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DISCLAIMER 

EirGrid has followed accepted industry practice in the collection and analysis of data available. While 

all reasonable care has been taken in the preparation of this data, EirGrid is not responsible for any 
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parties are advised to seek separate and independent opinion in relation to the matters covered by 

this report and should not rely solely upon data and information contained herein. Information in this 

document does not amount to a recommendation in respect of any possible investment. This 

document does not purport to contain all the information that a prospective investor or participant in 

the Single Electricity Market may need. 
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Document Structure  

This document contains an Abbreviations and Terms section, an Executive Summary, five main 

sections, and three Appendices.   

The structure of the document is as listed below. 

 

A lot of this document describes study assumptions and methodology.  For customers wishing to see 

the forecast constraints, please proceed to both Chapter 5 and Appendix C. 

 

The Abbreviations and Terms  provide a list of the abbreviations and terms used in the document.  

Chapter  1: Introduction:  presents the purpose of the report and the  definitions of curtailment and 

constraint. 

Chapter 2:  Study Overview : introduces the study areas, the study years and the generation scenarios.  

Together, these comprise the study scenarios. 

Chapter  3: Study Input Assumptions : describes the study assumptions as they relate to network, 

demand, interconnection, priority dispatch, generation, system operation and DS3.   

Chapter  4: Study Methodology : provides an overview of the software used and how the model is 

put together.  A description of how constraint results are apportioned is also provided.  

Chapter  5: Results for Area D: outlines the area covered by this report.  The section provides a 

network diagram of the area and an overview of the results for Area D.   

Appendix A :  Network Reinforcements : lists the reinforcements that are included in the study for 

each study scenario.  These reinforcements have a material impact on the resulting constraints. 

Appendix B :  Generator Details : provides both an overview of the generation, totals by generator 

category etc.  It also provides a comprehensive list of the individual generators included in the study  

Appendix C :  Area D Node Results : provides a table of results for every node in the area.  This table 

documents the installed MW, available energy, curtailment and constraint for every node in Area D.   
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Abbreviation and Terms  

Active Power  

The product of voltage and the in -phase component of alternating current measured in 

Megawatts (MW).  When compounded with the  flow of ôreactive powerõ, measured in Megavolt-

Amperes Reactive (Mvar), the resultant is measured in Megavolt-Amperes (MVA). 

Busbar  

The common connection point of two or more circui ts. 

Capacity Factor  

ὅὥὴὥὧὭὸώ Ὂὥὧὸέὶ
ὉὲὩὶὫώ ὕόὸὴόὸ

Ὄέόὶί ὴὩὶ ώὩὥὶzὍὲίὸὥὰὰὩὨ ὅὥὴὥὧὭὸώ
 

Combined Cycle Gas Turbine (CCGT)  

This is a type of thermal generator that typically uses natural gas as a fuel source. It is a collection of 

gas turbines and steam units; where waste heat from the gas turbines(s) is passed through a heat 

recovery boiler to generate steam for the steam turbines. 

Commission for Regulation of Utilities (CRU)  

The CRU is the regulator for the electricity, natural gas and public water sectors in Ireland. 

Constraint  

The reduction in output of a generator due to network limits .  Usually, constraints are local to a 

transmission bottleneck. 

Contingency  

The unexpected failure or outage of a system component, such as a generation unit, transmission line, 

transformer or other electrical  element.  The transmission network is operated safe against the 

possible failure or outage of any system component.  Hence, contingency usually refers to the 

possible loss of any system component.  A contingency may also include multiple components, when 

these are subject to common cause outages. 

Curtailment  

Curtailment is when the transmission system operators EirGrid and SONI ask generation to reduce 

their output to ensure system security is maintained.  Usually, curtailment  is shared across the whole 

system. 

Demand  

The amount of electrical power that  customers consume and which is measured in Megawatts (MW). 

In a general sense, the amount of power that must be transported from transmission network 

connected generation stations to meet all customers' electricity requirements.  

Enduring Connection Policy (ECP)  

The Commission for Regulation of Utilities (CRU) has put in place a revised approach to issuing 

connection offers to generators.  This approach is called the Enduring Connection Policy (ECP).  With 

ECP, it is envisaged that batches of generator connection offers will issue on a periodic basis.   
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Enduring Connection Policy - 1 (ECP-1) 

Under the ECP arrangements, the processing of the first batch, called Enduring Connection Policy ð 1 

(ECP-1), began in 2018 and is expected to conclude in early 2020.  A second batch, called ECP-2, will 

begin processing shortly thereafter.  For ECP-1, EirGrid and ESB will issue 2 GW of generator 

connection offers.  It is a feature of ECP-1 that these offers are made on a non-firm basis.  Also, it is a 

requirement of ECP-1 that EirGrid provide a constraints report for the generators. 

Forced Outage Probability (FOP)  

This is the statistical probability that a generation unit will be unable to produce electricity for non -

scheduled reasons due to the failure of either the generation plant or supporting systems. Periods, 

when the unit is on scheduled outage, are not included in the determination of forced outage 

probability.  

Generation Dispatch  

This is the configuration of outputs from the connected generation units.  

Interconnector  

The electrical link, facilities and equipment that connect the transmission network of one EU member 

state to another.  

Loadflow  

Study carried out to simulate the flow of power  on the transmission system given a generation 

dispatch and system load. 

A DC loadflow is a study, which uses simplifying assumptions in relation to voltage and reactive 

power.  DC loadflow studies are used as part of a complicated overarching study.  For example, Plexos 

uses DC loadflow because it is performing studies for every hour of every study year and is performing 

a large optimisation calculation for each of these. 

