are illustrated in Figure 4.2 below. 

Figure 4.2: Annual gas supply in Ireland 

 

Source: CEPA analysis of GNI 2020 NDP 

Assumptions regarding events during a gas security of supply shock 

When modelling unserved demand in the gas sector, we need to make assumptions regarding how events would 

unfold in the case of a gas shock. To develop these assumptions, we draw on the CRU’s ‘National Gas Supply 

Emergency Plan 2018 – 2022’ (the Emergency Plan). 40 

The Emergency Plan sets out three levels of crisis that would be communicated in an emergency: ‘early warning’, 

‘alert’ and ‘emergency’. The Emergency Plan also sets out the interaction with GNI’s operational emergency plan 

(the Natural Gas Emergency Plan41) that contains the detailed operational procedures that would be followed in a 

gas emergency. Under the ‘early warning’ and ‘alert’ stages, market measures would continue to apply. In the ‘early 

warning’ stage, GNI would increase linepack where possible and cease all non-essential maintenance. In the ‘alert’ 

stage, GNI would request voluntary actions from market participants, e.g., voluntary increases in indigenous 

——————————————————————————————————————————————————— 

39 Government Statement on the Role of Data Centres in Ireland’s Enterprise Strategy, July 2022 

40 See: https://ec.europa.eu/energy/sites/default/files/documents/national_gas_supply_emergency_plan_2018.pdf 

41 See: https://www.gasnetworks.ie/docs/corporate/company/natural-gas-emergency-plan.pdf 

https://ec.europa.eu/energy/sites/default/files/documents/national_gas_supply_emergency_plan_2018.pdf
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production and voluntary load shedding, and make use of interconnector and system linepack, all intended to 

mitigate supply shortfalls. 

In the ‘emergency’ stage, GNI would move to a ‘command and control’ role. Following the exhaustion of market 

measures, GNI would begin to direct natural gas undertakings to take certain actions, such as maximising 

production, maximising use of system linepack as well as activating involuntary load shedding.  

If load shedding becomes necessary, protected customers would be prioritised, with power stations and large 

industrial load being shed first. If shedding of power station and industrial load does not prevent unserved protected 

customer demand, parts of the gas network would be isolated individually allowing remaining customers to continue 

to receive gas supplies.42  

If the ‘emergency’ stage is reached and GNI resorts to ‘command and control’, we consider that the gas market 

would effectively cease to function until gas supplies are restored. The Emergency Plan does not state how the Irish 

gas market price will be determined in such a situation. For that reason, we do not include a market price in the 

event of unserved demand in our modelling of gas security of supply shocks. Instead, we value unserved demand 

at an estimate of the gas Value of Lost Load (VoLL) for each consumer tranche. 

In case of load shedding of power station gas demand, the impact on electricity consumers depends on the 

availability of alternative power generation sources, including the ability of gas-fired plants to switch to secondary 

fuel generation. Our analysis focusses on the impacts on unserved demand of the end customer. We therefore do 

not classify load shedding of power stations as unserved demand unless this results in unserved demand of final 

electricity consumers.  

Gas VoLL assumptions 

To value unserved demand, we must develop assumptions of the VoLL of each of the following customer tranches: 

• Unserved gas demand to power stations which leads to unserved electricity demand.  

• Unserved gas demand to industrial customers.  

• Unserved gas demand to protected customers.  

We estimate the monetary impact of a disruption to gas demand from each tranche of customer at their associated 

VoLL. For example, we value unserved gas demand to industrial consumers by multiplying the physical volume of 

unserved gas demand by the industrial VoLL.  

To estimate gas and electricity VoLL we draw on the analysis of VoLL in Europe for both gas43 and electricity44 

customers. We present our VoLL values used in our analysis in Table 4.1 below: 

——————————————————————————————————————————————————— 

42 For the purposes of our modelling, we assume that industrial customers are prioritised over power stations, such that all 

power station demand is shed before industrial customers are affected. 

43 ACER (2018) Study on the Estimation of the Cost of Disruption of Gas Supply in Europe, available on europa.eu 

44 We estimate this by taking electricity VoLL (€11,300 / MWh) and multiplying this by the capacity weighted average efficiency 

of gas-fired generation (0.54498). 

https://documents.acer.europa.eu/en/Gas/Infrastructure_development/Documents/ACER_CoDG_Final_Report_20181119_clean.pdf
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Table 4.1: Estimates for VoLL used for each gas consumer group. 

Unserved demand VoLL45 

Power station unserved demand (which leads to unserved electricity demand) €6,158/MWh 

Unserved industrial and commercial gas demand €107/MWh 

Unserved protected customer gas demand €118/MWh 

If a gas supply emergency leads to the disconnection and isolation of distribution-connected gas customers, gas 

safety measures require a resource intensive, manual reconnection of individual customers. Depending on the 

number of customers who are affected, this can take a significant amount of time. For example, GNI has suggested 

that depending on the extent of the emergency, reconnection of gas customers could take several weeks.  

This would mean that many customers would continue to be without gas for weeks, even after supplies of gas are 

restored and sufficient to meet demand. When we consider the value of unserved gas demand in our analysis using 

the VoLL figures set out in the table above, we present the value of unserved demand assuming that customers can 

receive gas as soon as gas supply volumes allow. However, we note that this could be a significant underestimate 

of the true value of unserved demand which may be many multiples of this figure. The ‘true’ value of unserved gas 

demand would be dependent on the duration for which customers remain without gas. 

4.1.2. Electricity sector assumptions 

This section outlines the data sources and modelling assumptions used which underpin our electricity market 

modelling. We have broken down the data sources and assumptions used into electricity demand and supply. We 

highlight all cases where our assumptions diverge in 2030 for Baseline 1 and Baseline 2.  

Electricity Demand 

Electricity demand in Ireland is expected to increase over the period to 2030 in response to the electrification of 

heat and transport, as well expected growth in demand from data centres and other LEUs. Data centres and other 

LEUs are expected to make up to 27% of total electricity demand by 2030. 

We set the baseline level of electricity demand for the 2025 baseline on the Median demand projection 

developed by EirGrid and SONI in the All-Island Generation Capacity Statement (GCS) 2021-2030. The 

Median demand projection was chosen for our 2025 baseline over the High demand projection because the 

differences between the two projections are mostly driven by the assumed growth of demand from data centres 

and other LEUs, and there is significant uncertainty around this assumption. If the additional growth in data centre 

electricity demand in the High demand projection relative to the Median projections is stripped out, the expected 

demand from other users is largely similar across the High and Median projections.  

This comparison between the Median and High demand GCS projections in 2025 are illustrated in Table 4.2 below.  

——————————————————————————————————————————————————— 

45 These values were agreed with DECC prior to the Russian invasion of Ukraine in March 2022. Since this date, European 

wholesale gas prices have exceeded some of these values without a resulting widespread disruption to residential gas 

consumption. Our findings regarding physical security of supply in Ireland are driven by the balance of physical volumes of 

supply and demand, while VoLL is used primarily to estimate the monetary impacts of disruption. For example, choosing a 

higher VoLL would result in a higher monetary value associated with a given level of unserved demand, but it would not alter the 

physical volume of unserved demand. As such, we consider our findings regarding physical security of supply in Ireland to be 

robust to the choice of VoLL.  
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Table 4.2: All-Island median and high electricity demand in 2025. 

2021 GCS Electricity Demand Median Demand High Demand 

Demand 

in 2025 

(TWh) 

Total demand 36.5 39.6 

Data Centres and LEUs 9.1* 12.1* 

Other demand 27.4 27.5 

Source: EirGrid, CEPA analysis. Data centre and LEU demand in 2025 estimated by CEPA based on a visual inspection of GCS 

figures. 

For Baseline 1, we consider the Tomorrow’s Energy Scenario (TES) 2019 Coordinated Action scenario to be the 

best aligned with the 2020 PfG, as it assumes that several of the PfG targets are met. This scenario achieves targets 

including:  

• 900,000 EVs by 2030; and  

• 600,000 heat pump installation targets by 2030.  

Figure 4.3 shows the forecast annual electricity requirement and estimated peak demand under each of the TES 

scenarios. The Coordinated Action scenario has the highest projected level of demand which can, at least partly, be 

explained by the fact that it assumes a higher level of electrification of transport and higher deployment of heat 

pumps compared to other scenarios.  

Figure 4.3: Demand, total electricity requirement (left) and peak demand (right) 

 
Source: EirGrid, TES 2019 report 

We adjust Baseline 1 electricity demand further by assuming an increase in electricity demand to account for the 

higher levels of electrification of heat and industrial processes: 

• Electrification of heat: We assume an increase in electricity demand of 0.58 TWh per year in 2030, 

corresponding to 25,000 additional commercial heat pumps. 

• Electrification of industrial processes: We assume an additional 1.86 TWh of electricity demand from the 

electrification of industrial processes. Gas demand projections are adjusted accordingly in both cases. 

On an All-Island basis, the Baseline 1 adjustments result in a 4% increase in the level of total electricity demand in 

2030. The overall impact of these adjustments on SEM electricity demand is shown in Figure 4.4 below.  
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Figure 4.4: All-Island electricity demand under the baseline  

 
Source: CEPA analysis of 2021 GCS, TES 2019, TESNI 2020, and the 2020 PfG.  

We set the Baseline 2 level of electricity demand for the 2030 spot year on the 2019 Coordinated Action TES 

scenario. We base demand on the TES, as EirGrid make assumptions around the generation mix for each TES 

scenario up to 2030. 

We also sense-checked our assumptions based on the TES against the demand projections for 2030 from EirGrid’s 

2021 – 2030 GCS. Our assumptions are largely consistent with the High demand scenario of the GCS. All-Island 

electricity demand under Baseline 1 totals 58 TWh compared to 56 TWh in the GCS High demand scenario.  

Electricity Supply 

Our assumptions on the level of installed capacity for 2025 are in line with the projections of the 2021 GCS, which 

forecasts a large increase in the level of onshore wind and solar capacity. Further increases in the level of installed 

offshore wind and solar capacity are forecast between 2025 and 2030. 

For Baseline 1, we assume delivery of an 80% RES penetration target by 2030. To achieve this, we take the 

Coordinated Action scenario from the TES and make several adjustments. Firstly, we adjust the capacity of offshore 

wind deployment from 1.8 GW to 5 GW to align with the ambition included in the PfG. We also adjust the level of 

onshore wind capacity to maintain consistency with the 80% RES penetration target, resulting in a total of 6.5 GW of 

installed onshore wind capacity in Ireland by 2030. 

We set the Baseline 2 level of installed capacity for 2030 based on the Coordinated Action scenario. Driven by the 

growth in solar, onshore wind, and offshore wind, the Coordinated Action scenario assumes a rapid deployment of 

renewable generation to 2030. We make the same adjustment to offshore wind capacity to meet the PfG target of 5 

GW of offshore wind capacity by 2030. To compensate for this, we have accordingly reduced the level of onshore 

wind installed capacity, taking account of differences in onshore and offshore wind capacity factors. This means 

reducing the 2030 level of onshore wind capacity by 4.1 GW relative to what is forecast in the TES Coordinated 

Action forecast. The level of RES penetration in Baseline 2 falls below the 80% RES target.  
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Figure 4.5: Adjustment to the installed wind capacity in Ireland under 2030 Baseline 1 and Baseline 2  

 
Source: CEPA analysis of TES 2019.  

The overall baseline electricity capacity mix assumed under each modelled year is presented in Figure 4.6 below. 

We assume a small decrease in dispatchable generation capacity between 2021 and 2030, which is compensated 

by a large increase in installed RES capacity between 2025 and 2030. Installed RES capacity is forecast to more 

than double between 2025 and 2030 under Baseline 1.  

Figure 4.6: Baseline installed capacity in Ireland, 2021-2030. 

 

Source: CEPA analysis of TES 2019, TESNI 2020, and GCS 2021 

These assumptions mean that, Ireland has a total of 6.1 GW of non-RES capacity in 2025 and 6.0 GW in 2030, 

under Baseline 1 and Baseline 2. We assume all coal and peat generation capacity is decommissioned by 2025, as 

well as 592 MW of distillate oil capacity (the Tarbert units) and 90 MW of OCGT capacity. This retired capacity is 

replaced by 515 MW of new OCGT plants, 260 MW of new demand side response and 335 MW of new battery 

energy storage by 2025. 

Between 2025 and 2030, over 700 MW of existing CCGT and distillate oil capacity is assumed to retire. Over the 

same period, 37 MW of new OCGT capacity, 240 MW of new demand side response and 285 MW of new battery 

energy storage capacity is added to the system.46 Figure 4.7 shows the net changes in capacity over the time 

horizon. In addition, there is also 1200 MW of new interconnector capacity assumed to come online by 2030.  

——————————————————————————————————————————————————— 

46 We assume all new battery storage has a charge/discharge duration of 6 hours. 
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Figure 4.7: Non-RES generation capacity additions and retirements (2025 relative to 2021; 2030 relative to 2025) 

 

Source: CEPA analysis of EirGrid GCS 2021-2030 and TES 2019 

Finally, we assume within our baseline scenario that the Greenlink and Celtic interconnectors, as well as the North-

South Interconnector, will be available in 2030, but not in 2025. 

Electricity VoLL assumptions 

We base the value of unserved demand in the electricity sector on the SEM VoLL which was developed by CEPA 

for the Agency for the Cooperation of Energy Regulators.47 This gives an electricity VoLL of €11,300/MWh. We do 

not differentiate between the VoLL of different tranches of electricity consumers.48 

4.1.3. Secondary fuel usage assumptions 

As outlined in Section 4.3 below, we find that secondary fuel usage from gas-fired generation can provide a key 

source of mitigation in the case that gas becomes unavailable for Irish electricity generators. However, according to 

information provided to us by EirGrid, at present, only as little as 52% of registered gas-fired capacity in Ireland 

could be expected to operate on secondary fuel in case of a security of supply event involving a lack of gas for 

power generation.  

However, this proportion reflects a combination of issues:  

• Power stations already on maintenance outages are also counted as unavailable on secondary fuel. When 

plant failure issues are resolved and associated units are back from maintenance, EirGrid estimates that the 

availability to operate on secondary fuel could increase to approximately 70% (dependent on successful 

completion of secondary fuel tests). Further, current levels of plant availability are low partly because of a 

difficulty in getting maintenance and refurbishment completed in 2020 during Covid restrictions. 

• Emissions limits also impact on the ability of plant to operate on secondary fuel. EirGrid estimates that 

resolving this constraint could increase plant availability on secondary fuel to around 83%. We assume that 

this capacity would run on secondary fuel if required to meet demand in a security of supply scenario.     

• Lastly, another factor affecting the ability to switch to secondary fuel is plant-specific equipment issues 

which affect around 15% of capacity.  

We accounted for lower plant availability on secondary fuel by de-rating the installed capacity in our model. We 

assume that 80% of total available gas fired capacity (i.e., capacity not on outage) is able to switch to secondary 

——————————————————————————————————————————————————— 

47 Study on the estimation of the value of lost load of electricity supply in Europe, ACER, 2018. Link 

48 This value was agreed with DECC prior to the Russian invasion of Ukraine in March 2022. Since this date, European wholesale 

electricity prices have increased sharply. For the avoidance of doubt, our conclusions regarding physical security of supply in 

Ireland are robust to this observed increase in price.  

https://nra.acer.europa.eu/en/Electricity/Infrastructure_and_network%20development/Infrastructure/Documents/CEPA%20study%20on%20the%20Value%20of%20Lost%20Load%20in%20the%20electricity%20supply.pdf
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fuel. Taking into consideration the de-rating factors applied in our model to account for plant unavailability, this 

would mean that only 69% of total installed gas fired capacity would be available to operate on secondary fuel. 

Time needed to switch fuels 

According to EirGrid’s secondary fuel testing arrangements, a generation unit must switch from the primary to 

secondary fuel in five hours or less.49 During this time, the generation unit must operate continuously at or above a 

pre-specified level of output.  

Power stations in our model can instantaneously switch from gas to secondary fuel consumption. In practice, the 

time needed to switch fuels could have implications for the initial stages of the emergency procedures and for gas 

and electricity security of supply that are not captured in our analysis. For example, a proportion of gas-fired plants 

may need to continue to draw on gas supplies in the initial stages of an emergency.   

4.2. BASELINE RESULTS  

We present results from our baseline scenario modelling in this section. For each year, we present: 

• gas demand and supply flows;   

• electricity generation mix, including imports and exports;  

• wholesale electricity and gas prices; 

• any unserved electricity and gas demand; and 

• the monetised value of unserved gas demand during supply disruptions 

4.2.1. Gas sector results 

Daily gas demand projections for Ireland are shown in Figure 4.8, split by power sector and non-power sector gas 

demand. The latter includes residential and I&C demand. Non-power sector gas demand displays a seasonal 

demand pattern, driven by the heating requirements of residential and commercial consumers. Power sector gas 

demand is more volatile, driven by gas-fired generation, which in turn is a function of available variable generation. 

Power sector gas demand is determined endogenously using our electricity market model, and thus reflects our 

assumptions about the future generation capacity mix. 

Figure 4.8: Daily gas demand 

Baseline 2025                                                           

  

Baseline 1 2030     Baseline 2 2030 

 

——————————————————————————————————————————————————— 

49 EirGrid, Secondary Fuel Testing Arrangements, Link 

https://www.eirgridgroup.com/site-files/library/EirGrid/Summary-Secondary-Fuel-Testing-Arrangements.pdf
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Source: CEPA analysis 

Figure 4.9 shows total gas demand, including endogenously estimated power sector gas demand. By 2030, total 

gas demand decreases under both Baseline 1 and Baseline 2. In 2025, total gas demand is 5.7 bcm/year (63 

TWh/year)50, which is 0.4 bcm/year higher than GNI’s Low demand forecast for 2025. By 2030, annual gas demand 

falls below 2021 levels, approximately 1.1 bcm/year below GNI’s 2028/2029 Low demand forecast under Baseline 

1, and approximately 0.8 bcm/year below GNI’s 2028/2029 Low demand forecast under Baseline 2. 

Figure 4.9: Annual gas demand by sector 

 
Source: CEPA analysis 

The evolution of gas demand by sector is outlined below: 

• DM I&C demand remains relative stable across the forecast period, with a slight decrease under Baseline 1 

and a slight increase under Baseline 2.  

• NDM demand decreases over the period, with approximately 0.3 bcm/year (3.3 TWh/year) lower demand in 

2030 relative to 2021 under Baseline 1. NDM demand under 2030 Baseline 2 is approximatively equal to 

demand in 2025.  

• Power sector gas demand increases from 2021 to 2025, reflecting the increased reliance on gas-fired 

generators as coal and peat generators are phased out. By 2030, power sector gas demand falls below 

2021 levels in both Baseline 1 and Baseline 2, as the increased penetration of renewables results in a more 

significant displacement of gas-fired generators.  

Gas flows, shown in Figure 4.10, are determined endogenously in our model. With the decline in Corrib gas 

production, any increase in gas demand is met entirely by gas imports from GB.    

——————————————————————————————————————————————————— 

50 We have assumed a conversion of 1bcm of natural gas equals 11.11 TWh of energy throughout this report. 
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Figure 4.10: Simulated daily gas flows 

        2025 

 

  Baseline 1, 2030     Baseline 2, 2030 

  

Source: CEPA analysis 

Table 4.3 shows annual average wholesale gas prices estimated in our baseline model runs. Wholesale gas prices 

in Ireland are correlated with the National Balancing Point (NBP) prices in GB, also considering the cost of 

transporting gas from GB to Ireland. As we model the global gas market, the simulated gas prices for Ireland reflect 

market conditions in GB, the rest of Europe, and elsewhere.  

Table 4.3 Annual average wholesale gas prices51  

 2025 2030 Baseline 1 2030 Baseline 2 

Annual average gas price (€/MWh)  20.9 24.0 24.1 

Source: CEPA analysis 

4.2.2. Electricity sector results  

The annual electricity generation mix from our baseline runs is shown in Figure 4.11:  

• In 2025, wind generation accounts for 38% of total domestic generation, while gas-fired generation makes 

up around 56%.  

• In 2030, under Baseline 1, which assumes a higher deployment of wind capacity to reach the 80% RES 

penetration target, wind makes up 59% of total generation in the SEM, while gas reduces to 32%. Under 

Baseline 2, onshore and offshore wind make up 57% of domestic electricity generated in the SEM, while 

gas-fired generation accounts for 34%, with an overall RES penetration of 77%. 

——————————————————————————————————————————————————— 

51 We note that these prices are below recent European gas wholesale prices observed since the end of 2021. Our assessment 

was undertaken prior to these price rises and reflects modelled demand and supply of gas in our 2025 and 2030 spot years 

only. The impact of higher commodity prices since late 2021 is uncertain. But possible impacts on our analysis would include 

lower gas demand (e.g., through demand destruction and/or faster electrification) and peakier wholesale electricity prices.  
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Figure 4.11: SEM baseline electricity generation mix 

  

Source: CEPA analysis 

In 2025, we find that there are just over 7.2 TWh of net exports from the SEM to GB. In 2030, when additional 

interconnection capacity to both GB and France becomes available, net exports increase to 9.2 TWh, under both 

Baseline 1 and Baseline 2. Most of these exports are to GB. Imports and exports from France across the Celtic 

interconnector are more in balance under both Baseline 1 and Baseline 2. 

Table 4.4: Interconnector imports/exports 

 2025 2030 Baseline 1 2030 Baseline 2 

Net Exports (GWh)    

Total 7,240 9,198 9,178 

GB 7,240 9,328 9,515 

France n/a -131 -337 

% of time exporting    

GB 96.8% 88.9.1% 90.7% 

France n/a 45.6% 43.3% 

% of time importing    

GB 1.7% 6.5% 5.5% 

France n/a 48.8% 50.1% 

Source: CEPA analysis 

Figure 4.12 below summarises interconnector flows. In 2025, the EWIC interconnector makes up 51% of total 

interconnector flows, with the remaining 49% comes from Moyle. In 2030, the Greenlink and Moyle interconnectors 

each make up 23% of total interconnector flows under both Baseline 1 and Baseline 2, while EWIC contributes 20% 

of total flows in Baseline 1 and 21% in Baseline 2. In 2030, the Celtic interconnector to France makes up 34% of 

total interconnector flows under Baseline 1 and 33% in Baseline 2.  
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Figure 4.12: Annual interconnector flows (imports +ve, exports -ve) 

 

Source: CEPA analysis 

Lastly, Table 4.5 shows annual, demand-weighted average electricity prices from our baseline model runs. 

Compared to 2025, annual average prices are lower in 2030 due to the increased deployment of wind generation 

capacity. Annual prices are lower in 2030 under Baseline 1 relative to Baseline 2, due to the higher volume of 

installed wind capacity. 

Table 4.5 Annual average wholesale electricity prices 

 2025 2030 Baseline 1 2030 Baseline 2 

Annual average electricity 

price (€/MWh)  

60.28 40.38 43.48 

4.3. CORE SECURITY OF SUPPLY SHOCK ASSESSMENT 

In this section, we discuss our assessment of the core shocks identified in Section 3. We identify and discuss the 

impact of each shock on the security of gas and electricity supply in Ireland.  

In agreement with DECC, we selected and modelled five distinct shock scenarios:  

• Shock Scenario 1: A two-week cold spell, based on 1-in-20 temperature conditions, coupled with a period 

of low wind and low solar generation. We assume these weather conditions affect the whole island of 

Ireland, as well as the interconnected markets.     

• Shock Scenario 2: A weather shock as per Shock Scenario 1 coupled with an outage of the largest 

electricity interconnector (assumed to be EWIC in 2025 and Celtic in 2030). The interconnector outage is 

assumed to last for 30 days.   

• Shock Scenario 3: A weather shock as per Shock Scenario 1 coupled with an outage of the IC2 gas 

interconnector. The interconnector outage is assumed to last for 30 days.   

• Shock Scenario 4: A full disruption to gas imports from GB. This was modelled against normal winter 

conditions and the disruption is assumed to last for seven days.  

• Shock Scenario 5: A longer full disruption to gas imports from GB, modelled against normal winter 

conditions. The disruption is assumed to last for 30 days.  

The shocks modelled cover a range of potential demand- and supply-side disruptions. They are meant to capture 

severe yet realistic shocks to Ireland’s energy system. As the Irish energy system is likely to be resilient to most 

individual shocks, we stress-tested the system by looking at a combination of shocks occurring simultaneously 

(Shock Scenario 1 to 3). However, a complete disruption of imports from GB represents the single most severe 

shock to the system and is perhaps the shock with the lowest probability of occurrence. We therefore considered 

the impact of this shock in isolation (Shock Scenario 4 and 5).  
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Shock Scenario 2 reflects the risk of the largest single piece of gas infrastructure failing during 1-in-20 cold weather 

conditions. The duration of the outage is 30 days52.  

The main characteristics of the core shock scenarios are summarised below. 

Table 4.6: Core shocks assessed in this study 

Name Shock  Description Duration 

Shock Scenario 1: 

Weather events 

Low-temperature/low-

wind event 

Weather conditions likely to be 

exceeded only once every 20 years 

(1 in 20 weather conditions), 

coupled with low wind and solar 

generation. 

We assume that correlated 

conditions also effect 

interconnected markets in GB and 

France. 

Two weeks between 

6th and 19th February  

Shock Scenario 2a: 

EWIC outage + 

weather events 

Low-temperature/low-

wind event + EWIC 

interconnector outage 

As per Shock Scenario 1, coupled 

with loss of 500 MW electricity 

import capacity 
Two weeks for weather 

events between 6th and 

19th February  

30 days for 

infrastructure asset 

between 30th January 

and 28th February 

Shock Scenario 2b: 

Celtic outage + 

weather events 

Low-temperature/low-

wind event + Celtic 

interconnector outage 

As per Shock Scenario 1, coupled 

with loss of 700 MW electricity 

import capacity 

Shock Scenario 3: 

IC2 outage + 

weather events 

Low-temperature/low-

wind event + Loss of gas 

IC2 

As per Shock Scenario 1, coupled 

with loss of 9.9 mcm/day (110 

GWh/day) gas import capacity 

 

Shock Scenario 4: 

Full disruption to 

gas imports from 

GB (7-day outage) 

Gas import disruption (7 

days) 

Loss of entire gas import capacity Seven days between 

6th and 12th February  

Shock Scenario 5: 

Longer disruption to 

gas imports from 

GB (30 days) 

Longer gas import 

disruption (30 days) 

Loss of entire gas import capacity Thirty days between 

14th January and 12th 

February  

4.3.1. Shock Scenario 1: Weather events 

Under this scenario, we assess the impact of a two-week cold spell coupled with low availability of wind and solar 

generation.   

——————————————————————————————————————————————————— 

52 As we explain in section 3.2, this scenario is not meant to represent an assessment of the N-1 standard in (EU Regulation 

2017/1938)., We account for the potential use of available linepack which is not included in the N-1 standard.    
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Box 6: Shock Scenario 1 – Key findings  

• We find no impact on the ability of the gas and electricity system to meet demand.   

• There is an impact on wholesale prices, particularly in the electricity sector, but prices do not go above 

levels that would normally be expected in such conditions.     

• While the shock tested was severe in terms of duration and combined impact of low wind availability and low 

temperature, the observed impacts are relatively moderate because: 

o Low temperatures have a relatively small impact on overall gas demand as residential gas demand 

represents a relatively small proportion of total demand, and this share declines further in the future.  

o There is sufficient electricity generation capacity on the system to meet demand during periods of 

low wind generation.    

We find no unserved demand in this shock scenario in the gas and electricity sectors. The main impacts are 

related to prices.  

Gas market impacts 

We observe an increase in daily wholesale gas prices in every year and both baselines, as shown in Figure 4.13. 

We note that gas prices in Ireland are determined by the price of gas in GB (i.e., the NBP price) plus the cost of 

transportation between GB and Ireland. The increase in gas prices is relatively modest as the demand side shocks 

in Ireland and GB do not cause a major disruption to global gas markets.    

There are sufficient supplies to meet increased gas demand during the shock period with additional supplies 

coming from GB.  

Figure 4.13: Impact of the modelled weather events on day-ahead gas prices during the shock period (6th Feb to 

19th Feb) relative to each baseline 

 
Source: CEPA analysis 

Electricity market impacts 

In the absence of a weather shock, prices during the period are low due to high wind generation. Under shock 

conditions, wholesale prices increase significantly to an average of €250/MWh in 2025 and close to €300/MWh in 

2030 under Baseline 1, as shown in Figure 4.14.  
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Figure 4.14: Impact of the modelled weather events on daily average wholesale electricity prices within the chosen 

shock period (6th Feb to 19th Feb) relative to baseline 

 

Source: CEPA analysis 

Figure 4.15 shows the changes in the electricity generation mix during the shock period relative to each baseline: 

• There is a large decrease in onshore and offshore wind generation, as well as solar.  

• This is compensated primarily by an increase in gas-fired generation (CCGTs and OCGTs) and a switch 

from exports to imports, or a reduction in exports, during the period.   

Figure 4.15: Impact of the modelled weather events on electricity generation within the chosen shock period (6th 

Feb to 19th Feb) relative to baseline 

 

 

Source: CEPA analysis 

As shown in Figure 4.16, under normal conditions, the interconnectors are, on average, exporting power every day 

of the period. When the weather shocks are modelled, interconnectors tend to import, on average, in each day over 

the shock period in 2030 under both baselines. In 2025, there are still exports from SEM to GB during the shock 

period, however these are reduced compared to the baseline. 
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Figure 4.16: Impact of the modelled weather events on daily net electricity imports within the chosen shock period 

(6th Feb to 19th Feb) relative to baseline 

 

 

Source: CEPA analysis 

Figure 4.17 shows primary and secondary fuel consumption of gas-fired power stations during the shock period, 

relative to each baseline. We see noticeable increases in primary fuel consumption during the weather events, 

triggered by the additional gas-fired generation coming online. We also find 6.6 GWh of secondary fuel 

consumption in 2030 during the shock period under Baseline 1 and 0.6 GWh of secondary fuel consumption during 

the shock period in 2025. We do not find any secondary fuel consumption in 2030 under Baseline 2. 
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Figure 4.17: Impact of weather events on secondary fuel consumption within the chosen shock period (6th Feb to 

19th Feb)  

 

Source: CEPA analysis 

4.3.2. Shock Scenario 2: Electricity interconnector outage + weather events  

Under this scenario, we assess the impact of a two-week weather event as assumed in Shock Scenario 1, coupled 

with an outage of the EWIC interconnector in 2025 and the Celtic interconnector in 2030.  

Box 7: Shock Scenario 2 – Key findings  

• We find no impact on the ability of the gas and electricity system to meet demand.   

• There is an impact on wholesale electricity prices but, depending on the year and baseline scenario 

modelled, the interconnector outage can result in both lower prices (in periods when the outage reduces 

exports) and higher prices (in periods when the interconnector would have been importing).        

We elaborate on the gas and electricity market impacts further below. 