Maximum Export Capacity (MEC)  

The maximum export value (MW) provided in accordance with a generatorõs connection agreement. 

The MEC is a contract value that the generator chooses as its maximum output.  

Megawatt (MW)  and Gigawatt (GW)  

Unit of power :  1 megawatt = 1,000 kilowatts = 106 joules / second 

1 gigawatt =  1,000 megawatts 

Megawatt Hour (MWh), Gigawatt Hour (GWh) and Terawatt Hour (TWh)  

Unit of energy:  1 megawatt hour = 1,000 kilowatt hours = 3.6 x 109
 joules 

1 gigawatt hour = 1,000 megawatt hours  

1 terawatt hour = 1,000 gigawatt hours  

Plexos 

Plexos is the power system simulation tool used in this study to evaluate curtailment and constraint.  

Plexos is a detailed generation and transmission analysis program that has been widely used in the 

electricity industry for many years. 

Rate of Change of Frequency (ROCOF)  

As low inertia non-synchronous generators displace high inertia synchronous generators in system 

dispatch, then the system gets lighter.  Then, for the loss of a large infeed (e.g. trip of an 

interconnector or generator), the system frequency will change more quickly.   

ROCOF is the agreed limit to which the system is agreed to be operated and which generators, 

demand and system protection schemes are expected to manage.  In Ireland, the TSOs are proposing 

to increase the ROCOF value.  This will allow more renewable generation and may require 

confirmation by participants that they can meet the propose d ROCOF. 
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Short Run Marginal Cost (SRMC) 

The instantaneous variable cost for a power plant to provide an additional unit of electricity, i.e. the 

cost of each extra MW it could produce excluding its fixed costs. The SRMC reflects the opportunity 

cost of the electricity produced, which is the economic activity that the generator forgoes to produce 

electricity. For example, in the case of a generator fueled by gas, the opportunity cost includes the 

price of gas on the day that it is bidding in because if the generator is not producing electricity it  

could sell its gas in the open market. 

System Non -Synchronous Penetration (SNSP)  

The introduction of large quantities of non-synchronous generators such as solar and wind poses 

challenges to a synchronous power system. For Ireland, a system non-synchronous penetration (SNSP) 

ratio is defined to help identify the system operational limits. The present allowable ratio is 65% but 

the proposed procurement of system services other than energy and proposed amendments to 

system operation are expected to allow SNSP to increase in future years. 

Total Electricity Requirement (TER)  

TER is the total amount of electricity required by a country. It includes all electricity exported by 

generating units, as well as that consumed on-site by self-consuming electricity producers, e.g. CHP. 

Transmission Peak  

The peak demand that is transported on the transmission network. The transmission peak includes an 

estimate of transmission losses. 

Transmission System  

The transmission system is a meshed network of high-voltage lines and cables (400 kV, 275 kV, 220 kV 

and 110 kV) for the transmission of bulk electricity supply around Ireland and Northern  Ireland.  

Transmission System Operator  

In the electrical power business, a transmission system operator is the licensed entity that is 

responsible for transmitting electrical power from generation plants to regional or local electricity 

distribution operators.  

Uprating  

To increase the rating of a circuit. This is achieved by increasing ground clearances and/or replacing 

conductor, together with any changes to terminal equipment , support structures and foundations. 

Winter Peak  

This is the maximum annual system demand. It occurs in the period October to February, inclusive in 

Ireland and in the Period November to February in Northern Ireland. 
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1 Introduction  

1.1  Objective  

It is a requirement of CRUõs ECP-1 decision, CRU/18/058, that system operators carry out system 

studies to inform applicants about possible constraint levels.  This document is designed to fulfil this 

requirement for the solar and wind generators in Area D.  Its purpose is to provide generation 

connection applicants with information on the possible levels of generation output reduction for a 

range of scenarios. 

It presents the results of studies for a range of generation scenarios and these indicate the levels of 

transmission curtailment and constraint that solar and wind generation might experience in the future.    

The curtailment and constraint results for Area D are included in Chapter 5 and in Appendix C. 

 

1.2  Background  

The background to this constraints report covers ongoing changes in generation, demand, network 

and DS3.  All of these have an impact on the constraints evaluation. 

More details of the study assumptions are provided in Section 3. 

Generation 

Since Gate 3, EirGrid has issued an additional 2 GW of connection offers as Non-GPA (Non-Group 

Processing Approach).  And now, in line with government policy  and regulator direction , EirGrid is 

issuing another 2 GW of connection offers, referred to as the Enduring Connection Policy (ECP). 

It is not clear at this stage which of these generators will be successful in futur e renewable support 

auctions.  And so, it is not clear which generators will build or when.  This uncertainty has an impact 

on the approach to this constraint analysis.  For this reason, this report  uses multiple generation 

scenarios, so that generators can take a view on the range of curtailment and constraint  for different 

generator build -outs.   

Demand 

Demand has been growing in Ireland for the past few years and demand has an impact on curtailment.  

Higher demand means lower curtailment.  The system growth forecasts used are the median forecasts 

from the Generation Capacity Statement 2018. 

Network 

The analysis concentrates on 2020 to 2022 where the network development is reinforced with existing 

approved projects and where the predicted networ k is relatively certain. 