Gas market impacts 

We present the impact on gas prices in Figure 4.18, compared to the simulated prices under Shock Scenario 1 to 

isolate the impact of the interconnector outage.53 We find that the additional impact of the interconnector outage 

has a limited impact on wholesale gas prices. 

——————————————————————————————————————————————————— 

53 As the interconnector outage is assumed to last for 30 days, while the weather shock for 14 days, this means that we are 

comparing the impact of the interconnector outage to normal conditions (outside the 14-day weather event) as well as to 

adverse weather conditions.   
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Figure 4.18: Impact of the modelled weather event and IC outage on wholesale gas prices within the chosen shock 

period (30th Jan to 28th Feb) relative to Shock Scenario 1 

 

Electricity market impacts 

We present the impact on electricity prices in Figure 4.19, compared to the simulated prices under Shock Scenario 

1 to isolate the impact of the interconnector outage: 

• During the 2025 shock period, we find that average daily wholesale electricity prices are slightly lower 

compared to prices in Shock Scenario 1. This is because the interconnectors were exporting power to GB 

on average throughout the period. The assumed EWIC outage restricts exports to GB only through the 

Moyle interconnector.  

• During the shock period under both 2030 scenarios, we find that daily average prices are higher than in 

Shock Scenario 1 (and the baseline), especially when the interconnector outage coincides with the weather 

shock. The outage of the Celtic interconnector causes net imports, which are observed in both baselines, to 

decline and electricity prices to rise.  

• The most significant price impact occurs in 2030 under Baseline 1, when daily average wholesale electricity 

prices reach close to €450/MWh. 
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Figure 4.19: Impact of the modelled weather event and IC outage on wholesale electricity prices within the chosen 

shock period (30th Jan to 28th Feb) relative to Shock Scenario 1 

 

Source: CEPA analysis 

Figure 4.20 shows the changes in the electricity generation mix during the shock period relative to Shock Scenario 

1: 

• In addition to reduced wind and solar generation during the weather shock period, shown in Figure 4.20, 

there are further reductions in wind generation outside this period. This is due to increased curtailment as 

excess generation cannot be exported due to the interconnector outage. 

• We find that net imports increase across the shock period in 2025. In both 2030 scenarios, we find that net 

imports increase outside of the weather event, while net imports to the SEM decrease during the weather 

event. This is also shown in Figure 4.21. 

• Lower interconnector imports during the weather shock period in 2030 are compensated primarily by an 

increase in gas-fired generation. Additionally, under Baseline 1 there is some secondary fuel consumption 

by gas-fired plants during the shock period, shown in Figure 4.22. 

Figure 4.20: Impact of the modelled weather event and IC outage on electricity generation within the chosen shock 

period (30th Jan to 28th Feb) relative to Shock Scenario 1

 

Source: CEPA analysis 
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Figure 4.21: Impact of the modelled weather event and IC outage on net electricity imports within the chosen shock 

period (30th Jan to 28th Feb) relative to Shock Scenario 1. 

 
Source: CEPA analysis 

Figure 4.22: Impact of the modelled weather events and IC outage on secondary fuel consumption within the 

chosen shock period (30th Jan to 28th Feb)  

 

Source: CEPA analysis 

4.3.3. Shock Scenario 3: IC2 outage + weather events 

Under this scenario, we assess the impact of a two-week weather event, as in Shock Scenario 1, coupled with a 30-

day outage of the IC2 gas interconnector. The outage of IC2 would reduce the import capacity from GB allocated to 

GNI from 26.92 mcm/day to 17 mcm/day.   
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Box 8: Shock Scenario 3 – Key findings  

• We do not find any unmet electricity or gas demand in our modelling results. This is predominantly due to 

the gas system drawing heavily on available linepack, especially in 2025.  

• In our modelling, minimum linepack operating limits are reached in 2025, but never in 2030. In practice, 

some gas customers could be interrupted under these circumstances to avoid reaching minimum linepack 

operating limits, e.g., to facilitate real-time management of the network and maintain balanced pressure 

throughout the system. 

• We find that the power sector can mitigate any shortage in gas supply through the use of secondary fuel by 

gas-fired power plants. In practice, the time needed for power stations to switch fuel may exacerbate gas 

and electricity supply challenges in the initial phases of a supply disruption. 

•  The shock results in very high gas prices, especially in 2025. The impact on electricity prices is much more 

modest, driven by the switch to secondary fuel for power generation (which is a more expensive than the 

primary fuel) and higher imports. 

Gas market impacts 

Severe price impacts are observed in the gas market, as shown in Figure 4.23. The largest impacts occur in 2025 

because gas demand is higher than in 2030, despite Corrib supplying more gas in 2025 compared to 2030.  

Figure 4.23: Impact of the modelled weather events and IC2 outage on day-ahead gas prices within the chosen 

shock period (30th Jan to 28th Feb) relative to Shock Scenario 1  

 

Source: CEPA analysis 

The highest gas prices approach the price level assumed to represent the cost of disruption of gas supplies. This 

implies that the system is very close to being unable to meet all consumer demand. Fewer periods of very high 

prices occur under 2030 Baseline 1, which is explained by lower demand levels. 

Figure 4.24 below shows total gas demand and gas flows during the IC2 outage period in 2025. Gas demand is met 

through a combination of: 

• Import flows from GB utilising the full IC1 capacity reserved for GNI.54  

——————————————————————————————————————————————————— 

54 We assume that Northern Ireland gas demand is served by using the 8.08 mcm/day (90 TWh/day) capacity allocated to 

Northern Ireland on IC1.  
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• Switch to secondary fuel use in power generation.55  

• Use of gas stored in linepack – this is particularly crucial in meeting gas demand during the two-week 

period when the IC2 outage coincides with the weather shock. Available linepack gas is fully utilised by the 

end of the outage period, which means that the system would be operating at minimum pressure limits. The 

total linepack volume assumed to be available for emergencies is 18.6 mcm (207 GWh), which includes 

linepack gas in the Irish onshore system and the other available offshore interconnector.56  

Figure 4.24: Gas flows and total demand during the chosen shock period (30th Jan to 28th Feb) in 2025 

 

Source: CEPA analysis 

During the two-week period in 2025 when the IC2 outage coincides with weather events, linepack withdrawals 

account for up to 9% of daily gas supplies. If some of the assumed linepack was to be unavailable in practice,57 this 

could result in unmet gas demand. These shortages would affect power sector gas demand, which accounts for just 

over half of total gas demand on each day during this period. However, the unavailability of gas to gas-fired 

generation would not necessarily result in a loss of load in the electricity sector, as the shortfall in gas-fired 

generation may be compensated by: 

• switching to secondary fuel; and  

• an increase in electricity imports or reduction in electricity exports.    

We also note that linepack depletion towards minimum operating conditions presents operational risks for the 

network and, therefore, would generally only be considered by GNI as a measure of last resort in an emergency 

situation. In practice, particularly in the presence of uncertainty regarding the length and magnitude of the 

disruption, it is possible that GNI may interrupt gas demand to manage linepack depletion and avoid the network 

reaching minimum operating limits.    

In 2030, there is lower gas demand relative to 2025 and demand can be met by drawing on linepack as there is 

ample headroom. For example, in 2030 under Baseline 1, linepack withdrawals during the shock period are only 3.5 

mcm (39 GWh), compared to the total available linepack volume of 18.6 mcm (207 GWh). 

——————————————————————————————————————————————————— 

55 We note that a switch to secondary fuel use would occur as a result of GNI notifying gas fired power generation units of an 

unavailability of gas. Our assessment focuses on the ability to meet end user energy demand. Therefore, we only consider 

unserved power sector gas demand to have occurred when this leads to unserved demand in the electricity sector.  

56 This is based on information provided to us by GNI and reflects assumptions used in the hydraulic modelling for the 2018 

National Risk Assessment. The value excludes linepack in the Northern Ireland gas transmission network and associated 

interconnectors (Scotland-Northern Ireland Pipeline, South-North Pipeline).  

57 This may happen, for example, if the IC2 outage resulted in the loss of linepack on the sub-sea portion of the IC interconnector 

as well as the onshore pipeline in Scotland.  
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Electricity market impacts 

Figure 4.25 presents the electricity price impacts compared to simulated prices under Shock Scenario 1. An 

increase in electricity prices is observed when the IC2 outage coincides with weather shocks. However, these 

increases are not much greater than the impact of the weather shock alone (i.e., Shock Scenario 1).  

Figure 4.25: Impact of the modelled weather events and IC2 outage on wholesale electricity prices within the 

chosen shock period (30th Jan to 28th Feb) relative to Shock Scenario 1 

  

Source: CEPA analysis 

Figure 4.26 shows the main changes in electricity generation during the shock period relative to Shock Scenario 1. 

These are: 

• A reduction in generation by gas-fired plants 

• An increase in net imports, driven by reduced exports in 2025 and increased imports in 2030, as shown in 

Figure 4.27  

Gas-fired plants reduce output during the weather shock period relative to Shock Scenario 1 because of the lower 

availability of gas supplies and resulting higher prices. Reduced gas availability is mitigated by the switch to using 

secondary fuel stored at gas-fired plants, as shown in Figure 4.28 below. This figure also shows that primary fuel 

(i.e., gas) consumption at power plants is significantly above the level observed in the baseline model runs. This is 

because more gas generation is required to replace variable generation unavailable due to the weather shocks.    
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Figure 4.26: Impact of the modelled weather events and IC2 outage on electricity generation within the chosen 

shock period (30th Jan to 28th Feb) relative to Shock Scenario 1 

 

 

Source: CEPA analysis 

Figure 4.27: Impact of the modelled weather events and IC2 outage on net electricity imports within the chosen 

shock period (30th Jan to 28th Feb) relative to Shock Scenario 1 

  

Source: CEPA analysis 
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Figure 4.28: Impact of the weather events and IC2 outage on secondary fuel consumption within the chosen shock 

period (30th Jan to 28th Feb)  

 

Source: CEPA analysis 

4.3.4. Shock Scenario 4: Full disruption to gas imports from GB (7-day 

outage)  

In this scenario, we assess the impact of a one-week disruption to all pipeline gas imports from GB against normal 

weather conditions.   

Box 9: Shock Scenario 4 – Key findings  

• We find severe disruption to gas consumers in Ireland throughout the shock period. No gas is supplied to 

the power sector during the disruption across all years and baselines. Up to 62% of all non-power sector gas 

demand is unserved during the disruption.  

• The impact on the electricity market is fully mitigated by: 

o High availability of wind generation during this period. 

o Use of secondary fuel stored at gas-fired units.  

o There is no unmet demand in the electricity sector, but this finding depends on the timing and 

duration of the disruption.  

Gas market impacts 

We find that the disruption to all gas import flows from GB has a severe impact on the gas market and results in 

high levels of unserved demand in all seven days of the disruption. The level of linepack available on the onshore 

gas network is unable to make up for the total loss of gas supplies.  

The main impacts are: 

• No gas is supplied to the power sector during the disruption across all years and baselines.  

• A large proportion of non-power sector gas demand, and even protected consumer demand, is unserved in 

each day of the disruption. The proportion of non-power sector demand that is unmet is higher in 2030 

when there is greater reliance on GB imports. On average, 49% of all non-power sector demand is 

unserved in 2025. This goes up to 54% in 2030 under Baseline 1 and 62% under Baseline 2. 

• A material proportion of protected consumer demand is unserved in each day of the disruption. On 

average, 19% of daily protected consumer demand is unserved in 2025. This goes up to 25% in 2030 

under Baseline 1 and 39% under Baseline 2. 

Unserved gas demand and the value of this unserved demand are summarised in Table 4.7 below. 
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Table 4.7: Impact of the full disruption to pipeline gas imports on unserved gas demand within the chosen shock 

period (6th Feb to 12th Feb) 

Impact of the disruption on the 

value of unserved gas demand 

2025 Baseline 1 Baseline 2 

Unserved 

demand 

(GWh) 

Protected 87.0 GWh 88.1 GWh 170.5 GWh 

I&C 265.6 GWh 225.5 GWh 266.0 GWh 

PS (to meet 

unserved electricity) 

0 GWh 0 GWh 0 GWh 

Unserved 

demand 

(%) 

Protected 19% 25% 39% 

I&C 100% 100% 100% 

PS (to meet 

unserved electricity) 

58 

0% 0% 0% 

Value of 

unserved 

demand 

(€m) 

Protected €10.3m €10.4m €20.1m 

I&C €28.4m €24.1m €28.5m 

PS (to meet 

unserved electricity) 

€0.0m €0.0m €0.0m 

Total €38.7m €34.5m €48.6m 

 

Source: CEPA analysis 

As shown in Table 4.7 above, we find significant disruption to both protected and I&C consumers. Using the 

assumptions of gas VoLL set out in Section 4.1.1, we estimate that the value of unserved demand equates to €34.7 

million in 2025, and between €34.5 million and €48.6 million in 2030. 

However, as outlined in Section 4.1.1, we consider that the value of avoiding unserved protected demand may 

extend beyond the disruption period. For example, we understand that there may be significant lead times 

associated with re-connecting residential consumers to the gas network following a widespread disruption.  

Electricity market impacts 

The disruption of GB gas imports for seven days has a more limited impact on the wholesale electricity market. This 

is largely because: 

• The disruption occurs during a period of relatively high wind availability. This means that the unavailability 

of gas for gas-fired generation is not an issue in many periods.  

• In periods when wind generation is low(er), electricity demand is met by higher net imports and by gas-fired 

plants running on secondary fuel.   

Our findings related to the electricity market need to be considered within the context of our assumptions about: 

• The timing of the disruption – we assumed a disruption during winter months, which represent peak 

demand conditions for the gas system. However, winter months are also likely to be windier, which can help 

to mitigate some of the impacts on the electricity sector. The disruption of GB gas imports on the electricity 

system could be more severe if the disruption occurred during a low-wind and low-temperature period.  

• Duration of the disruption – the results suggest that a short disruption of GB gas imports can be mitigated 

with secondary fuel stored at gas plants. Most gas-fired plants in the SEM are required to store secondary 

fuel to allow for up to five days of generation at full capacity. Given that these plants may not be required to 

run at full capacity during the disruption (because of high wind generation, for example), they could provide 

——————————————————————————————————————————————————— 

58 We assume that power sector gas demand is unmet only if there is unmet electricity demand. If electricity demand can still be 

met through other sources (e.g., switching to secondary fuel), then we assume there is no unserved demand in the power 

sector. 
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back-up for more than five days. To test this, we explore the impacts of a longer disruption in Shock 

Scenario 5. 

Figure 4.29Figure 4.29 shows the impact of the disruption on wholesale electricity prices. While prices increase 

significantly on some days compared to the baseline, these prices are lower than observed in some of the other 

shock scenarios.  

Figure 4.29: Impact of the full disruption to pipeline gas imports on wholesale electricity prices within the chosen 

shock period (6th Feb to 12th Feb) 

 

Source: CEPA analysis 

Figure 4.30 shows the changes in electricity generation during the disruption of GB gas imports, relative to the 

baseline. The main changes are a decrease in CCGT and OCGT generation which coincides with an increase in net 

imports (shown in Figure 4.31). There is little change in generation in the middle of the disruption period because 

these are very windy days when most or all of the demand is met through wind and other renewable generation 

sources.  

Figure 4.30: Impact of the full disruption to pipeline gas imports on electricity generation within the chosen shock 

period (6th Feb to 12th Feb) 

 

  

Source: CEPA analysis 
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Figure 4.31: Impact of the full disruption to pipeline gas imports on net electricity imports within the chosen shock 

period (6th Feb to 12th Feb) 

 

Source: CEPA analysis 

Figure 4.32Figure 4.32 shows secondary fuel consumption at gas-fired plants during the disruption of GB gas 

imports. Secondary fuel consumption is the highest on 11th February, which is also the day with the highest daily 

average electricity price.  

Figure 4.32: Impact of the full disruption to pipeline gas imports on secondary fuel consumption within the chosen 

shock period (6th Feb to 12th Feb) 

 

Source: CEPA analysis 

4.3.5. Shock Scenario 5: Full disruption to gas imports from GB (30-day 

outage)  

In this scenario, we assess the impact of a 30-day disruption to all pipeline gas imports from GB against normal 

weather conditions. The disruption is assumed to last from 14 January to 12 February. This period was chosen 

because, based on historical data, average onshore and offshore wind capacity factors during these 30 days are 

similar to average capacity factors over the winter months (December to February). Otherwise, this shock scenario 
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contained the same general set of assumptions as Shock Scenario 4.  The assessment differs only with respect to 

the duration of the outage of GB gas imports. 

Box 10: Shock Scenario 5 – Key findings  

• We find severe disruption to gas consumers in Ireland throughout the shock period. We find that no gas is 

supplied to the power sector during the disruption across all years and baselines. We find that up to 74% of 

all non-power sector gas demand is unserved during the disruption.  

• We find a large impact on the electricity sector, especially during the periods when wind generation is low. 

We find unserved electricity demand in 2025 and in both Baseline 1 and Baseline 2 in 2030.  

• The impact on the electricity consumers is mitigated by an increase in imports and the use of secondary fuel 

by gas-fired power stations. However, we find that secondary fuel reserves are insufficient to secure 

electricity supply over an extended disruption to gas imports from GB.  

Gas market impacts 

We find that the disruption to all gas import flows from GB has a severe impact on the gas market and results in 

high levels of unserved demand in all 30 days of the disruption. 

The main impacts are as follows: 

• No gas is supplied to the power sector during the disruption across all years and baselines.  

• A large proportion of non-power sector gas demand is unserved in each day of the disruption. 61% of non-

power sector demand is unmet during the disruption in 2025. This proportion is higher in 2030 when there 

is greater reliance on gas imports from GB. During the disruption, 68% of non-power sector demand is 

unmet in 2030 under Baseline 1 and 74% of non-power sector demand is unmet in 2030 under Baseline 2. 

• A significant proportion of protected consumer demand is unserved in each day of the disruption. On 

average, 37% of daily protected consumer demand is unserved in 2025. This goes up to 48% in 2030 

under Baseline 1 and 58% under Baseline 2. 

The impacts on unserved gas demand and the value of unserved demand are summarised in Table 4.8 below.  

Table 4.8: Impact of the full disruption to pipeline gas imports on unserved gas demand within the chosen shock 

period (14th Jan to 12th Feb) 

Impact of the disruption on the 

value of unserved gas demand 

2025 Baseline 1 Baseline 2 

Unserved 

demand 

(GWh) 

Protected 736.3 GWh 732.9 GWh 1,092.6 GWh 

I&C 1,177.0 GWh 998.8 GWh 1,178.7 GWh 

PS (to meet 

unserved electricity) 

713.9 GWh 5.6 GWh 2.2 GWh 

Unserved 

demand 

(%) 

Protected 37% 48% 58% 

I&C 100% 100% 100% 

PS (to meet 

unserved electricity) 

100% 100% 100% 

Value of 

unserved 

demand 

(€m) 

Protected €86.9m €86.5m €128.9m 

I&C €125.9m €106.9m €126.1m 

PS (to meet 

unserved electricity) 

€4,396.2m €34.3m €13.6m 

Total €4,609.0m €227.7m €268.6m 

Source: CEPA analysis 

As shown in Table 4.8 above, the most significant impacts are in 2025 when there are significant shortfalls in the 

volume of gas required to mitigate unserved demand in the electricity sector. Using the assumptions of gas VoLL 
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set out in Section 4.1.1, we estimate that the value of unserved demand equates to €4,609.0 million in 2025, and 

between €227.7 million and €268.6 million in 2030. 

Electricity market impacts 

The 30-day disruption of gas imports from GB has a significant impact on the wholesale electricity market, in 

contrast with the 7-day disruption which had a more limited and manageable impact. This difference is driven by 

the timing and duration of the disruption. The 7-day disruption of gas imports from GB (Shock Scenario 4) occurred 

during a period of high wind availability, mitigating the unavailability of gas for electricity generation in many 

periods. In contrast, the 30-day disruption includes periods of both high and low wind availability. As such, the loss 

of gas-fired generation becomes a more significant issue in periods when wind availability is low.  

We observe periods of unserved electricity demand across all years and baselines. In 2025, we find 389.0 GWh of 

unserved electricity demand. In 2030, we find 3.0 GWh of unserved electricity in Baseline 1 while we find 1.2 GWh 

of unserved electricity demand in Baseline 2. The lower impacts observed in 2030, despite higher electricity 

demand, are primarily due to:  

• Increased RES generation coupled with additional battery storage which increases available generation in 

periods when RES capacity factors are moderate to high and therefore allows batteries and other storage 

systems (as well as secondary fuel stocks) to be used when most needed, i.e., in times of peak demand 

and/or low-RES availability.  

• An additional 1.2 GW of import capacity from the Celtic and Greenlink interconnectors.  

In addition, the higher onshore wind capacity assumed under Baseline 1 relative to Baseline 2 has a positive impact 

on security of supply during the 30-day disruption by increasing onshore wind generation, and indirectly, by 

increasing the peak time availability of energy storage and secondary fuel stocks for gas-fired generators. However, 

this additional availability of generation resources is outweighed by the additional levels of electricity demand that 

are assumed under Baseline 1 relative to Baseline 2. 

We show the impact of this disruption on electricity prices in Figure 4.33. The wholesale marginal price reaches the 

assumed VoLL level in a number of periods in 2025 and in both scenarios in 2030.  

Figure 4.33: Impact of the full disruption to pipeline gas imports on wholesale electricity prices within the chosen 

shock period (14th Jan to 12th Feb) 

Source: CEPA analysis 

Figure 4.34 shows the changes in electricity generation during the 30-day disruption relative to the baseline. The 

main changes are a decrease in CCGT and OCGT generation and an increase in net imports (also shown in Figure 

4.35). We find that imports provide a key mitigation against the severity of the impact of the disruption on the 
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electricity market. Over the disruption period, SEM is importing at maximum capacity 86% of the time in 2025. In 

2030, when two new interconnectors are available, SEM import capacity is fully utilised 30% of the time under 

Baseline 1, and 32% of the time under Baseline 2.  

Figure 4.34: Impact of the full disruption to pipeline gas imports on electricity generation within the chosen shock 

period (14th Jan to 12th Feb) 

Source: CEPA analysis 

Figure 4.35: Impact of the full disruption to pipeline gas imports on net electricity imports within the chosen shock 

period 14th Jan to 12th Feb)  

 

Source: CEPA analysis 

Figure 4.36 shows secondary fuel consumption at gas-fired plants during the 30-day disruption. Secondary fuel 

burn is particularly high over the first half of the disruption period, which enables the energy system to avoid 

instances of large unserved electricity demand. However, by the second half of the disruption period secondary fuel 

consumption reserves are largely depleted. This result is particularly striking in 2025. As secondary fuel reserves 

are depleted, generators are unable to switch fuel and meet electricity demand, albeit in the 2030 scenarios partial 

mitigation is provided by additional RES generation, storage and import capacity.  
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Figure 4.36: Impact of the full disruption to pipeline gas imports on secondary fuel consumption within the chosen 

shock period (6th Feb to 12th Feb) 

 

Source: CEPA analysis 

With the support of GNI, CEPA has carried out analysis of the security of supply shock resulting from a full 

disruption to gas pipeline imports from GB to Ireland. This contains sensitive information and has been provided to 

DECC on a confidential basis. 

4.4. SUMMARY OF CONCLUSIONS FROM CORE SHOCK SCENARIO MODELLING 

Based on our modelling of Shocks 1-5, the Irish market remains physically secure against all but the most extreme 

of shock events analysed. Under Shock Scenario 3, we tested security of gas and electricity supplies against a 30-

day N-1 event (the loss of IC2) combined with a coincident two-week ‘1-in-20’ cold spell and physical security of 

supply remains intact. In practice, it is possible that GNI may need to disrupt some customer demand under such a 

scenario to avoid breaching minimum operating limits resulting from use of system linepack. However, based on 

our modelling, we would expect such impacts to be relatively limited and would not expect protected customers to 

be affected. 

In our modelling, unserved gas demand is only observed in the presence of a full disruption of both the IC1 and IC2 

pipelines used for imports from GB, going beyond an N-1 scenario. A seven-day outage of both pipelines (Shock 

Scenario 4) leads to disruption of supplies to customers, including protected gas customers. Not surprisingly, a 

similar shock lasting 30 days (Shock Scenario 5) leads to a disruption of gas customers, including protected 

customers over a longer period.  

Electricity consumers are protected through a combination of relatively high wind output and switching of gas-fired 

power stations to secondary fuel under Shock Scenario 4. While secondary fuel helps to mitigate the impacts of 

Shock Scenario 5, secondary fuel stocks are eventually exhausted, thus leading to some disruption of electricity 

supplies. In practice, the time needed for power stations to switch fuel may exacerbate gas and electricity supply 

challenges in the initial phases of a supply disruption. 

While not the focus of our modelling, we do experience some impacts on wholesale gas and electricity prices. While 

no physical disruption is observed under Shock scenarios 2 and 3, we observe electricity and gas price rises. Price 

rises are likely to be significant under Shock scenarios 4 and 5 ahead of disruption of physical gas supplies. Under 

Shock Scenario 5, we also experience significant electricity price rises in the presence of unserved demand.  

Since carrying out analysis of Shocks 1-5, Russia has invaded Ukraine. DECC subsequently requested that we 

undertake further technical analysis of the impact of a full suspension of all Russian pipeline exports of natural gas 

to European markets on Irish security of supply. We explore this in Section 5. 
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5. EXTENSION: ASSESSMENT OF A DISRUPTION TO RUSSIAN 

PIPELINE GAS SUPPLIES 

We discuss our assessment of the impact of a disruption to Russian pipeline gas exports to Europe on Ireland’s 

electricity and natural gas systems in this section. 

5.1. MODELLING ASSUMPTIONS 

Baseline assumptions 

We model the disruption of Russian natural gas pipeline exports to Europe in the 2025 spot year. This choice 

enables an appraisal of the impact of a severe supply disruption to European gas supplies in the near term – before 

significant levels of offshore wind is developed in Ireland and before new interconnection to GB and France is 

added. 

A key uncertainty surrounding this assessment lies in the baseline assumptions against which the disruption to 

Russian gas supplies is assessed. For example, countries across Europe have announced a range of new energy 

security measures (including new LNG import capacity and additional renewable generation) in response to the 

ongoing conflict in Ukraine. The European Commission has also issued a range of new policies, including 

accelerating the roll-out of renewable energy; a reduction in energy imports from Russia; and energy efficiency 

measures designed to reduce total energy consumption.59 These policies are intended to mitigate the impact that a 

disruption to gas supplies from Russia may have on the energy system; however, the impact these policies will have 

on the baseline scenario in the near term remains uncertain. 

Facing this uncertainty, we consider that the 2025 baseline assumptions set out in Section 4.1 remain a suitable 

baseline scenario. The Ukraine crisis is likely to accelerate the transition of the Irish electricity and gas sectors, 

which will support the delivery of the ambitious targets set out within the CAP. However, we consider it unlikely that 

even an accelerated transition can go significantly beyond this trajectory by 2025. Similarly, we consider that the 

Ukraine crises will drive an evolution of energy policy across Europe. However, the final makeup of this response is 

still highly uncertain at the point of us writing this response. Therefore, we have not attempted to introduce our own 

assumptions regarding how national policy across Europe will develop and what impact it may have on the energy 

sector fundamentals. 

For the above reasons, we modelled the disruption of Russian pipeline natural gas exports to Europe under the 

same set of key 2025 baseline assumptions described in Section 4.1. Consequently, we assume no change to 

baseline electricity or gas demand or to the level of installed electricity generation capacity across Europe.60  

Nonetheless, we do consider that a small number of adjustments are required. These updates are described in 

Table 5.1 below.  

——————————————————————————————————————————————————— 

59 European Commission (2022) REPowerEU: A plan to rapidly reduce dependence on Russian fossil fuels and fast forward the 

green transition, available on ec.europa.eu 

60 For example, we have not accounted for Germany’s decision to temporarily bring back up to 10 GW of coal-fired generation in 

response to the crises in Ukraine. 

https://ec.europa.eu/commission/presscorner/detail/en/IP_22_3131
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Table 5.1: Updates to the 2025 baseline for the purposes of modelling the disruption to Russian pipeline gas 

supplies 

Assumption Justification for change 

Gas storage 

levels 
• All European gas storage facilities are 80% full at the start of December. 

• This assumption reflects a conservative application of the European Commission’s proposal 

for EU gas storage to be filled to 80% of capacity by November 1 of 2022 and to 90% of 

capacity by November 1 each year from 2023.61  

Electricity 

sector VoLL 
• We set an identical electricity VoLL62 for all electricity consumers across all countries 

included in our pan-European market model. 

• This adjustment ensures that constrained electricity supplies do not systematically flow to 

any one country in Europe due to variations the VoLL between countries in Europe. 

Gas sector 

VoLL63 
• We also set an identical gas VoLL for each tranche of gas consumer across all European 

countries included in our global gas market model. This adjustment results in allocation of 

gas across European markets is primarily determined by transportation costs and 

infrastructure capacity constrained. 

• Similar to our adjustment to the electricity VoLL, this adjustment ensures that constrained 

gas supplies do not systematically flow to any one European country due to variations in the 

VoLL. 

• We set a VoLL of €114/MWh for all industrial gas consumers and a VoLL of €191/MWh for all 

protected gas consumers across all European countries. These values are based on our 

review of wholesale market prices observed across Europe at the time of writing this 

report.64 

Source: CEPA analysis 

Technical assumptions surrounding the disruption to Russian gas supplies 

In agreement with DECC, we made the following assumptions to underpin this assessment: 

• All pipeline exports of natural gas from Russia to continental Europe are disrupted. This means that no 

pipeline gas can flow from Russia to Germany, Ukraine, Finland, Latvia, or Estonia.  

• One route for Russian pipeline gas to Europe is through Belarus. As such, we also assume that all pipeline 

exports of natural gas from Belarus to continental Europe are also disrupted. This means that no pipeline 

gas can flow through Belarus to Ukraine, Poland, or Latvia. 

• We consider that even in the presence of a full disruption of Russian gas exports to Europe, the majority of 

Russian LNG exports would continue to access global gas markets from existing Russian export facilities.  

• We assume that Russia does not commission any new LNG export terminals that are intended for the EU 

market by 2025 and that are not already a late stage of development.65 We consider that delivering this 

capacity may be challenging in the context of ongoing Western sanctions against Russia. 

——————————————————————————————————————————————————— 

61 European Commission (2022) Proposal for a Regulation of the European Parliament and of the Council, available on eur-

lex.europa.eu 

62 We set the VoLL to just over €25,000 / MWh-e. This is based on the highest electricity sector VoLL recorded in the study on 

the estimation of the value of lost load of electricity supply in Europe, ACER, 2018. Link 

63 We note that wholesale gas prices in Europe have fluctuated around €100 / MWh between February and June 2022. A 

maximum price of €211 / MWh in this period was recorded on March 7, 2022. Values based on Dutch TTF Gas Futures, 

accessed on the ice.com 

64 For example, European industrial gas demand may have reduced by up to 20% in Q1 2022 relative to the same period in 2021 

in response to the high prices observed in the wake of Russia’s invasion of Ukraine. Over the same period, household gas 

demand may have fallen by 5%. See europeangashub.com 

65 Russia is planning to develop four additional LNG export terminals by 2025:  Arctic LNG 2 – T1, T2 & T3, and Portovaya. We 

assume that Artic LNG 2 T2, T3 and Portovaya will not be delivered by this date. We assume that Arctic LNG 2 – which is 

already at a late stage of development – will be delivered as planned. 

https://eur-lex.europa.eu/resource.html?uri=cellar:2f3116bc-aaa3-11ec-83e1-01aa75ed71a1.0001.02/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:2f3116bc-aaa3-11ec-83e1-01aa75ed71a1.0001.02/DOC_1&format=PDF
https://nra.acer.europa.eu/en/Electricity/Infrastructure_and_network%20development/Infrastructure/Documents/CEPA%20study%20on%20the%20Value%20of%20Lost%20Load%20in%20the%20electricity%20supply.pdf
https://www.theice.com/products/27996665/Dutch-TTF-Gas-Futures/data?marketId=5387641&span=3
https://www.europeangashub.com/european-gas-demand-destruction-continues.html
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• There are no restrictions on other pipeline exports from Russia. This means that Russia can continue to 

export natural gas via pipeline to Belarus, Turkey66, China, and to other parts of Central Asia and the South 

Caucasus. 

• Our scope was limited to global gas modelling. We therefore do not model any disruption to global supplies 

of other energy sources – e.g., of coal or oil.67  

Assumptions regarding the security of supply response 

Another key uncertainty surrounding this assessment lies in the differing responses that countries could take when 

faced with security of supply impacts of a Russian gas disruption. We explore the potential for different responses 

through a range of sensitivities. 

In the event of there being insufficient gas supplies to meet demand, we would expect all countries to prioritise 

available supplies for protected customers. Any remaining gas supplies could then be prioritised for either industrial 

gas consumers or for electricity power stations, therefore impacting on electricity consumers. In practice, Ireland 

retains full discretion over which consumer groups in Ireland get constrained first in the event of a gas shortage. 

To account for this uncertainty, we have modelled a central scenario (Shock Scenario 6) alongside four 

sensitivities. The assumptions underpinning each scenario/sensitivity included in this report is shown in Table 5.2 

below.  

——————————————————————————————————————————————————— 

66 This means that some Russian natural gas exports may find its way into Europe via pipeline through Turkey. Our modelling 

suggests that up to 6 bcm (67 TWh) of Russian natural gas may flow into Europe via Turkey. We consider that this may be 

realistic given the practical difficulties associated with isolating Russian pipeline gas to Europe along this route. 

67 We note that the range of sanctions adopted by the European Union in April 2022 means that all imports of Russian coal must 

be discontinued by August 2022. 
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Table 5.2: Assumptions underpinning the Shock Scenario 6 

Modelling scenario Description 

Shock Scenario 6 

(Central scenario) 

• We model the allocation of gas supplies based on transportation costs and network 

constraints across Europe. 

• We assume that the disruption impacts on consumer groups according to the 

following prioritisation. 

o Protected gas consumers in each country are afforded the highest priority 

when faced with limited gas supplies.  

o After protected demand is met, we assume that avoiding physical 

disruption to electricity consumers is prioritised. As such, remaining gas 

supplies are prioritised for the power sector up to the point at which all 

instances of physical disruption to electricity consumers are avoided. 

o Any leftover gas remaining in each country that is not needed to meet 

protected gas demand or to meet electricity consumption is provided to 

industrial and commercial (I&C) consumers. 

o If all I&C demand is also met, we assume that remaining gas supplies can 

be provided to the power sector to mitigate market impacts – e.g., impacts 

on the wholesale price. 

Sensitivity analysis 

Sensitivity A  

(‘Pain-sharing’ among 

European Gas 

consumers) 

• We maintain the order of prioritisation included in the central scenario. 

• We assume that unserved industrial gas demand is distributed proportionately 

across Europe – i.e., that gas is shared on a non-market basis such that the 

percentage level of unserved industrial gas demand is the same for all countries.  

• This sensitivity follows a similar philosophy to the EU ‘Solidarity Principle’68 which 

exists for protected consumers. 

Sensitivity B  

(Higher priority for GB 

industrial gas 

consumers relative to 

the rest of Europe) 

• We assume that GB actively prioritises demand from their own industrial gas 

consumers above industrial consumers across the rest of Europe (including 

Ireland). 

• We construct this sensitivity by applying a VoLL for GB industrial gas consumers 

that is 7% above the industrial gas VoLL that is set for all other European markets 

(including Ireland). 

• Under this sensitivity, GB will only export its own gas supplies once it has avoided 

any disruption to its own customers completely. 

Sensitivity C  

(Lower priority for 

industrial gas 

consumers in Ireland 

relative to the rest of 

Europe) 

• We model a ‘worst case scenario’ in which Irish industrial gas consumers fall to the 

bottom of the merit order when competing for gas supplies with other European 

industrial gas consumers. 

• We construct this sensitivity by applying a VoLL for Irish industrial gas consumers 

that is 7% below the industrial gas VoLL that is set for all other European markets.  

• In practice, we do not envisage this scenario materialising. Nonetheless it helps to 

illustrate the maximum potential impact on physical supplies of gas to Ireland.  

Sensitivity D 

(Higher priority for 

industrial gas 

consumers relative to 

electricity consumers) 

• We assume that the demand of industrial gas consumers is prioritised ahead of 

electricity consumers. 

• We construct this sensitivity by reallocating daily flows of gas available to each 

country (as observed under the Shock Scenario 6 above) away from the power 

sector and to industrial consumers. If industrial demand is fully satisfied, we 

assume that the power sector continues to consume the remaining volume of gas. 

Source: CEPA analysis 

5.2. SHOCK SCENARIO 6: DISRUPTION TO RUSSIAN PIPELINE GAS EXPORTS TO EUROPE 

In this section, we outline our assessment of the impact of a supply disruption to Russian pipeline gas exports to 

Europe.  
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5.2.1. Central scenario 

We assess the impact of a disruption of Russian pipeline gas supplies under the central scenario outlined in Section 

5.1 above. 

Box 11: Shock Scenario 6 – Key findings  

• We do not find any physical impacts on protected gas consumers. 

• We find that European gas consumption from industry and from the power sector falls by 689 TWh (23%) 

during the disruption year. However, we find that the power sector can avoid all instances of unserved 

electricity demand through fuel switching and supported by electricity imports into North-West Europe (e.g., 

from Spain and Poland).  

• We find that the diversified supply mix in GB and its importance as an EU gas hub mitigates Ireland from the 

most severe impacts. However, we find that Irish industrial gas consumption falls by 1.1 TWh (12%) relative 

to the baseline counterfactual. 

Global impacts 

As shown in Figure 5.1, we observe a reduction in Russian gas exports of 139 bcm (1,544.3 TWh) (c. 50%) relative 

to the baseline. This reduction is made up of a total suspension of pipeline exports of natural gas to Europe as well 

as a fall in pipeline exports through Belarus.69 We find that Russia increases exports to China and Turkey, and it can 

find a route to market for some of the lost pipeline exports through an increase of 24 bcm (266.6 TWh) in LNG 

exports to global markets. 

Figure 5.1: Impact of the disruption on exports of Russian gas exports under the central scenario (Shock Scenario 

6, 2025) 

 

Source: CEPA analysis 

Our assessment framework assumes that global gas production is operating at maximum capacity in the baseline. 

As such, we do not observe any supply-side mitigation against the disruption – e.g., natural gas production in the 

USA or Norway does not increase in response to the supply shock. However, we observe that production in Russia 

falls by 64 bcm (711 TWh) (9%) in the shock scenario due to the lack of export opportunities.  

——————————————————————————————————————————————————— 

68The Solidarity Principle requires that EU countries cooperate to ensure that the most vulnerable consumers continue to have 

access to gas supplies, even in challenging crises conditions. Information available on Europa.eu 

69 Russia exports natural gas to Europe by pipeline via Belarus. As such, shutting off flows to Europe from Belarus means that 

Russian exports of natural gas falls to a level required to satisfy domestic Belarussian demand only. 

https://energy.ec.europa.eu/topics/energy-security/secure-gas-supplies_en#solidarity-arrangements
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As there is little scope for gas supply disruptions to be mitigated by increased global production, much of the 

impact of the disruption must be absorbed by demand. As shown in Figure 5.2 below, we find that the disruption 

causes a reduction in global gas consumption. The only exception is Russia itself which now consumes additional 

volumes of gas which cannot be exported. As expected, the most severe impacts on consumption are observed in 

Europe.  

Figure 5.2: Impact of the disruption on global consumption under the central scenario (Shock Scenario 6, 2025) 

 

 

Source: CEPA analysis 

Overall, European consumption of natural gas falls by 61 bcm (678 TWh) (15%) relative to the baseline scenario. 

We discuss how this reduction is distributed across Europe below. 

Distribution of impacts across European gas consumers 

We assume that the impact on European gas consumers is transmitted according to the prioritisation set out in the 

central scenario in Section 5.1. 

As shown in Figure 5.3 below, we find that European gas supplies during the shock are sufficient to meet all 

protected gas demand across Europe. However, we find that combined gas consumption by the European power 

sector and industry falls by 689 TWh (62 bcm) (23%).   

Figure 5.3: Impact of the disruption on European gas flows under central scenario (Shock Scenario 6, 2025) 

 

Source: CEPA analysis 

We separately discuss the impacts on gas markets and electricity markets in the sections below. 
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Electricity market impacts 

Under our central scenario, we assume that European gas supplies (after meeting protected demand) are 

prioritised for the power sector to avoid all instances of unserved electricity demand. We find that this can be 

achieved despite an aggregate reduction of 444 TWh of demand by the European power sector (see Figure 5.3 

above). This finding is primarily70 due to the fuel-switching flexibility available to the power sector. 

In line with our approach to model a gas-only supply shock (i.e., global coal and oil supplies are unaffected in the 

shock scenario), we find that coal and oil71 generation can provide an additional 140 TWh to Northwest Europe (see 

Figure 5.4 below). In practice, this additional flexibility could also be provided by other technologies which are not 

modelled flexibly within our assessment framework.72 Energy efficiency measures and demand side response 

(DSR) could reduce some the need for fuel switching in the energy sector further.  

Figure 5.4: Impact of the disruption on electricity dispatch in NW Europe under central scenario (Shock Scenario 6, 

2025) 

 
Source: CEPA analysis 

We find a similar impact on the electricity market in Ireland. While gas-fired generation falls by 2.7 TWh over the 

year, we do not find any instances of unserved electricity demand in the SEM. This finding is also driven fuel-

switching and by reduction in net electricity exports: 

• Oil generation provides an additional 0.9 TWh over the disruption year, and in particular during the winter 

months. This mitigates 33% of the total reduction in gas-fired generation during the supply shock. We do 

not model any coal-fired generation in the SEM in 2025. 

• We find that net exports to GB through the Moyle and EWIC interconnectors fall by 1.8 TWh over the 

disruption year. Net exports on EWIC fall by 1.0 TWh while net exports on Moyle fall by 0.8 TWh. The 

reduction in net exports mitigates the remaining 66% of the reduction in gas fired generation across the 

year. 

We have not quantitatively assessed the impact of the supply disruption on the wholesale electricity price in the 

SEM. Our modelling focused on identifying the physical impacts of the disruption to Russian gas supplies only. 

However, we note that this scenario is designed to provide just enough gas to the power sector to avoid physical 

——————————————————————————————————————————————————— 

70 We also find higher imports from connected markets outside of Northwest Europe which are not endogenously modelled 

within our electricity market model. For example, we find more imports from markets like Spain and Poland. We consider this 

finding to be broadly consistent with the high levels of LNG capacity in Spain (and thus lower direct energy dependence on 

Russian exports) and the high levels of coal-fired generation available in Poland. 

71 Note, that we have not assessed the impact of European sanctions (current and future) on Russian exports of coal and oil. 

Reduced coal or oil supplies in Europe may reduce some of the flexibility we observe in the power sector which allow for a 

switch away from gas-fired generation. 

72 For example, an additional 25 GW of nuclear or biomass capacity across Europe could potentially replace all additional coal 

generation observed during the shock.  
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disruptions to electricity supply. As such, we would expect the wholesale electricity price to rise and potentially start 

to approach the electricity VoLL.  

Gas market impacts 

Under our central scenario we assume that gas is supplied to industrial consumers only after meeting protected 

and power sector demand.  

We find that 242 TWh (12.8%) of European industrial gas demand is unmet across the disruption year.73 As shown 

in Figure 5.5, we find that the most severe impacts are concentrated in Central and Eastern Europe. For example, 

I&C gas consumption falls by 51 TWh (50%) in Poland while I&C gas consumption falls by 38 TWh (9%) in 

Germany. By comparison, we find that unmet industrial gas demand amounts to less than 2.2 TWh (1%) in France 

and GB. Industrial gas consumption in Ireland falls by 1.3 TWh (10%) across the disruption year. 

Figure 5.5: Impact of the disruption on European I&C gas consumption under central scenario (Shock Scenario 6, 

2025) 

 

Source: CEPA analysis 

Our observation is driven by the changing patterns of gas supplies across Europe during the Russian supply shock.  

• In our baseline scenario, large volumes of gas entered Europe from Russia before being distributed across 

Europe through the onshore pipeline network to western markets. As such, European gas flows can be 

described as generally flowing from east to west. 

• In the disruption scenario, pipeline gas no longer enters Europe from Russia. Instead, we see that the entry 

points in western and southern Europe become more significant. For example, we see pipeline gas entering 

Europe from Turkey while increased LNG supplies enter Europe through GB and Spain. As such, the 

countries that were located near the end of the gas transmission chain that started with Russia in the 

baseline scenario, now find themselves located nearer to key gas entry hubs under the shock scenario.  

• This explains why we find more severe impacts in Central and Eastern Europe under the disruption 

scenario. Countries such as Poland are located near the end of the gas transmission routes while countries 

such as Ireland become closer to the predominant supply hubs. 

In line with the above, we find that Ireland’s proximity to GB – and the diversified supply mix available to GB – 

provides an additional degree of protection to Irish consumers against the Russian supply shock. 74 While we 

observe that pipeline imports from Norway reduce due to competition with European markets, GB is able to 

continue to source its gas through a mix of domestic production and an increase in imports of global LNG supplies 

throughout the disruption year.  

——————————————————————————————————————————————————— 

73 This finding is broadly consistent with current evidence. For example, European industrial gas demand reduced by close to 

10% in response to the Russian invasion of Ukraine. We could expect a larger impact should there be a total disruption of all 

pipeline gas exports from Russia to Europe. Source: Demand response data from europeangashub.com 

74 We note that this finding is consistent with a 2017 study by BEIS into GB’s gas security of supply. BEIS (2017) Gas Security of 

Supply: A strategic Assessment of Great Britain’s Gas Security of Supply, available on gov.uk. 

https://www.europeangashub.com/european-gas-demand-destruction-continues.html
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/770450/gas-security-supply-assessment.pdf
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Figure 5.6: Gas import flows to GB during the disruption year under central scenario (Shock Scenario 6, 2025) 

 

Source: CEPA analysis 

GB can import additional volumes of LNG from global markets which it can then export via pipeline to Ireland, 

Northern Ireland, and to Europe. For example, we find that GB is exporting pipeline gas to continental Europe at 

maximum capacity throughout most of the disruption year. This finding is consistent with the view of the Irish 

National Preventive Action Plan for Gas (2018 – 2022)75 which concluded that Ireland’s proximity to the GB market 

mitigated the risk of a major disruption to Irish natural gas supplies as a result of a shock to Russian exports to 

Europe. 76 

5.2.2. Sensitivity A: Pain-sharing amongst European industrial gas 

consumers 

Box 12: Sensitivity A – Key findings  

• Under this sensitivity, we find that 12.8% of industrial gas demand is unmet across Europe. Relative to the 

central scenario (Section 5.2.1), this sensitivity results in gas supplies being reallocated towards Central and 

Eastern European markets. 

• Overall, we find that Irish industrial gas consumption falls by 0.3 TWh (3%) relative to the Central Scenario. 

We previously noted that the most severe impact of the disruption to Russian pipeline exports of natural gas were 

concentrated in Central and Eastern Europe.  

Reallocating available gas supplies across Europe such that all countries suffer the same proportionate impact on 

industrial demand results in more gas flowing towards Central and Eastern European markets. Relative to Shock 

Scenario 6, we find that industrial demand in GB falls by 21 TWh, while industrial demand in Poland increases by 39 

TWh (see Figure 5.7). 

——————————————————————————————————————————————————— 

75 CRU (2018) National Preventive Action Plan – Gas (2018-2022), available on Europa.eu 

76 However, we note that new LNG import facilities developed in continental Europe may reduce GB’s role as an LNG import hub 

during the supply shock. This in turn may reduce Ireland’s access to global supplies of LNG flowing through GB to other markets 

in Europe. 

https://ec.europa.eu/energy/sites/default/files/documents/npap_ireland_2018_.pdf
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Figure 5.7: Change in gas consumption of I&C consumers under Sensitivity A relative to the central scenario 

(Shock Scenario 6, 2025) 

 

Source: CEPA analysis 

We find that this reallocation has a small impact on the absolute level of industrial gas consumption in Ireland. We 

find that Irish industrial gas consumption falls by 0.3 TWh (3%) from 11.3 TWh to 11.0 TWh relative to the main 

Shock Scenario 6. 

5.2.3. Sensitivity B: Higher priority for GB industrial gas consumers 

Box 13: Sensitivity B – Key findings  

• Under this sensitivity, we find that unserved industrial demand in GB falls from 1.1 TWh (1%) to 0 TWh (0%). 

In response, we find that industrial gas consumption across Europe falls by a proportionate amount. 

• However, we find no material impact on Irish industrial consumers under this sensitivity. The most severe 

impacts are concentrated in Central and Eastern Europe. 

In the central scenario (Section 5.2.1), we found that GB was able to meet almost all domestic gas demand while 

also acting as an LNG import hub for the rest of Europe. We also found that Ireland’s proximity to GB helped 

mitigate Irish gas consumers against the most severe impacts of the supply shock. 

As the impact on GB was already limited under the central scenario, we find that placing extra priority on serving 

industrial gas consumers in GB has little additional impact on Irish industrial gas consumers. We find: 

• Unserved industrial gas demand in GB falls from 1.1 TWh (1%) to zero. 

• Unserved industrial gas demand across Europe increases by 1.1 TWh (1%), as limited gas is now prioritised 

for GB industry. 

• The increase in unserved demand is concentrated in Central and Eastern European markets. This 

allocation follows a similar logic to what we have outlined above. The impact of any additional reduction in 

gas supply will fall more strongly on those markets which are located away from available gas supplies.  

• We find that those countries which are in close proximity to GB suffer the smallest overall impact.  

• In particular, we do not find any material change in industrial gas consumption in Ireland under this 

sensitivity relative to Shock Scenario 6. 



79 

 

5.2.4. Sensitivity C: Lower priority for industrial gas consumers in Ireland 

Box 14: Sensitivity C – Key findings  

• We observe a significant increase in unserved gas demand in Ireland from 1.3 TWh (10%) to 4.2 TWh (33%). 

This increase is balanced by a proportionate increase in industrial gas consumption across other European 

markets. 

• These results should be understood as a ‘worst case’ sensitivity only. In practice, we would not expect all 

Irish industrial gas consumers to be de-prioritised relative to all other industrial consumers across Europe. 

We observe a significant increase in unserved industrial gas demand in Ireland relative to the central scenario 

(Section 5.2.1). As shown in Figure 5.8 below, we find that unserved industrial demand in Ireland increases from 1.3 

TWh (10%) to 4.2 TWh (33%). 

Figure 5.8: Change in gas consumption of I&C consumers under Sensitivity C relative to central scenario (Shock 

Scenario 6, 2025) 

 

Source: CEPA analysis 

This sensitivity is designed to illustrate a ‘worst case’ situation whereby all Irish industrial gas consumers are de-

prioritised relative to all other European industrial consumers. In practice, we think that some Irish industrial gas 

consumers will have a higher willingness-to-pay (WTP) for available gas supplies when compared to the WTP of all 

other industrial gas consumers across Europe. Nonetheless, this sensitivity provides a useful example for those 

seeking to understand the most extreme impacts of the supply disruption.  

5.2.5. Sensitivity D: Higher priority for industrial gas consumers 

Box 15: Sensitivity D – Key findings  

• Ireland mitigates all instances of unserved industrial gas demand by reallocating available gas supplies 

away from the power sector and to industrial gas consumers. This results in 24.8 GWh of unserved 

electricity demand across the modelled year. 

• This level of unserved demand represents 1% of total electricity demand from industrial consumers in 

2025. 

Under this sensitivity, we assume that avoiding unserved industrial gas demand is prioritised over meeting gas 

demand from the power sector. We assume that the remaining volume of daily gas supplies available to each 

country after protected demand is prioritised for industrial gas consumers. The power sector only consumes gas 

once all industrial gas demand is satisfied. 

Under this approach, we find that all instances of unserved industrial gas demand in Ireland can be mitigated by 

reallocating gas supplies from the power sector to industrial gas consumers. This process is shown in Figure 5.9 

below. 
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Figure 5.9: Irish gas consumption under Sensitivity D and under the central scenario (Shock Scenario 6, 2025) 

 

Source: CEPA analysis 

We find that Ireland can fully mitigate all instances of unserved industrial gas demand by prioritising demand from 

industrial gas consumers. As shown in Figure 5.9, 0.12 bcm (1.3 TWh) of gas is reallocated away from the power 

sector and towards industrial gas consumers relative to the central scenario. 

As expected, this reallocation leads to an increase in the level of unserved electricity demand in Ireland. This is 

because: 

• There is less gas available in the Irish power sector relative to the central scenario (Section 5.2.1). 

• We assume that all other countries in Europe also prioritise industrial gas consumers under this sensitivity. 

As such, less gas is available to the power sector in Northern Ireland and in GB. This will lead to a further 

reduction in electricity generation in the SEM and to a reduction in the potential availability of electricity 

imports from GB. 

Based on the above, we find 24.8 GWh of unserved electricity demand in the SEM under this sensitivity. As shown 

in Figure 5.10 below, we find that all instances of unserved demand are concentrated in the winter months.  

Figure 5.10: Unserved electricity demand in the SEM under Sensitivity D (2025) 

 

Source: CEPA analysis 

5.3. SUMMARY OF CONCLUSIONS FROM RUSSIAN SHOCK SCENARIO MODELLING 

Based on our modelling, we find that a full disruption to all Russian pipeline exports of natural gas to Europe in 2025 

would lead to significant physical gas shortages across Europe. 

• We find that Europe can access enough gas to ensure that all protected demand is met – i.e., gas supplies 

are reserved for these consumers. However, they could still face significant impacts from the supply shock 

in terms of higher gas and electricity prices. 

• After meeting protected demand, we find that Europe is left with a 62 bcm (689 TWh) (23%) shortage of 

natural gas available to industrial consumers and the power sector. We observe that the power sector can 

reduce its consumption of natural gas by up to 444 TWh (41%), while avoiding instances of unserved 

electricity demand. 
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We observe that shortages to the power sector and to industrial consumers are felt most acutely during the winter 

months in Central and Eastern European countries, which now find themselves further from the most important gas 

entry hubs located in Southern and Western Europe (e.g., LNG imports to Western Europe and pipeline imports 

from Turkey and North Africa).  

As a result, we find that Ireland’s geographic location in Europe helps mitigate the worst impacts of the supply 

disruption. In particular, Ireland’s close connection to GB – and the diversified gas supply mix available to GB – 

provides a significant degree of protection to Irish gas consumers. As a result, we observe a more limited impact on 

physical supplies for Irish gas consumers relative to European markets further east.  

 

 



82 

 

6. IDENTIFICATION OF MITIGATION OPTIONS 

In this section of our report we: 

• Identify a long-list of potential options to mitigate the security of supply shocks identified in the previous 

sections.  

• Conduct an initial screening of the options against assessment criteria, including the extent to which each 

option is likely to mitigate the shocks identified as part of Stage 1. Based on this initial screening, we identify a 

set of short-listed options that we progress to more detailed evaluation. 

6.1. OPTION LONG-LIST AND SCREENING 

We set out our long-list of potential security of supply options in Table 6.1. We also summarise our assessment of 

the options against the following criteria: 

• The nature and extent of protection against security of supply shock that the option may be able to provide. 

• Feasibility of deployment by 2025 and by 2030. 

• Consistency with the CAP and stated climate objectives. 

Based on assessment against the criteria we conduct an initial screening to eliminate some options from the short-

list that is taken forward for modelling. A summary of the mitigation options considered in this report is provided in 

Table 6.1 below. A more detailed review is included in Appendix B.
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Table 6.1: Long-list of mitigation options 

Option Feasibility of 

deployment by 2025 

and by 2030 

Short-

listed? 

Rationale 

Gas mitigation options 

Fixed LNG 

terminal 

(commercially 

operated) 

• Possible, but 

challenging, by 

2025 

• Possible by 2030 

No • The introduction of commercial LNG would likely result in the importation of fracked gas to Ireland.77 

This would be in direct contradiction to the Government’s opposition to the use of natural gas 

produced from fracking.78 

• The additional energy requirements associated with LNG relative to natural gas supplies (including 

liquefication, transport, and re-gasification) mean that the embedded emissions in LNG can exceed 

that of natural gas.79 

• As storage stocks would be driven by market fundamentals, there would be no guarantee that stored 

gas volumes would be sufficient to cover a security of supply shock. This risk could be partially 

mitigated by requiring the LNG facility to hold a minimum volume of LNG in reserve to meet any 

emergent security of supply risks. 

Fixed LNG 

terminal (back-

up) 

• Possible, but 

challenging, by 

2025 

• Possible by 2030 

No • Low utilisation would imply a high cost per unit of gas imported. 

• There is a risk that the terminal could become a stranded asset if/when the security of supply shock 

has been mitigated through other means. 

• The risk of importing fracked gas would be limited to periods in which the back-up facility is utility.80 

Floating LNG 

FSRU 

(commercially 

operated) 

• Possible, but 

challenging, by 

2025 

• Possible by 2030 

No • A floating LNG terminal could be leased for a limited number of years with the terminal being 

transported elsewhere at the end of the leasing period. 

• The introduction of commercial LNG may result in the importation of fracked gas to Ireland. This would 

be in direct contradiction to the Government’s opposition to the use of natural gas produced from 

fracking.  

• The additional energy requirements associated with LNG relative to natural gas supplies (including 

liquefication, transport, and re-gasification) mean that the use of LNG in Ireland may have an adverse 

——————————————————————————————————————————————————— 

77 We note that the Office of the Attorney General concluded in 2021 that it is not possible for Ireland under the European Treaties or EU Directive to ban the import into Ireland of fracked gas 

(available on gov.ie). Even if legally viable, it may be extremely difficult in practice to isolate fracked gas within global LNG supply chains. For example, the majority of US gas production is 

from fracking with injection into transportation infrastructure before being exported. Restricting fracked gas would effectively mean banning US LNG imports, which would restrict imports from 

one of the largest and most reliable sources of LNG. 

78 DECC (2021) ‘Policy Statement on the Importation of Fracked Gas’, available on gov.ie 

79 For example, the UK North Sea Transition Authority has estimated that LNG imports into GB are on average over double the emission intensity of UK gas production and pipeline gas 

imports from Norway. Available on nsauthority.co.uk 

80 We assume that a back-up facility would only operate during periods in which there is a material risk of demand disruptions. 

https://www.gov.ie/en/publication/f3774-policy-statement-on-the-importation-of-fracked-gas/
https://www.gov.ie/en/publication/f3774-policy-statement-on-the-importation-of-fracked-gas/
https://www.nstauthority.co.uk/the-move-to-net-zero/net-zero-benchmarking-and-analysis/natural-gas-carbon-footprint-analysis/#gas_footprint
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Option Feasibility of 

deployment by 2025 

and by 2030 

Short-

listed? 

Rationale 

impact on the Government’s medium-term decarbonisation targets – (e.g., the Programme for 

Government’s commitment to delivering a 7% reduction in emissions each year to 2030). 

• As storage stocks would be driven by market fundamentals, there would be no guarantee that stored 

gas volumes would be sufficient to cover a security of supply shock at the time of such a shock. This 

risk could be partially mitigated by requiring the LNG facility to hold a minimum volume of LNG in 

reserve to meet any emergent security of supply risks. 

Floating LNG 

FSRU (back-up) 

• Possible, but 

challenging, by 

2025 

• Possible by 2030 

Yes • A floating LNG terminal could be leased for a limited number of years with the terminal being 

transported elsewhere at the end of the leasing period. 

• Leasing a floating LNG terminal would enable security of supply benefits to be delivered without 

committing to a long-term dependence on gas while also reducing the risk of stranded assets. 

• The risk of importing fracked gas would be limited to periods in which the back-up facility is utility. 

Gas storage 

facility 

(commercial) 

• Possible, but 

challenging, by 

2025 

• Possible by 2030 

No • As storage stocks would be driven by market fundamentals, there would be no guarantee that stored 

gas volumes would be sufficient to cover a security of supply shock. 

Gas storage 

facility (back-up) 

• Possible, but 

challenging, by 

2025 

• Possible by 2030 

Yes • As a back-up storage facility would only be used in the event of a shock, it would have a minimal 

impact on future market pathways whilst guaranteeing availability of gas in the event of a security of 

supply shock. 

Additional gas 

interconnector 

• Possible, but 

challenging, by 

2025 

• Possible by 2030 

No • A new gas interconnector may lock Ireland into a high-gas energy market. This may have an adverse 

impact on the Government’s long-term decarbonisation targets. However, a gas interconnector could 

also be re-purposed as a zero carbon (e.g., hydrogen) gas carrier. 

• May not provide mitigation against a correlated gas supply shock across North-West Europe. 

Additional gas 

reserves from 

existing 

exploration 

licences 

• Possible, but 

unlikely, by 2025 

• Possible by 2030 

No • Additional domestic production of natural gas above forecasted demand could result in Ireland being 

locked into a high-gas energy market.  

• Unknown volume of any potential additional natural gas discoveries. 

Additional 

indigenous 

biomethane 

• Possible, but 

challenging, by 

2025 

• Possible by 2030 

Yes 

(included 

in a gas 

mitigation 

package) 

• Biomethane production would allow for low carbon diversification of gas supplies.  

• In isolation, the volumes of renewable gas possible by 2030 are unlikely to mitigate against significant 

shock events. 

• We therefore include this mitigation option as part of a gas mitigation package.  
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Option Feasibility of 

deployment by 2025 

and by 2030 

Short-

listed? 