DS3 

The DS3 programme, led by EirGrid in co-operation with the electricity industry, is expected to 

continue to successfully deliver improvements in system operation and allow more wind and solar to 

generate more of the time.  This includes improvements to SNSP, ROCOF, inertia and DS3 service 

provision.  DS3 delivery assumptions are part of the study assumptions for this report. 
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1.3  Definition of Curtailment and Constraint  

The terms ôcurtailmentõ and ôconstraintõ are sometimes used interchangeably to refer to changes in the 

output of generators in order to maintain the operation of a safe, secure and reliable power system.  

For the purposes of this report, these terms are used to refer to changes in generator output under 

different specific circumstances.   

EirGrid must dispatch generators in such a way as to provide a range of system services in order to 

operate a safe and secure electricity system. The types of system services required include the 

following:  

¶ Frequency control, 

¶ Provision of reserve, 

¶ Voltage control, 

¶ Load following, 

¶ Ability to withstand disturbances, 

¶ Inertia. 

As these factors are not accounted for in the SEM, the system operators must deviate from the market 

schedule and change the output of generators in order to ensure that sufficient quantities of the 

system services outlined above are made available at all times. The real-time dispatch can change 

from the market schedule also because of demand and wind forecast errors and unexpected trippings 

of plant. 

 

Curtailment 

Most system services, such as frequency control and reserve, can be located anywhere on the 

transmission system, whereas services such as voltage control are location specific. Curtailment can 

arise at times when solar and wind generation levels are a high percentage of system demand as it 

may be necessary to reduce output from solar and wind powered generators in order to retain the 

necessary amount of conventional generation online to provide all  the required system services.  A 

main component of this is the limit on System Non Synchronous Penetration (SNSP).  For the 

purposes of this report, we classify the changes in generator output which are required by EirGrid for 

system reasons as ôcurtailmentõ. 

 

Constraint 

The output of generators may also need to be changed from the market schedule due to transmission 

network limitations, specifically the overloading of transmission lines, cables and transformers. This 

can happen for an intact network but typically occurs for network contingencies. In other words, a line 

may become overloaded if another line were to trip. In order to avoid this, generation is dispatched so 

that if the tripping were to occur there would not be any contingency overloads. Chan ges in generator 

output for this reason are referred to in this report as ôconstraintõ. The constraining of generation is 

location-specific and can be significantly reduced by transmission network reinforcements. The model 

accounts for N-1 contingencies which is the usual security criteria used for dispatching the power 

system. In other words the transmission system will be dispatched in such a way that any single 

contingency will not cause overloads, or will not exceed circuit short term overload capabilit ies. 

Some transmission constraints might only exist temporarily due to transmission lines being taken out 

of service for maintenance or uprating.  Maintenance is not covered in this report.  Also, as the focus 

of this report is on levels of output reductio n, the costs associated with constraints and curtailment are 

not covered here. 
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2 Overview  

 

Figure 2-1   Areas Designated for Preparing Wind Energy Profiles, Generation Scenarios and Reporting 

Results 

This chapter presents an overview of the curtailment and constraints assessment.  A description is 
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provided of the study scenarios, which in turn are a combination of generation scenarios and study 

years.   

It provides an overview of the study areas.  These are fundamental to understanding the contents of 

the individual area reports.  It also provides an overview of the demand, generation and network 

assumptions that are used in the study.  Taken together, this information provides an overview of this 

constraints analysis. 

2.1  Study Areas  

The areas shown in Figure 2-1 on the previous page are used for preparing wind energy profiles, for 

setting up generation scenarios and for reporting results.  These Areas are similar to those used for 

the Gate 3 constraints analysis. 

 

2.2  Study Scenarios  

The study scenarios are made up of a combination of generation scenarios with scenarios for network 

and demand.  The twenty two  study scenarios are shown in Table 2-1 below.   

Network and 
Demand 

  Generation Scenario 

Initial 
North 
West 

South 
North 
East 

33% 66% All  

2020 X X X X X X X 

2021 X X X X X X X 

2022 X X X X X X X 

Future Grid       X 

Table 2-1   Study Scenarios  

 

Network and 
Demand 

  Generation Scenario 

Initial 
North 
West 

South 
North 
East 

33% 66% All  

2020 X  X  X X X 

2021 X  X  X X X 

2022 X  X  X X X 

Future Grid       X 

Table 2-2   Scenarios for which Results are Provided in this Report for Area D 

 

A description of the generation scenarios and the network and demand scenarios are provided below 

in Section 2.3 and Section 0 respectively.  

Not  all of the results from all of the generation scenarios are of interest to generators  connecting in 
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Area D.  For this reason and in order that the presentation is not unnecessarily confusing, this report 

provides the results for a subset of the studies.  As shown in Table 2-2 and for Area D, the study 

results provided in this report are Initial, South, 33%, 66% and All.   

2.3  Generation Scenarios  

The seven generation study scenarios range from an Initial scenario which is the generation expected 

to be in place in the year 2020 to an All Offers scenario which includes all the generators which will 

have connection offers at the end of ECP-1.   

 

Figure 2-2   Generation Scenarios  (North West, South and North East)  - Geographic  

 

There are five middle scenarios.  The first three middle scenarios are called North West, South and 

North East.  In each case, these generation scenarios consider the possibility that all the generation 

with connection offers in their respective regions shown in Figure 2-2 is included in the study. 