Rationale 

Indigenous 

green hydrogen 

gas production 

• Possible, but 

unlikely, by 2025 

• Possible by 2030 

Yes 

(included 

in a gas 

mitigation 

package) 

• Hydrogen gas production would allow for low carbon diversification of gas supplies.  

• In isolation, it may be insufficient to mitigate against significant shock events and is therefore included 

in a gas mitigation package. 

Demand 

response in the 

gas sector 

• Possible, but 

challenging, by 

2025 

• Possible by 2030 

Yes 

(included 

in a gas 

mitigation 

package) 

• Demand response from I&C consumers can help shift demand away from periods when there are 

supply constraints. 

Electricity mitigation options 

Additional 

electricity 

interconnection 

• Unlikely by 2025 

• Possible by 2030 

Yes • Additional interconnection could deliver security of supply mitigation while bringing wider benefits to 

RES integration and social welfare.  

• Additional interconnection may offer less protection against correlated shocks (e.g., a period of 

correlated low wind generation across Europe). 

Additional 

electricity 

storage – 

pumped hydro 

• Unlikely by 2025 

• Possible by 2030 

Yes • If a suitable site can be identified, pumped hydro could provide a low carbon form of energy storage. 

While not perfectly suited to long duration shock events, the flexibility provided could help to mitigate 

relatively small but sustained electricity supply shocks by profiling demand to periods of high-RES 

output. 

Additional 

conventional 

generation 

capacity – gas 

fired 

• Uncertain by 2025 

if not already in 

development 

• Possible by 2030 

No • The mitigation option would be less effective against power sector shocks related to unavailability of 

gas supplies (other than as a result of secondary fuel requirement).  

Additional 

generation 

capacity – 

(dispatchable) 

low- carbon 

(e.g., biomass) 

• Unlikely that these 

technologies can 

be deployed on a 

large scale by 

2030 

Yes • While the capacity of deployment may be low by 2030, the provision of additional dispatchable 

capacity and diversification away from gas-fired power stations could help to mitigate the magnitude of 

shocks observed in Section 5.  

Demand side 

response 

• Volumes of DSR 

have already 

entered the CRM 

Yes  • While DSR may not be able to deliver mitigation of a long-sustained shock in isolation, the additional 

flexibility provided may help to mitigate relatively small but sustained electricity supply shocks by 

profiling demand to periods of high-RES output. 

• Additional DSR could also provide wider benefits including additional flexibility to support RES 

penetration. 
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Option Feasibility of 

deployment by 2025 

and by 2030 

Short-

listed? 

Rationale 

• Can be scaled up 

to some degree by 

2025. 

Additional 

electricity 

storage – 

batteries 

• Battery 

deployment could 

be scaled up to 

some degree by 

2025. 

Yes • While batteries may not be able to deliver mitigation of a long-sustained shock in isolation, the 

additional flexibility provided may help to mitigate relatively small but sustained electricity supply 

shocks by profiling demand to periods of high-RES output. 

• Additional battery capacity could also provide wider benefits including additional flexibility to support 

RES penetration. 

Increased 

secondary fuel 

storage at 

natural gas 

power stations 

• Likely to be able to 

introduce by 2025  

Yes • Can provide relatively high additional capacity which is readily deployable in comparison to other 

options.  

Hydrogen  • Unlikely by 2025 

• Possible, but 

uncertain, by 2030 

Yes • Consistent with CAP although uncertainties exist with deployment.  

Source: CEPA analysis 
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6.2. DESCRIPTION OF SHORT-LISTED GAS MITIGATION OPTIONS 

In this section, we provide a more detailed summary of each of the short-listed gas mitigation options. We also 

outline our assumptions regarding the sizing of each option and its technical characteristics.  

6.2.1. Strategic Floating LNG FSRU 

Summary of the option 

LNG81 affords the ability to transport and store large volumes of natural gas onboard specially designed vessels and 

storage facilities. LNG is therefore an alternative source of natural gas to pipeline imports from GB. There is 

currently no import capability for LNG in Ireland.82 

In carrying out our assessment of this mitigation option, we modelled a floating LNG storage and regasification unit 

(FSRU) which would be used on a non-commercial, ‘strategic‘ basis. A FSRU is an LNG storage facility83 which has 

an onboard regasification plant that can convert imported LNG into a gaseous state and then supplying it directly 

into the onshore gas network. FSRUs are usually moored at a jetty and can be refilled by other LNG vessels that 

dock alongside it.  

For the modelled options, we assume that the strategic LNG FSRU facility would only operate during periods in 

which there is a material risk of demand disruptions. Otherwise, we assume that the FSRU would not be used to 

supply natural gas to the Irish onshore gas network. 

Developing an FSRU facility in Ireland avoids the need to develop large onshore LNG import infrastructure. As the 

FSRU is an operating ship, if and when the facility is no longer required, it can be transported to another location 

without leaving a large piece of stranded infrastructure behind. We assume that the LNG FSRU would be leased for 

a limited period of time, as a medium-term solution to mitigate more immediate security of supply concerns. 

In combination with the designation of the FSRU as a ‘back-up’ facility, this helps to ensure that Ireland’s 

commitment to gas in the future remains aligned with the long-term decarbonisation targets set out in the CAP and 

Programme for Government. 

Box 16: Commercial FSRU vs Strategic FSRU 

As an alternative to a strategic FSRU, DECC could consider whether to permit a commercial FSRU LNG facility 

which could deliver at least some proportion of the security of supply benefit. 

Alongside our analysis of a strategic FSRU, we have qualitatively considered the impact of developing a 

commercially operated FSRU in Ireland. We identify several key differences between the strategic and 

commercial options. 

If FSRU LNG stocks are driven solely by market fundamentals, there is no guarantee that the terminal would 

have sufficient volumes of LNG available at any given time to cover the initial stages of an unexpected security of 

supply shock before LNG cargoes can be sourced from the global market.  

Arrangements could be put in place to increase the security of supply protection afforded by a commercial LNG 

FSRU. For example, regulation could be introduced to ensure that a minimum level of reserves in the LNG 

facility is maintained for use in a security of supply event within an otherwise commercially operated FSRU 

facility. Such regulation could increase the likelihood that a commercially operated FSRU mitigate the initial 

stages of a security of supply event before additional shipments of replacement LNG are required. Under this 

arrangement, a proportion of the security of supply benefit would be delivered by the regulated reserves of gas 

——————————————————————————————————————————————————— 

81 Liquid natural gas (LNG) is natural gas which has been cooled down to a temperature which changes it from a gas to a liquid 

that is 1/600th of its original volume.  

82 We note that a commercial LNG terminal is currently being proposed by Shannon LNG for Ballylongford, Co Kerry. 

83 An FSRU can be purpose-built or can be converted out of an existing LNG ship. 
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rather than the commercial operation of the LNG terminal. However, access to global LNG markets could help to 

mitigate the later stages of an enduring shock event. 

In addition, the introduction of a commercially operated FSRU could result in higher levels of aggregate 

emissions relative to the introduction of a non-commercial strategic FSRU. This is because: 

• The energy requirements associated with the liquefication, transport and regasification of LNG mean that the 

emissions intensity of LNG can exceed that of pipeline imports of natural gas.84 

• LNG flows from a commercially operated LNG terminal are likely to displace pipeline imports of natural gas 

even during those periods where there is no material risk of demand disruption. As pipeline imports are 

replaced by LNG imports which generally have a higher emissions intensity, Ireland’s emissions 

contributions would likely increase. 

While we have considered the introduction of commercial and strategic FSRUs to Ireland, we explicitly model the 

impact of a strategic FSRU only. 

Defined size and technical characteristics 

While bespoke new-build FSRUs can be developed and built, the sizing options for FSRU leases will be limited to 

what is available in the market. 

As such, we have based the import capacity of the strategic FSRU on the technical characteristics of an existing 

facility that is in operation in Europe. For this purpose, we have chosen the Klaipéda FSRU facility which is currently 

in operation in Lithuania. The Klaipéda FSRU was installed to reduce the strategic dependence of Lithuania on gas 

imports from Russia. It has also recently been granted a State Aid exemption by the European Commission (EC) to 

allow for its purchase by state guarantee.85 

Based on this review, we have set the annual import capacity of the strategic FSRU equal to 4.2 bcm (46.7 TWh) 

per year.86,87 The annual export capacity and the working capacity of the facility are calibrated based on our review 

of the average ratio of import/export capacity and the average ratio of export capacity/working capacity.88 This 

results in an annual export sizing of 12.5 bcm (138.9 TWh) per year and a total working capacity of 0.1 bcm (1.1 

TWh). 

We find that this sizing is sufficient to mitigate all unserved demand in both the gas sector and electricity sector 

under Shock scenarios 4 and 5. This is the only mitigation option considered in this study which we find to be 

capable of mitigating all unserved demand. 

6.2.2. Strategic gas storage 

Summary of the option 

Large gas storage facilities inject gas into an underground reservoir during periods when demand is low (typically in 

the summer) and withdraw this gas during periods when demand is high (typically in the winter). Following the 

closure of the Kinsale gas storage facility in 2017, there is no large-scale gas storage capacity in Ireland.89 

This option assumes that the gas storage facility would act as a non-commercial strategic back-up which would be 

used to help mitigate unserved demand during periods when there is a material risk of demand disruptions. As 

——————————————————————————————————————————————————— 

84 For example, the UK North Sea Transition Authority has estimated that LNG imports into GB are on average over double the 

emission intensity of UK gas production and pipeline gas imports from Norway. Available on nsauthority.co.uk 

85 EC (2020) Commission approves an additional state guarantee for Klaipéda LNG Terminal in Lithuania, available on 

ec.europa.eu 

86 GIIGNL (2020) The LNG Industry Annual Report, available on giignl.org  

87 We note that this is a similar import capacity to the LNG FSRU which was proposed by NextDecade for the Port of Cork, 

Ireland. 

88 This assessment leads to an annual export capacity of 12.5 bcm (138.9 TWh) per annum and a total working capacity of 0.1 

bcm (1.1 TWh). 

89 We note that an underground gas storage facility is being developed in a series of salt caverns in Islandmagee in County 

Antrim, Northern Ireland. The facility will have the capacity to hold around 500 million cubic meters of natural gas. The facility 

received its Marine Construction Licence in October 2021 which granted it the right to proceed towards construction. 

https://www.nstauthority.co.uk/the-move-to-net-zero/net-zero-benchmarking-and-analysis/natural-gas-carbon-footprint-analysis/#gas_footprint
https://ec.europa.eu/info/news/state-aid-commission-approves-additional-state-guarantee-klaipeda-lng-terminal-lithuania-2020-nov-20_en
https://giignl.org/wp-content/uploads/2021/08/giignl_-_2020_annual_report_-_04082020.pdf
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such, we assume that the storage facility will have no impact on the gas network outside of the shock period.90 

Defining gas storage as a ‘back-up’ facility ensures that the volume of gas contained in the storage facility would be 

available for use at the onset of the security of supply event. If a gas storage facility is commercially operated, this 

introduces a risk that storage levels are not sufficiently high to meet a significant and sustained shock at the time 

they are needed. For example, the combination of tight global supply over a summer period and an early cold snap 

requiring significant withdrawals of gas during November/December could lead to insufficient gas being held in 

store to deliver the full extent of security of supply benefit.  

Defined size and technical characteristics 

Underground storage facilities are typically created in depleted hydrocarbon fields, aquifers, or salt caverns. The 

availability of any of these features are determined by geology and cannot easily be sized according to system 

needs. 

Based on the limited opportunities for gas storage in Ireland91, we have sized the strategic gas storage facility on 

the Southwest Kinsale Reservoir, which operated as a seasonal gas storage facility between 2006 and 2017. The 

commercial facility was developed in 2006 such that gas could be taken from the onshore network and stored for 

use at a later date. The Kinsale facility had a working volume of 230 mcm (2.5 TWh) and a maximum withdrawal 

rate of 2.6 mcm/day (29 GWh/day).92 This is sufficient to cover 86% of the daily average protected consumer 

demand in our 2030 Baseline 1 scenario. 

An onshore slow-liquefaction storage facility 

Following our analysis of mitigation options, GNI has developed a high-level option design for an onshore slow- 

liquefaction storage facility. This option was not proposed at the time of development of our long-list and remains at 

a very early stage of development. We have therefore not assessed it in detail in this study. Nevertheless, based on 

our understanding of the option, we consider that our analysis can provide some insight as to the possible impacts. 

We summarise our understanding of this option and the nature of mitigation it may be able to offer in the box below.    

Box 17: Onshore slow liquefaction storage facility 

We understand that an onshore slow liquefaction storage facility would allow gas to be withdrawn from the gas 

transmission network and cooled to become liquid. The liquified gas would be stored in tanks located onshore. 

When needed, the liquid gas would be vaporised and reinjected into the network. GNI has suggested that the 

facility could also be made hydrogen-ready.  

The process of cooling the gas into liquid, maintaining it at low temperatures and regasifying the liquid gas is an 

energy intensive, and thus expensive, process. We understand that the liquefaction process would intentionally 

be designed to be slow and thus less energy intensive. However, this also means that the facility would take a 

long time to inject gas from the transmission network. As such, the purpose of the facility would be to act 

primarily as a seasonal form of storage, slowly filling up in summer and discharging during peak winter periods.  

GNI has suggested that the facility could also serve as a peak shaving storage that could mitigate the risk of 

peak gas demand going above the daily gas import capacity.       

The nature of the storage facility may have implications for the nature of mitigation relative to a traditional 

underground storage facility. GNI has proposed that the capacity to withdraw gas from this type of storage could 

be sized for peak demand periods which suggests faster withdrawals compared to a typical underground 

storage facility. If this is the case, it could bring security of supply benefits relative to an underground storage 

facility, as it would allow a greater proportion of daily gas demand to be served. At the same time, it is likely that 

the total storage volume would be less than that of traditional underground storage. Relative to an underground 

storage facility, the option may therefore only be able to provide mitigation for a more limited number of days.  

GNI has also indicated that the storage tanks could be located close to port facilities. Subject to developing the 

necessary infrastructure, this location could allow LNG cargos to bring in new LNG supplies to refill LNG stocks 

in storage. Under this type of arrangement, the gas stocks in store at the time of a shock could serve to mitigate 

the initial impacts while Ireland seeks to attract LNG cargoes which inject into the storage facility. In this case, 

——————————————————————————————————————————————————— 

90 This implicitly assumes that the gas stocks in storage have already been established before the start of our modelling analysis 

in 2030. 

91 CRU, National Preventive Action Plan, Gas 2018 – 2022, Ireland, available on ec.europa.eu 

92 CER (2011) Joint Gas Capacity Statement 2011, available on cer.ie 

https://ec.europa.eu/energy/sites/default/files/documents/npap_ireland_2018_.pdf
https://www.cru.ie/wp-content/uploads/2011/07/cer11145.pdf
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the option would bear similarities with the strategic LNG option discussed above, and the security of supply 

impacts may be comparable.  

6.2.3. Gas mitigation option package (strategic gas storage, renewable gas, 

gas DSR and gas hydrogen) 

Summary of the option 

This mitigation option combines the strategic gas storage facility with additional volumes of biomethane and 

hydrogen gas being injected into the grid along with additional DSR from I&C consumers. The presence of these 

additional measures is designed to provide further security of supply mitigation relative to the standalone addition of 

the strategic gas storage facility which would only cover a proportion of gas demand. 

Under this option, we assume that all hydrogen gas injections into the grid are developed by electrolysis from 

volumes of curtailed electricity generation. 

Defined size and technical characteristics 

The sizing of the strategic gas storage facility is identical to the storage facility set out in Section 6.2.2. 

We assume that the volume of biomethane injections into the gas grid reaches 0.29 bcm (3.2 TWh) in 2030. This is 

almost double our baseline assumption of 0.15 bcm (1.7 TWh) in 2030. The higher target is equal to the most 

ambitious renewable gas supply forecast included in the 2020 Ten-Year Network Development Plan.93 

We also assume that 0.04 bcm (0.46 TWh) of hydrogen gas is injected into the gas grid in 2030. We have sized this 

potential using the following approach:  

• Our modelling finds a total of 5.6 GWh of curtailed electricity generation in the 2030 Baseline 1 scenario.  

• From this total, we estimate that 3 TWh of hydrogen could be produced through electrolysis.94 We assume 

the availability of 2800 MW of electrolyser capacity in 2030.95 

• We assume that 1.54 TWh of this total is required for electricity generation under the hydrogen plant 

conversion electricity mitigation option.96 This sizing is explained in Section 6.3.5. We assume that the 

remaining 0.46 TWh of hydrogen gas is then injected into the onshore gas grid. 

Finally, we also assume that DSR from I&C consumers increases from 1% to 10% under this option. This provides 

more demand-side flexibility which can help mitigate unserved demand during periods when pipeline gas supplies 

from GB are unavailable. 

6.3. DESCRIPTION OF SHORT-LISTED ELECTRICITY MITIGATION OPTIONS 

6.3.1. Additional electricity interconnection 

Summary of the option 

Our baseline incorporates the following planned interconnectors: 

• an increase in transfer capacity between Ireland and Northern Ireland to 1,500 MW; 

• the 700 MW Celtic interconnector to France by 2030; and 

——————————————————————————————————————————————————— 

93 GNI (2021) Ten Year Network Development Plan, available on cru.ie 

94 This is based on 1,600 MW of electrolyser capacity producing at a 75% efficiency rate. This volume of electrolyser capacity is 

equal to the highest capacity assumed by Baringa in an assessment of the Irish electricity system in 2030. Baringa (2021) A 

zero-carbon electricity plan for Ireland, available on windenergyireland.com 

95 This capacity is equal to the maximum electrolyser capacity which is assumed by Baringa in an assessment of the Irish 

electricity system in 2030. Baringa (2021) A zero-carbon electricity plan for Ireland, available on windenergyireland.com 

96 This is the volume of hydrogen that is consumed in the 'hydrogen plan conversion’ electricity mitigation option under the 30-

day disruption to pipeline imports from GB. 

https://www.cru.ie/wp-content/uploads/2021/09/CRU21104b-GNI-TYNDP-2020.pdf
https://windenergyireland.com/images/files/20210629-baringa-endgame-final-version.pdf
https://windenergyireland.com/images/files/20210629-baringa-endgame-final-version.pdf
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• a 500 MW interconnector to Great Britain by 2030. 

Under this mitigation option we include an additional 700 MW interconnector between Ireland and France is 

commissioned by 2030, with the interconnector increasing electricity transfer capacity between the two countries. 

By providing an additional source of flexible electricity capacity, we expect this additional interconnector to alleviate 

the potential for unserved electricity demand under a shock scenario. The only exception may be in the presence of 

a correlated shock event in which neighbouring countries face similar supply challenges, therefore reducing the 

likelihood of electricity imports over the interconnector during the shock event. 

Beyond physical security of supply, additional interconnection could have a range of other impacts. Outside of a 

shock event, the impact on wholesale prices will depend on the direction of electricity flows, i.e., whether the 

interconnector is importing or exporting over the course of the year. Interconnection can also provide flexibility for 

high-RES dispatch, thus helping to reduce curtailment and lower system emissions. 

There are several published targets related to the installation of electricity interconnectors in Ireland. The 2021 CAP 

outlines a goal to leverage private sector capital for a range of energy infrastructure projects, including electricity 

interconnection.97 It includes a target to explore further interconnection to other countries by 2030 beyond the 

three new interconnectors contained within our baseline. This is echoed in the 2021 PfG, which sets an ambition to 

commence planning for future interconnection with neighbouring countries.98 

The EU has set an ambition for each Member State to reach interconnection capacity of 15% of overall installed 

capacity.99 After including the planned interconnectors in the baseline, Ireland reaches an interconnection capacity 

of 18% of overall installed capacity in 2030. The addition of another 700 MW of interconnection increases this 

percentage to just under 22%. 

Defined size and technical characteristics 

The sizing of electricity interconnectors is relatively discrete with significant economies of scale. Despite the small 

levels of unserved demand that we observe for electricity customers, it would not be sensible to invest in an 

interconnector which was only just sufficient to meet observed unserved demand. Instead, we base the assumed 

additional capacity on the Celtic interconnector, introducing an additional 700 MW interconnector connected to 

France. The modelled interconnector has similar characteristics to Celtic, including the assumed ramp rate and 

losses. 

6.3.2. Additional pumped storage 

Summary of the option 

This option assumes an additional 360 MW of pumped storage hydroelectricity capacity is brought online by 2030. 

We do not test the impact of additional pumped storage by 2025. 

This option would more than double the pumped storage capacity under the baseline scenario. We assume the 

Turlough Hill pumped storage plant continues operations through 2030, setting a baseline level of pumped storage 

capacity at 292 MW.  

By providing an additional source of flexible capacity, pumped storage can bring similar benefits to interconnection. 

Unlike interconnection however, pumped storage may be more resilient to correlated shocks which could affect 

interconnector imports. On the other hand, pumped storage is dependent on reservoir levels. In the event of an 

unexpected shock, it is possible that pumped hydro may not be able to respond for a sustained period. 

As with interconnection, pumped hydro could have impacts on wholesale prices, RES dispatch, curtailment, and 

carbon emissions. There is no explicit mention of pumped hydro storage plants in the 2021 CAP or PfG, but it 

would help to enable a flexible energy system that incorporates high levels of RES generation which is a general 

objective of both the CAP and PfG. 

——————————————————————————————————————————————————— 

97 IE 2021 Climate Action Plan 

98 IE 2021 Programme for Government 

99 European Commission (2014) European Energy Security Strategy  

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52014DC0330&from=DE
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Defined size and technical characteristics 

As with interconnection, sizing options for pumped storage are relatively discrete and subject to economies of 

scale. It is not possible to size a pumped hydro project to match an observed expectation of unserved demand. 

Additionally, pumped storage plants are limited to suitable locations as they require specific topologies to operate 

effectively.  

We therefore base the techno-economic parameters of this additional pumped storage capacity on the Silvermines 

Hydro project100 which has EU ‘Project of Common Interest’ (PCI) status. Under this mitigation option, we introduce 

an additional 360 MW pumped storage hydro plant with 1.8 GWh of storage, relative to the baseline. The proposed 

Silvermines project would repurpose an industrial mining site and has suitable topology such that the elevation 

difference between the upper and lower reservoirs averages 300m. 

6.3.3. Biomass plant 

Summary of the option 

Ireland has a small amount of existing biomass generation capacity. The Edenderry plant (118 MW) has co-firing 

capabilities for biomass and peat and represents the largest user of biomass. Several other CHP plants burn 

biomass to meet heat requirements while exporting surplus power to the grid. Excluding landfill/biogas and waste 

capacity, total biomass capacity in the SEM in 2030 is 265 MW. 

Biomass capacity would provide a low-carbon source of electricity, contributing to RES penetration targets. 

Diversification from gas-fired plant allows for a reduction of the requirement for secondary fuel at gas fired power 

stations during a shock scenario. This would enable secondary fuel supplies to stretch over a longer period, thereby 

mitigating security of supply impacts under Shock Scenario 5.  

The 2021 CAP outlines a target to “double the indigenous biomass supply as a fossil fuel substitution to generate 

heat and electricity” by 2030.101 Under our baseline scenario, the amount of biomass capacity increases out to 2030 

but does not achieve the target to double this capacity. The addition of the 25 MW plant in this mitigation option 

would work towards a doubling of biomass capacity, in line with the 2021 CAP target. 

Defined size and technical characteristics 

Under this mitigation option, we vary the defined plant size between 2025 and 2030. 

• In 2025, this option assumes an additional 450 MW dedicated biomass plant. This size is based on a 

conversion of the Moneypoint 1 and 2 plants from coal to biomass.102 This sizing is based on the upper 

bound of installed biomass capacity that we think is feasible by 2025. 

• In 2030, this option assumes that an additional 25 MW biomass plant is operational by 2030. We assume 

that this is a new plant and additional to all other capacity included in the baseline, i.e., it is not a conversion 

of an existing plant. The plant is sized to be just sufficient to mitigate the unserved electricity demand that 

we observed in the assessment of Shock Scenario 5. 

While we have defined the additional plant under this option to run on biomass, similar outcomes would be 

expected with alternative fuels, e.g., waste-to-energy, landfill/biogas, etc. However, some differences would 

potentially arise due to variation in generation profiles of different technologies. 

——————————————————————————————————————————————————— 

100 See: https://ec.europa.eu/energy/maps/pci_fiches/PciFiche_2.29.pdf 

101 IE 2021 Climate Action Plan 

102 This volume is based on a 79% conversion efficiency. This roughly equates to the conversion efficiency achieved by the 

conversion of the Ironbridge coal power plant to biomass. 

https://ec.europa.eu/energy/maps/pci_fiches/PciFiche_2.29.pdf
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6.3.4. Secondary fuel  

Summary of the option 

Gas-fired generators in Ireland with a capacity of more than 10 MW are required to maintain a supply of backup fuel 

equivalent to 5 days of continuous running at full output.103 As noted previously, there is a reason to suspect that in 

practice, 100% compliance with this requirement may not currently represent a sensible assumption. Therefore, we 

assumed 80% availability on secondary fuel. 

Our assessment of shocks in Section 5 demonstrated the importance of this back-up fuel to mitigate the impact of 

shocks on electricity customers. When summed across the entire gas-fired fleet, this represents a significant 

amount of additional capacity that can be delivered even in the absence of gas supplies.  

As the use of secondary fuel would be limited to a shock event in which gas supplies were unavailable (or very 

expensive), increasing the reserves of secondary fuel would have minimal impacts outside of a shock event. The 

exception is for gas-fired power plants that would be required to ensure they could meet the new requirement, 

potentially introducing new capital costs for storage facilities and sourcing costs for the additional secondary fuel 

reserves. 

Regarding storage facilities and sourcing costs, there is scope for the National Oil Reserves Agency (NORA) to 

provide oil supplies during emergency circumstances. Much of NORA’s oil stocks are held under short term 

commercial contracts in Ireland.104 These contracts include an option to purchase the oil in emergency 

circumstances. The cost of an increase in secondary fuel could be offset by liaising with NORA to secure supply of 

oil under emergency circumstance. 

Defined size and technical characteristics 

Under this mitigation option, we vary the requirement for increased secondary fuel between 2025 and 2030. 

• In 2025, we increase the requirement for secondary fuel to a total of 14 days of continuous running.  

• In 2030, we increase the requirement for secondary fuel to a total of 8.6 days of continuous running.  

These requirements are designed to meet the level of unserved demand observed under Shock Scenario 5 at 

minimal cost. 

We do not specify how this requirement would need to be met but assume that compliance would remain at 80%. 

For example, this may require additional storage of secondary fuel, but the requirement could alternatively be met 

by ensuring access to secondary fuel at short notice, for example based on co-location of reserves held by NORA.   

6.3.5. Hydrogen plant conversion 

Summary of the option 

The CAP sets ambitions for “1-3 TWh of zero emission gas, including green hydrogen, by 2030, potentially 

equivalent to 0.2-0.4 MtCO2eq. abatement”.105 Under the high ambition objectives within the 2030 target range for 

electricity emissions, the CAP outlines a goal to incentivise electrolyser production and grid connection of hydrogen 

from renewable energy to zero emission dispatchable generation, such as via hydrogen-fired power plant. 

Similar to the addition of a biomass plant, the conversion of an existing CCGT to hydrogen would provide a low-

carbon source of electricity dispatch, contributing to RES penetration targets. Diversification from gas-fired plant 

allows for a reduction of the requirement for secondary fuel at gas fired power stations during a shock scenario. 

This would allow secondary fuel supplies to stretch over a longer period, thereby mitigating security of supply 

impacts under Shock Scenario 5. 

——————————————————————————————————————————————————— 

103 With some exceptions – plants expected to operate less than 2,630 hours per year (broadly in line with how the majority of 

OCGT plants operate) are required to hold stocks equivalent to 3 days, while CHP units are required to hold fuel stocks 

equivalent to 1 day of continuous running. 

104 See https://www.nora.ie/emergency-oil-stocks.138.html  

105 IE 2021 Climate Action Plan 

https://www.nora.ie/emergency-oil-stocks.138.html
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Defined size and technical characteristics 

We introduce a 400 MW Hydrogen Gas Turbine (H2GT) plant by converting the Great Island CCGT to run on 

hydrogen fuel by 2030. We do not test the impact of a H2GT plant in the 2025 scenario. 

We assume that hydrogen is produced from non-dispatchable generation that would otherwise be curtailed 

throughout the year. In total, we estimate that around 3 TWh of hydrogen could be produced from curtailed 

dispatch in 2030. The hydrogen that is produced is shared across the electricity and gas grids, providing a 

renewable source of gas as set out in the gas mitigation option package.  

We assume hydrogen is produced via electrolysis, using energy which otherwise would have been curtailed, on the 

basis of Proton Exchange Membrane (PEM) electrolysis. PEM electrolysis is best-suited for producing hydrogen 

from energy at risk of bring curtailed as it offers rapid dispatchability and turn-down to follow energy output.106 The 

technology can currently achieve electrical conversion efficiencies of 72%, which is expected to increase up to 82% 

by 2050.  

The model produces 3 TWh of hydrogen annually from 4 TWh of electricity under the baseline, based on total 

electrolyser capacity of 2800 MW and an efficiency of 75%. We set the hydrogen production profile based on the 

occurrence and volumes of curtailment under the baseline scenario. The hydrogen production is included as 

additional electricity demand and is calibrated to produce during periods of curtailment from the baseline scenario.  

Up to 75% of the available hydrogen is used by the 400 MW H2GT plant. In our modelling, we observe 

approximately 1 TWh of dispatch from this hydrogen plant over 2030 under the baseline scenario and 1.5 TWh 

under the shock scenario. The hydrogen stores not used in the electricity sector under the shock scenario are 

made available to the gas sector for use in the gas package option. 

6.3.6. Electricity package (batteries and DSR) 

Summary of the option 

Both batteries and DSR can provide flexibility, shifting demand from one period to another to alleviate peak demand 

requirements. Batteries and a proportion of DSR shift demand from one period to another rather than providing 

additional overall capacity. For this reason, they are better suited to mitigating disruption of shorter periods.  

Storage technologies also enable greater penetration of RES generation by storing RES output that would 

otherwise be curtailed and making this available in high-demand periods. By charging in low-price periods and 

discharging in high-price periods, storage technologies help smooth out load profiles, enhancing system reliability. 

Under the baseline, we assume 335 MW of battery energy storage in 2025 and 690 MW of battery energy storage 

by 2030, which reflects the current pipeline for battery storage capacity in Ireland. The SEM has already 

experienced significant growth of DSR capacity through the CRM, up to 635 MW of DSU capacity in 2021.107 

Further growth of DSR will depend both on technology uptake, e.g., of smart meters and flexible technologies such 

as EVs. At least in the short term, before volumes of DSR are sufficiently large and tested, there will remain some 

uncertainty around the reliability of DSR providers to deliver on their contracted volumes.  