The other two middle scenarios are called 33% and 66%.  The scenario called 33% includes all the 

generation in the initial scenario and 33% of the remaining generation.  Likewise for 66%.   
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As Area D is in the south, there are five relevant generation scenarios for Area D.  These are Initial, 

South, 33%, 66% and All Offers.  The results for these scenarios are provided in this report.  For the 

other two scenarios, North West and North East, there is no change in the installed generation in the 

South or in Area D, compared to the Initial scenario.  Hence, and to avoid unnecessarily complication 

of the presentation of results, the North West and North East generation scenarios are not provided 

for Area D. 

 

 

 

Figure 2-3   Generation Scenarios :  Installed GW and Available Energy TWh  
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To repeat, the generation scenarios are as follows. 

¶ The Initial scenario has the generation scheduled to be connected in 2020.  There are no ECP-1 

generators in this scenario. 

¶ The North West scenario has all the residual Gate 3, the Non GPA and the ECP-1 generation 

connection applications in the North West in the study in addition to those generators in the Initial 

scenario.  

¶ The South scenario has all the residual Gate 3, the Non GPA and the ECP-1 generation connection 

applications in the South in the study in addition to those generators in the Initial scenario.   

¶ The North East scenario has all the residual Gate 3, the Non GPA and the ECP-1 generation connection 

applications in the North East in the study in addition to those generators in the Initial scenario.  

¶ The 33% scenario is 33% of the way between the Initial scenario and the All scenario. 

¶ The 66% scenario is 66% of the way between the Initial scenario and the All scenario. 

¶ The All scenario has all the Gate 3, the Non GPA and the ECP-1 generation connection applications in 

the study. 

And in this report, the results for Area D are presented for the generation scenarios called Initial, 

South, 33%, 66% and All Offers. 

The quantities of generation in the generation scenarios are summarised in Figure 2-3 and in Table 

2-3.   

 

  Generation Scenario 

 
Initial 

North 
West 

South 
North 
East 

33% 66% All  

Battery 0.0 0.3 0.1 0.2 0.2 0.4 0.6 

Solar 0.0 0.3 1.1 1.1 0.8 1.7 2.5 

New Thermal 0.02 0.1 0.06 0.1 0.1 0.1 0.2 

Wind 4.2 4.9 4.9 4.8 2.0 4.1 6.1 

Total 4.3 5.5 6.2 6.1 3.1 6.2 9.3 

Table 2-3   Generation Scenarios:   by Type ð Installed GW  
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2.4  Study Year  (Demand and Network)  and Future Grid  

 

Network and 
Demand 

Demand 

TWh 
 

Generation 
Scenario 

Available Energy from 
Solar and Wind 

TWh 

2020 32.2  Initial 13.3 

2021 33.8  North West 15.1 

2022 36.2  South 15.9 

Future Grid 36.2  North East 15.8 

   33% 14.9 

   66% 16.5 

   All 18.1 

Table 2-4   Annual Demand (TWh) from Generation Capacity Statement 2018 and, for comparison, the 

Available Energy (TWh) from Solar and Wind  

 

The study years are chosen to achieve a balance between expected progress in the medium term 

(predicted DS3 improvements, transmission reinforcements and forecast demand increase) and 

focusing on the near time to remain realistic and accurate. 

This is achieved by studying the years 2020, 2021 and 2022.   

In consulting with industry in advance of this review, there was a request for an additional study which 

could show the combined impact of a moderate number of additional projects that are due to be 

delivered beyond 2022.  Hence, there is a Future Grid scenario.  This adds a number of major projects 

to the 2022 Year.  These are North-South 400 kV, Celtic interconnector, Greenlink interconnector, 

series compensation of the 400 kV network, Project 966, North Connaught 110 kV, major DS3 

improvements and several 110 kV uprates.  The transmission reinforcements and DS3 initiatives 

included in the study years are listed in the appendix to this report.  The Future Grid scenario uses the 

2022 demand. 

 

The demand forecast used is the median forecast from EirGridõs Generation Capacity Statement 2018-

2027. 

 

It is worth comparing the annual available energy (TWh) from solar and wind for the different studies 

with the system demand (TWh).  This information is provided above in Table 2-4.   
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3 Study Input Assumptions  

This chapter provides an overview of the input assumptions for the curtailment and constraint  

modelling.  The sections below deal with the assumptions for Network, Study Areas, Demand, 

Interconnection, Generation, Energy Storage and System Operation. 

 

3.1  Notable Study Assumptions  

The following study assumptions are worth noting.  

 

3.1.1  Valid for these Generation Assump tions  

The forecast curtailment and constraint in this report is valid for the generation assumptions used in 

the studies.  

 

3.1.2  Data Freeze  

The data freeze for the input assumptions for this analysis was in early 2019.  As a result, there may be 

some developments with the electricity network that are not included here.  

 

3.1.3  Network outages for maintenance and reinforcement   

The studies for this report assume an intact network.  In other words, there are no network outages in 

the study.  Because transmission equipment is usually in service, this assumption is reasonable when 

working to provide an average view of expected curtailment and constraint.  

However, in order to refurbish or uprate transmission circuits and transmission stations, there is often 

the need for the circuits or stations to be uprated .  This could result in wind and solar generation 

temporarily seeing higher constraints during these outages. 

 

3.1.4  Network Requirement for Batteries and Conventional  Generators  

To date, those Batteries are applying for  connection to participate in DS3 system services.  They have 

indicated that they typically have an energy storage capacity of less than 30 minutes.  Therefore, the 

expectation is that they will be contracting with DS3 services for reserve provision.  As such, these 

batteries are expected to usually remain at zero output for the majority of the time and only provid e 

energy when required.  Hence, the study assumption for this report is  that our methodology does not 

check for N-1 compliance for the battery generating or charging coincident with high levels of wind 

and solar. 