Both batteries and DSR would bring wider benefits beyond physical security of supply. In particular, the additional 

source of flexibility would support the integration of RES and the operation of a high-RES system. Storage capacity 

was highlighted in the CAP as an area for additional emissions savings, by developing capacity for long duration 

and seasonal storage of renewable energy. 

The scale of deployment of batteries and DSR would be somewhat dependent on the market structures that are put 

in place to support delivery. In comparison to the delivery of a single piece of infrastructure, this may introduce a 

source of uncertainty regarding the volumes that can be deployed to 2030, however batteries and DSR benefit from 

being modular, hence their existence is less binary than for larger pieces of infrastructure. 

——————————————————————————————————————————————————— 

106 BEIS 2021 Hydrogen production costs 

107 EirGrid 2021 – Generation Capacity Statement 2021-2030 
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Defined size and technical characteristics 

Under this mitigation package, we vary the volume of batteries and DSR that is installed in the 2025 and 2030 

model years. 

• In 2025, we assume that 17% of peak demand can provide a demand side response in 2025. This 

represents an additional 380 MW of DSR relative to the 760 MW already included in the 2025 baseline year. 

We also assume that the volume of battery capacity increases by 100% from 335 MW to 670 MW relative to 

the 2025 baseline. 

• In 2030, we assume that 14% of peak demand can provide a demand side response in 2030.108 This 

represents an additional 150 MW of DSR relative to the 1 GW already included in the baseline in 2030. We 

also add 180 MW of additional battery capacity relative to the baseline.  

We consider the assumptions around the level of total DSR as ambitious but consistent with literature on demand 

response and consumer price elasticities as artificial intelligence and smart meters become increasingly prevalent. 

Similarly, the build-out of battery capacity would require a sharp acceleration of deployment. For example, such 

that the levels expected by 2035 are achieved ahead of schedule in 2030. 

——————————————————————————————————————————————————— 

108 The lower volume of DSR as a proportion of peak demand in 2030 is a result of the lower volume of DSR in 2030 relative to 

2025 that is required to mitigate the unserved electricity demand observed in 2030 under Shock Scenario 5. 
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7. APPRAISAL OF MITIGATION OPTIONS AGAINST A FULL 

DISRUPTION TO GAS IMPORTS FROM GB 

In this section, we set out our appraisal of the short-listed mitigation options in 2025 and 2030 (baseline 1) against 

Shock Scenario 4 and Shock Scenario 5. In agreement with DECC, we have not tested the impact of the mitigation 

options against any of the other Risks outlined in Section 4 for which we do not find any unserved demand. Our 

appraisal of the mitigation options against a disruption to Russian gas supplies (Shock Scenario 6) is set out in 

Section 8. 

Our assessment in this section focuses on:  

• the impacts on physical security of supply in a shock event; 

• the impacts on gas and electricity prices both in a shock and resulting from operation in the market in 

general; and 

• the impacts on carbon emissions both in a shock event and resulting from operation in the market in 

general. 

Alongside this modelling, we drew on publicly available sources to develop an assessment of the potential cost 

implications of each option, as well as broader impacts such as upstream carbon emissions, implementation 

feasibility and risks/unintended consequences. 

We assessed all gas and electricity mitigation options against Shock Scenario 5 in 2030, given the impacts on both 

gas and electricity consumers. We only assessed the gas mitigation options against Shock Scenario 4 in 2030, as 

only gas consumers were impacted in this scenario.  

We also assessed some options against Shock Scenario 5 in 2025. We only included options where our 

assessment suggested viable deployment of the relevant mitigation option at scale, such that some mitigation of the 

impacts could be expected. 

7.1. APPRAISAL OF SHORT-LISTED GAS MITIGATION OPTIONS 

7.1.1. Strategic LNG FSRU 

Mitigation of unserved demand 

Our modelling indicates that a strategic LNG FSRU is the only short-listed option that can fully mitigate all security 

of supply impacts observed in Section 4.  

The mitigation impact of LNG FSRU with respect to unserved demand over the 30-day disruption in 2025 is shown 

in Table 7.1 below. 
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Table 7.1: Impact of the LNG FSRU on the value of unserved demand in the 2025 Shock Scenario 5 period (14th 

Jan to 12th Feb). 

Impact of the LNG FSRU on unserved demand In Shock Scenario 5  

(no mitigation) 

In Shock Scenario 5  

(with mitigation) 

Unserved 

demand 

(MWh) 

Protected consumers 736.3 GWh 0 GWh 

I&C 1,177.0 GWh 0 GWh 

Power sector (to meet unserved electricity) 713.9 GWh 0 GWh 

Total 2,627.2 GWh 0 GWh 

Value of 

unserved 

demand 

(€m) 

Protected consumers €86.9m €0.0m 

I&C €125.9m €0.0m 

Power sector (to meet unserved electricity) €4,396.2m €0.0m 

Total €4,609.0m €0.0m 

Source: CEPA analysis 

The strategic LNG FSRU can mitigate unserved demand for all consumer groups over the 30-day disruption period. 

Using assumptions of gas VoLL set out in Section 4.1.1, we estimate that the value of reduced unserved demand 

equates to approximately €4.6 billion over the 30-day outage.  

As outlined in Section 4.1.1, we consider that the value of avoiding unserved protected demand may also extend 

beyond the disruption period. For example, we understand that there may be significant lead times associated with 

re-connecting residential consumers to the gas network following a widespread disruption. As such, we consider 

that the true value of avoided unserved demand for protected consumers during the disruption to gas imports from 

GB may exceed the value shown in Table 7.1.  

We find a similar impact associated with introducing a strategic LNG FSRU on unserved demand in 2030. The 

mitigation impact of the LNG FSRU with respect to the 7-day and 30-day disruption in 2030 is shown in Table 7.2 

and Table 7.3 below. 

Table 7.2: Impact of LNG FSRU on the value of unserved demand in the 2030 Shock Scenario 4 period (6th Feb to 

12th Feb). 

Impact of the LNG FSRU on unserved demand In Shock Scenario 4  

(no mitigation) 

In Shock Scenario 4  

(with mitigation) 

Unserved 

demand 

(MWh) 

Protected consumers 88.1 GWh 0 GWh 

I&C 225.5 GWh 0 GWh 

Power sector (to meet unserved electricity) 0 GWh 0 GWh 

Total 313.6 GWh 0 GWh 

Value of 

unserved 

demand 

(€m) 

Protected consumers €10.4m €0.0m  

I&C €24.1m €0.0m 

Power sector (to meet unserved electricity) €0.0m €0.0m 

Total €34.5m €0.0m 

Source: CEPA analysis 
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Table 7.3: Impact of the LNG FSRU on the value of unserved demand in the 2030 Shock Scenario 5 period (14th 

Jan to 12th Feb). 

Impact of the LNG FSRU on unserved demand In Shock Scenario 5  

(no mitigation) 

In Shock Scenario 5  

(with mitigation) 

Unserved 

demand 

(MWh) 

Protected consumers 732.9 GWh 0 GWh 

I&C 998.8 GWh 0 GWh 

Power sector (to meet unserved electricity)  5.6 GWh 0 GWh 

Total 1,737.3 GWh 0 GWh 

Value of 

unserved 

demand 

(€m) 

Protected consumers €86.5m €0.0m  

I&C €106.9m €0.0m 

Power sector (to meet unserved electricity) €34.3m €0.0m 

Total €227.7m €0.0m 

Source: CEPA analysis 

We find that the strategic LNG FSRU can fully mitigate all unserved demand for all consumer groups during both 

outage periods. We estimate that the value of reduced unserved demand equates to €34.5 million over the 7-day 

outage and €227.7 million over the 30-day outage. As outlined above, we consider that avoiding the need for 

lengthy domestic reconnections means that the net benefit of avoided unserved protected demand may 

significantly exceed these levels. 

Impact on gas prices 

We have not assessed the price impacts of gas injected from the strategic LNG FSRU facility. As a strategic 

reserve, the price of injections from the strategic FSRU will reflect policy decisions in Ireland rather than market 

dynamics.   

As the LNG FSRU is reserved for use only during a shock event, this option will have no impact on gas prices in a 

year in which no shock occurs. 

Impact on modelled carbon emissions 

The reduction in unserved demand results in a corresponding increase in natural gas usage during the shock 

period and would therefore result in an increase in emissions relative to the counterfactual (where the security of 

supply event occurs, and no mitigation is applied).  

• During the 30-day Shock Scenario 5 shock period in 2025, the LNG FSRU injects 366.7 mcm (4,073.9 

GWh) of natural gas into the onshore network. By mitigating this level of unserved gas demand, we 

estimate that an additional 74.4 kilotons of CO2e109 is emitted relative to the 30-day disruption without any 

mitigation. 

• During the 7-day Shock Scenario 4 shock period in 2030, the LNG FSRU injects 48.5 mcm (538.8 GWh) of 

natural gas into the onshore network. By mitigating this level of unserved gas demand, we estimate that an 

additional 9.8 kilotons of CO2e is emitted relative to the 7-day disruption without any mitigation. 

• During the 30-day Shock Scenario 5 period in 2030, the LNG FSRU injects 305.0 mcm (3,388.4 GWh) of 

natural gas into the onshore network. By mitigating this level of unserved gas demand, we estimate that an 

additional 61.9 kilotons of CO2e is emitted relative to the 30-day disruption without any mitigation. 

We note that there may also be significant additional impacts on emissions associated with the liquefaction and 

regasification process that is required for the production, storage, and use of LNG. We discuss this non-modelled 

impact below. 

——————————————————————————————————————————————————— 

109 This is based on conversion factors for natural gas published by BEIS in 2021. BEIS (2021) Greenhouse gas reporting: 

conversion factors, available on gov.uk 

https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2021
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Costs of delivering the option 

There are several delivery options to consider when estimating the cost of an LNG FSRU. For example, FSRUs can 

be developed with a newbuild hull or converted from an old LNG carrier. The costs and benefits of each approach 

will vary. For example, newbuild FSRUs offer design flexibility and a wider range of outfitting options but are 

typically more expensive and can take longer to build.110 The up-front capital cost of a new-build LNG FSRU could 

be between €350 and €400 million while the annual operational costs could be between €4 million and €5 million 

per annum.111 

However, under this option we expect that the strategic LNG FSRU would be leased rather than purchased up front. 

We expect that this approach may be prudent for a facility that will act as a strategic reserve to mitigate medium-

term security of supply concerns. For example, the facility could be leased until more long-term solutions are 

identified and/or the energy system is no longer reliant on natural gas imports from GB. The cost of leasing an LNG 

FSRU can vary but is typically estimated in the range of €37 to €66 million per annum.112,113 We understand that the 

Klaipėda LNG FSRU facility has been leased at a cost of €60 million per annum.114 

Even under an approach where the LNG FSRU is leased, the cost of connecting the facility to the onshore network 

and the operational costs of the facility also need to be considered. For example, the construction cost for the jetty 

connecting the FSRU obtained by Estonia in 2022 is estimated at €40 million.115 Further costs may be incurred 

depending on the distance between the jetty and the onshore transmission pipeline network. In addition, there will 

be a significant cost associated with procuring the physical volume of LNG that will be stored in the FSRU.  

Implementation challenges 

One of the primary benefits of developing a FSRU, relative to an onshore installation, is that the requirement for 

large and costly onshore storage and regasification infrastructure is avoided. As most of this infrastructure sits on 

an operating ship, when the facility is no longer required it can simply sail away to another location. The main 

onshore development which would need to be implemented relates to the development of port infrastructure 

capable of facilitating large-scale LNG carriers, a jetty to moor the LNG FSRU, and a metering station. If the port 

infrastructure is already in operation, then the physical infrastructure can be implemented in a relatively short space 

of time.116  

Another benefit of implementing an FSRU solution, relative to an onshore installation, is that countries are typically 

able to lease an existing unit, rather than being required to construct a new purpose-built facility. This can lead to 

significant savings in terms of the length of time required to implement the solution. For example, constructing a 

purpose-built FSRU can take up to 3-years while converting an existing LNG vessel into a FSRU can take between 

18 and 24 months.117 In contrast, If the port infrastructure is already in operation, then a FSRU facility can be 

developed in a short space of time, sometimes within as little as a year.118 As noted above, the lead-times 

associated with developing new FSRU projects will however also depend on the capability of existing port 

infrastructure to accommodate LNG vessels and the FSRU mooring. 

A further benefit of FSRUs, relative to onshore installation, is that there is a degree of flexibility around the length of 

FSRU leases which are available in the market. Shorter-term charters are being used in several countries as a 

bridging solution for the development of land-based terminals, or as a mid-term solution until offshore gas 

——————————————————————————————————————————————————— 

110 However, the upfront capital costs of newbuild FSRUs are typically expected to be half the cost of building a fixed onshore 

LNG terminal. IGU (2021) World LNG Report, page 66, available online at igu.org 

111 Based on CEPA review of commercial data contained in the ENTSOG 2018 TYNDP.  

112 Oxford Institute for Energy Studies (2018) The Outlook for FSRUs, available on oxfordenergy.org 

113 QED (2013) FSRU Tariffs, available on usaid.gov 

114 Klaipeda LNG Terminal, available on gem.wiki 

115 Paldiski FSRU, available on gem.wiki 

116 LNG FSRUs have been developed within very short timescales in other jurisdictions, sometimes within as little as a year.  

117 Available on westpandi.com 

118 http://gasprocessingnews.com/news/fsru-ships-in-high-demand-as-buyers-seek-quicker-route-to-lng.aspx 

https://www.igu.org/resources/world-lng-report-2021/
https://www.oxfordenergy.org/wpcms/wp-content/uploads/2017/07/The-Outlook-for-Floating-Storage-and-Regasification-Units-FSRUs-NG-123.pdf
https://pdf.usaid.gov/pdf_docs/PA00KWB5.pdf
https://www.gem.wiki/Klaipeda_LNG_Terminal#:~:text=The%20terminal%20is%20the%20FSRU,for%20%2468%20million%20per%20year.
https://www.gem.wiki/Paldiski_FSRU
https://www.westpandi.com/getattachment/5b0e36c4-5641-4482-a9a4-845273d1bb53/woe5639_uwg-fsru-gbr-20-v1_4pp_web.pdf
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discoveries are commercialised. For example, the Netherlands has acquired a FSRU in 2022 on a 5-year charter for 

the port of Eemshaven119 while Germany signed an agreement to charter two FSRU’s on a 10-year term.120  

The availability of FSRUs and their commercial terms will however depend on global supply and demand. By the 

end of 2020, there were a total of only 37 FSRUs in operation globally.121 Getting access to a unit may become 

increasingly challenging given global demand following Russia’s invasion of Ukraine in March 2022. At the time of 

writing this report Germany, Italy, the Netherlands, Finland, and Estonia have all announced plans to procure or 

have already procured FSRUs in the wake of increased energy uncertainty in Europe. Ireland’s access to an FSRU 

may therefore depend on its ability to compete with global demand for a limited number of available units. 

Increased global competition for available units may also limit Ireland’s ability to dictate the commercial terms under 

which a FSRU is available – for example, units may only be available under a more long-term lease structure. 

If FSRU units are available for lease or purchase, recent evidence shows that LNG projects can be developed in a 

short timeframe. For example, in April 2022 the Estonian and Finish Governments announced plans to jointly 

charter a FSRU facility which is expected to be commissioned by November 2022.122 Germany announced an 

agreement on a charter for four FSRU units in June 2022. Two of these units are expected to be operational before 

the end of 2022.123 Similarly, the Italian gas transport operator, Snam, reached an agreement to acquire two FSRUs 

in May – the first of these units is expected to start operations in Italy in Spring 2023.124  

In addition to the above, further implementation challenges surrounding the development of FSRU infrastructure in 

Ireland is related to permitting and planning permissions. For example, there may be local opposition associated 

with the introduction of large LNG carriers into an existing port system in Ireland. Under a strategic reserve 

approach, the low frequency of LNG carriers may help mitigate this concern. However, questions may be raised 

over the cost of developing a strategic facility which is expected to be idle for most of the time and not fully 

consistent with the Government’s stated environmental targets.  

Another implementation challenge is associated with the feasibility of using an LNG FSRU as a strategic store which 

would only be utilised during periods in which there is a material risk of demand disruptions. Under this operational 

framework, the LNG would need to be stored for extended periods of time in the FSRU in a pressurised and cooled 

state.125 We have not identified any FSRUs which are currently used for this purpose. As such, the technical 

feasibility of the FSRU to hold LNG for extended periods of time in a pressurised state would need to be 

determined. The same requirement would apply to any reserves that would need to be held under regulation if 

introduced for a commercial FSRU development. 

Environmental and non-modelled carbon impacts 

The introduction of a strategic LNG FSRU raises several additional environmental impacts to consider. 

• Lifecycle emissions intensity of LNG can exceed that of pipeline natural gas due to the liquefication, tanker 

transport, and re-gasification steps required to export LNG to global markets.126 Life-cycle emissions 

intensity associated with LNG can however vary significantly depending on the market in which the LNG is 

produced. For example, the UK North Sea Transition Authority has estimated that the emissions intensity of 

——————————————————————————————————————————————————— 

119 Netherlands Charters a Second FSRU for Energy Security. Available on ogv.energy 

120 Germany charters 2 Dynagas FSRUs to replace 30% of Russian gas imports, available on reuters.com 

121 By the end of 2020, there were a total of 37 FSRUs in operation globally. To this number, four LNG FSRU newbuilds and 

three LNG conversions were due for delivery in 2021. IGU (2021) World LNG Report, page 66, available online at igu.org 

122 Available on gem.wiki 

123 https://www.offshore-mag.com/regional-reports/north-sea-europe/article/14279065/germany-advances-fsru-projects-to-

ensure-gas-supply  

124 https://maritime-executive.com/article/italy-acquires-two-fsrus-to-replace-russian-gas-imports  

125 This may result in a loss of stored energy as the LNG stores are consumed by the FSRU to maintain its pressurised and 

liquified gas stores.  

126 For example, a study by the NRDC found that the liquification, transport, and re-gasification steps required to export LNG to 

global markets can account for up to 21% of lifecycle emissions of LNG. NRDC (2020) Sailing to Nowhere: Liquefied Natural Gas 

is not an Effective Climate Strategy, available on nrdc.com 

https://www.ogv.energy/news-item/netherlands-charters-a-second-fsru-for-energy-security
https://www.reuters.com/business/energy/germany-charters-2-dynagas-fsrus-replace-30-russian-gas-imports-2022-05-05/
https://www.igu.org/resources/world-lng-report-2021/
https://www.gem.wiki/Paldiski_FSRU
https://www.offshore-mag.com/regional-reports/north-sea-europe/article/14279065/germany-advances-fsru-projects-to-ensure-gas-supply
https://www.offshore-mag.com/regional-reports/north-sea-europe/article/14279065/germany-advances-fsru-projects-to-ensure-gas-supply
https://maritime-executive.com/article/italy-acquires-two-fsrus-to-replace-russian-gas-imports
https://www.nrdc.org/sites/default/files/sailing-nowhere-liquefied-natural-gas-report.pdf
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LNG imports into GB are almost 170% greater than the emissions intensity of gas extracted from the UK 

continental shelf (UKCS), and almost 230% higher than the emissions intensity of gas imported from 

Norway.127  

• Some proportion of the gas imported from the LNG terminal could be produced by the process of hydraulic 

fracturing (“fracking”).128 This could occur due to the increasing prevalence of fracked gas within the global 

LNG supply chain.129 For example, the US Energy Information Administration predicts that the vast majority 

of natural gas produced in the USA will be developed from shale gas by 2030.130 The USA has become the 

largest global supplier of LNG.  

In addition, there may be several localised environmental impacts associated with the development of an LNG 

FSRU facility.131 For example, the LNG FSRU typically uses sea water to heat its LNG reserves back into a gaseous 

state. When operating, this process can result in impacts on local ecosystems through the injection of seawater 

being returned which is cooler than the surrounding ambient temperatures. Similarly, FSRUs are typically required 

to combat the biofouling of its internal piping systems by using chemical disinfectants. This process can lead to 

residual chloride content being injected into the surrounding water system. 

However, we note that the strategic FSRU would not be expected to operate, other than in periods where supply is 

incapable of meeting demand. As such, the environmental impact of the option would be largely limited to such 

periods of operation and to replacing any volumes of gas leakage which cannot be avoided over time. 

Risks and unintended consequences 

The key risk associated with the introduction of LNG FSRU is that new shipments of LNG may need to be obtained 

at short notice to mitigate all unserved demand during an extended disruption to pipeline gas imports from GB. For 

example, in the 2030 scenario the LNG FSRU is only able to keep enough LNG in store to meet protected and I&C 

demand over a 30-day period. When demand from the power sector is also considered, the FSRU would run out of 

supplies after nine days. 

The ability of the LNG FSRU to mitigate unserved demand during the import disruption will therefore depend on the 

following factors. 

• Obtaining LNG cargoes at short notice would require an LNG carrier who is already in transit to have the 

commercial flexibility to re-route to Ireland in response to a short-term price signal caused by the pipeline 

disruption. The ability of LNG shippers to flexibly alter their destination mid-voyage has been demonstrated 

throughout 2021.132 Nonetheless, obtaining LNG shipments at short notice could prove challenging and 

may be outside the control policymakers in Ireland. 

• LNG suppliers who are capable of flexibly meeting demand in Ireland would need to be in close enough 

proximity to the LNG FSRU facility such that they could provide LNG suppliers in time to avoid unserved 

demand. For example, LNG supplies would need to be in close enough proximity to provide new supplies 

——————————————————————————————————————————————————— 

127 North Sea Transition Authority (2020) ‘Natural Gas Carbon Footprint Analysis’, available on nsathority.co.uk 

128 Fracking is a method of oil and natural gas extraction which involves injecting fluid into subterranean rock formations at high 

pressure to produce a fracture network that allows crude oil and natural gas inside dense rocks to be extracted at the surface. 

The approach can lead to large detrimental environmental impacts in terms of water consumption, water contamination, seismic 

inducement, and air pollution. 

129 Under the EU Directive 2009/73/EC concerning the common rules for the internal market in natural gas, it is not possible 

legislate for a ban on the import of fracked gas or to prevent the processing of fracked gas. Available on eur-lex.europa.eu 

130 US Energy Information Administration (2016), ‘Natural gas explained’, available on eia.gov 

131 AGL (2017) Fact Sheet FSRUs, available on agl.com.au 

132 For example, the Hellas Diana carrier made a U-Turn in the Pacific Ocean to carry LNG back to the UK in response to higher 

UK gas prices. 

https://www.ogauthority.co.uk/the-move-to-net-zero/net-zero-benchmarking-and-analysis/natural-gas-carbon-footprint-analysis/#gas_footprint
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32009L0073&from=EN
https://www.eia.gov/energyexplained/natural-gas/where-our-natural-gas-comes-from.php
https://www.agl.com.au/-/media/aglmedia/documents/about-agl/how-we-source-energy/crib-point/fsru_factsheet_a4_v2.pdf?la=en&hash=DDC9AFB2F8757001EBCAEBDE8387420D
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to the LNG FSRU within 9-days to mitigate all unserved demand during the 30-day disruption to pipeline 

gas imports in 2030.133  

If LNG shipments cannot be obtained at short notice, then policies may need to be developed which set out how 

the strategic LNG stores will be allocated across the disruption period. For example, the available store of LNG 

could be reserved for protected and I&C consumers until such a point that further LNG shipments can be obtained.  

Another potential unintended consequence may result from ongoing political pressure to draw on stores of gas 

outside of a physical shock event. For example, there may be political pressure to use LNG reserves to mitigate the 

impact of high gas prices on residential and I&C consumers or to prevent gas-fired power stations from using 

secondary fuels.  

7.1.2. Strategic gas storage 

Mitigation of unserved demand 

Our modelling finds that the strategic gas storage facility can partially mitigate a large portion of unserved gas 

demand during the disruption to pipeline imports from GB, due to the volume of gas held in store at the start of the 

period. However, the ability of the strategic storage facility to meet daily demand is limited by its technical 

withdrawal rate. 

For example, in the 2030 the average daily demand from protected consumers during the 30-day disruption to 

pipeline imports from GB is equal to 4.6 mcm (51 GWh) per day. When combined with I&C consumers, it is 7.6 

mcm (84 GWh) per day. By comparison, the technical withdrawal rate of the strategic gas storage facility is 

considered to be 2.6 mcm (29 GWh) per day (based on the technical parameters of Kinsale). While the strategic 

storage option mitigates unserved demand from protected consumers completely, it is only able to partially mitigate 

unserved demand of I&C customers under both Shock Scenario 4 and Shock Scenario 5. 

The impact of the strategic storage facility on the value of unserved demand in 2025 over the 30-day disruption to 

pipeline imports from GB is shown in Table 7.4 below. 

Table 7.4: Impact of strategic gas storage on the value of unserved demand in the 2025 Shock Scenario 5 period 

(14th Jan to 12th Feb). 

Impact of strategic gas storage on unserved demand In Shock Scenario 5  

(no mitigation) 

In Shock Scenario 5  

(with mitigation) 

Unserved 

demand 

(MWh) 

Protected consumers 736.3 GWh 55.4 GWh 

I&C 1,177.0 GWh 1,150.1 GWh 

Power sector (to meet unserved electricity) 713.9 GWh 713.9 GWh 

Total 2,627.2 GWh 1,919.4 GWh 

Value of 

unserved 

demand 

(€m) 

Protected consumers €86.9m €6.5m 

I&C €125.9m €123.1m 

Power sector (to meet unserved electricity) €4,396.2m €4,396.2m 

Total €4,609.0m €4,525.8m  

Source: CEPA analysis 

As shown above, the strategic gas storage facility is only able to partially mitigate unserved demand for protected 

and I&C consumers over the 30-day disruption period. As such, we expect that under this mitigation option, some 

residential consumers may lose access to gas supplies for a period that extends beyond the actual supply 

disruption. We do not find any impact on the value of unserved demand to the power sector under Shock Scenario 

5. 

——————————————————————————————————————————————————— 

133 We note that the Milford Haven LNG terminal in Pembrokeshire Wales receives around 100 shipments of LNG each year. If 

GB is not experiencing any supply constraints during the disruption to pipeline imports from GB (Shock Scenario 4 and Shock 

Scenario 5), it may be possible for LNG shippers bound for Milford Haven (or other nearby LNG terminals) to divert to Ireland. 
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Overall, we estimate that the value of reduced unserved demand equates to €83.2 million over the 30-day outage. 

However, as outlined in Section 4.1.1 we consider that the challenge of re-connecting residential consumers after a 

wide-spread gas outage could result in a significantly higher value of unserved residential compared to what is 

shown in Table 7.4. 

We find a similar impact associated with introducing strategic gas storage on unserved demand in 2030. The 

mitigation impact of strategic storage with respect to the 7-day and 30-day disruption in 2030 is shown in Table 7.5 

and Table 7.6 below. 

Table 7.5: Impact of strategic gas storage on the value of unserved demand in the 2030 Shock Scenario 4 period 

(6th Feb to 12th Feb). 

Impact of strategic gas storage on unserved demand In Shock Scenario 4  

(no mitigation) 

In Shock Scenario 4  

(with mitigation) 

Unserved 

demand 

(MWh) 

Protected consumers 88.1 GWh 0 GWh 

I&C 225.5 GWh 108.0 GWh 

Power sector (to meet unserved electricity) 0 GWh 0 GWh 

Total 313.6 GWh 108.0 GWh 

Value of 

unserved 

demand 

(€m) 

Protected consumers €10.4m €0.0m 

I&C €24.1m €11.6m 

Power sector (to meet unserved electricity) €0.0m €0.0m  

Total €34.5m €11.6m  

Source: CEPA analysis 

Table 7.6: Impact of strategic gas storage on the value of unserved demand in the 2030 Shock Scenario 5 period 

(14th Jan to 12th Feb). 

Impact of strategic gas storage on unserved demand In Shock Scenario 5  

(no mitigation) 

In Shock Scenario 5  

(with mitigation) 

Unserved 

demand 

(MWh) 

Protected consumers 732.9 GWh 88.0 GWh 

I&C 998.8 GWh 974.2 GWh 

Power sector (to meet unserved electricity) 5.6 GWh 5.6 GWh 

 Total 1,737.3 GWh 1,067.9 

Value of 

unserved 

demand 

(€m) 

Protected consumers €86.5m €10.4m 

I&C €106.9m €104.2m 

Power sector (to meet unserved electricity) €34.3m €34.3m 

 Total €227.7m €148.9m  

Source: CEPA analysis 

We find that the strategic storage facility can reduce the value of unserved demand to protected and I&C 

consumers by €22.9 million over the 7-day disruption and by €78.8 million over the 30-day disruption to all pipeline 

gas imports from GB in 2030.  

Impact on gas prices 

As outlined in Section 4.1.1, we assume that non-market mechanisms will be used to allocate available supplies to 

different consumer groups during periods of where supply is unable to meet demand. As the strategic gas storage 

option is unable to fully mitigate unserved demand for I&C or protected consumers, we assume that gas prices 

cease to be a useful indicator of market conditions under this mitigation option. 
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Impact on modelled carbon emissions 

This option has an impact on emissions only to the extent that it can mitigate unserved gas demand during the 

disruption period134 and as a result of needing to refill storage stocks to replace any gas leakage that takes place. 

Both cases would require additional imports of natural gas to Ireland to replace what has been withdrawn. We 

estimate the impact of mitigating unserved demand below. 

• Under the 30-day Shock Scenario 5 period in 2025, the strategic storage facility injects 66.0 mcm (734.1 

GWh) of natural gas into the onshore network. By mitigating this level of unserved gas demand, we 

estimate that an additional 13.4 kilotonnes of CO2e135 is emitted relative to the 30-day disruption without any 

mitigation. 

• Under the 7-day Shock Scenario 4 period in 2030, the strategic storage facility injects 17.0 mcm (188.7 

GWh) of natural gas into the onshore network. By mitigating this level of unserved gas demand, we 

estimate an additional 3.4 kilotonnes of CO2e is emitted relative to the 7-day disruption without any 

mitigation. 

• Under the 30-day Shock Scenario 5 period in 2030, the strategic storage facility injects 58.3 mcm (647.7 

GWh) of natural gas into the onshore network. By mitigating this level of unserved gas demand, we 

estimate that an additional 11.8 kilotonnes of CO2e is emitted relative to the 30-day disruption without any 

mitigation.  

As the strategic gas storage facility is reserved for use only during a shock event, this option will have limited 

impact on emissions in a year in which no shocks occur other than replacing any gas lost to leakage. 

Costs of delivering the option 

As outlined previously, much of the fixed infrastructure associated with the gas storage facility at Kinsale remains in-

place in a decommissioned state. This includes the well-heads, sub-sea pipelines, onshore pipelines, and a 

compressor station site which are all required for the operation of a gas storage site. The cost of reinstating the 

facility would depend on the operational state of these assets and on the extent to which new assets will need to be 

built. Estimates of the cost of restating the Kinsale facility are not currently available. 