The situation with conventional generation is similar.  For conventional generation, the dispatch is 

primarily economic in nature.  As such, the software only runs those relatively expensive conventional 

generators infrequently in the simulation .   

In summary, the model does not assume that batteries and peaker generators are running at the same 
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time as solar and wind is generating.  

For this constraints report, this assumption is reasonable. However, in the future, if batteries were to 

require more running, and / or if a future operation of the system was to require prolonged  running of 

peaker generators, solar and wind, then this constraints analysis would need to be revised. 

3.1.5  Priority Dispatch for Renewable Generation Connecting After July 2019  

A recent regulation has issued from the EU in relation to the treatment of priority dispatch of 

renewable generation over 400 kW connecting post 4
th

 July 2019. 

The relevant clause is as follows: 

REGULATION (EU) 2019/943 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 5 

June 2019 on the internal market for electricity 

https://eur -lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0943&from=EN  

Article 12 (6) 

Without prejudice to contracts concluded before 4 July 2019, power-generating facilities that use 

renewable energy sources or high-efficiency cogeneration and were commissioned before 4 July 

2019 and, when commissioned, were subject to priority dispatch under Article 15(5) of Directive 

2012/27/EU or Article 16(2) of Directive 2009/28/EC of the European Parliament and of the 

Council ( 20) shall continue to benefit from priority dispatch. Priority dispatch shall no longer 

apply to such power-generating facilities from the date on which the power-generating facility 

becomes subject to significant modifications, which shall be deemed to be the case at least 

where a new connection agreement is required or where the generation capacity of the power-

generating facility is increased. 

 

At the time of writing, the consequences, and exact details of implementation of this decision, have 

yet to be fully understood.  

For this report, there is no differentiation made in the studies between renewable generation  

connecting pre-July 2019 and post-July 2019.  

 

3.2  Network  

 

3.2.1  Transmission Network  

This section details the modelling assumptions used in this study for the transmission network. A list 

of the network reinforcements used in the model is provided in Appendix A. 

 

The Irish transmission system is a meshed network with voltage levels at 400 kV, 275 kV, 220 kV and 

110 kV. The distribution system typically has a radial topography with voltage levels at 110 kV in the 

Dublin region, and 38 kV, 20 kV, 10 kV and low voltage nationwide . The network is necessary to allow 

bulk power flows to be transported over long distances from  power stations and renewable 

generation sites to the towns and cities in Ireland.  

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32019R0943&from=EN
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Figure 3-1   Ireland transmission network (2019 ) 
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Figure 3-2 Ireland transmission network, showing assumed future generator locations and  future projects . 
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As the transmission system operator (TSO), EirGrid is tasked with operating the transmission system in 

a safe, secure, economic, efficient and reliable manner. EirGrid are also responsible for planning the 

network of the future.  

Currently, there are new renewable generation connections being planned to enable the increase in 

electrical power consumption to be derived from renewable energy sources, i.e. wind power and solar 

power whilst reducing the dependence on conventional generation.  

The purpose of this technical study is to provide the probable levels of transmission network 

constraint across the study period 2020-2022. The level of network constraint will be due to a number 

of reasons: 

¶ Scenarios of varying levels of installed generation, ranging from the installed generation  

connected in 2020 up to the installed generation including all connection offers. 

¶ The climatic year, i.e. the level of sunshine or wind speed for that year. 

¶ The expected network development plans. 

¶ The network contingencies that cause other lines to overload in the event of the fault on a 

section of the network. 

 

Figure 3-1 shows the existing Ireland transmission network.  Figure 3-2 shows the location of the 

future generator connections and shows a number of the future large projects that are included in the 

Future Grid scenario. 

 

3.2.2  Distribution System  

For the purposes of the constraints modelling, a simplified representation of the distribution system is 

used whereby all load and generation is assumed to be aggregated to the nearest transmission node.  

Hence, this report does not account for the impact of constraints (if any) on the distribution network.  

 

3.2.3  Ratings and  Overload Ratings  

In formulating an optimum dispatch system operation takes account of potential overloads that could 

be caused as a result of certain N-1 contingencies on the transmission system. When determining if 

the post-contingency flows are within limits, the system operator uses the overload rating of the 

apparatus or plant (for N-1) as well as the normal rating  (for N flows).  Where available, the overload 

rating is typically higher than the normal rating but is only allowed in emergency conditions and for 

short periods of time . The overload rating is plant specific. 

This rating and overload rating is handled in Plexos. 

 

3.2.4  Transmission Reinforcements  

For each study year from 2020 through 2022, a number of transmission reinforcements are added to 

the model. These additional tran smission reinforcements include Overhead Line (OHL) and cable 

uprating  as well as new build OHLs, cables and transformers.   

A full list of the transmission reinforcements (new build and uprates) assumed in the constraints 

modelling is included  in Appendix A  Network Reinforcement.   
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Area 1 ð Dublin  

 

Area 2 ð West  

 

Area 3 ð North -West Border 

 

Area 4 ð Midlands  

 

Area 5 ð South-West to South-East  

 

Area 6 ð South-East  

 

Figure 3-3  Tomorrowõs Energy Scenarios (TES) System Needs Assessmentó 
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Customers should recognise that the reinforcements listed will be subject to a full economic analysis 

and optimisation process before a decision is made to proceed with them.  This analysis takes into 

account the latest demand forecasts and the level of acceptance and subsequent progress of 

generator connection offers. Inclusion of transmission reinforcement projects in this report  is not 

confirmation that they will proceed and  other projects may be selected in their place. For the 

avoidance of doubt, any party making a decision based on this list should recognise that these are 

modelling assumptions only and should not be considered as a basis in fact.   

Additional information about these reinforcements is available on the EirGrid website. 

 

3.2.5  Network Capability  

In 2018, EirGrid published òTomorrowõs Energy Scenarios (TES) System Needs Assessmentó.   

That report looks at the future network in the study years 2025, 2030 and 2040.  This report identifies 

six areas of the network where there is a potential need for Grid Reinforcement.  These areas are 

shown in Figure 3-3. 

This ECP constraint report encounters transmission constraints in similar locations as those that are 

listed in the TES report. 

This ECP constraint report has constraints in other locations as well.  These arise in two ways.  The first 

is where a forthcoming reinforcement is included in the TES but is not included here.  This happens 

when the reinforcement is due for completion after 2022 (the cut off for this report) but before 2025 

(TES Study Year).  There are several examples of this but a notable one is the Galway 110 kV busbar 

reinforcement.  The second is where there are new ECP generator connection applications that were 

not in the TES.   

It is a feature of power flows in Ireland, after local demand is met, that the extra power needs to be 

transported to the East.  This is to meet the Dublin load and to supply export markets via EWIC.   

From a constraints point of view, some generator locations are relatively disadvantaged because their 

power has to cross several of the areas shown in Figure 3-3.   The impact of this will be seen on the 

constraint levels in some study areas. 

 

3.3  Demand  

An introduction to the demand used in this report is p rovided in Chapter 2. 

 

 TER (TWh) Transmission  Winter  Peak (GW) 

Year Ireland Northern 

Ireland 

All-Island Ireland Northern 

Ireland 

All-Island 

2020 32.2 9.2 41.4 5.5 1.7 7.2 

2021 33.8 9.2 43.0 5.7 1.7 7.3 

2022 36.2 9.3 45.5 6.0 1.8 7.7 

Table 3-1 Forecast Demand and Peak for study years 2020-2022 
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The demand profiles for both Ireland and Northern Ireland are based on their actual 2015 demand 

profiles. This is the same year as used for the wind profiles.  These are then adjusted to get an annual 

winter peak and energy value as per the median demand in the Generation Capacity Statement 2018-

2027.  The values used are shown in Table 3-1.   

 

The nodal distribution  of the load used in the constraints modelling is consistent with the òAll Island 

Transmission Forecast Statement 2017ó. 

 

3.4  Interconnection  

Existing Interconnection on the island consists of a tie line between Ireland and Northern Ireland plus 

two High Voltage Direct Current (HVDC) interconnectors to Great Britain (GB) referred to as the Moyle 

Interconnector and the East-West Interconnector (EWIC). This section describes the assumptions and 

modelling methodology used for interconnection in these studies . 

For all the model scenarios, the interconnectors are set up to export wind that would otherwise be 

curtailed, subject to the provisions of the SNSP rule and available interconnector capacity. 

 

3.4.1  North - South Tie Line  

The connection of Irelandõs power system to Northern Ireland is achieved via a double circuit 275 kV 

line running from Louth to Tandragee.   In addition to the main 275  kV double circuit; there are two 

110 kV connections, one between Letterkenny in Co. Donegal and Strabane in Co. Tyrone, and the 

other between Corraclassy in Co. Cavan and Enniskillen in Co. Fermanagh.  

The purpose of these 110 kV circuits is to provide support to either transmission system for certain 

conditions or in the event of an unexpected circuit outage. Phase shifting transformers in Strabane 

and Enniskillen are used to control the power flow under normal conditions.  

It is assumed that the Letterkenny-Strabane and Corraclassy-Enniskillen 110 kV connections are not 

used to transfer power between the two control areas for the purposes of this constraint modelling 

exercise. 

EirGrid is currently developing a 400 kV North -South Interconnector between Woodland and 

Turleenan, which for the purpo ses of these studies is assumed to connect in 2023. 

Prior to the 400 kV North -South Interconnector being built, the existing Louth -Tandragee 

Interconnector is assumed to be limited.  The assumption in this study is that flow are limited to 

300 MW from South to North and 300 MW from North to South .  When the 400 kV North -South 

Interconnector is in place, this limitation will be effectively removed.  

 

3.4.2  Moyle Interconnector  

The Moyle Interconnector, which went into commercial operation in 2002, connects the electricity 

grids of Northern Ireland and Great Britain between Ballylumford and Auchencrosh in Scotland. It has 

a capacity of 500 MW however; it can be limited to 83 MW export  at present.   

At present, National Grid is carrying out work to increase the ability to receive power in Scotland.  

There is also a limit on the Northern Ireland side to the amount of power tha t can be exported.  The 

projected increases in export capability (power to Scotland) for this study are set out in the  Table 3-2.   

The Future Grid assumption that Moyle will be able to export 500  MW is a study assumption for the 



 

ECP-1 Constraints Report for Area D: Solar and Wind V1.0 Page 25 of 107 

future.  There is no immediate plan to increase the export capacity to this level until  after the North 

South interconnector is built , the ability to export power to Scotland will then be reviewed.  

The import capacity remains at 450 MW. 