The Islandmagee storage facility development helps to provide an indicator of the costs of a new storage facility. 

This 500 mcm storage facility is being developed in a series of salt caverns in County Antrim, Northern Ireland, and 

is purpose built with an operational capacity which is almost double the Kinsale facility. The projected costs of the 

facility are €350 million in up-front capital investment and €8 million in ongoing costs per annum.136  

Implementation challenges 

The key implementation challenge with this option is in identifying a geological formation suitable for use 

underground gas storage. While we understand that available storage options in Ireland are limited,137 the gas 

storage facility which was operational at Kinsale until 2017 could be feasibly reinstated in the future. 

For the Kinsale facility, GNI consider that the permitting requirements around the foreshore licence and planning 

permissions may prove to be a larger challenge than the development of the physical infrastructure.  

As with the development of the LNG FSRU facility, we consider that implementing the storage facility may face 

opposition due to the perceived high cost of maintaining a facility which is not expected to be used for most of its 

——————————————————————————————————————————————————— 

134 We note that a commercially operated gas storage facility may also impact on emissions to the extent that it increases 

aggregate gas consumption. For example, seasonal storage may increase residential and I&C gas consumption in the winter 

months by smoothing peak prices during periods of high demand and/or constrained supply. We have not quantitatively 

modelled this potential impact in this report. 

135 This is based on conversion factors for natural gas published by BEIS in 2021. BEIS (2021) Greenhouse gas reporting: 

conversion factors, available on gov.uk 

136 ENSTOG (2018) TYNDP 2018 Annex A Project Tables, available on entsog.eu 

137 CRU, National Preventive Action Plan, Gas 2018 – 2022, Ireland, available on ec.europa.eu 

https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2021
http://www.entsog.eu/tyndp
https://ec.europa.eu/energy/sites/default/files/documents/npap_ireland_2018_.pdf
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existence. The cost recovery framework for the facility may accordingly be challenging and may require extensive 

government support and public buy-in for the project. 

Finally, we also consider that there may be technical implementation challenges associated with developing the 

Kinsale storage facility as a strategic reserve. For example, underground storage facilities are often limited in the 

length of time they can maintain gas stores before it must be withdrawn again. This is because underground 

storage facilities do not have any purpose-built walls to keep the gas in reserve. As such, geology will determine 

just how long natural gas can be stored for underground before it dissipates past the point at which it can be 

withdrawn again. Implementing a strategic gas storage facility in Ireland would therefore require exploration into the 

length of time that reserves can be feasibly maintained for.  

Environmental and non-modelled carbon impacts 

As natural gas stored in the strategic gas storage facility will be withdrawn from the Irish onshore network, we do 

not consider that there will be any direct additional impact of the facility on emissions, other than under a shock 

scenario. The additional environmental impact of this option may therefore be confined to the risk of natural gas, 

methane, or carbon dioxide leakage from the storage facility. For example, a 2017 study in the US found that 20% 

of all underground natural gas storage wells in the US are at risk of serious leaks.138 The probability of such an 

incident occurring from the strategic storage facility would be dependent on the geological specifications of the 

facility. 

Risks and unintended consequences 

One of the potentially positive consequences of redeveloping the Kinsale storage facility is that it could enhance the 

prospects for future use as a large-scale hydrogen storage facility. Much of the physical infrastructure that would be 

developed to store natural gas could potentially be re-purposed to store hydrogen in the future.139  

One of the unintended risks associated with the introduction of the strategic storage facility is that its presence may 

result in political pressure to draw on its reserves during periods when other supplies are available but the 

wholesale gas prices are deemed to be high. The use of the facility in such period would reduce the volume of gas 

available to mitigate a future security of supply event.  

7.1.3. Gas mitigation option package (strategic gas storage, renewable gas, 

gas DSR and gas hydrogen) 

Mitigation of unserved demand 

When the strategic gas storage option is combined with additional DSR and higher volumes of renewable gas 

injections, we find that the gas option package can fully mitigate almost all unserved demand from protected 

consumers and partially mitigate unserved demand from I&C consumers over both the 7-day (Shock Scenario 4) 

and 30-day (Shock Scenario 5) disruptions to gas imports from GB. 

The impact of the gas mitigation package on the value of unserved demand in 2030 over the 7-day disruption to 

gas imports from GB is shown in Table 7.7 below. 

——————————————————————————————————————————————————— 

138 Harvard (2017) US underground storage wells at risk for leaks, available on hervard.edu 

139 For example, we note that an initiative between ESB and dCarbonX was launched in 2021 to develop large-scale storage for 

green hydrogen. The initiative was launched after proprietary evaluation of the depleted gas field reservoir at Kinsale. 

https://www.hsph.harvard.edu/news/hsph-in-the-news/underground-gas-leak-risk/
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Table 7.7: Impact of the gas package on the value of unserved demand in the 2030 Shock Scenario 4 period (6th 

Feb to 12th Feb). 

Impact of gas package on unserved demand In Shock Scenario 4  

(no mitigation) 

In Shock Scenario 4  

(with mitigation) 

Unserved 

demand 

(MWh) 

Protected consumers 88.1 GWh 0 GWh  

I&C 225.5 GWh 54.2 GWh 

Power sector (to meet unserved electricity) 0 GWh  0 GWh 

Total 1,067.9 GWh 54.2 GWh 

Value of 

unserved 

demand 

(€m) 

Protected consumers €10.4m €0.0m  

I&C €24.1m €5.8m 

Power sector (to meet unserved electricity) €0m €0m  

Total €34.5m €5.8m  

Source: CEPA analysis 

As shown in Table 7.7, we find that the gas mitigation package can reduce the value of unserved demand to 

protected and I&C consumers by €28.7 million. However, as outlined in Section 7.1.1 and Section 7.1.2, we 

consider that the savings associated with avoiding unserved residential demand may extend beyond the shock 

period. This is because of the logistical challenge required to re-connect large numbers of consumers to gas 

supply. As such, the true value of avoided unserved demand for protected consumers may be up to ten times140 the 

level shown in Table 7.7. 

The impact of the gas mitigation package on the value of unserved demand over the 30-day disruption is shown in 

Table 7.8 below. We find that the strategic storage facility can reduce the value of unserved demand to protected 

and I&C consumers by €108.2 million.  

Table 7.8: Impact of the gas package on the value of unserved demand in the 2030 Shock Scenario 5 period (14th 

Jan to 12th Feb). 

 

Impact of gas package on unserved demand In Shock Scenario 5  

(no mitigation) 

In Shock Scenario 5  

(with mitigation) 

Unserved 

demand 

(MWh) 

Protected consumers 732.9 GWh 2.2 GWh 

I&C 998.8 GWh 793.8 GWh 

Power sector (to meet unserved electricity)  5.6 GWh 5.6 GWh 

Total 1,737.3 791.6 GWh 

Value of 

unserved 

demand 

(€m) 

Protected consumers €86.5m €0.3m 

I&C €106.9m €84.9m 

Power sector (to meet unserved electricity) €34.3m €34.3m 

Total €227.7m €119.5m  

Source: CEPA analysis 

As shown above, the strategic storage facility is not able to fully mitigate unserved demand for protected 

consumers over the full 30-day disruption. As such, we consider that some residential consumers may be able to 

realise their access gas supplies for a period that extends beyond the 30-day disruption. We do not find any impact 

on the value of unserved demand to the power sector under Shock Scenario 5. 

——————————————————————————————————————————————————— 

140 Previous studies by GNI have suggested that lead times of at least 62 days may be required to implement a wide-scale 

reintroduction of gas at a domestic level. As such, the 7-day disruption to pipeline imports from GB (Shock Scenario 4) may 

result in a period of up to 70 days in which consumers are unable to access gas supplies. 
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Impact on gas prices 

As outlined in Section 4.1.1, we assume that non-market mechanisms will used to allocate available supplies to 

different consumer groups during periods of where supply is unable to meet demand. As the gas mitigation 

package is unable to fully mitigate unserved demand for all consumer groups, we assume that gas prices cease to 

be a useful indicator of market conditions under this mitigation option. 

Impact on modelled carbon emissions 

This mitigation option leads to an annual reduction in gas sector emissions through the displacement of natural gas 

consumption by zero emission biomethane and hydrogen gas injections. Overall, an additional 0.14 bcm (1.5 TWh) 

of biomethane and 0.05 bcm (0.56 TWh) of hydrogen gas are injected into the onshore gas network under this 

mitigation option. This leads to a total of 0.19 (2.06 TWh) of natural gas being displaced by zero emission renewable 

gas. We estimate that this leads to an annual reduction of 37.6 kilotonnes of CO2e being emitted relative to the 2030 

Baseline 1 scenario. This reduction in carbon emissions would be delivered regardless of whether a shock event 

occurs. 

In addition, there is an impact on carbon emissions during the full disruption to gas imports from GB, driven by the 

extent to which the strategic storage facility can help mitigate unserved demand. The standalone impact on 

emissions from the availability of additional strategic reserves is discussed in Section 7.1.2 above. 

Costs of delivering the option 

The standalone cost of delivering the strategic storage facility is discussed in Section 7.1.2 above. 

In addition to this cost, we expect that there will be material costs associated with delivering the higher volume of 

renewable gas that is assumed under this mitigation option. 

• We estimate the net cost of biomethane injections to be equal to €65/MW. This cost is based on a study by 

the European Commission141 into biomethane use in the gas network and includes the cost of biogas 

production, upgrading to biomethane, and injection into the gas network for Ireland. Based on this cost of 

injection, we calculate the total cost of an addition 0.14 bcm (1.5 TWh) of biomethane to be €97.5 million 

per annum. 

• We estimate the cost of hydrogen gas injections to be equal to €53.2 / MW. This cost is based on the 

levelized cost of hydrogen production using PEM142 electrolysis which has been estimated by BEIS.143 

Based on this cost of injection, we calculate the total cost of injecting 0.05 bcm (0.56 TWh) of hydrogen gas 

into the onshore network would be €29.8 million per annum. 

• We estimate that the gross cost of DSR for I&C consumers could equate to €2.4 million during the 7-day 

outage and €10.6 million during the 30-day outage. This is based on the simplifying assumption that the 

cost of I&C DSR would be marginally below the VoLL for I&C consumers.  

In addition to the above, there may be additional fixed costs associated with the injection of large volumes of 

renewable gas into the gas network. For example, additional renewable gas grid injection infrastructure will need to 

be developed in order to deploy a significant increase in the volume of renewable gas generation. Short-term 

storage facilities may also need to be developed. 

——————————————————————————————————————————————————— 

141 European Commission (2020) Impact of the use of biomethane and hydrogen potential on trans-European infrastructure, 

available on europa.eu 

142 Proton Exchange Membrane (PEM) electrolysis has been shown to be suitable for hydrogen production when coupled with 

wind energy due to its dynamic response properties. EC (2017) Hydrogen from wind curtailment for a cleaner European road 

transport system, available on europa.eu 

143 BEIS (2021) Hydrogen Production Cost Annex, available on gov.uk 

https://op.europa.eu/en/publication-detail/-/publication/10e93b15-8b56-11ea-812f-01aa75ed71a1/
https://publications.jrc.ec.europa.eu/repository/bitstream/JRC107626/kjna28717enn.pdf
https://www.gov.uk/government/publications/hydrogen-production-costs-2021
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Implementation challenges 

We discuss the standalone risks and unintended consequences associated with developing a strategic storage 

facility in Section 7.1.2 above. We consider the implementation challenges associated with other features of the gas 

mitigation package here. 

While the current gas infrastructure in Ireland is can handle renewable gas injections without major technical 

adaptions, generating large volumes of biomethane and hydrogen gas by 2030 is likely to be a considerable 

challenge. For example, Ireland currently has only one operational biomethane injection point at Cush, Co. 

Kildare.144 Meeting the capacity required to inject 0.29 bcm (3.2 TWh) of biomethane per annum by 2030 will 

therefore require significant investment in establishing the necessary supply chains for the raw feedstock required 

to produce biogas,145 investment in the infrastructure required to capture biogas from the anaerobic digestion of 

that feedstock, and investment in the infrastructure required to upgrade the biogas to biomethane. 

Similarly, developing the infrastructure required to capture up to 0.18 bcm (2 TWh) of green hydrogen from 

curtailed electricity generation is likely to be a considerable challenge. Our modelling assumes that this volume of 

hydrogen can be generated in 2030 from 1,600 MW of electrolyser capacity. Developing this capacity will involve a 

range of implementation challenges, including the following: 

• This volume of electrolyser capacity will need to be operational by 2030. 

• Developing the connection point(s) for the injection of hydrogen into the onshore network. 

• Electricity transmission reinforcement may be required to ensure that curtailed electricity can be delivered 

to the installed electrolyser capacity. 

• Securing the water resources required for the electrolysis of 0.18 bcm (2 TWh) of hydrogen. 

• Developing short-term storage solution for hydrogen gas.146 

In addition to the physical infrastructure requirements outlined above, development of regulatory and commercial 

frameworks will be needed to ensure this volume of renewable gas can be integrated into the network is 

financeable and deliverable by 2030. For example, new support schemes and market reform may be required. 

Finally, an agreed set of rules and market frameworks for DSR from I&C consumers will also need to be introduced 

to enable delivery of significant DSR volumes by 2030. This will require implementing a framework which sets out 

an agreed set of rules around when I&C consumers are required to provide DSR services. The payment 

arrangements for DSR services from I&C consumers will also need to be agreed.  

Environmental and non-modelled carbon impacts 

We discuss the standalone environmental and non-modelled carbon impacts associated with a strategic storage 

facility in Section 7.1.2 above. 

We assume that biomethane injections into the gas network do not lead to a net increase in emissions in the 

atmosphere. This assumption may not strictly hold in a case where new sources of biogas are grown for the sole 

purpose of creating biomethane that can be used in the gas network. If new purpose-grown feedstocks for the 

creation of biogas are required in order to meet the level of injection assumed under this scenario, then some of the 

benefits in terms of avoided emissions will be reduced. 

——————————————————————————————————————————————————— 

144 We note that a new 590 GWh injection facility is currently being planned for a location near Mitchelstown, Co. Cork. The 

Green Renewable Agricultural Zero Emissions (GRAZE) Gas project is being designed to support over 20 remote agriculture 

based anaerobic digestion projects within 60 km of the site. GNI have outlined that the Mitchelstown facility will be the first of 17 

transmission connected facilities that are delivering renewable gas into the onshore network. Available on gasnetworks.ie 

145 For example, biogas can be generated from food waste, manure, sewage sludge, crops, forestry, and straw. 

146 Short-term storage may be required as there is an upper bound on the volume of hydrogen which can be injected into the 

gas grid at the same time. For example, studies have shown that there is a 20% upper limit on the volume of hydrogen gas that 

can be injected at the same time. Our modelling has found that hydrogen injections do not reach 20% of supply even during the 

full disruption pipeline gas imports from GB. 

https://www.gasnetworks.ie/corporate/news/active-news-articles/major-step-forward-to-bring-renewable-gas-on-to-gas-network/
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Risks and unintended consequences 

We discuss the standalone risks and unintended consequences associated with developing the strategic storage 

facility in Section 7.1.2 above. 

One of the key risks associated with the introduction of a sharp increase in the level of renewable gas is around the 

certainty of supply. For example, we assume that all hydrogen gas is developed from available volumes of curtailed 

electricity generation in 2030. If this level of curtailment is reduced for any reason, then the level of potential 

hydrogen generation could fall. As such, the level of hydrogen generation will be dependent on variable factors 

such as weather and net demand from interconnected markets.  

Similarly, the production of biomethane will be dependent on the availability of feedstock for the production of 

biogas. This production can also be impacted by variable factors such as weather and crop yields. Shocks to the 

supply of either biomethane or hydrogen gas could limit the ability of renewable gas to mitigate the impact of a 

disruption to all pipeline gas imports from GB relative to our modelling. 

7.2. APPRAISAL OF SHORT-LISTED ELECTRICITY MITIGATION OPTIONS 

This section presents our appraisal of the short-listed electricity mitigation options. The analysis includes key 

modelling results, such as the impact on unserved demand, prices, and carbon emissions, as well as an 

assessment of implementation costs, challenges, and risks. 

We only observe unserved electricity demand under Shock Scenario 5 and therefore our appraisal is limited to the 

impacts of the mitigation option under this shock scenario and in baseline conditions – i.e., in a typical year with no 

shock event. 

7.2.1. Additional electricity interconnection 

Table 7.9 below summarises the key modelling results for the electricity interconnection mitigation option. These 

results are discussed further below. 

Table 7.9: Summary results for electricity interconnection mitigation option in the 2030 scenario 

Result Units Shock Scenario 5 (2030) 

Mitigation              Shock 

Baseline 1 scenario (2030) 

Mitigation    Baseline 

Unserved 

demand 

GWh 0.00 3.03 0.00 0.00 

Value of 

unserved 

demand 

€m 0.00 38.16 0.00 0.00 

Annual 

demand-

weighted 

DAM price 

€/MWh 45.10 73.02 42.30 40.38 

IE annual 

carbon 

emissions 

MtCO2e 7.73 8.03 8.33 8.45 

SEM RES 

penetration 

% 81.6 79.4 81.6 79.4 

RES 

curtailment 

GWh 4,052 5,362 4,053 5,368 

Source: CEPA analysis 

Mitigation of unserved demand 

The introduction of an additional 700 MW interconnector between Ireland and France fully mitigates the unserved 

electricity demand observed under Shock Scenario 5. Our dispatch modelling shows that the SEM calls on 
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additional interconnector imports during the most extreme system events (see Figure 7.1) and Irish electricity 

demand is fully met for the duration of the shock. 

Figure 7.1: Daily interconnector imports during shock period with additional electricity interconnection (Shock 

Scenario 5, 2030), +ve = imports into Ireland 

 

Source: CEPA analysis 

Impact on electricity prices 

The additional interconnector capacity means that unserved demand can be avoided during the shock period, 

relative to Shock Scenario 5. The demand-weighted average DAM price over the course of the shock period 

reduces by 290 €/MWh with additional interconnection (Figure 7.2). The price reduction is driven primarily by the 

mitigation of unserved demand, when prices without mitigation spike the most, but is also the result of increased 

import capacity in other periods. 

Figure 7.2: Daily DAM price during Shock Scenario 5 in 2030 with additional electricity interconnection. 

 
Source: CEPA analysis 
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Under baseline conditions (i.e., without a shock), the introduction of the new interconnector increases the annual 

average price relative to the baseline without any mitigation option. The demand-weighted DAM price increases by 

1.93 €/MWh over the year and is driven by the increased exposure to the French electricity market. Our dispatch 

modelling shows that the French DAM market settles, on average, at a price more than 40% higher than the SEM in 

the 2030 Baseline 1. Under these conditions, interconnection between Ireland and France operates as a net 

exporter to France because generators receive a higher price on average by exporting energy via the 

interconnector than supplying it domestically. Additional interconnector capacity increases the volume of electricity 

that can be exported in any one period. Increased exports reduce the availability of energy supply domestically, 

which pushes up the SEM market price. The figure below shows net SEM interconnector imports under the 

baseline, with and without the additional interconnector. 

Figure 7.3: Net SEM interconnector imports under the baseline with and without the additional interconnection in 

2030 (+ve = imports into Ireland) 

 

Source: CEPA analysis 

Impact on carbon emissions 

The additional interconnector reduces annual carbon emissions in the SEM by 699,519 tCO2e in the shock 

scenario and 404,422 tCO2e in the baseline scenario.  

In the baseline scenario, the reduction in emissions is due to a decline in power station demand for gas over the 

year. Gas-fired generation falls due to the increased availability of interconnector imports in some periods. The 

result is a 163 GWh-th (0.7%) reduction in annual gas fuel consumption relative to the baseline without the 

mitigation option. Furthermore, the additional source of flexibility provided by the interconnectors helps to reduce 

curtailment of RES, primarily exporting during periods of high-RES penetration. 

We observe further reduction in carbon emissions under the shock scenario as interconnectors reduce the need for 

power generators to run on secondary fuels (Figure 7.4). Emissions from secondary fuel have higher emissions 

intensity than primary fuel, hence avoided secondary fuel use alleviates carbon emissions during the shock event.  
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Figure 7.4: Secondary fuel consumption under Shock Scenario 5 in 2030 with and without the additional 

interconnection 

 

Source: CEPA analysis 

Costs of delivering the option 

We estimate the cost of delivering an additional interconnector by 2030 to be between €0.8bn and €1.0bn, with a 

range between €1.32m/MW and €1.66m/MW. These cost estimates are based on expected costs for the Greenlink 

and Celtic Interconnectors.147 The proposed interconnector in this mitigation option is similar to the Celtic cable, 

both in scale and connection point. 

Implementation challenges 

There are several implementation challenges that would need to be overcome, such as approval, construction, and 

commissioning, which by 2030 may be challenging. As a newly proposed interconnector, authorities in both Ireland 

and France would need to hold consultations with stakeholders such as municipalities, NGOs, state departments 

and others potentially affected by the connection and converter station. The outcome of this initial outreach could 

be a broader public consultation, as was the case with Celtic.148 An impact study and public-opinion survey will also 

be required for the approval of such a major infrastructure project. The operator would then be able to apply for a 

licence and carry out supply chain sourcing, construction, testing, and commissioning. This is a lengthy process 

that can take upwards of 10 years from inception to operation. The Celtic interconnector, for example, was 

recognised as a project of common interest by the EU as early as October 2013 but is not expected to be 

operational by 2026.   

Environmental and non-modelled carbon impacts 

The additional interconnector will provide a source of flexibility to support further integration of renewables. Our 

model captures the benefits of increased RES penetration due to reduced curtailment, but it does not capture the 

other services an interconnector provides to the energy market, such as ancillary services. These services include 

frequency and flexibility services, which could further facilitate the integration of renewables into the energy system. 

Outside of the energy market, there could be a significant emissions impact due to the construction activities and 

supply chains for manufacturing and installing the interconnector cable. For example, the plastic coating of HVDC 

——————————————————————————————————————————————————— 

147 Greenlink Electricity Interconnector “Cap and Floor Regulation Framework” 

148 See: https://www.rte-france.com/en/projects/celtic-interconnector-interconnection-between-france-

ireland#Thestagesoftheproject  
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cables has estimated lifecycle emissions of 1.5kg per 1kg of material.149 The Celtic interconnector between Ireland 

and France spans almost 600km. If we assume that 1 tonne of polyethylene is used per km of interconnection, that 

will result in 90,000 tCO2e of lifecycle emissions. Additionally, the supply chains for producing aluminium and 

copper conductors also contribute significant emissions, due to the energy intensive extraction and smelting 

processes. 

Risks and unintended consequences 

The interconnector may not be as effective at mitigating supply shocks that are more correlated across Northwest 

Europe. If there is a simultaneous shock affecting the broader region, imports via the interconnector could be lower 

than we see in Shock Scenario 5, which we have defined as a shock isolated to Ireland (i.e., affecting gas 

interconnectors to GB). 

7.2.2. Additional pumped storage 

Table 7.10 below summarises the key modelling results for the mitigation option including an additional 360 MW 

hydro pumped storage plant.  

Table 7.10: Summary results for hydro pumped storage plant mitigation option in 2030 

Result Units Shock Scenario 5 (2030) 

Mitigation              Shock 

Baseline 1 scenario (2030) 

Mitigation    Baseline 

Unserved 

demand 

GWh 0.00 3.03 0.00 0.00 

Value of 

unserved 

demand 

€m 0.00 38.16 0.00 0.00 

Annual 

demand-

weighted 

DAM price 

€/MWh 52.19 73.02 40.90 40.38 

IE annual 

carbon 

emissions 

MtCO2e 8.03 8.03 8.44 8.45 

SEM RES 

penetration 

% 79.9 79.4 79.9 79.4 

RES 

curtailment 

GWh 5,064 5,362 5,068 5,368 

Source: CEPA analysis 

Mitigation of unserved demand 

The addition of the pumped storage plant to the generation mix fully offsets the unserved demand observed in 

Shock Scenario 5 by providing an additional source of energy during scarcity conditions. Additionally, the extra 

storage unit allows for greater optimisation of conventional dispatch, increasing the availability of secondary fuel 

reserves for the duration of the shock. This results in additional availability of generators running on secondary fuel 

during the shock, fully mitigating unserved demand over the shock period (Figure 7.5). 

——————————————————————————————————————————————————— 

149 See: https://www.sciencedirect.com/science/article/pii/S095965261300019X  

https://www.sciencedirect.com/science/article/pii/S095965261300019X
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Figure 7.5: Change in hourly generation during unserved demand hours in the mitigated shock scenario relative to 

the unmitigated shock in 2030 (+ve = export to the grid) 

 
Source: CEPA analysis 

Impact on electricity prices 

The pumped storage plant has various effects on market prices. As shown in Figure 7.6, during periods of high 

demand the plant provides additional discharge by flowing water into the lower basin, which helps lower market 

prices. During periods of lower demand or high-RES output, the plant increases demand on the system, pumping 

water into the upper basin, thus increasing prices. This effect is most notable during periods of curtailment, when 

the plant’s charging operations can eliminate negative prices, as is the case in Figure 7.7. We observe that the 

effect of reducing curtailment and thereby increasing prices is more common than that of the price reduction in 

high-demand periods from additional discharge. This causes the demand-weighted DAM price to be higher on 

average in the baseline scenario with the pumped storage plant than without.  

Figure 7.6: Additional pumping reducing DAM prices in 2030: hourly prices and change in pumped storage 

generation under the baseline scenario during a period of high prices 

 

Source: CEPA analysis 
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Figure 7.7: Additional pumping during curtailment periods increases prices in 2030: average hourly prices under 

the baseline scenario during a period of high wind output 

 

Source: CEPA analysis 

In the baseline scenario, the balance of these effects results in an increase in the DAM price by 0.52 €/MWh. 

Although market prices increase on average, volatility of prices falls. The average price in non-negative periods 

reduces slightly, by less than 1%. This is due to the increase in discharge available in high price periods, as 

explained above. 

In the shock scenario, the demand-weighted average annual DAM price falls significantly (-20.83 €/MWh) due to the 

mitigation provided during stress conditions. This reduction is despite the average DAM price in the rest of the year 

outside the shock period being slightly higher in the mitigated run than the unmitigated run. 

Impact on carbon emissions 

The additional pumped storage plant reduces RES curtailment significantly. We observe a reduction of 300 GWh of 

curtailment, which increases the SEM’s annual RES penetration by 0.5%. However, much of this additional wind 

generation is exported. The discharging operation of the pumped storage plant coincides with an increase of 

interconnector exports or a reduction of imports; the volumes of conventional generation remain relatively stable. 

Net interconnector exports under the baseline scenario increase by almost 100 GWh with the introduction of the 

pumped storage plant.  

Nevertheless, the small reduction in conventional generation offset by the pumped storage plant discharge reduces 

emissions slightly. Emissions reduce by less than 0.1% of annual power sector emissions in both the shock and 

baseline scenarios.  

Costs of delivering the option 

The construction and operation of a hydro pumped storage plant introduces high capex and opex costs. We 

approximate the capex of the pumped storage plant included in our model at around €617m (€1.7m/MW) and 

approximate opex to be €14.2m/year.150 These estimates are based on the proposed Silvermines pumped storage 

project in Ireland, which was also used as the basis for the technoeconomic characteristics of the pumped storage 

plant in our electricity market model. 

Implementation challenges 

Pumped storage hydro plants require particular geographic and topological characteristics to be feasible. The 

plants require upper and lower reservoirs to operate, which makes the number of locations suitable quite limited. 

——————————————————————————————————————————————————— 

150 TYNDP 2018 Storage projects - Silvermines 
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For example, the Silvermines pumped hydro storage project would be reusing an industrial mine site, with two 

reservoirs separated by an average elevation difference of 300 meters. 

The significant capex costs of implementation and the long lifetime of the infrastructure over which these costs are 

recovered also raise financing challenges, especially under current market conditions. In GB, pumped storage 

project developers have proposed investment models, including a suggested cap and floor model, to support the 

deployment of new pumped storage infrastructure.151 

Environmental and non-modelled carbon impacts 

The pumped storage plant would offer a source of flexibility to support further integration of renewables into the 

electricity system. While we model the impact of the plant on curtailment, the plant could also offer flexibility 

services for the purposes of managing a grid more reliant on variable energy sources. 

There could also be significant volume of carbon emissions from sourcing the materials required to construct the 

turbine, generator, and other equipment. 

The creation of upper and lower reservoirs may require the flooding of natural ecosystems. Such work could 

require additional assessments and permissions that are not necessary with some other mitigation options. 

Risks and unintended consequences 

There is a risk of non-availability of hydro discharge depending on reservoir levels at the time of the shock. Our 

model assumes perfect foresight, which allows for the pumped storage plant to optimise its availability based on 

when the shock occurs. However, in reality, the shock may occur unexpectedly and coincide with a period of low 

reservoir levels, reducing the potential effectiveness of the plant for mitigating the shock impacts. 

7.2.3. Biomass plant 

Table 7.11 and Table 7.12 below summarises the key model results for the additional biomass plant mitigation 

option in 2025 and 2030. These results are discussed below. 

Table 7.11: Summary results for biomass plant mitigation option in 2025 

Result Units Shock Scenario 5 (2025) 

Mitigation              Shock 

Baseline 1 Scenario (2025) 

Mitigation    Baseline 

Unserved 

demand 

GWh 201.05 389.05 0.00 0.00 

Value of 

unserved 

demand 

€m 2,271.87 4,396.22 0.00 0.00 

Annual 

demand-

weighted 

DAM price 

€/MWh 637.09 888.22 56.08 60.28 

IE annual 

carbon 

emissions 

tCO2e 11.70 12.72 12.04 13.08 

SEM RES 

penetration 

% 57.9 51.3 57.9 51.3 

RES 

curtailment 

GWh 309 181 319 196 

Source: CEPA analysis 

 

——————————————————————————————————————————————————— 

151 See: https://www.drax.com/press_release/potential-solution-to-unlock-investment-in-climate-critical-storage-technologies/ 

https://www.drax.com/press_release/potential-solution-to-unlock-investment-in-climate-critical-storage-technologies/
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Table 7.12: Summary results for biomass plant mitigation option in 2030 

Result Units Shock Scenario 5 (2030) 

Mitigation              Shock 

Baseline 1 Scenario (2030) 

Mitigation    Baseline 

Unserved 

demand 

GWh 0.00 3.03 0.00 0.00 

Value of 

unserved 

demand 

€m 0.00 38.16 0.00 0.00 

Annual 

demand-

weighted 

DAM price 

€/MWh 51.29 73.02 40.29 40.38 

IE annual 

carbon 

emissions 

tCO2e 8.01 8.03 8.42 8.45 

SEM RES 

penetration 

% 79.6 79.4 79.6 79.4 

RES 

curtailment 

GWh 5,397 5,362 5,404 5,368 

Source: CEPA analysis 

Mitigation of unserved demand 

We find that an additional 450 MW biomass plant in 2025 is able to mitigate 188 GWh (48%) of unserved electricity 

demand during the 30-day disruption. This mitigation is delivered through the provision of an additional 308 GWh of 

baseload generation throughout the entire disruption period. By comparing these figures, we can see that not all 

additional baseload generation is translated into a proportionate reduction in unserved demand. We observe 

additional baseload generation even during periods when the disruption to gas imports from GB does not result in 

severe system constraints – e.g., during periods of high wind availability. 