 

3.4.3  East West Interconnector  (EWIC) 

It is assumed that the EWIC is modelled for all study years with a maximum export capacity of 

530 MW. The extra 30 MW is to account for losses in the converter stations and on the cable.  

 

3.4.4  Additional Interconnection  

For the Future Grid scenario, a Celtic interconnector with a 700 MW export capacity and a Greenlink 

interconnector with a 500 MW export capacity  is modelled. 

 

 2019 2020 2021 2022 Future Grid  

Moyle Export 

Capacity  

83 255 / 210 210 / 138 138 / 295 500 

EWIC Export 

Capacity  

530 530 530 530 530 

Celtic Export 

Capacity  

    700 

Greenlink      500 

Table 3-2   Interconnection capacities  

3.4.5  Interconnector Capacities  

The interconnector capacities used in the model are shown in Table 3-2.   

It is a study assumption that interconnectors can be used to export renewable energy, with the 

proviso that, when calculating an annual average behaviour, it would be optimistic to assume that 

maximum interconnection will always be available when required. 

For various reasons, there will be times when the international market schedule will sometimes 

provide less export than could theoretically be possible.  For example, the receiving country may not 

be in a position to accept large trades, the position of renewable energy in the day ahead market may 

be impacted by forecast error, etc., etc.  

Hence, for modelling purposes  in this report,  it is assumed that the export capacity of each 

interconnector is de-rated by 20% to account for this .  For example with Celtic, the export rating is 

568 MW is in the model. 
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3.5  Priority Dispatch  and Fuel Prices  

 

3.5.1  Priority Dispatch for Wind and Solar Generation  

In Ireland and Northern Ireland, wind and solar generation is given priority dispatch and this is 

implemented in the model.  

This is achieved in the model by treating both controllable wind and controllable solar as if it had an 

offer price of zero.   As Plexos seeks to provide the most economical solution while satisfying all 

transmission system constraints, it consequently will run as much wind and solar as it can. 

 

3.5.2  Priority Dispatch for Thermal  Generation  

The generators shown in Table 3-3 are in the model as priority dispatch thermal plant that can be 

dispatched down to minimum generation levels during curtailment  or constraint.  

For this study, it is assumed that the peat power plants at least partially convert to renewable energy 

(biomass) and so remain with priority dispatch, albeit a lower priority than wind and solar.  

 

3.5.3  Small - Scale Generation  

 

 

Generating Unit  Existing 

(MW)  

Maximum Export 

Capacity (MW)  

Minimum Export 

Capacity ( MW)  

Edenderry  118 118 42 

Lough Ree 91 91 31 

West Offaly  137 137 48 

Dublin Waste -to -Energy 61.5 61.5 21.5 

Indaver Waste  17 17 10 

Seal Rock 3&4  166 166 80 

Tawnaghmore (Mayo Renewable)  0 49 20 

Bandon (GP Wood)  0 17 6 

Derryiron (Rhode Biomass)  0 18 6 

Navan (Farrelly Brothers)  0 13 5 

Thornsberry (Derryclure)  0 10 4 

Table 3-3   Priority Dispatch ð Thermal ð Large Generators  

Small-scale generation in constraints modelling refers to small uncontrollable, generation typically less 

than 5MW such as: 

¶ Wind turbine e.g. a 250kW wind turbine supplying a farm or factory  

¶ Solar PV e.g. a 4kW PV system installed on a home 
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¶ Hydro e.g. a 100kW run of river hydro scheme 

¶ Tidal generator e.g. a 1.2MW Turbine  

¶ Combined Heat and Power Generation, e.g. a 1MW natural gas CHP supplying a leisure centre 

¶ An anaerobic digester, e.g. a 500kW AD plant converting electricity from waste food  

¶ A diesel generator, e.g. a standby generation for a factory or commercial building.  

 

Generating Unit  Existing 

(MW)  

Minimum Export 

Capacity (MW)  

Maximum Export 

Capacity (MW)  

Butlerstown    2 

Castleview    4 

Charleville    2 

Drybridge    3 

Finglas   4 

Macroom    1 

Meath Hill    4 

Richmond    5 

Tonroe    2 

Table 3-4   Future Thermal Small Scale Generators  

It is assumed that the future small generators listed in Table 3-4 are not re-dispatched to allow wind 

generation to be dispatched.  These generators are modelled in their respective Generator Scenarios, 

depending on North West, South, North East, etc.  These small generators, should they connect, are 

modelled as competing for access to the transmission network. 

 

3.5.4  Fuel and Carbon Prices  

 

Fuel Type IE NI 

Gas      û/GJ û 6.40 û 6.40 

Coal    û/GJ û 2.47 û 2.85 

LSFO   û/GJ û 6.35  

DO      û/GJ û 11.85 û 11.85 

CO2  û/tCO2 û 22.49 û22.49 

Table 3-5   Fuel and Carbon prices  based on DBC 2019-20 Forecast 

Since Plexos operates with a commitment and dispatch strategy to provide the most economic al 

solution while satisfying all transmission system constraints, the fuel and carbon prices employed in 

the model are therefore relevant as to which generators are committed and dispatched. To an extent, 

this can influence both curtailment  and transmission constraint levels experienced by renewable 
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generators. 

The prices used in the model are listed can be found in Table 3-5.  The fuel and carbon prices are kept 

constant through the study period.  The monthly differences in  gas and oil prices are accounted for by 

using historical fuel profiles, but ensuring that the annual average is equal to the values shown above. 

The cost of carbon is included in the commitment and dispat ch decisions for each generating unit that 

emits carbon. The gas units in Ireland are also subject to a gas transportation charge that is included 

in the model.  