In the 2030 disruption year, we find that a 25 MW biomass plant is sufficient to fully mitigate all unserved demand 

during the 30-day disruption scenario. While the biomass plant is relatively small, its contribution to the generation 

mix is significant because of the baseload supply it provides. The biomass plant’s baseload contribution to supply 

allows conventional generators and storage technologies to ‘free up’ supply in some periods and allocate additional 

supplies to the most critical hours. This enables complete mitigation of unserved electricity demand in Shock 

Scenario 5, in which a key constraint is the limited supply of secondary fuel available to CCGT and OCGT plants. 
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Figure 7.8: Change in hourly generation during unserved demand hours in the mitigated shock scenario relative to 

the unmitigated shock in 2030 

 
Source: CEPA analysis 

Impact on electricity prices 

The elimination of unserved demand considerably reduces the average annual DAM price in the shock scenario. 

The annual demand-weighted price falls by 251.13 €/MWh in the 2025 shock scenario and by 21.73 €/MWh in the 

2030 shock scenario. These reductions are driven by the price reductions in periods when unserved demand 

occurs in the baseline scenario – e.g., where a DAM price is now set below the VoLL assumption of €11,300 / MWh 

that is outlined in Section 4.1.2. 

In the baseline scenario, the demand-weighted DAM price also reduces slightly over the year. For example, in 2025 

the demand weighted price falls by 4.20 €/MWh when the 450 MW biomass plant is included. In 2030, the demand 

weighted price falls by 0.09 €/MWh when the 25 MW plant is included. As mentioned above, the biomass plant is 

deployed as a baseload generator, which serves the residual demand that conventional generators and storage 

technologies must supply. This lower residual demand reduces generation from high marginal cost peaking plants 

in some hours, resulting in lower average prices over the year. 

Impact on carbon emissions 

In both the shock and baseline scenarios, power sector emissions fall with the introduction of the biomass plant. We 

find that emissions during the baseline year in Ireland fall by 1.02 tCO2e (6.0%) in 2025 and by 0.03 (0.3%) tCO2e 

in 2030. This is driven by the reduced need for conventional generators in some periods. 

The additional biomass plant increases curtailment in some periods because it runs as a baseload generator. Our 

model assumes that biomass plant provides baseload electricity and therefore RES technologies are curtailed 

ahead of the biomass plant. We find a larger impact on curtailment in 2025 where the introduction of the 450 MW 

biomass plant results in an additional 122 GWh of annual curtailment. The additional curtailment due to the 

introduction of the 25 MW biomass plant in 2030 is limited to 35 GWh over the year. Despite the extra curtailment, 

RES penetration increases by 7.1% in 2025 and by 0.2% in 2030 given the classification of the biomass plant as 

RES. 

Costs of delivering the option 

There are moderate capital costs for implementing the biomass plant. Based on the BEIS152 2020 electricity 

generation costs report, capex for a dedicated biomass plant is estimated to be between £2.5m/MW and 

£3.5m/MW. This would mean that a dedicated 450 MW biomass plant in 2025 would cost between £1.1b and £1.6b 

——————————————————————————————————————————————————— 

152 BEIS 2020 Electricity Generation Costs 
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(€1.2b and €1.8b) and a 25 MW biomass plant in 2030 would cost between £62.5m and £87.5m (€70.6m and 

€98.9m). 

However, we consider that the cost of converting an existing coal fired generation to biomass may yield significant 

savings. For example, the cost of converting a Dutch 1,100 MW coal-fired plant (Maasvlakte Power Plant 3, MPP3) 

to biomass has been estimated at around €200 million.153 As such, there would be considerable savings associated 

with converting Moneypoint 1 & 2 from coal to biomass relative to developing new purpose-built biomass 

generation. 

Implementation challenges 

The availability of biomass as fuel for the generator may be limited during the shock period if biomass supply chains 

are disrupted due to the unavailability of gas supplies. Biofuel requires processing to be suitable for biomass 

electricity production, which contributes to electricity demand. However, the impact of such a disruption on biofuel 

would not be as disruptive as a natural gas shock would be for gas-fired generators. Existing supply chain 

weaknesses,154 such as competition with existing markets for feedstock supply and limited processing infrastructure 

could be accentuated due to widespread gas shortages. This may reduce the reliability of the biomass plant to 

dispatch during a shock event. 

Environmental and non-modelled carbon impacts 

The diversification of RES capacity in the SEM via additional dispatchable low-carbon generation is not fully 

captured in our model. Our model captures the additional RES generation from the inclusion of the biomass plant 

but assumes that this is non-dispatchable i.e., it follows a set generation profile. Our modelling therefore does not 

include the system services benefits associated with load following, ramping, and frequency response. 

Dispatchable plants will be essential for ramping up and down to account for increased variable generation via 

increased deployment of RES technologies. 

Risks and unintended consequences 

In modelling the dispatch of the biomass plant, our model assumes a fixed generation profile based on the historic 

profiles of similar biomass plants. It may not be realistic to assume full availability of the biomass plant during the 

shock for the reasons outlined above. A lengthy disruption at any point during the shock period could affect the 

volume of unserved demand mitigated by the addition of a biomass plant. 

7.2.4. Secondary fuel storage 

Table 7.13 and Table 7.14 summarises the key modelling results for the increased secondary fuel storage 

mitigation option. These results are discussed further below. For this option, under the baseline scenario, the 

mitigation run is identical to the baseline run because secondary fuel use is reserved for a shock event. 

——————————————————————————————————————————————————— 

153 Frontier (2019) Profitability and Dispatch of MPP3 with Alternative Fuels, available on frontier-economics.com 

154 Wright et al. (2014) A barrier and techno-economic analysis of small-scale bCHP (biomass combined heat and power) 

schemes in the UK 

https://www.frontier-economics.com/media/3527/profitability-and-dispatch-of-mpp3-power-plant-with-alternative-fuels.pdf
https://research.aston.ac.uk/en/publications/a-barrier-and-techno-economic-analysis-of-small-scale-bchp-biomas
https://research.aston.ac.uk/en/publications/a-barrier-and-techno-economic-analysis-of-small-scale-bchp-biomas
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Table 7.13: Summary results for secondary fuel storage mitigation option in 2025 

Result Units Shock Scenario 5 (2025) 

Mitigation              Shock 

Baseline 1 Scenario (2025) 

Mitigation    Baseline 

Unserved 

demand 

GWh 1.58 389.05 N/A 0.00 

Value of 

unserved 

demand 

€m 17.81 4,396.22 N/A 0.00 

Annual 

demand-

weighted DAM 

price 

€/MWh 119.34 888.22 N/A 60.28 

IE annual 

carbon 

emissions 

tCO2e 12.94 12.72 N/A 13.08 

SEM RES 

penetration 

% 51.3 51.3 N/A 51.3 

RES curtailment GWh 189 181 N/A 196 

Source: CEPA analysis 

Table 7.14: Summary results for secondary fuel storage mitigation option in 2030 

Result Units Shock Scenario 5 (2030) 

Mitigation              Shock 

Baseline 1 Scenario (2030) 

Mitigation    Baseline 

Unserved 

demand 

GWh 0.00 3.03 N/A 0.00 

Value of 

unserved 

demand 

€m 0.00 38.16 N/A 0.00 

Annual 

demand-

weighted DAM 

price 

€/MWh 43.38 73.02 N/A 40.38 

IE annual 

carbon 

emissions 

tCO2e 8.05 8.03 N/A 8.45 

SEM RES 

penetration 

% 80.5 80.5 N/A 80.5 

RES 

curtailment 

GWh 5,368 5,362 N/A 5,368 

Source: CEPA analysis 

Mitigation of unserved demand 

We find that the increased availability of secondary fuel in 2025 and 2030 can fully mitigate unserved demand 

under Shock Scenario 5. The additional secondary fuel allows gas-fired plants to sustain output over a longer 

period utilising secondary fuel reserves. 

Figure 7.9 and Figure 7.10 below show the additional secondary fuel usage in 2025 and 2030.  
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Figure 7.9: Fuel usage in 2025 during the shock period across Shock Scenario 5 (shock) and Baseline scenarios 

with and without the additional secondary fuel requirement

 

Source: CEPA analysis 

Figure 7.10: Fuel usage in 2030 during the shock period across Shock Scenario 5 (shock) and Baseline scenarios 

with and without the additional secondary fuel requirement 

 

Source: CEPA analysis 

The figures above shows that the additional reserves of secondary fuel allow for additional output from gas-fired 

plants, especially towards the end of the sustained shock in February. This finding is more acute in 2025, when 

unserved demand is greater and when secondary fuel reserves increase to 14 days of continuous running.  

Impact on electricity prices 

By mitigating significant volumes of unserved demand, the additional secondary fuel considerably reduces 

electricity prices in Shock Scenario 5. However, the severity of the supply shock means that the prices during the 

shock period remain above prices in the baseline scenario. This price difference is in part driven by the relative 

price of oil and gas: on a €/MWh basis, oil prices in the model are almost 3.5 times that of average gas prices. 

CCGT and OCGT plants also operate at a lower efficiency when operating on secondary fuel, thus requiring more 

equivalent fuel. 
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Figure 7.11: Average daily DAM price in 2025 during Shock Scenario 5 shock with additional fuel availability and 

the baseline 

 

Source: CEPA analysis 

Figure 7.12: Average daily DAM price in 2030 during Shock Scenario 5 shock with additional fuel availability and 

the baseline 

 

Source: CEPA analysis 

Impact on carbon emissions 

There is an increase in carbon emissions from the power sector when additional secondary fuel is available in the 

shock scenario. This is driven by increased oil consumption used to meet demand during periods in which 

unserved demand would otherwise exist. Overall, CCGT and OCGT plants consume 14% more oil than during the 

unmitigated shock scenario. However, oil consumption only makes up a small proportion of total fuel consumption 

over the year, meaning that the carbon emission impact is relatively small. 

As secondary fuel is only used during the shock, RES penetration is almost identical between the mitigated and 

unmitigated shock scenario runs. 

Costs of delivering the option 

The costs for the secondary fuel storage option can be split into two categories: fuel and storage facilities. 
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• Storage facilities will require upfront investment, as well as O&M costs to hold the secondary fuel in store. 

There is scope for the National Oil Reserves Agency (NORA) to provide oil supplies during emergency 

circumstances.155 Much of NORA oil stocks are held under short term commercial contracts in Ireland. 

These contracts include an option to purchase the oil in emergency circumstances. The cost of an increase 

in secondary fuel could be offset by liaising with NORA to secure supply of oil in emergency circumstances. 

• Depending on fuel prices, upfront cost of buying additional secondary fuel for one day’s worth of 

continuous running for a CCGT could be over €3,000/MW depending on fuel prices. This means that the 

cost of buying fuel for an additional 9 days of storage for the entire CCGT fleet in Ireland in 2025 (2,894 

MW) would be in the region of €78m. Similarly, the cost of buying fuel for an additional 3.6 days of storage 

for the entire CCGT fleet in Ireland in 2030 (2500 MW) would be in the region of €27m. 

Implementation challenges 

This option would be relatively quick to implement compared to other mitigation options which require development 

of significant pieces of infrastructure. However, compliance with stricter secondary fuel requirements may be an 

issue. Some existing plants fail to meet the current requirements, which we account for in our assumptions. The 

issues with compliance relate to the operability of the plant using secondary fuel, as well as storage quantities. 

Environmental and non-modelled carbon impacts 

We assume that all the secondary fuel stored does not expire and is readily available. It may be the case that oil 

stocks perish and need to be repurchased. This would increase the carbon emission impact from the additional 

extraction required. 

Risks and unintended consequences 

The costs from purchasing and storing additional secondary fuel stocks may impact on the competitiveness of 

generators and their marginal costs. This could affect the market in two ways: 

• The plants’ generation costs increase, and these costs are recovered through some market mechanism 

(e.g., from the CRM); and/or 

• The additional costs contribute to decisions to exit the market and/or discourage entry of new plant. This 

could have the unintended consequence of reducing available capacity in the SEM, worsening security of 

supply issues. We consider it unlikely that the requirement for additional secondary fuel could lead to a 

decision to exit or not to enter the market in isolation, but the requirement may contribute to decisions 

which are already marginal. 

7.2.5. Hydrogen plant conversion 

The table below summarises the key model results for the hydrogen plant conversion mitigation option. These 

results are discussed further below. 

——————————————————————————————————————————————————— 

155 See: https://www.nora.ie/emergency-oil-stocks.138.html  

https://www.nora.ie/emergency-oil-stocks.138.html
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Table 7.15: Summary results for hydrogen plant mitigation option in 2030 

Result Units Shock Scenario 5 (2030) 

Mitigation              Shock 

Baseline 1 Scenario (2030) 

Mitigation    Baseline 

Unserved 

demand 

GWh 0.00 3.03 0.00 0.00 

Value of 

unserved 

demand 

€m 0.00 38.16 0.00 0.00 

Annual 

demand-

weighted 

DAM price 

€/MWh 45.18 73.02 42.24 40.38 

IE annual 

carbon 

emissions 

tCO2e 7.25 8.03 7.73 8.45 

SEM RES 

penetration 

% 83.7 79.4 83.7 79.4 

RES 

curtailment 

GWh 2,835 5,362 2,835 5,368 

Source: CEPA analysis 

Mitigation of unserved demand 

The introduction of the 400 MW converted hydrogen plant fully mitigates the unserved demand observed in Shock 

Scenario 5. The availability of hydrogen-fired generation during the shock period directly helps to mitigate unserved 

demand while also allowing more effective use of secondary fuel during periods in which unserved demand would 

otherwise be experienced (Figure 7.13).  

Figure 7.13: Change in hourly generation during unserved demand hours in the mitigated shock scenario relative to 

the unmitigated shock in 2030 

 
Source: CEPA analysis 

Impact on electricity prices 

Under the shock scenario, electricity prices reduce significantly due to the elimination of unserved demand. Over 

the year, the demand-weighted DAM price falls by 27.84 €/MWh.  

In the baseline scenario, there is an increase of 1.86 €/MWh in the demand-weighted DAM price over the year. This 

is due to the increased marginal cost of the H2GT plant relative to the existing CCGT plant. The difference in 
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marginal cost is driven by the price of fuel: on a thermal power input basis, hydrogen fuel is on average almost 1.5 

times more expensive than gas fuel in our baseline scenario. This results in a higher market clearing price in 

periods of dispatch from the H2GT plant, see Figure 7.14 below. 

 Figure 7.14: Daily average DAM prices in the baseline scenario with the H2GT plant conversion and without in 

2030 

 
Source: CEPA analysis 

 

Impact on carbon emissions 

The H2GT plant conversion allows for a reduction in carbon emissions in both the shock and baseline scenarios. In 

the shock scenario, annual power sector emissions fall by 783,072 tCO2e and in the baseline scenario they fall by 

715,219 tCO2e. This difference is due to the increase in zero carbon fuel via hydrogen and the reduction in gas 

consumption (Figure 7.15). 

Figure 7.15: Gas consumption in the baseline scenario with the H2GT plant conversion and without in 2030 

 
Source: CEPA analysis 

Our modelling assumes that hydrogen is produced using electricity generated by RES that would otherwise be 

curtailed. Hydrogen production is represented in the model as additional electricity demand that makes use of 

excess RES production at times of low electricity prices. Based on an electrolyser capacity of 1,620 MW and an 

efficiency of 75%, the model produces 2 TWh of hydrogen annually from 2.67 TWh of curtailed electricity. This 

reduces curtailment and RES penetration increases in both the shock and baseline scenarios (Figure 7.16) 
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Figure 7.16: Curtailment under the baseline scenario runs and the energy used in hydrogen production in 2030 

 

Source: CEPA analysis 

Costs of delivering the option 

The costs for delivering this mitigation option can be split into three categories: the electrolyser, the H2GT plant and 

hydrogen storage.  

• Electrolyser capex costs, according to estimates from the UK’s National Infrastructure Commission (NIC), 

would be around €0.6m/MW by 2030.156 We assume a capacity of 1,620 MW, so the resulting electrolyser 

capex is €0.97bn. For a single plant this would be a considerable cost that would likely threaten the 

commercial feasibility of this option without significant government support. Such support may be available, 

considering the 2021 CAP ambition to incentivise electrolyser production. Also, if demand for hydrogen 

materialises, this capacity could be divided into several plants that operate on a commercial basis. 

Additionally, the volume of hydrogen production could be scaled back to reduce cost, although this would 

affect hydrogen availability in the relevant electricity and gas mitigation options in this study. 

PEM electrolyser variable and fixed opex would amount to €20.20/MWh of hydrogen.157 Annual production 

is assumed to reach 2 TWh, based on 2030 levels of curtailment and electrolyser efficiency. These 

parameters would result in annual opex of €40.4m. The cost of electricity is assumed to be zero, as the 

hydrogen is produced via curtailed electricity. Note that our model captures the levelized cost of hydrogen 

(capex and opex) via the hydrogen fuel price. 

• H2GT construction costs are highly uncertain. However, there is evidence to suggest that the cost of 

retrofitting an existing CCGT as a H2GT would cost between 15 to 20% of the initial capex of that plant.158 

Under an assumption that the construction costs associated with a 400MW CCGT plant would be in the 

region of €250-300 million, the conversion cost for a H2GT plant with the same nameplate capacity would 

be in the region of €37 to €60 million.  

• Hydrogen storage costs are also likely to be significant. The UK’s Climate Change Committee (CCC) 

estimate that the levelized cost of hydrogen storage (LCOS) would be €34/MWh. Our model assumes there 

is sufficient hydrogen storage to accommodate all hydrogen production. To enable the full dispatch profile 

of the H2GT under baseline conditions, 1 TWh of hydrogen storage would be required by 2030. However, 

——————————————————————————————————————————————————— 

156 Aurora (2020) NIC: Renewables, recovery and reaching net zero 

157 BEIS (2021) Hydrogen production costs 

158 Element Energy (2019) Economic assessment of replaceable capacity: Hydrogen for power generation 
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under the shock scenario the maximum requirement is only 0.5 TWh. This may represent a more 

appropriate basis for the size of hydrogen storage to mitigate such a supply shock. Storage capacity of 0.5 

TWh would cost around €16.1m, based on CCC estimates of LCOS. 

Implementation challenges 

There is significant uncertainty in terms of the deployment potential, costs of hydrogen production, storage, and 

power generation technologies by 2030. A mature market for hydrogen does not currently exist. Therefore, 

timescales for deployment and cost estimates are highly uncertain. 

Environmental and non-modelled carbon impacts 

As with the biomass plant, the introduction of dispatchable RES capacity is beneficial for the diversification of the 

SEM generation mix. This is of considerable importance as much of the generation capacity pledges in the 2021 

Climate Action Plan relate to increasing the volumes of non-dispatchable RES. 

7.2.6. Electricity package (battery storage and DSR) 

Table 7.16 and Table 7.17 below summarise our key modelling results for the combined package of additional 

battery deployment and additional DSR. These results are further discussed below. 

Table 7.16: Summary results for electricity package mitigation option in 2025 

Result Units Shock Scenario 5 (2025) 

Mitigation              Shock 

Baseline 1 Scenario (2025) 

Mitigation    Baseline 

Unserved 

demand 

GWh 362.70 389.05 0.00 0.00 

Value of 

unserved 

demand 

€m 4,098.47 4,396.22 0.00 0.00 

Annual 

demand-

weighted 

DAM price 

€/MWh 780.41 888.22 60.13 60.28 

IE annual 

carbon 

emissions 

tCO2e 12.77 12.72 13.15 13.08 

SEM RES 

penetration 

% 51.5 51.3 80.7 51.3 

RES 

curtailment 

GWh 116 181 5248 196 

Source: CEPA analysis 
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Table 7.17: Summary results for electricity package mitigation option in 2030 

Result Units Shock Scenario 5 (2030) 

Mitigation              Shock 

Baseline 1 Scenario (2030) 

Mitigation    Baseline 

Unserved 

demand 

GWh 0.00 3.03 0.00 0.00 

Value of 

unserved 

demand 

€m 0.00 38.16 0.00 0.00 

Annual 

demand-

weighted 

DAM price 

€/MWh 51.51 73.02 40.39 40.38 

IE annual 

carbon 

emissions 

tCO2e 8.03 8.03 8.44 8.45 

SEM RES 

penetration 

% 79.6 79.4 79.6 79.4 

RES 

curtailment 

GWh 5,242 5,362 5,248 5,368 

Source: CEPA analysis 

Mitigation of unserved demand 

The addition of 380 MW of DSR and 335 MW of battery storage in 2025 relative to the baseline can mitigate 36.4 

GWh (7%) of the unserved demand during the 2025 disruption. The relatively small impact is explained by the 

persistent unavailability of supply to meet demand across the 30-day period. In other words, there is a limit on the 

extent to which generation and load can be shifted to better balance the system. 

The impact is more pronounced in 2030. We find that the addition of 180 MW of battery energy storage and 150 

MW of demand side response units fully mitigates the unserved demand we observe in the shock scenario. While 

battery storage and DSR contribute additionally in some periods due to larger stores of energy in this year, the 

most notable trend is the consistent net increase in generation from Gas CCGT plants. We find that the electricity 

package of battery storage and DSR enables a more flexible use of RES which ‘frees up’ secondary fuel reserves 

for conventional generators in hours of previously unserved demand (Figure 7.17).  



129 

 

Figure 7.17: Change in hourly generation during unserved demand hours in the mitigated shock scenario relative to 

the unmitigated shock 

 

Source: CEPA analysis 

Impact on electricity prices 

By mitigating unserved demand and reducing the periods where prices reach the VoLL ceiling, the electricity 

package reduces the average DAM price in the shock scenario. The annual demand-weighted price falls by 107.81 

€/MWh in the 2025 shock scenario and by 21.50 €/MWh in the 2030 shock scenario. 

In the baseline scenarios, we find that the electricity package has a small impact on prices in both modelled years. 

• In 2025 we find that demand-weighted average DAM price falls by 0.15 €/MWh over the year. The change 

is driven by the increased flexibility provided by the electricity package which reduces the DAM price in 

high demand periods. 

• In 2030, we find that the demand-weighted average DAM price increases by 0.02 €/MWh over the year. 

The increase in the price is a consequence of a reduction in the occurrence of negative prices due to the 

increased demand (charge) during periods of curtailment. As with the pumped storage option, the effects 

of increasing prices in negative price periods outweighs that of reducing prices in high demand periods, 

leading to a very small increase in the average DAM price. 

Impact on carbon emissions 

Carbon emissions from the power sector decrease under both the shock and baseline scenarios as a result of the 

additional flexible capacity. This enables more dispatch from RES generation while reducing dispatch from 

conventional generation. Curtailment is reduced by about 60 GWh in the 2025 scenario and by 120 GWh under in 

2030. RES penetration increases in both modelled years. 

Costs of delivering the option 

By 2030, the capex for lithium-ion batteries is estimated to be €0.4m/MW for short-duration storage (up to 1 hour) 

and €0.8m/MW for longer duration storage.159 Our model assumes batteries have a maximum of 6 hours of storage 

capacity. At these prices, the addition of 335 MW of battery storage in 2025 would result in a capex cost estimate of 

around €260m and the addition of 180 MW of battery storage in 2030 would result in a capex cost estimate of 

around €144m. 

The upfront cost of additional industrial DSR will depend on the route of implementation, although significant DSR 

provision may require enabling technologies such as automation and data communication. Ongoing costs of DSR 

——————————————————————————————————————————————————— 

159 IRENA (2020) Electricity storage valuation framework 
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will depend on the precise nature of that DSR. Where customers are not significantly affected by shifting their load, 

a proportion of DSR provision may be at a low variable cost. However, a proportion of load will lead to customers to 

incurring actual or opportunity costs, and therefore resulting in higher variable costs. 

Implementation challenges 

The deployment of batteries and the development of additional DSR volumes are both dependent on market design 

and policy incentive frameworks. Incentivising DSR is a challenge and is not always 100% guaranteed if it is partially 

voluntary. Automation technologies can reduce this uncertainty, but network charges and other incentives will need 

to be carefully designed to provoke the required response. For batteries, the sourcing of metals, such as lithium, 

will become increasingly challenging as demand increases from other domestic and commercial batteries around 

the world, as well as from the transport sector, as manufacturers strive to meet policy targets that phase out internal 

combustion engines, to be replaced by battery electric vehicles. 

The volume of both developments is already relatively ambitious under the baseline. Therefore, to achieve the 

levels of deployment considered within the mitigation option would require innovative market and incentive design 

to incentivise such developments. Unlike large single pieces of infrastructure, there would be some level of 

uncertainty surrounding actual deployment volumes to 2030. 

Environmental and non-modelled carbon impacts 

As with some of the other options, additional battery storage and DSR create sources of flexibility that can further 

help the integration of renewables into the electricity grid. As discussed in previous sections, batteries can reduce 

the number and duration of curtailment periods, which can increase RES penetration and RES support costs. 

Battery storage is treated as dispatchable units in our model, contributing to system services as well as total 

electricity supply.  

The supply chain of battery metals has additional environmental impacts, via the extraction and refining processes. 

These processes are energy-intensive and are often powered by non-renewable sources of electricity. The 

emissions resulting from the battery supply chain are not captured in our model. 

Risks and unintended consequences 

Unlike large single pieces of infrastructure, there would be some level of uncertainty surrounding actual deployment 

volumes to 2030. In addition, particularly in early stages of development, the actual delivered volumes of potential 

DSR can be highly uncertain. This may reduce the extent of uncertainty regarding deployment and delivery of the 

volumes of batteries and DSR considered under this option. 
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8. APPRAISAL OF MITIGATION OPTIONS AGAINST THE RUSSIA 

SUPPLY SHOCK (SHOCK SCENARIO 6) 

In agreement with DECC, we have appraised the impact of two short-listed gas mitigation options against Shock 

Scenario 6 (central scenario): 

• The introduction of a strategic LNG FSRU; and 

• The introduction of strategic gas storage. 

Our assessment of the mitigation options focuses on physical security of supply. We consider that other aspects – 

such as cost and feasibility of implementation, risks, and unintended consequences – are similar to what we have 

already set out in Section 7.1.1 and Section 7.1.2. 

8.1. APPRAISAL OF THE STRATEGIC LNG FSRU 

In this section, we assess the impact of introducing strategic gas storage to Ireland during a disruption to Russian 

gas supplies (Shock Scenario 6).  

Box 18: Description of the LNG FSRU during the Russian disruption scenario 

In Section 6.2.1, we characterised the strategic LNG FSRU as a facility which would only operate during periods 

in which there is a material risk of demand disruptions. We assume that this condition holds throughout the 

Russian supply shock. As such, we assume that the FSRU would operate in a similar way as a commercial 

facility. 

Qualitative discussion 

Before outlining our quantitative findings, we discuss how an LNG import facility can impact on the Irish energy 

system during the Russian supply shock. 

Introducing an LNG FSRU provides a direct alternative for Ireland to access global gas supplies. If pipeline gas 

imports from GB are disrupted for any reason, then the LNG FSRU can provide Ireland with the ability to 

independently secure supplies. 

If Ireland can continue to access pipeline gas supplies from GB, then the impact of introducing an LNG terminal 

during the Russian gas supply shock will depend on the extent to which European LNG import infrastructure is 

already fully utilised. For example: 

• If existing LNG import infrastructure in Europe is already fully utilised during the supply shock, then the 

introduction of an LNG import facility to Ireland would relieve capacity constraints such that additional gas 

could be imported into Europe.  

• If existing LNG import infrastructure in Europe is not already fully utilised during the supply shock, then the 

introduction of an LNG import facility to Ireland is unlikely to significantly increase the total volume of gas 

that is imported to Europe. 

The physical impact of developing an LNG terminal in Ireland is likely to be dispersed throughout the European gas 

system. Additional LNG imports to Ireland during the Russian supply shock would be likely to result in reduced 

pipeline imports to Ireland from GB. This could occur because: 

• LNG imports to Ireland may result in a lower gas price in Ireland relative to other European markets. As 

such, flows of gas may be redirected away from Ireland and towards other European markets where 

demand would otherwise be curtailed. 

• Cooperation agreements with the EU and/or the UK (potentially including agreements to mitigate the impact 

of disruption to Russian gas imports) may require Ireland to share any benefits associated with access to 



132 

 

global LNG markets.160 In practice, this would amount to a requirement on Ireland to reduce its pipeline 

imports of gas from GB. 

We discuss the quantitative findings from our appraisal of the LNG import terminal during the disruption to Russian 

gas supplies below. 

Quantitative impacts 

We find that the introduction of an LNG FSRU to Ireland can partially reduce unserved I&C gas demand by 0.65 

TWh (50%). Ireland’s imports of LNG amount to 3.0 bcm (33 TWh) of gas throughout the spot year. At the same 

time, pipeline gas imports from GB fall by 2.9 bcm (32 TWh). The net effect is a 0.1 bcm (1 TWh) increase in total 

gas imports to Ireland relative to Shock Scenario 6 without mitigation.  

Figure 8.1: Gas import flows to Ireland (LNG mitigation vs. Shock Scenario 6, 2025) 

 

Source: CEPA analysis 

The finding that the LNG FSRU cannot fully mitigate unserved demand in Ireland in the context of a supply shock 

across Europe supports the qualitative considerations set out above. The availability of LNG flows to Ireland 

reduces the wholesale gas price relative to the shock scenario (Figure 8.2); in particular, during those periods 

where LNG supplies largely displace pipeline imports of natural gas from GB. As outlined in our qualitative 

discussion above, a fall in the wholesale price in Ireland would result in pipeline gas supplies being redirected away 

from Ireland and towards those markets where the price remains high. 

Figure 8.2: Impact of LNG imports on the wholesale Irish gas prices (LNG mitigation vs. Shock Scenario 6, 2025) 

 

Source: CEPA analysis 

This expectation is supported by the results of our modelling. We find that the introduction of the LNG FSRU results 

in lower imports (2.9 bcm or 32 TWh) of pipeline gas from GB to Ireland. At the same time, LNG imports to GB fall 

——————————————————————————————————————————————————— 

160 EU ‘pain sharing’ requirements may explicitly prevent a situation whereby Ireland avoids all unserved gas demand thanks to 

its access to LNG markets while other markets (e.g., Germany) suffers high levels of unserved gas demand. For example, the EU 

Energy Purchase Platform has been established for the common purchase of gas, LNG, and hydrogen (see europa.eu).  

https://ec.europa.eu/commission/presscorner/detail/en/QANDA_22_1937
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by 1.8 bcm (20 TWh), while GB net pipeline exports161 to Continental Europe increase by 1.1 bcm (12.2 TWh) (see 

Figure 8.3). The largest increases in net exports from GB occur during those periods when LNG imports to Ireland 

largely displace pipeline imports from GB. 