Dublin Bay has a long-term fuel contract and is allowed to bid lower costs to the market based on this. 

It has recently been notified to the market that this long -term fuel contract will end in 2019.  Hence, 

for this constraints analysis, it is assumed that Dublin Bayõs gas price will be the same as other gas 

units. 

 

3.6  Generation  

An introduction and overview of the generation in this report is provided in Chapter 2.   Additional 

detail is now provided in this section.  

3.6.1  Conventional Generation  

The model includes a portfolio of the thermal conventional generation in both Ireland and Northern 

Ireland. The operating characteristics of the existing conventional generation employed in the 

modelling are principally based on the SEM Generator Dataset. In some instances, minor changes to 

the dataset are made due to additional information becoming available to the  TSOs.  

The technical dataset includes the following information:  

1. Fuel type (e.g. gas, wind, coal etc.) 

2. Maximum and minimum operating output (MW)  

3. Capacity state and heat rates (used to determine how much fuel is burnt to produce 1MW of 

output power)  

4. Ramp rates (important to determine how quickly a machine can change its power output)  

5. Minimum up -time and downtime  

This technical data allows the Plexos software to calculate the cost of generating a megawatt of 

electrical energy for each generator in the model . Note that each generator has a different cost.  

Other factors that influence the generation dispatch over an extended study horizon are: 

¶ Generation Commissioning & Decommissioning 

¶ Generation Outages 

¶ Generation Emissions restrictions 

 

3.6.1.1  Conventional Generation Commissioning and Decommissioning  

With the introduction of SEM Capacity Auctions, the future of conventional generator commissioning 

and decommissioning is more dynamic than would previously have been the case.  That being the 

case, a number of generator units retired from service in 2018  and, for the Generation Capacity 

Statement, some generators have indicated that their units may retire beyond the time frame of this 

study (e.g. 2023). 
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Hence, over the study period, it is assumed that there is no additional commissioning or 

decommissioning of large system generators. 

3.6.1.2  Conventional Generation Outages  

Scheduled and forced conventional generator outages are modelled in Plexos using Scheduled 

Outage Durations (SODs) and Forced Outage Probabilities (FOPs).   

For this study, the Forced Outage Probabilities are used. The FOPs employed are those used for the 

DBC 2019-20 Forecast.  Plexos will generate forced outage patterns from the FOP and mean time to 

repair data, which will provide a deterministic outage pattern against which the model will dispatch 

generation against demand. 

 

3.6.1.3  Conventional Generation Emissions Limits  

The European Union has set ambitious targets for decarbonisation and for renewable energy for the 

electricity sector by 2030. To date the Industrial Emissions Directive (IED) and Clean Energy For All 

Package are the two main instruments which will aim to transform the electricity sector, amongst 

other sectors, to a cleaner and more sustainable future for all.  

The Clean Energy Package targets all generation to be under 550g/kWh by 2025 and this limit will 

affect certain generation plants in Ireland. 

In Ireland, some plants are affected by the IED, and have entered into the Ireland Transitional National 

Plan (TNP). However, it is not anticipated that their running regimes will be curtailed.  For example, 

under the TNP, Moneypointõs availability will be closely linked to the performance of its abatement 

equipment.  

Hence, over the study period, explicit emission limits for conventional generation are not included in 

the model. 

 

 

3.6.2  Renewable Generation  

The amount of electrical energy output from renewable generation is generally described in terms of 

capacity factor. The capacity factor relates to the amount of energy that may be achieved from a 

renewable technology over the period of one calendar year. One factor in the energy yield dif ference 

is that solar PV does not produce electrical energy at night, but the wind can blo w at any time of the 

day or night.  

The values used in this study for solar and wind are listed below. 

 

3.6.2.1  Renewable Generation ð Installed Capacity  

In the model, the generation portfolio to be employed for each study year is specified explicitly. The 

lists of the renewable generators assumed in each study is contained in Appendix B  Generator.   

In previous constraint reports, predicted generator build out rates were used to place generators in 

the different study years.  This is not the case in this report because there is uncertainty as to which 

generators will be successful in future support auctions and which generators will proceed to 

construction.  Hence, this report uses regional generation scenarios, which are described in Chapter 2. 
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Northern Ireland in model   

(MW)  

Wind  1345 MW 

Large Scale Solar 157 MW 

Small Scale Solar 116 MW 

Table 3-6   Installed Solar and Wind in Northern Ireland  

3.6.2.2  Solar 

 

Figure 3-4   Solar Energy Profile  (monthly average ð hour of day)  

 

On average, solar profiles tend to have a fairly predic table shape. Figure 3-4 shows the average hourly 

energy output from solar PV over a one year period. The capacity factor for solar PV is largely 

dependent on latitude - the closer to the equator the higher the annual capacity factor. The solar 

capacity factor for a country like Spain will have a value of around 20%, i.e. double the output of 

Ireland. 

The surface plot of Figure 3-4 highlights the  expected Ireland solar profile characteristic. The lowest 

intensity of solar electrical output is in the 4 winter months November through to February with 

hourly values on average not exceeding 20%. As expected the solar electrical energy output is highest 

in the summer months with average hourly solar electrical output peaking in the 50 -60% range.  

The main point is that the solar electrical available energy is fairly predictable, and is typically there 

during times of increasing electrical demand i.e. the morning rise.  However, the winter peak demand 

will not be met by solar.  

Solar energy output may be reduced if it is located on a part of the network that has constraint issues. 

  




























































































































