Figure 8.3: Impact on net GB pipeline exports to Europe (LNG mitigation vs. Shock Scenario 6, 2025) 

 

Source: CEPA analysis 

The increased availability of pipeline gas supplies from GB to Continental Europe results in an increase in I&C gas 

consumption across Europe as a whole. As shown in Figure 8.4 below, we find that some of the largest impacts are 

concentrated in Central and Eastern Europe. This finding can be understood as the additional supplies of pipeline 

gas from GB flowing to those markets which are most impacted by the disruption. 

Figure 8.4: Impact of the Irish LNG facility on I&C consumption (LNG mitigation vs. Shock Scenario 6, 2025) 

 

Source: CEPA analysis 

Overall, the introduction of the LNG FSRU to Ireland reduces unserved I&C gas demand across Europe by 1.4 bcm 

(15.5 TWh) (6%) relative to Shock Scenario 6 without mitigation. This finding supports the conjecture that gas 

consumers across Europe can benefit from the introduction of new gas infrastructure that is developed elsewhere. 

Due to the interconnectivity of European markets, no one country can monopolise the benefits of new import 

facilities. In other words, it would be challenging for Ireland to fully mitigate all unserved gas demand by introducing 

new LNG import infrastructure while significant unserved gas demand continues across Europe. 

While European gas consumers can benefit from the introduction of a new LNG terminal in Ireland, Irish consumers 

can also benefit from new LNG infrastructure developed elsewhere in Europe.162 Additional gas supplies flowing 

into Europe will ultimately serve to provide more gas to consumers across Europe, including in Ireland. 

——————————————————————————————————————————————————— 

161 The main driver is a reduction in pipeline imports from Norway. This finding is explained by the fact that GB is already 

exporting gas to Europe at near capacity through most of the disruption year. 

162 However, additional LNG import infrastructure across Europe may reduce some of the protection enjoyed by Irish gas 

consumers due to their proximity to the GB gas market. For example, additional LNG import infrastructure in continental Europe 

may increase greater competition for LNG supplies which otherwise would flow to GB. 
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8.2. APPRAISAL OF STRATEGIC GAS STORAGE 

In this section, we assess the impact of introducing strategic gas storage to Ireland during a disruption to Russian 

gas supplies (Shock Scenario 6, central scenario).  

Box 19: Description of the gas storage during the Russian disruption scenario  

In Section 6.2.2, we characterised strategic gas storage as a back-up which would only inject gas into the 

network during periods with a material risk of demand disruptions. We assume that this condition holds 

throughout the spot year in which Russian pipeline flows are disrupted. We model the behaviour of the strategic 

facility similar to that of a seasonal storage facility – i.e., it injects gas into the onshore transmission network 

during the winter months when prices are high and withdraws gas from the network during the summer months 

when prices are low. We assume that the storage facility must be 80% full at the start of December.163 

Qualitative discussion 

Before outlining our quantitative findings, we discuss how strategic storage might impact on the Irish energy system 

under a scenario in which Russian pipeline flows are disrupted. 

In Section 7.1.2, we showed that strategic gas storage can help mitigate against technical disruptions to the supply 

of pipeline gas from GB, largely due to the gas held in store at the start of the period. We expect that strategic gas 

storage will have a more limited impact on gas consumers in Ireland when faced with a European supply constraint. 

This is because we expect that pipeline import flows from GB are likely to balance out against any withdrawals 

made from the strategic storage facility. This view follows a similar logic to that outlined in Section 8.1 regarding the 

strategic LNG FSRU. For example: 

• Holding all else equal, gas withdrawals from the strategic storage facility in Ireland are likely to lower the 

Irish wholesale gas price. Due to the fall in price, we would expect that some pipeline gas flows from GB to 

Ireland would be redirected away from Ireland and towards other higher priced markets where demand 

from customers with relatively high WTP would otherwise be disrupted. 

• Holding all else equal, gas injections into the strategic storage facility are likely to increase the Irish 

wholesale gas price. Due to the increase in price, we would expect that some pipeline gas flows would be 

redirected away from lower priced markets to Ireland. 

A key difference between the strategic storage facility and the LNG FSRU is that the storage facility does not lead to 

an aggregate increase in the volume of gas available to European consumers.  

Quantitative impacts 

We find that strategic gas storage has no material impact on unserved gas demand in Ireland during the Russian 

supply disruption. As noted above, this finding is explained by the interaction between the gas storage facility and 

pipeline imports that are available from GB. For example: 

• The strategic storage facility injects an additional 0.2 bcm (1.8 TWh) of gas during the first 93 days of the 

Russia supply disruption. 

• Over the exact same period, pipeline gas imports from GB falls by 0.2 bcm (1.8 TWh). 

The net effect is that there is no significant change in the volume of gas available to Irish consumers. The change in 

gas from GB and from the strategic storage facility are shown in Figure 8.5 below.  

——————————————————————————————————————————————————— 

163 This assumption reflects a conservative application of the European Commission’s proposal for EU gas storage to be filled to 

80% of capacity by November 1 of 2022 and to 90% of capacity by November 1 each year from 2023. Available on eur-

lex.europa.eu 

https://eur-lex.europa.eu/resource.html?uri=cellar:2f3116bc-aaa3-11ec-83e1-01aa75ed71a1.0001.02/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:2f3116bc-aaa3-11ec-83e1-01aa75ed71a1.0001.02/DOC_1&format=PDF
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Figure 8.5: Gas storage flows and pipeline gas imports from GB (Shock Scenario 6, 2025) 

 

Source: CEPA analysis 

Overall, unserved I&C demand in Ireland falls by 0.1 TWh (9%) relative to Shock Scenario 6 without mitigation. We 

also find that the introduction of the storage facility has a limited impact on the Irish wholesale gas price, as pipeline 

imports from GB remain the marginal source of gas supply throughout the modelled year. 

However, we do find that strategic storage facility can generate material benefits for industrial gas consumers 

across Europe. This is due to the reduced need for pipeline imports of gas to Ireland during the winter months 

when Europe is most supply constrained. As Ireland can access stored gas supplies over this period, less pipeline 

imports from GB are required relative to Shock Scenario 6. As such, more gas is redirected away from GB towards 

gas consumers elsewhere in Europe. We find that GB imports of LNG fall during the winter months (when Ireland is 

withdrawing gas from storage) and increase during the summer months (when Ireland is injecting gas into storage). 

This impact is shown in Figure 8.6 below. 

Figure 8.6: Change in GB LNG imports under the strategic storage mitigation option (Shock Scenario 6, 2025) 

 

Source: CEPA analysis 

GB’s reduced consumption of LNG during the winter months frees up those LNG supplies for use elsewhere in 

Europe. This drives a small increase in industrial consumption across Europe during the winter. The increase in 

LNG demand in GB in the summer (as required to provide the additional pipeline gas flows to Ireland needed to fill 

the strategic gas storage facility) does not adversely impact on other European gas consumers since the gas 

system is under less strain in the summer months. The net impact is that unserved I&C gas demand across Europe 

falls by 7.7 TWh (3%).  

Overall, this finding also supports the conjecture that gas consumers across Europe can benefit from the 

introduction of new gas infrastructure that is developed elsewhere. European gas consumers benefit from the 

introduction of a strategic gas storage facility in Ireland. However, Irish consumers may be able to benefit from the 

introduction of additional gas storage infrastructure developed elsewhere in Europe.  
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APPENDIX A: MODELLING ASSUMPTIONS 

MODEL RUN SEQUENCE 

The figure below outlines the sequence in which we perform the set of model runs, including the function of each 

run and what it provides for subsequent runs, if applicable. 

Figure A.1: Model run sequence 

 

KEY ASSUMPTIONS 

The table below summarise some of the key assumptions used as inputs for the model runs, including annual 

capacity factor assumptions, system costs and commodity prices. 

Table A.1: Exogenous annual capacity factor assumptions, by technology and spot year 

Technology Annual capacity factor 
(2025) 

Annual capacity factor 
(2030) 

Notes 

Biomass 78% 78%  

Offshore Wind 42% 42%  

Onshore Wind 33% 35%  

Hydro 35% 35%  

Solar 11% 11%  

Marine 26% 26%  

Waste 43% 78% Increase in efficiency over 

time, as indicated by TES 

2019 and TESNI 2020 

Landfill gas/biogas 36% 36%  

Source: CEPA analysis of ENTSO-E 2019 generation profiles, TES 2019, TESNI 2020, and GCS 2021-2030 

Table A.2: Key price assumptions 

Item 2025 2030 Source 

SEM Value of Lost Load 

(VoLL) 

€11,130/MWh €11,130/MWh CEPA VoLL study164 

Cost of disruption to 

protected consumers 

(CoDG) 

€118/MWh €118/MWh ACER CoDG study165 

——————————————————————————————————————————————————— 

164 Study on the estimation of the value of lost load of electricity supply in Europe, ACER, 2018. Link 

165 Study on the estimation of the cost of disruption to gas supply in Europe, ACER, 2018. Link 

Assumptions on 
generation capacity, 
generation profiles and 
electricity demand

Run at 7 different gas 
price points to 
determine power 
station gas demand 
curves

Electricity model 
run I 

Applies power sector 
gas demand curves 
from Elec run I

Uses assumptions for 
industrial, commercial 
and residential gas 
demand

Determines daily gas 
prices and gas supply

Gas model run

Apply daily gas price 
profile from gas model 
run

Determine 
unconstrained hourly 
power sector gas 
consumption

For the baseline 
scenario this is the final 
run

Electricity model 
run II

Apply gas supply 
constraints using hourly 
fuel consumption profile 
from elec run II and PS 
gas demand from gas 
model run

Determines final 
results, including 
hourly electricity 
prices, dispatch, 
emissions, etc.

Electricity model 
run III (shock only)

https://nra.acer.europa.eu/en/Electricity/Infrastructure_and_network%20development/Infrastructure/Documents/CEPA%20study%20on%20the%20Value%20of%20Lost%20Load%20in%20the%20electricity%20supply.pdf
https://extranet.acer.europa.eu/en/Gas/Infrastructure_development/Documents/ACER_CoDG_Final_Report_20181119_clean.pdf
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Item 2025 2030 Source 

Cost of disruption to I&C 

consumers (CoDG) 

€107/MWh €107/MWh 

Gas price  

(electricity model run I)166 

€23.96/MWh €25.63/MWh ENTSO-E TYNDP 2020 

(National Trends) 

 Carbon price €23.88/tCO2e €28.04/tCO2e 

Coal price €14.06/MWh €15.95/MWh 

Oil price €69.72/MWh €76.03/MWh 

BASELINE MODELLING INPUT SOURCES 

The tables below summarise the sources for our gas and electricity model inputs and assumptions. 

Table A.3: Summary of gas model inputs 

Input / Assumption Time Zone(s) Source(s) Notes  

Gas production 

capacity 

Annual All – unique to 

each zone 

ENTSO-G Ten Year 

Network Development Plan 

(TYNDP) 2020; IEA WEO 

2020 

 

Generator gas 

demand 

Daily All – unique to 

each zone 

Derived via electricity 

dispatch model 

 

Gas demand profiles 

by demand segment 

Daily Ireland Gas Networks Ireland (GNI) 

2020 National Development 

Plan (NDP) 

 

Annual gas demand Annual Ireland GNI 2020 NDP, ENTSO-G 

TYNDP 2020 

GNI for 2025, ENTSO-G for 

2030167 

Annual gas demand Annual All other 

markets, unique 

to each zone 

ENTSO-G TYNDP 2020; IEA 

WEO 2020 

 

LNG terminals N/A All ENTSO-G TYNDP 2020 

 

 

LNG shipping routes N/A All Pre-specified in the model 

as a network, incl. assumed 

LNG shipping speed 

 

Shipping tariff rates N/A All Shipping tariff assessed 

using Bloomberg and Eikon 

databases 

 

Cross-border 

interconnector points 

N/A All ENSTO-G 2019 capacity 

map 

 

Transmission costs N/A All Average of existing IP tariffs 

taken from ENTSO-G (e.g., 

annual capacity products) 

 

Storage capacities Annual All – unique to 

each zone 

ENTSO-G TYNDP 2020; IEA 

Natural Gas Information 

report (2019) 

 

Storage and short-run 

gas production costs 

N/A All Cost curves for storage and 

gas production calibrated 

 

——————————————————————————————————————————————————— 

166 Gas price solves endogenously in gas model and that price is then used for subsequent electricity model runs. 

167 The GNI 2019 NDP forecasts only extend to 2027/28 
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Input / Assumption Time Zone(s) Source(s) Notes  

using public and confidential 

data from infrastructure 

operators 

The table below summarises the electricity model inputs and assumptions: 

Table A.4: Summary of electricity model inputs 

Input / Assumption Time Zone(s) Source(s) Notes 

Demand / 

generation 

Annual IE EirGrid 2021 Generation 

Capacity Statement (GCS), 

EirGrid Tomorrow’s Energy 

Scenarios (TES) 2019 

GCS for 2025, TES for 2030 

Demand / 

generation 

Annual NI EirGrid 2021 Generation 

Capacity Statement (GCS), 

SONI Tomorrow Energy 

Scenarios (TESNI) 2020 

GCS for 2025, TESNI for 

2030 

Demand / 

generation 

Annual Other European 

markets, unique 

to zone 

ENTSO-E 2020 Ten Year 

Network Development Plan 

(TYNDP) 

 

Generator techno-

economic attributes 

Annual IE & NI Existing units based on RAs 

Validated PLEXOS Forecast 

Model 2020-2025 

 

Load profiles Hourly IE & NI RAs Validated PLEXOS 

Forecast model 2020-2025 

 

Load profiles Hourly All other 

markets, unique 

to zone 

ENTSO-E historic demand 

profiles 

 

Capacity factors  Hourly IE & NI Tomorrow’s Energy 

Scenarios 

 

Capacity factors 

(wind, solar) 

Hourly All, unique to 

zone 

GCS 2021-2030 and 

Tomorrow’s Energy 

Scenarios 

 

Capacity factors 

(all other) 

Hourly All, unique to 

zone 

ENTSO-E historic generation 

profiles 

 

Cross-border 

interconnectors 

Annual All ENTSO-E TYNDP 2020 

project map 

 

Electricity prices Hourly IE Endogenous to model  

Electricity prices Hourly Other markets – 

unique to zone 

Modelled endogenously for 

most European markets  

For countries not included in 

the model prices based on 

CEPA analysis of relationship 

between gas and electricity 

prices, Bloomberg 5-yr 

average daily gas prices  

 

Carbon prices Annual Europe ENTSO-E TYNDP 2020 

Scenario Report 

 

Commodity prices  Annual Europe ENTSO-E TYNDP 2020 

Scenario Report 

 

Value of Lost Load 

(VoLL) 

Annual All CEPA VoLL study / 

EUPHEMIA DAM Price cap 
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APPENDIX B: LONG-LIST OF MITIGATION OPTIONS 

Table 8.1: Long-list of options identified 

Option Type of risk 

addressed 

Potential 

deployment and 

security of supply 

contribution  

Feasibility of 

deployment by 

2025 and by 

2030 

Short-

listed? 

Rationale 

Gas mitigation options 

Fixed LNG 

terminal 

(commercially 

operated) 

Long duration 

disruption to 

gas import 

infrastructure. 

• C. 2.8 bcm/yr. 

(based on 

Shannon 

regasification 

volume capacity) 

• Possible, but 

challenging, by 

2025 

• Possible by 

2030 

 

No • The introduction of commercial LNG would likely result in the 

importation of fracked gas to Ireland.168 This would be in direct 

contradiction to the Government’s opposition to the use of natural gas 

produced from fracking.169 

• The additional energy requirements associated with LNG relative to 

natural gas supplies (including liquefication, transport, and re-

gasification) mean that the use of LNG in Ireland may have an adverse 

impact on the Government’s decarbonisation targets170 – e.g., the 

Programme for Government’s commitment to delivering a 7% reduction 

in emissions each year to 2030). 

• As storage stocks would be driven by market fundamentals, there would 

be no guarantee that stored gas volumes would be sufficient to cover a 

security of supply shock. This risk could be partially mitigated by 

requiring the LNG facility to hold a minimum volume of LNG in reserve to 

meet any emergent security of supply shocks. 

Fixed LNG 

terminal (back-

up) 

Long duration 

disruption to 

gas import 

infrastructure. 

No • Low utilisation would imply a high cost per unit of gas imported. 

• There is a risk that the terminal could become a stranded asset if/when 

the security of supply shock has been mitigated through other means. 

——————————————————————————————————————————————————— 

168 We note that the Office of the Attorney General concluded in 2021 that it is not possible for Ireland under the European Treaties or EU Directive to ban the import into Ireland of fracked gas 

(available on gov.ie). Even if legally viable, it may be extremely difficult in practice to isolate fracked gas within global LNG supply chains. For example, the majority of US gas production is 

from fracking with injection into transportation infrastructure before being exported. Restricting fracked gas would effectively mean banning US LNG imports, which would restrict imports from 

one of the largest and most reliable sources of LNG. 

169 DECC (2021) ‘Policy Statement on the Importation of Fracked Gas’, available on gov.ie 

170 For example, the UK North Sea Transition Authority has estimated that LNG imports into GB are on average over double the emission intensity of UK gas production and pipeline gas 

imports from Norway. Available on nsauthority.co.uk 

https://www.gov.ie/en/publication/f3774-policy-statement-on-the-importation-of-fracked-gas/
https://www.gov.ie/en/publication/f3774-policy-statement-on-the-importation-of-fracked-gas/
https://www.nstauthority.co.uk/the-move-to-net-zero/net-zero-benchmarking-and-analysis/natural-gas-carbon-footprint-analysis/#gas_footprint
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Option Type of risk 

addressed 

Potential 

deployment and 

security of supply 

contribution  

Feasibility of 

deployment by 

2025 and by 

2030 

Short-

listed? 

Rationale 

Floating LNG 

FSRU 

(commercially 

operated) 

Long duration 

disruption to 

gas import 

infrastructure. 

• 4.2 bcm/yr. (based 

on Klaipéda FSRU)  

• Possible, but 

challenging, by 

2025 

• Possible by 

2030 

No • The introduction of commercial LNG may result in the importation of 

fracked gas to Ireland. This would be in direct contradiction to the 

Government’s opposition to the use of natural gas produced from 

fracking.  

• The additional energy requirements associated with LNG relative to 

natural gas supplies (including liquefication, transport, and re-

gasification) mean that the use of LNG in Ireland may have an adverse 

impact on the Government’s medium-term decarbonisation targets – 

(e.g., the Programme for Government’s commitment to delivering a 7% 

reduction in emissions each year to 2030). 

• As storage stocks would be driven by market fundamentals, there would 

be no guarantee that stored gas volumes would be sufficient to cover a 

security of supply shock at the time of such a shock. This risk could be 

partially mitigated by requiring the LNG facility to hold a minimum 

volume of LNG in reserve to meet any emergent security of supply 

shocks. 

Floating LNG 

terminal (back-

up) 

•  Yes • Leasing a floating LNG terminal would enable security of supply benefits 

to be delivered without committing to a long-term dependence on gas 

while also reducing the risk of stranded assets. 

Gas storage 

facility 

(commercial) 

Most likely to 

address short 

to medium 

term shortfall 

in gas supplies 

depending on 

size of storage 

facility. 

Dependable 

mitigation of 

longer 

• Kinsale gas facility 

was 

decommissioned 

in 2017 and 

infrastructure 

remains which 

could be 

recommissioned.  

This would provide 

approximately 230 

mcm storage 

• Possible, but 

challenging, by 

2025 

• Possible by 

2030 

No • As storage stocks would be driven by market fundamentals, there would 

be no guarantee that stored gas volumes would be sufficient to cover a 

security of supply shock. 
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Option Type of risk 

addressed 

Potential 

deployment and 

security of supply 

contribution  

Feasibility of 

deployment by 

2025 and by 

2030 

Short-

listed? 

Rationale 

Gas storage 

facility (back-up) 

duration 

disruptions 

would require 

a strategic gas 

storage171 to 

ensure 

sufficient gas 

availability in 

case of a 

shock. 

capacity and 2.6 

mcm/day 

withdrawal 

capacity 

• The withdrawal 

capacity of such a 

project could 

cover a significant 

proportion of daily 

protected 

consumer 

demand.  

Yes • As a back-up storage facility would only be used in the event of a shock, 

it would have a minimal impact on future market pathways whilst 

guaranteeing availability of gas in the event of a security of supply shock. 

Additional gas 

interconnector 

Long duration 

disruption to 

gas import 

infrastructure. 

May provide 

less protection 

against a 

correlated gas 

supply/weathe

r shock 

affecting 

North-West 

Europe. 

• GNI has previously 

considered a new 

potential gas 

interconnector to 

France (100 

GWh/d). This level 

of capacity could 

cover more than a 

third of peak day 

gas demand.  

• Possible, but 

challenging, by 

2025 

• Possible by 

2030 

No • A new gas interconnector may lock Ireland into a high-gas energy 

market. This may have an adverse impact on the Government’s long-

term decarbonisation targets. However, a gas interconnector could also 

be re-purposed as a zero carbon (e.g., hydrogen) gas carrier. 

• May not provide mitigation against a correlated gas supply shock across 

North-West Europe. 

Additional gas 

reserves from 

existing 

exploration 

licences 

Volumes of 

any newly 

discovered 

natural gas is 

unlikely to be 

able to 

mitigate 

against 

• New gas reserves 

identified within 

the existing 

exploration 

licences could 

increase the 

domestic 

• Possible, but 

unlikely, by 

2025 

• Possible by 

2030 

No • Additional domestic production of natural gas above forecasted demand 

could lock Ireland into a high-gas energy market.  

• The volume of any potential additional natural gas discoveries cannot be 

known. 

——————————————————————————————————————————————————— 

171 Strategic gas storage would involve holding gas stocks that could only be released in a supply emergency. 
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Option Type of risk 

addressed 

Potential 

deployment and 

security of supply 

contribution  

Feasibility of 

deployment by 

2025 and by 

2030 

Short-

listed? 

Rationale 

significant 

shock events 

in 2030. 

production of 

natural gas.  

Indigenous 

biomethane 

Short duration 

shortfall in gas 

supplies 

 

Volumes of 

renewable gas 

by 2030 are 

unlikely to 

mitigate 

against 

significant 

shock events 

by 2030. 

• The most recent 

NDP predicts 

renewable gas 

supply would 

reach 3.2 TWh/yr 

by 2028/29. 

• Significant 

potential 

unlikely to be 

realised by 

2025, but 

production can 

be gradually 

increased by 

2030 

Yes • Biomethane production would allow for low carbon diversification of gas 

supplies.  

• In isolation, it may be insufficient to mitigate against significant shock 

events and is therefore included in a gas mitigation package.  

Indigenous green 

hydrogen gas 

production 

Short duration 

shortfall in gas 

supplies 

 

Volumes of 

renewable gas 

by 2030 are 

unlikely to 

mitigate 

against 

significant 

shock events 

by 2030. 

• Curtailed 

electricity 

generation in 2030 

could be 

converted into 

hydrogen gas via 

electrolysis. 

• We estimate up to 

5.5 TWh of 

curtailed electricity 

generation in 2030 

under Baseline 1.  

• Significant 

potential 

unlikely to be 

realised by 

2025, but 

production can 

be gradually 

increased by 

2030 

Yes • Hydrogen gas production would allow for low carbon diversification of 

gas supplies.  

• In isolation, it may be insufficient to mitigate against significant shock 

events and is therefore included in a gas mitigation package. 

Demand 

response in the 

gas sector 

Short duration 

shortfall in gas 

supplies 

 

• Demand response 

from the main 

industrial gas 

consumers in 

Ireland can 

• Possible, but 

challenging, by 

2025 

• Possible by 

2030 

Yes • Demand response from I&C consumers can help shift demand from 

periods when there are supply constraints.  
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Option Type of risk 

addressed 

Potential 

deployment and 

security of supply 

contribution  

Feasibility of 

deployment by 

2025 and by 

2030 

Short-

listed? 

Rationale 

Unlikely to fully 

mitigate 

against 

significant 

shock events. 

mitigate short-term 

supply shocks. 

• Stretching DSR 

target of 5% of 

daily I&C demand 

in 2025 and 10% 

daily I&C demand 

by 2030. 

Electricity mitigation options 

Additional 

electricity 

interconnection 

Long duration 

shortfall in 

electricity 

supplies 

 

May provide 

less protection 

against a 

correlated 

supply/weathe

r shock 

affecting 

North-West 

Europe. 

• Can provide large 

capacity addition: 

500-1000 MW per 

interconnector (IC) 

• The technical 

availability of an IC 

may be good, but 

the ability to 

mitigate shortfalls 

in electricity 

supply depends on 

the availability of 

imports in the 

connected market 

• Unlikely by 

2025 

• Possible by 

2030 

Yes • Additional interconnection could deliver security of supply mitigation 

while bringing wider benefits to RES integration and social welfare.   

Additional 

electricity storage 

– pumped hydro 

Short-medium 

duration 

shortfall in 

electricity 

supplies 

• The proposed 

Silvermines 

project would 

provide an 

additional 360 MW 

of pumped hydro 

capacity 

• Can provide 

longer duration 

storage than 

batteries but still 

not well suited to 

• Unlikely by 

2025 

• Possible by 

2030 

Yes • If a suitable site can be identified, pumped hydro could provide a low 

carbon form of energy storage. While not perfectly suited to long 

duration shock events, the flexibility provided could help to mitigate 

relatively small but sustained electricity supply shocks by profiling 

demand to periods of high-RES output. 

https://tyndp.entsoe.eu/tyndp2018/projects/storage_projects/1025
https://tyndp.entsoe.eu/tyndp2018/projects/storage_projects/1025
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Option Type of risk 

addressed 

Potential 

deployment and 

security of supply 

contribution  

Feasibility of 

deployment by 

2025 and by 

2030 

Short-

listed? 

Rationale 

security of supply 

shortfalls lasting 

beyond a few 

hours. 

Additional 

conventional 

generation 

capacity – gas 

fired 

Long (and 

short) duration 

shortfall in 

electricity 

supplies 

 

May provide 

less mitigation 

benefits if 

electricity 

shock is driven 

by gas supply 

issues (though 

noting 

requirement 

for secondary 

fuel reserves) 

• Capacity can 

range between 

100-600MW (for a 

standard plant)  

 

• Uncertain by 

2025 if not 

already in 

development 

• Possible by 

2030 

No • The mitigation option would be less effective against power sector risks 

related to unavailability of gas supplies (other than as a result of 

secondary fuel requirement). 

Additional 

generation 

capacity – 

(dispatchable) 

low- carbon (e.g., 

biomass) 

Long (and 

short) duration 

shortfall in 

electricity 

supplies 

• The Edenderry 

plant (118 MW) 

co-fires peat and 

biomass. 

• If deployed, 

reliability is likely 

to be relatively 

high (similar to 

gas)  

• Unlikely that 

these 

technologies 

can be 

individually 

deployed on a 

large scale by 

2030 due to 

factors such as 

limited 

resource 

availability  

Yes • While the capacity of deployment may be low by 2030, the provision of 

additional dispatchable capacity and diversification away from gas-fired 

power stations could help to mitigate the magnitude of shock observed 

in Section 5.  

Demand side 

response 

Best suited to 

a short 

duration 

• Short duration 

‘load shifting’ may 

be more 

• Volumes of 

DSR have 
Yes • While DSR may not be able to deliver mitigation of a long-sustained 

shock in isolation, the additional flexibility provided may help to mitigate 
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Option Type of risk 

addressed 

Potential 

deployment and 

security of supply 

contribution  

Feasibility of 

deployment by 

2025 and by 

2030 

Short-

listed? 

Rationale 

shortfall in 

electricity 

supplies 

responsive to 

price signals and 

thus more reliable  

already entered 

the CRM 

• Can be scaled 

up to some 

degree by 

2025. 

relatively small but sustained electricity supply shocks by profiling 

demand to periods of high-RES output. 

• Additional DSR could also provide wider benefits including additional 

flexibility to support RES penetration. 

Additional 

electricity storage 

– batteries 

Best suited to 

a short 

duration 

shortfall in 

electricity 

supplies 

• Batteries can be 

effective at 

mitigating short 

term shortfall in 

electricity supply. 

• As they need to 

recharge, they are 

less suited to 

mitigating 

medium-long 

duration shocks 

other than 

providing flexibility 

to profile demand 

to periods of high-

RES output. 

• Battery 

deployment 

could be scaled 

up to some 

degree by 

2025. 

Yes  • While batteries may not be able to deliver mitigation of a long-sustained 

shock in isolation, the additional flexibility provided may help to mitigate 

relatively small but sustained electricity supply shocks by profiling 

demand to periods of high-RES output. 

• Additional battery capacity could also provide wider benefits including 

additional flexibility to support RES penetration. 

Increased 

secondary fuel 

storage at natural 

gas power 

stations 

Sustained 

electricity 

supply due to 

unavailability 

of gas  

• Option would 

involve an 

increase in the 

secondary fuel 

requirement from 

the existing five 

days of continuous 

running. 

• This would provide 

a large volume of 

capacity in total. 

• Likely to be 

able to 

introduce by 

2025  

Yes • Can provide relatively high additional capacity which is readily 

deployable in comparison to other options.  

• One of the only options that could be deployed at scale for 2025. 
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Option Type of risk 

addressed 

Potential 

deployment and 

security of supply 

contribution  

Feasibility of 

deployment by 

2025 and by 

2030 

Short-

listed? 

Rationale 

Hydrogen  Long duration 

shortfall in 

electricity 

supplies 

• A recent Baringa 

study172 assumes 

1,290 MW of 

electrolyser 

capacity173 along 

with 3 TWh of H2 

storage capacity 

and 900 MW of 

retrofitted H2 

generation 

capacity in Ireland 

in 2030.  

• Unlikely by 

2025 

• Possible, but 

uncertain, by 

2030 

Yes • Consistent with CAP although uncertainties exist with deployment.  

 

——————————————————————————————————————————————————— 

172 https://www.baringa.com/BaringaWebsite/media/BaringaMedia/PDF/20210629-Baringa-Endgame-Final-Version.pdf 

173 We note that each 1 MW of electrolyser capacity can use up to 1 MWh of electricity per hour. Typical conversion efficiency of electrolysers is in the region of 70-75%, i.e., a 1 MW 

electrolyser would produce up to 0.7-0.75 MWh-th of H2 per hour. 

https://www.baringa.com/BaringaWebsite/media/BaringaMedia/PDF/20210629-Baringa-Endgame-Final-Version.pdf
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